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Abstract

ENGINEERING DESIGN THEORY: APPLYING THE SUCCESS OF THE MODERN WORLD TO
CAMPAIGN CREATION by MAJOR Xander L. Bullock, US Army, 77 pages.

This monograph diregtladdresses design, and incorporates elements of Engineering Design Theory
to the codified, social act of campaign creation using art, science, and craft. The monograph gives a
definition of design and discusses the appropriate language for design. fRorthatesign is expressed
as the evolution of military craft, and a blending of military art and military science. Therefore, the
monograph is staunchly paesign, and presents the incorporation of design thinking at the operational
and strategic levelssaa moral imperative. The argument that MDMP or JOPP are appropriate for the
creation of strategy is rejected herein, and design is presented as the next manifestation of campaign
creation.Engineering Design, as a theory of social creation, recommendisigatshift away from single
authorship or commander centric leadersBipgineering philosophy, which examines social creation,
bounded rationality (stochasticity), competitive creation, risk and safety, intentionality, and methodology,
is directly anabgous to the needs of military campaign philosophy. The engineering methodology of
proceeding through the cognitive phases of divergence, transformation, and convergence is explicated in a
way that should inform military thinking. Finally, there is amaauction to appropriate design team
size, the design charrette, and design methods (some of which are included in Appendix I).

The monograph makes several recommendations. First, the Army should align its definition of design
with industry and academicSecond, the Army should clearly explain the strengths and weaknesses of
traditional methodologies (MDMP, JOPP, SOD) and explicate the necessary move to design. Third, the
Army should understand craft, and examine its culture and commeguligic leaningsand explain why
the increasingly social and political demands of strategy in an interconnected world suggest a need for the
social creation of campaign designs. Only by incorporating design thinking will the Army continue to
find success in the increaslpgomplex world context.

This monograph recommends that the SAMS should teach engineering philosophy and theory in
order to balance their syllabus. SAMS should teach a variety of campaign creation methodologies, so the
informed practitioner can utilize ¢hmethodology that is appropriate for his/her current situation. SAMS
should educate students on the methods, t he Ahowo
operable. Finally, this monograph recommends examination of Design Research litetiftitee and
periodicals to understand design.

Design is the next evolution of the military craft, and the inclusion of design thinking into the military
will enable intelligent campaign creation. By specifically engaging Engineering Design Theory, the
military will harness a design philosophy, which is well developed, clear, highly exportable, and
historically extremely effective.
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Introduction

fi Wen | read another book or article or listen to a conference paper about the design process |
canusually tellwhethar he aut hor i s actiuBaidnLaywsod desi gner or

It is a humorous paradoRdt,in general, those who design for a living do not wigtea living,
and the theorists who write about design commonly do not dpsidessionallyDesign in the mitary is
becoming duzzwordencompassintgarning theory, systems theory, architectural philosophy; post
modernismand several other influencdhe military adaptation of design theory is currently incomplete,
and focuses too heavily on paabdern phibsophy and architectural design theory manner that
confuses the meaning of desi¢m direct contrast to the military manifestation of design, industry and the
academicommunity have cleardefinition of designwhichis awell-developedand rigorous
intellectual field 2 Design as the world knows its a manneof thinking and acting which has direct
application to the military cratindwhich will aid in operational and strategic campaign creatioorder
to make design operabkle Army shouldharness existindesign theory and specificalBngineering
DesignTheory Design is the practice of those who creatg] is not based deastern philosophy or
postpositivism.The philosophies of design range from art design, fashion desigial design,

architectural design, artifact desiga program design and othef3f the existingdesignphilosophies,

engineering design philosophy is th@sh analogous to military design, enabling advancement of the U.S.

Ar my 6 s under gntlreeormbriatiorgof dedign cukusaio the Armywill harness corporate
creativity and result in a creative, strategic Army verses an analytical tactically focusedAarmy.

understandin@f design theonallows the educated and judicious uselesign metodologies, which

! BryanLawson How Designers ThinkThe Design Process Demystifigixford: Architecture Press,
Elsevier, 2006)303.Bryan Lawson is an influential author on design, and his Wank Designers Thinkas been
a highly regarded running description of design since its first publication in 1978.

ZNigel Crossfi For t y Dreesairgsn oRatisleimDesigh Research Quarterly2, Dec 2006. See
AppendixI 1. If the reader is unfamiliar with the history of design, please proceed first fepiesdix as Nigel
Crossod6 expl anat i on NigesCrassisocusotly théPresidedt ofshe DesignrResearch Institute
in London, and is a leading international figure in the world of design research.



empowerthe military designer enough to incorporate a flexible design strdtegprporation of
engineering desigalsoallows access to literature on tmethodf design, whicHacilitates the use of
design as an operable concdir all these reasonthe School of Advanced Military StudieSAMYS)
should incorporate an educationgfgineeringDesignphilosophy, methodology, and methods it
curriculum and allow this field to inform the creation of military design doctrine.
Complexity is nota rew phenomenon by any definition, aneither is designEngineering
DesignTheory will significantly influence th&nited State®\r my 6 s cur r emampamghi | osophy
design This monograph recommends that military campaign dessgmbrace Engineering Design
Theoryas a philosophical base to explicate how to operationalize dé@signis adistinctdeparture from
the Art of Ekasce garchitectucaldesigre phitosopland poststructuralist problem
solving theoies®*Engi neering design methodol ogy emerged in
design researclBecause it is weltleveloped and focuses on systems themmyplexity, and competitive
creativedesigni this particular branch of design theory has directiegfion to military art and science
In order to makeurrent military campaign desigiperable, the Army should incorporatéandation in
an established philosophy of desig¢ime acceptance of a design methodology, and the understanding and
use of degin methodsThere are nearly exact philosophical and physioalelationshetween an
engireeringdesign team and a group of military campaign desigAearslearly explainedby Brigadier
General(ret) Wass de Czege, and others, design will aid the Arragdinessing the complex campaigns

of the coming centur§yHowever, design is not new, and lisownhistory and several nuanced

5The fAArt of Designo is the phrase used by the Scho
methodology andhgplosophical history with design. The methodology of the Art of Design is to proceed through an
Operational Environment Space, to a Problem Space, to a Solution Space. Their philosophical history is rooted in
Systemic Operational Design, Architectural pedphy, eastern and paabdern philosophy, and informed heavily
by Soviet Operational Art and, of course, the current context of the US Military.

“In his article Sy st emi ¢ Operational Design: LeBGr(rety ng and Ad
HubaWa s de Czege neatly summarized the flow of design i
this inquiry have infiltrated parts of Joint Publication (JR) &1d 50; into the new Field Manual (FM) 234,
Counterinsurgency (Chapter 4); amtbiFM 30, Oper ati ons (Chapter 6). I'n ear |l



philosophical disciplineBefore the Army operationalizes desigirshould incorporatéhetheoretical
traditionsof design,asthis will clarify which design disciplines will aid in campaign desigwting as a
natural bridge between art and science, the philosophical history of engineering design igsif great
utility in developing military campaign desigmdensumng it becomes a useful operational construicis
ironic that the recommendation of this monograph brings military philosophy back to the roots of U.S.
Army officer education from the ¥&entury®

Processes and concepts from current engineering design tiea@irecutility in military
campaign desigrincreasing understanding of design allows a cognitive movement from a philosophy and
morphology (a loose view of structure and form) to a methodology (a method combined with a
philosophical base and schooltbbught) to the simple methods of desigrhis progression is analogous

to Peter Sengeods | e Ganyesrguesthat adimsaipine progeedsiframcaipradtiden e s .

Doctrine Command published a geiehtitted Commanders Appreciation and Campaign Design, and in late 2007

the Army War College expanded emphasis on design into its Campaign Blankra n d*tB6G Ws$de Czege

goes on to state that these are onlguthereai wiah atbtdem
knowledge This monograph seeks to illuminate some of the older knowledge of design.

® The United States MilitgrAcademy, established in 1802, exclusively trained officers in the philosophy
and discipline of engineering design for the past 200 years. Until the date of the publication of this monograph,
academy trained officers must receive at least a minor inegngng design. The irony is that in this neod stage
of t he U. cagnitivmdevelopnemtheyy £ di scover fAdesignd as central to
command and staffs. In truth, engineering design has been with the U.S. Army officesitoepsery near its
inception.

® Morris Asimow, a professor of engineering and philosophy at the University of California, in Los
Angeleswas the initial author to discuss morphology in engineering design. His methodology was connected
directly to his creation of engineering philosophy. Hi
proceeds from t he Hésttherctgawe tehre earnlcy e(t1e906s) rendi t
economic systems which would make such a process very
engineering asthatdesign.| t i s fascinating t oweensaeidecobgcalsystenEandc onnect
engineering philosophy, written in the 19506s. This <co
emergence predates some of the more recent evolutions of complexity and chaos theories.IAsadoetjon to
Design 5.

" Peter Sengéhe Fifth DisciplineThe Art and Practice of The Learning Organizatibiew York:
Doubleday, 1990. 37376.Peter Senge coined the phrase Learning Organization and is an influential theorist in
management. His model of an orgati@a is comprised of praaes, principles, and essend®g.changing the
practices of a company, you can alter the principles, andualnthe intangible essencehis monograph
addresses the process in reverse, discussing philosophy in length tui titalter methodology and finally to hint
at methods.



(whatonedoeg, to a principle (guiding ideqi$o an essence (a state of being of those with a high level of
masteryy’ This monograph uses the same framework, presented in the inverse, and translated into the
engineering taxonomy. Therefore, this monograph starts with engineering philosophy, thedstmcee

the methodologies, and finally discusses the methods of design.

Engineering
Philosophy

Design
Methodolog

Desig
Metheds

What is Design?

Before discussing desidarther, it is important to develop a common understanding of what
design isandwhat it is not The concept of esign is vagubecauséhere are mantheoriesof design,
which stemfrom various fields of desigrall of which should infornthediscussiort.In order to consider
theadaptation of design theory, the Army must understand the meaning of desidaréyndhe

accompanying langge.

®bid, 374.

°Lawson illustrates the problem when he demonstrate
which execute design and are commonly understood to be technical or imaginativevelgpddt states
succinctly AActually both these descriptions are to so

considerable imagination and can be unpredictable in its outcome, and good fashion is unlikely to be achieved

without considerabléechnical knowledge. Many forms of design then, deal with both precise and vague ideas, call

for systematic and chaotic thinking, need bHowh i magi na
Designers Think2.



Definition of Design

In order todiscusgdesign, the reader must be clear as to the essence of the concept under
examinationDesignis whena group creates in a codified manner usirepalanced elements of art,
craft, and sciencdeiterated, whea group of people come together to create something new,
constrained by the rationalism of science, liberated by the creativity of art, andedfaith the craft of
the pastandcreatingin a mannewhich is recordable and codifible, they are desigrin Therefore,tis
monograph presentesign aslialectic. The deterministiand procedurally bounstience oplanningis
the thesisthe PostStructuralist and creativelgritical philosophy of art and architectuigethe antithesis.
Thesynthesis is aapaign design, engineering designj atated simplyi design.

It is useful to examine the design definitions of previous theorists, in order totcame
informed understandingf this set of concept€hristopher Jones is one of the earliest and most
influential authors in design theqrgnd s definition is themost empowering to the designee Hefines
designasi To i ni ti at-mad bk a b'hAmathgranflugraial design theorist, Bridrmwson
echoes this broad mantle for designerswihen st at es AThe very essence of
the future, or at'lUaenassotn saolnee rfneaatteulrye sd eosfc riith.eds des
knowl edged in the positivist tradits$ omthmaed posits
identi fi cat i*GerhaodPahl andjolfgartyBietznvio.of the paramount authors and
creators okngineering designlefinedesignas an acti vity that daffects al
uses the laws and insights of science, builgsn special experience, and provides the prerequisites for

the physical r eal ¥Reehaps thimlasocompsnent isivihat s 8o aftracéve te military

10 Christopher Jones quoted in Lawsbiow Designers Think33.
" bid, 112.
'21bid, 118.

13 Gerhard Pahl and Wolfgang BieEngineering Design(SpringefVerlag Berlin Heidelberg New York.
1996) 1.



theorists developing the Art of Desigbne of the fathers of design, Herb8itnonalso broadly defines

design as fichanging exi s t*Lessgvelsknotruocatside ofergingermg o pr e f

circles,Dr.JamesBReswi ckd6s definition of dddesignigi A s usef ul

creative activityl it involvesbringing into being something new and useful that has not existed

pr evi BMamsris simbwwasone of the first Americans to embragegineeringDesignTheory,

and was an early andfluential engineering philosopheis definition illustrates an obvigs kinship to

the military context when he states that design i

penal ti e¥Thisis partieularty garmae to how the Army educates and trains its officers to lead

and command organizatiori3esign thinking is essential for effective battle command and is additive in

that design informs our existing planning and &xatiptheory.It is the common spirit of creation and of

initiating change that wil lnogtapif.i ne design with a |
For the pur pobBesigio orf e ft hri s temsasiadigg creditini meyhodologyg

the United States Army is honing to plan campaignsrtteatagecomplex problemscommonly called

t he A Ar t.ThefSchboat of Adgamaid Military Studies (SAMS) defines deaign dppraach to

critical and creative thinking that enables a commander to create understanding about a unique situation

and on that basis, to visual'Ppstmodemghilosophy,cri be how 1

complexity theoryEastern philosophy amelatively recent developments in planning thefonm the

4 Herbert Simon, quoted in Verma&@hilosophy and DesigrErom Engineering to Architecturd..

15 3.B. ReswickfiProspectus for an Engineering Design CeatéCleveland, OH: Case Institute of
Technology), 1965. Quoted in Christopher Jolesign Methods4. Dr. J.B. Reswick is widely considered one of
the firstAmerican pioneers in design theory.

®Christopher Jone®esign Methods3.

' EMI 5-2, Design HQDA, 20 Feb 2009. 4. The schools earlier definition of design fleshes out this
reduced definition. As of Feb 8, 200%he definition of design in the schod@®sign 101 brief stated that the Art of

Design was fithe theory and practice of iterative | earn
creative thinking, enabling leaders to apply the necessary logic to manage complex ambiguenns pribin
limits of tolerance. 0 Power Point Brief by COL Johnson



foundation of the current Army concept of destgBesigners of thisreatively critical paradigm have a
different definition thatelies on an understanding of potential and ontaldgyecent SAMS graduate,
MAJ Ed Hayward wrote a dense summary of design philosdfilsydefinition is accurate, big not
accessibl¢o those with little formal training in the traditions of philosoph statedi The pr ocess of
design is about the recognition of difference; internal difference as essential identity, a consequence of
flux rather than circumst anHa yaw ainfideétisi ,monographen, a pr e
the philosophyof designcaptured and recordeke waySAMS initially viewed designHis philosophy
dissected the nature of knowledge and information hartdoroughly explore@ descriptive philosophy
of design in a compelling mannétaywardstatedfiThe designeishoud view his purpose as a
translatooHe al so pl aces heavy reliance on understandir
designer is able to see an emerging path, rather than the chaotic jumble that represents chaos, and is now
capable of designing strt e 4 Ysing these definition®Design can be seen as a way of thinking, a state
of mind, and a philosophical paradigm.

Reviewingthe philosophical underpinnings DEsign, as it exists currently in the School of
Advanced Military Studies (SAMS), isdescriptive exercise, and there are approximately six
monographs in recent years that complete the task admiPallyre interesting, is a discussion of what
the philosophical underpinnings besign should be, and what direction SAMS should pursue as it

advances this vital fieldPhilosophers of artifact creation, or engineering, such as Herbert Simon at

18 Milan Vego,A Case Against Systemic Operational Des{dnint Forces Quarterly, Issue 5% @uarter
2009) 69.

¥ Major Edward P. W. Hayward:Planning Beyond Taats: Towards a Military Application of the
Philosophy of Design in the Formulation of StrategfEAMS AMSP monograph, AY 2062008.) MAJ
Haywarddéds comments on the process of design are on pg
15. The final quote about design as a way of thinking is on4&ge

' The Nature of War and Campaign DeslgnMAJ Peterson (AY94Building a Campaigrby LTC
Heredia (AY95),) Systemic Operational Designonograph by Kettie Davison (AY033ystemic Operational
Designmonograph by a team headed by LTC Sorellis (AYB8nning Beyond Tactianonograph by MAJ
Hayward (AY08),Foundational @nceptamonograph by MAJ Robertson (AY08).



Massachusetts Institute of Technology (M&ndBrian Lawson at the University of Sheffielre
developing new theories on design that are not tiedgbgbaucturalist traditionsThis is important for
the military, as posstructuralist philosophy has an unapproachable vocabulary, and a palpable friction
with military planning cultureMethodology is important, as military staffs must structure theughts
and actions to create workable plafise study of design heuristiasd methodologys advancing
rapidly, and authors such as Pahl and Bietz demon:
a certain amount of factual knowledge, ortsgiicsThey al so need a fiheuri stic
t h o u?Unfortudately, there is reluctance among gsisticturalist designers to incorporate a design
philosophy tainted by the industry of engineerifbis monograph recommends thag #irmy adopthe
philosophy of eagineering design arengineeringDesign Theory as the underpinnings of military
design.
Because there are so many theories about design and the execution of design, asdyesyson
Afwe begin to get t he ipdssentiallyexpertmeraaThetelare asdnanyi gn pr oc
theories of design as there are operative designers, and their methods and influences are trendy and
constantly shifting based on developing theBrhis is also the current situation with military campaign
design; there are as many methods currently as there are chiefs of staff, and doctrine thus far has not

produced a comprehensive methodol&tefore the Army can make design operable, much less

Zpahl and BietzEngineering Desigra9.

% This is characteristic of craft, without a socially accepted methodology, each artisan has his own
techniques and solutions.

Z Stephen BanagfiiThe Art of Design: A Desgin Methodologp, Military Review MarchApril 2009).
Col onel Banach vinothér ebstacie is thdt a rmethadology forldesign has not been described in
any detail. Wasde Czegeightly declares that there is no formulaic way of presenting deBigra philosophy of
design by itself is too broad to function as a glingefor action. What is needed lies between the rigid precision of a
technique and the abstract wisdom of d phis o p hy . Peter Checkland notes that A
and a philosophy tells you 6what, 6 a met,A0®.dsl ogy wi I |
monograph engages design at the level of philosophy, and then followshthocaddress methodology and
methods.



doctrinal, the organization must be clear on the philosapkihodology, and methods that comprise
design.

Beforeintegrating design into militarghilosophy omethodolog, military theorists should
study the issue history armdntemporartheory of designThis should not be confused with post
positivism, eaternphilosophy, or Soviet wamaking theoryA study of the history and theory of design
will illustratethe differences, show why design remains a vital philosophical model for military

application, andlemonstratéiow to make design operable.

The Design Community of Practice 1 A History

As seriously as the military is considering integratiegidn into doctrine as part ofeating
campaignsit is confusing to note the lack of formal design stubgsign as a field has its oviistory,
its own professipal institutions, and is a very thorough and vegl/eloped body of theonA study of
designhistory will help inform the language and use of design in the military context.

The history of creation started with early craft, which is the important ¢egmitedecessor of
design As the demands aartisans grew, craftsen began to work in groups and record their work for
exportability and training purposd3esign followed craft in order to allow creation by a social body, and
to record and apply a methaldgy of creativity. Thereindesignentered an early positivist and modern
phase in the migighteenthcentunbe si gn as an i ndependent foutefl d of
a series of important lectures withilre informal community of engineeasd architectsThis renaissance
of the 196006s tr ul forméllpaciqmevbdgddemmpiextyas implieitanrdgsigra n d
From this renaissance forward, the intellectual center for design theory was the Design Research Society
in the United Khgdom and the Design Methods Group in the United Statese two bodies are
constantly discoursing on design, and the Design Research Society publishes two regular periodicals
where professionals examine every facet of design theory and practice.

To strt at the beginningipon creationhumankindmmediately found the need féthingo .

This need was met by people who made it their | if



called craftsmenTherefore, sccessful creation preceded dedigmmillennig, just as successful military

operations preceded eitheesign orOperationalArt. Occupying the intellectual space between art and

science, craft seeks to create in an unselfconscious and deliberate fh@nattsmen historically

perfectedheir creations over generations, without drawings, using a system of trial ant &rheir

knowledge was passed through oral tradition and apprenticeships, and the secrets of the craft were not
recorded, or taught, and generally were secretly gudfdesithe requirement for innovation on a broader
scaleincreasedpositivism quickly eclipsed craftwordnd one by one, bodies of craftsmen codetithat

their mystical craft was recordable, exportable, and trairfABleis unmarkedransitionwas the

inception of designWestern militaries, punished by the brilliance of Napoleon, made a similar transition

at the beginning of the f&enturyAr guably, the early 18006s were the

as militaries struggled to utilize staffs,gooblem solve in groups, and to record and export their Braft.

%As Christopher Al exander noted on the fbasesst hi stor
approach to design must inevitably give way to theaatfscious professionalized process when a society is
subpcted to a sudden and rapi d LawsahagveDesighersdhinkd.s cul t ur al |

% Lawson gives the most commonly referenced example of design as craftwork. Early in hitowork
Designers Thinkh e gi ves an oV er bobkdhe Wodelwrigie Sho@hestogheruaonds deserences
the same concejptboth authors noting that successful creation preceded design (and complexity theory) by
millennium. By making minor corrections to the hedsawn carts through the centuries,the opl e of St urt 6s
gradually improved the cart in ways that were unconscious to any one wheelwrights Wivatcaled emergence
was central to traditional design, called craftwork historically. Tdeebpment of pitching the adelown and
fosrtxvard dightly, of dishing the wheel so that it was concave, and of rounding the hub all emerged in England in the
18" century.

%0One of the most extreme cases of modern craftwork
| ate as t he shmavdl vebseld viete snade Byrguilds, which secretly guarded and rarely recorded the
method or layout of ship construction. In stark contrast to the continental 74 gun Ships Of the Line, which were
massproduced during the Napoleonic wars from desigresBttitish navy relied on a body of experienced craftsmen
to essentially handhake their warships.

2T\While the reliance on oral tradition and lack of effective record seems ludicrous, the reader should
consider the significant cognitive resistance in thigamny community to recording or trainigadership.

BlouisA.Dimarcoi The U.S. Army General &tiafsft: CifabWMas yi? it
Journal (published orwww.smallwarsjournal.corSmall Wars Journal LLC, 2009.) 2.
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A student at SAMS once remarked tbahtemporanfOp er at i onal Art Ais nei't
i t i s ?Bhisis veayftrie, thie creation obntemporargcampaign visions in the US Army
Headquartersr Combaant Commandsahich rarely employhe Military Decision Making Process
(MDMP) or the Joint Operation Planning Process (JOPP) to create their stratisgiesy similar to craft
Arguing against military design is equivalent to arguior the use of MDMP (disguised as JOPP) as a
methodology at every level, to include strategic and operational. The dysfunction of J@Rfeation
of strategy has driven senior leaders to derive innovative solutions in the form of militaripesadn, in
all fields and now in the military, is the natural and professionalized extension ofCtedfthas severe
limitationsT it is not replicable, is not historically recorded except in its creations, exists in the mind of
the craftsman, and refien heuristic learning.And so it was for warfare before Napoléoand before
the application of the scientific method and rational st\dgrfare was a craft, part art, part knowledge,
with no real record of the reasons or form of warfare other tharettord of the engagements
themselvesMilitary design is therefore the natural evolution of the art of command.
I n the 18006s, craft evolved alongside other e
work in everlarger groups to fill an expe@ntially increasing need, their rapidly modernizing world and
the incredibld ndustrialRevolution forced thento work in teams, record, and codify their processes for
exportability. This modern stage of creation was reductionist, optimistic, and ogoidad’ all of

which became summarized as positividine IndustrialRevolution grew out of positivism, and

*Major Glenn Henké class discussion of 9 Febhe discussion in this Evolution of the Operational Art
class focused on definition of Operational Art.

30 Christopher Jones delineates the limitations of craft and vemkimd moved to design. His deductions
about craft, and its strengths and weaknesses, are:
neither can they give adequate reasons for2 Tthédfeemdeci si
of a craft product is modified by countless failures and success in a process of trial and error over many centuries.
This slow and costly sequential searching for the f@Ainv
astonishigly well-balanced results and a close fit to the needs of the user. 3. The cumulative store of the essential
information generated by craft evolution is, firstly, the form of the product itself, which is not changed except to
correct errors or to meet nalemands. 4. The two classes of data . . . the shape of the product and the reasons for
the shape, are not recorded in a symbolic medium and therefore cannot be investigated and altered without
makeshi ft experi ments Designithods®. product itself. 0 Jones,

o
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positivism fed off the success of thedustrialRevolution. In this manner, those who crebsdso

changed society foreve@ne of the early pasvist philosophers, Rene Descartes, described the reduction
of complex problems into apparently more simple problems, which the creator could then solve through
cause and effect rationality The resulof this social analysigas an explosion of creatisnboth crafted

and designed, in the $@entury. Many of these creatiohad harmful effects andere eventually
disregarded, such as the cbakning furnace for factories, but many, such as the railreadiured as
compliments to the ingenuity of thieireatorsThe philosophies and accomplishments of the positivist era
were not entirely misguided. Even modessign despite an acknowledgement of complexityimately

rests on a cause and effect based philosophical model, as does any predictiver.ehueaontributions

and progressive philosophies of thé"t@ntury changed the world forever, agitted humanitywith the
ability to create socially in an exportable manner through design.

The modern and positivistic design philosophies dominatedresnventions in the first half of
the2d'Cent ury, t hr almGdmanyon t hle e thef®BnDuUG &ngineerdinand
Redtenbacher identified the need to determine strength, stiffness, and wear of compdrgnts
APrinzi pi ekundderd evse chNhaasnc h pioneerednaders design basexd bn mechanistic
requirementsl n t h e ndih@rXandus engirreer naméddre Erkens incorporatedhé principles
identified by Redtenbachaérto the first knowrsystematiaesign approactf. Throughout the middle of

the 20" century, design processes became more mechanical, focused on function and optimization, and

31 Kettie Davi®n, a SAMS graduate and author on military design, neatly summarized the history of
moderni sm and convergent thinking when she wrote: i Th
Western intellectual tradition o from Rene Descartes. Descartes described analysis as the process of identifying
the simple natures in complex phenomena, and analytical reduction as the process of dividing each problem into as
many parts as might be possible and necessary in orbesttsolve it. Reductive analysis is the most successful
explanatory techni que 8ystemic Opesatodal Desighls ci ence. 0 Davi son,

%2 pahl and BietzEngineering Designl2. Ferdinand Redtenbacher is considered by the engineering
community tobe the father of mechanical engineering, a field which had some impact on the rest of humanity.
Andre Erkins is known for positing the first analysis of design methodology in hisBeitkge zur
Konstruktionserziehung if928.
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generally lesscreativBy t h e 1 9 tds o ds,infadt state, gnhd was emergisga deterministic
philosophy, involving rigil methods and procedures for achieving optimal function.

The 19 6 Ot@assformationaperad for design, from the modern to the more compliee
first O6Conference on Desi gnani®dudedahacknomedgnghel d i n |
complexiy.**Thi s conference, i n conj asseentolaunchdesignasaot her s
field of its own, and design methodology as a topic for further resdauidinermore, design theory in the
196006s became incr easi dtheiydetgrhinate natuie pfliesigning angthing i d e n
that interacted with humanghus, design theory began with a great de#hehumility not usually
recognized in other academic fields

Skeptics of engineering design will posit that engineering desigieéhanistic, predictable, and
as the @mmanderg\ppreciation anCampaignDesign (CAGD) pamphlet ordesignstatesfi a s s u me
that there exists an optimal solution and that we can find this solution by applying the established rules
and techniques of our@rf e s & Hawevergeven a beginning student of engineering design, attending
a 100 level course on design theory, knows this is entirely wrong. It is central to engineering design and
philosophy that the technical models will always be incorrect, andhéie is no optimal solution to a
design problemTo illustrateane n gi neer 0 s ,consklerone df thelearty engineering design
theorists,Thomas TWoodson, who wrote in hif966book Engineering Design

AThe 6trued s ol takingiotmacdouwnt aththeyconpeivable televant

factors and related effects, is understandably quite imposEiiét, no one can know all

the relevant factors, or predict all the possible eff@dsond, many influences are only

slightly relevant andan be neglecte®nly by extende@xperimentationgan an

engineer come to understand this relevancy and correctly choose which of these marginal

influences to neglectt is a truism that all the detailed macroscopic and microscopic

phenomena of the naflmworld bring a staggering, overwhelming complexity into even
the simpl &&st problem. o

#¥Ni gel Crossqf AFegitgn MédigreRssearah Quéarterl§(12, Dec 2006), 3.
¥ TRADOC PAM 5255-500, Commanders Appreciation and Campaign Desigh

% Woodson/ntroduction to Engineering Desigi28.
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However, engineers recognized that they must create, despite complagigndineering
philosopher Bucciarelli stated neattyWe begi n by not incontettsiterearevi t hi n al
uncertaintiesSome of these may be identified explicitly, given probabilistic expression and thereby
brought within an obj ect 3Withthecemdrgence of design theome nt al a
design became controversial, arebin theorists in the9605andl 9 7 0 6 s r &ighty systemétic 0 m
to ardently artisti¢’ At the center of this contest was the debate about certainty of knowledge and
creaton®Engi neering design theory emer ijalydnGemanyof t hi s
and later in the United States and Englé@mime of the more influential authors wéleristophedones
(1978),Vladimir Hubka (1982)Gerhard Pahl and Wolfgarjetz (1984) Michael French (1985), and
Nigel Cross (1989 Engineering dsign theory embraced the indeterminate and artistic design theory of
the 19706s, and built on the systematic and syst el

di scussion of complexity, st é&mthecamgpydfdesigntheorye 19706

% Louis Bucciarelli,Engineering Philosophy24.

3" The most famous illustration of this dichotomy is between Herbert Simon, who stated in 1969 that design

was to be fia body of intellectually tough, analytic, p
design processOAl axanc€ariwhopstated fAiThere is so | ittl
anything useful to say about how to design . . . that | never even read the literatyyvenor e 6. Cr oss, 4.

BHansends pu lStienae aftDésigim 194 fshowethiat uncertainty must be incorporated into
a design system. Pahl and Bietz, who are some of the more deterministic engineering theorists, began to identify
engineering problems with complexity and uncertainty, as opposed to tasks, which require medhatiice. s
Beyond microscopic and macroscopic physical uncertainty, the move from modern design to systematic design

occurred because of the realization that Aengineers ar
interact with humanagendss. Thi s i s further compl i deshnieatsystems, thehusersk no wl e
redesign parts of the system from within in unforeseen
Minitel phone by users applies directly to military design( Ver maa s , 11) Thi smachme an ext e

design method, useful for cases in which an object is design to interface with a human. This is called socio
technical design. In socitechnical designs, the artifact is designed to interact Wit society, instead of an

individual human. If, in campaign design, the users are the subordinate units and soldiers, than a reasonable military
designer must expect (as does a epaurce software designer) that his creation will affect his userhangser

will recreate his creation. All of these developments mandate that engineering move from modern reductionist
design to incorporate the ability to deal wettmplexity. Pahl and Bietz, 13447.

¥ NigelCross fForty Years ,of Design Researcho

““Brian Lawson was one of the first design theorists
Lawson has a unique view of complexity, and creates three methods for dealing with an uncertain future.
Acknowledging the complex interface between hasand the designed world, Lawson proposes designers only
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engineering design theory stands asié well-balancedand centrafield thatis useful, pragmatic, and
well-developed.

Language is central to philosophy and understantiegce the community of architects and
engineers serve fil out design vocabulary with accuracy and lestgnding professional culturé/hen
examining a new field, is appropriatdor the military torefer to the appropriate academic and
professional experi3he Design Research Institute publishes two aegéagiodicals that reflect the
ongoing development of design thought and therefore design landAmgaexample, when Mjor
Hayward fAseeks t o -etkesysiermcedesigrmapproadh thimugly theberplanatiod
form, f unct,heassthamditidnaltesigniappach of connecting form to function, and
binding both with logi¢® The problem is that he gives the same definition for both form and function.
This reflects an incomplete understanding of traditional design vocabElathe, it contrasts with a
recent article from design theorist R Meier, who indicated that the inclusion of affordances should
influencethe formfunctionlogic model The AffordanceModel, first introduced by psychologist Donald
Norman in his bookThe Defgn of Everyday Thinggexamines the Artifaetser interface, and the

Artifact-Artifact interface to explicate the dimking of form to intended functioff. The Affordance

options are to procrastinate, make a-sommittal design, or create a throw away design. In this realist rhodel
procrastination is cledrone may wait until the future is more determined. A-oommittal design is creating

something that is generic, bland, flexible but without determined specialization. -éomanittal force design is

one that would stress high intensity conflict, low intensity conflict, stability and security operatioiithiallthe

same force. Bernard Tschumi offers two alternate solutions within thearomittal dilemma.. He states that given
complex and uncertain future, a designer can create either an exemplary design that will affect its system and create
itsownvale, or a counter design fAas a way of countering th
other option is to determine a throw away de$idgimat is, to design for specific use knowing that shahit use

will become obsoletdlithin this castruct, he admits that commonly solutions can sometimes create future

problemsi thereby reinforcing the seemingly nonsensical @stimation and research model. Bernard Tschumi,
Architecture and Disjunctigril3. Bryan Lawsorklow Designers Thinki14.

““Maj or Ed wa r Rlanrihg Beyoad Tdctiés,i 2 .

“RAMaieri Ret hi nki ngopbPe8i gAf Tbhedanpces are a complicate
explication below. Essentially, the affordance model allows for an artifact to complete unintended functions, both in
interaction with other users and with other artifacts. This clarifies @1itplin the formfunction model as
humans may interact with any intended function, or use an artifact for a host of unforeseen functions. This
understanding is a key component of engineering philosophy, and will be revisited below. Affordances are only
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addition to function and logic, illustrates clearlyh at A s i mp | e 0 obartifpdtsrbecemes ng de s i
complex as soon as the artifact is placed in the hands of huiasissonesimple example that
illustrates why the U.S. Army (if it adopts design) should stay informed of developments in this relevant
and directly analogous fieldnd capitalize on the clear and established language of design.

The consequena® not studying current design theory will be the creation of an incomplete and
confused vocabulary, and will thus negate the ability to glean useful pragmatic developments
Recommending the addition of design to military operations and philosephynly be possible given

commonality of language.

Design Language

Theorists odesignp hi | osophy wutilize what they term to b
activities Thepurpose of language is simply to communicltghat vein, language warrants careful
considerationOne would no more write of the military application of design in the flowery (and
purposefully imprecise) languagearchitecturaphilosophy than onevould compose a letter to a friend
in Mexico in Arabic PostModern philosophy charges tHahguage belongs to the reattemterpretand
that each reader will take away their own message, their own feeling, and their own impression. For this
reason, pstmodern language is specifically vague, lofty, and unattainiabt®ntrastboth operational
and engineerintanguags arebasic, easily understood by the practitioner, but no less prétisevord
Oepi stemol ogy 6 s e rDiseussingpssteraclogysneafpastiodem essay pllbves
elevation of the readersthoughty t he use of a | ofty wHEpstdnologyr At he ¢
has a rich andvell-developecdhistory. The benefiofu s i n g fi e p is a sersenaf ¢reatye liberty,
tounderstand epistemology as the reader wishes and

philosophical development that comes with reading multiple books and articles on episte@otdgs

included here to illustrate the danger of exploring design language without an understanding of the issue history of
design theory or a contemporary understanding of design language development in current periodicals.

16



mental exercise of divergent thinking is essential for educatidrfor forcing creative thought patterns.
Even in planning and creation, invoking the liberty of the mind of the reader can beleitaver, what

is commonly lostn the use of lofty language precision in communications and thus a common base of
understanding across the operating fotte.

It is important to critically analyze and-theink some of the language borrowed directly from
architecturaphilosophy, whichmay confuse this discussidror the purpose of this monograph, and in
order topromulgate design theory in a useful manner, several obscure terms require clarification
Epistemology is the study of knowledféraxonomy is the practice and science of classification, or
assigning words to concepfsOntology is the study of being, atite knowledge of beingspecially
related to entities that are admitted into a language sySteeta-cognition is analyzing thought from a
higher plané”’ Plateau thought is unbounded, and striated thought is bounded, or dir¢€tiotrale isa

hierarchical growth whereasa rhizome is flat and unboundé&drchids are flowers, and assemblages are

3 An influential author concerninghgineering philosophy, Louis Bucciarelli gives an imminently accurate
picture of | angu a g eDifferant mhrticipants with difieeent respensitsilitiea, topetencies,
and interests, speak different languages when working, for the ardstigne, in their respective domains. For this
to ring true, we ought to construe language in the broadestiteorisclude the sketch, the prototype, the charts
even a computer algorithm as elements employed in the productive exchange among patti@paindividual
effort within some disciplinary matrix does not suffice: Designing is a social process; it requires exchange and
negotiation as well a s iCormmneonabtyeof languade in this velm is not reskrigtesl tot  wo r |
compgsition, but to drafts, doctrinal maps, PowerPoint slides, etc. Just as every equation in an engineering paper is
an artifact of language, so is every paragraph of an OPORD. The more social asttisgiplthary the endeavor,
the more common and clear larage is mandatory. Bucciarelipngineering Philosophy21.

“Websterds Third New "Mernt ersnat i dirEpli sDieanoil ®mar. v, D& f i |
drawn from the unabridged dictionary that stands near the School of Advanced Militdigsomputers, on the
second floor of the library in Eisenhower hall. This unabridged dictionary is a 1976 edition, purchased in 1982 and
given its own stand by the SAMS research carrels, and is offered as common linguistic grounding for generations of
SAMS graduates.

®I'bid, s.v. ATaxonomy. o
“'bid, s.v. AOntology.od
“I'bid, s.v. fAMeta.o

8 Gilles Deluezeand Guattari, FelixA Thousand Plateaus; Capitalism and SchizophreMénrfeapolis:
University of Minnesota Press, 1987).
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simply a bipolar grouping of things that have a mutually beneficial relatiaf$8ipchastic is a dialectic
termi regarding that which lies between unpredit#and predictablé’ Heuristics are a trial and error
process for learningr anything that provides aid or direction to solving a problem without solid

justification®*| t

woul d be easier t o sracirediprocessaslaniammd er r or 0
component, and germane to this discussion.
Morphology isthescientific study of form and structute draw a methodologiyom a
philosophyby requiring a functioni’ This differs slightly from methodology, which refers to both the
procedural and #hphilosophical underpinnings atiterules involved in an activity, which are likewise
tied to function This again differs from a method, which is simply the procedural activity without the
paradigm of rules and philosoptd frame is a mental boundary aroundaaBet of ideas, artifacts, or
things affecting a desigitherefore, groblemframe is a mental boundary aroundthihgs affecting or
affected by a problenf theory is a postulation of what exists that must beeeiprovable or

disprovable® Neither problematize orrpblemitizationare words in common use, but in some literature

refer toputting into words the differendeetweerthat which exists, and what the desigdesires.*

9 Manuel DeLandaA New Phibsophy of Society; Assemblage Theory and Social Complgxtydon:
Continuum, 2006).

0 Felix Klein, Mathmatische AnnalergBerlin, Ge: Verlag Von Julius Springer, 1938)ochastic was
originally a term used in probability and statistics, and has beassueiated with problem solving which is only
partly cause and effect driven. The most common use relates to medicine, and to engineering within design
curriculums.

"Websterds Third New Ment ersnat i dirHulerDisdtiicomary, 8
2Inthelate 96 06s, Tom Markus and Tom Maver mapped the de
mo r p h o°f Theinprcess applied to architectural design specifically, and to all design obliquely. Their (and
the industryos) first morphology moved from analysi s,
ordering and structuring of thepo bl em, and synthesis is fian attempt to m
problemi the generation of solutions. Appraisal involves the critical evaluation of suggested solutions against the
objectives identi flaestn37rn t he analysis phase. 0
“Websterds Third New Ment ersnat i dimale oDiyctdi onary, 8

*Maj or Ed wa r Rlanriihg Bewoad Tdctiés,i 1 2 .
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Thereforejt is accurate to statbat the above iap r a ¢ t i epistemolegicadisw of the
taxonomy ofarchitecturabntologyon design. However, using those words would seriously, gormlessly,
and intentionally obfuscate the practical re@lenderstandingdt is far more useful and direct to stat
theaforementionedist of definitions will serveas referencefor the remainder of this monograph.

After developing at least a feel for the definition of design, and clarifying some of the more
unapproachabkllanguage, the Army can make an argument for incorporation of detigioctrine
Founding the definition in design theory gives design some credibility, and adaptation of traditional
design language (instead of the language of philosophy) rendera deséssible Given these two
innovations, the Army may then successfully argue that design will significantly advance the

development obattle command, decisieamaking, andstrategic and operational campaigeation

The Import of Design for the Army

fi hose who protest that time and rigor invested in design is wasted effoot doderstand that
6doing the right thingd is more important than 0d:
rat her than 6bHubatWassd€zegd’t c omes . 0

Design is a mode of thinkingctingand decision making/hich has direct application to the
military craft, whichwill aid in operational and strategic campaign creatiomrder to invest in design,
the Army must determine why it wants to shiti§tcampaign creation processes, what initiated the change,
and whynow?

The aeation of military campaign plans in a complex world is extremely difficult, which makes

theprofession of arms what historitne onar d Hol der cal | sonffidlee most di f

®Wassde Czegé, Sy st emi ¢ Operational Design: LeAmrning and

®Hol der and MufrorayMi IAiPtr a doipt E@&cessQuarterlydi.n T@dLeonard D.
Holder Jr. (ret) was a previous commandant of the US Army Command and General Staff college and a regular
contributor to Joint Forces Quarterly.
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indeterminate nature of designing for social systems, within an ever more complex environment induces

art and subjectivity to the military professithiThe essence of military art is a lethal competition of

applied creativityThe more asymmetrithe situation,lie more creativity is require&tated again,

warfare, especially asymmetric warfare, is a contestaxdreative applicationf national powerand the
stakes are the operator 0s | Tofmake thingdnore dificult) thisv es of t
creativity and application must occur in a high stress environment, executed by a coalition of willing
participants® While complexity is not new, the increasingly interconnected nature of the global system

increases interaction amoagents, which increases the entropy of the system.

Military Axts-anrd-Seienees Design

Military Arts and Sciences are the application of military theory to practice. There is no body of
philosophy better suited for this transition, either cognitively oradly, than engineering philosoph.
giant in design theory, Christopher Joaegues convincinglgf the need for integration of design into
operationsHe sharply criticizes the rift between designers fedas divergent creativityandcreators
focusedon causal procedures that ignore complexity stated:

i T hesults of this mutual unawareness of the underlying skills of other professions are

twofold: the designers do not realize that they must learn to distinguish whaielrese

to be true fom what can berovedtrue, while scientists, mathematicians and other
experts may fail to realize that what they perceive as adeéithed problem can be

>"Writing on the Interwar years, Murrapad  Mi | | et write AThe process of i
institutions and cultures, which involves numerous actmiplex technologies, the uncertainties of conflict and
human relations, forms a part of this world and is no more open to reductiduistrsothan any other aspects of
human af f ai r s MdtaryMonovateryin theNhietwar ®e¢riaB03.

®Kettie Davison highlights some of the unfortunate
approach runs counter to how hunfeeings make decisions in a natural setting. Time pressure, unclear goals and
dynamic conditions <char act eiriBystemicrOperationah Desigg@ainihgiandg s . 0 Ke
Maintaining the Cognitive Initiatne, S A MS Mo n o g-2066p0lh. AY 2005

% Entropy is an engineering expression for the measure of chaos of the system. Entropy is never zero, and
it is never oné meaning that somewhere between order and complete chaos is a measure of the unpredictability of
the system. This understanditint reality lies between determinate knowledge and indeterminate chaos is central to
engineering philosophy.
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invali dated by the new situations that are
skileddes gn®r . o

This illustrates the essential departure between the modern anugubetn philosophies of
creation, and why it is vitdbr any military design theory to bridge this gdpnedurthernotes that the
critical difference between art, science timand design is the concept of timite indicates that artists
and scientists work in the present, while the designer must forge into the flitlinés heroic mentality
posits that the divide between art, science, and design is the willingnessriptat ceatethe future
Accepting this paradigm suggests thatrtiktary should change therm Military Arts and Sciences to
Military Design Historically, the United States uniformly educated its military officers as design
engineers, and taugtitem in the philosophical traditions and culture of design and creatien
uniquely applicable analogy between design and military operations, discoveB&l(bgt) Shimon
Naveh in recent decades, is therefore not a new philosophical jdimétgad, iiis a recent manifestation
of a much older understanding that craft, problem solving theory, design theory, engineering theory, and

military application are inextricably interrelated.

Design as the cognitive evolution beyond craft

Before adopting desigithe Army must be clear as to whhe design renaissance of the late

197006s and early 198006s pr oduwhicHideatifieddifficiltarel of v al

relevant questionabout the transition from craft to desidin early design theast, Christopher Jones
analyzed the shift to design in industry in a way that is very relevant for the mi@angider the import

of Christopher Jonéargument for military campaign designers:

o

®Jones states fABoth artists and scientists operate

it is real or symbolic), while maéimaticians operate on abstract relationships that are independent of historical time.

Designers, on the other hand, are forever bound to treat as real that which exists in the imagined future and have to

specify ways in which the foreseen thing can beenad o e x iHsw DesigneFsol hirgks. ,
% bid, 10.
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il. How did traditional?2bhewiwgysaremodeznope wi th <co
design problems more complicated than traditional ones? 3. What are the interpersonal
obstacles to solving modern design problems? 4. Why are the new kinds of complexity
outside the scope of ¥he traditional design pr

Before the Army adopts the nearly perfacialogous design process for creating campaigns, as an
institutionthe Armymusta n s we r J o n edewddid ¢rddiidndl eampgigns cope with complexity?
How are modern campaigns more complicated than traditionaé? e the interpersonal obdéscto
creating modern campaighBinally, and most importantly, what indicates that the new kinds of
complexity are outside the scope of the traditional campaign planning préfceeadRional processes
can deal with comtmporary demands, then the military should maintain traditional processes (MDMP and
JOPP) as its exclusive campaign planning artifatdsvever, if Jones argument is convincing, the
increasingly interrelated context of the latd"2@ntury already required new methods that sepeed
traditional planning and design practideh e desi gn community of the | ast

challenge with the emergence of engineering desi gl

Design as the Evolution of Craft

Aesthetic Functional Theory
Creation Creation Creation

Craft

(Individual) SClence
i Military
Tactical
Science

Design
(Social)

Campaign
Design

Design Art Design Architecture Political Research

Engineerin .
Philosophies: _Fashion Design — © 0 Science

62 JonesPesign Methods27.Before any effort to change the mental model of the U.S. Army, the critical
mind should question why the change initiated. Is a-sftéxt of the war on terror a disruption of the military
cognitive process? What exactly about campaign planning of h®@1®s was br oken?
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Traditional designers coped with complexity using a variety of metfdusfirst was to rely on
their experience and imaginatiorhis mirrors theArmy culture of commandecentric warfareThe
second was to deliberately work to overcome irdiligli mental rigidity and develop personal insidgyt
applying single conceptions of the whalgccessively, designers were able to cope with complex
circumstancesBy identifying a tentative solution both as an exploratory act, the designer could caalleng
his selected model against the situation and the desigr®it3#lis is analogous to the feedback
mechanism of unit reports in the Army, to which the commander iteratively applies experience and
imagination to overcome challenges and compleXifizile dealing with complexity alone is a successful
method, it is dated and not generally advisable when the stakes are Tartdhited States Army is one
of the most successf andone ofthe most commande&entric Armies in the worldHowever, to
broaden ecess to creative thinking and imagination, overcome mental rigidity and develop group insight,
the Army must learn to utilize group learning and thinking, through a fluid and creative open ptttess
industry, that process is design.

Next, the Army need toaddresghe ways in which modern design problems are more
complicated than traditional onegplicitly. In fact, awirrent problems areeithermore complicatedor
complex than previousnes but the awareness of the complexity changes the moral abfattye
designerf® This is concurrent with the understanding that past design solutions are the seeds of current
social challenges, such as the automobile (in technology) or the partitioning of Africa (in strategic terms)

While design problems are not féifent in characteérom past problems, the increasing

5 Jones, 2830.

“Louis A. Dimarco, fAThe U.S. ArmFi Gehe SaalltWars g P 6 : Wh
Journal (published orwww.smallwarsjournal.copSmall Wars Journal LLQ009.) 7 Di Mar cob6s excel |l ent
explores command and staff centric operational art in a way that explicates the strengths and weakness of each. This
is relevant to the design theorist, who must constantly balance-autlership verses social dgs.

% Jonespesign Methods32.
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interconnectedness of the world induces more compl&kitiierefore complexity has not changed but is
increasingputthe awareness of complexity creates a moral responsibility to design more dibliaticl
socially.®’

There is an increase sfakeholdersvho have a vested interestand are connected to modern
desigrs, which increaseboth thecomplexity and the need for social design mechanisrmsercome
interpersonal barrier€hristopherJonggsosi t s t hat the old joke of O60desi
feasible, but is a requirement of future designh | successful future designs w
the list of connected stakeholders including sponsors, the design team, suplpliers:s, distributors
and subordinate teams, purchasers, users, operators, and society*aflaegaclusion of social and
economic indeterminism and multivariate stakeholders in design logic has nearly obliterated the ability t
willingly converge ora social design crafted by a single autAdrese traditional but now amplified
complexities increasingly illustrate the need for new methods in design, which t h espaivi®e® 0 6 s
engineering design methodolagy

The Army must ans wegadoptngdesghasadan d etng ec hard @ge t h
leadership and command culture, which in turn will enh@aoepaign creatiarMilitary designers are
more aware than ever that their campaigns have a corffdex on broad social systeamponwhich
they at, and within which they interacthe awareness of the impact of their designs creates a moral
responsibility to move beyond the intuition and experience of one commander, to include the learning and

experience bthe corporate organizational intelleqiplied to the creation and execution of a design.

% External complexities (technology transfer, interconnected side effects, required compatibility, human
overlap, and systems transformation), and internal complexities (requirement to be right the first time, information
from outside sources, difficult decision sequences métlu information) of design are neatigmeless However, the
rate of interaction is unarguablycreasingwhich moves increases the entropy of a design toward one (or increases
the complexity)

67 JonesPesign Methods42.

% JonesPesign Methods37-4 1. Jones presents the old joke that #/
committeeo, and uses this to drive forward his point t
the future.
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Reiterated, now that the military is aware that current campaigns can sew the seeds for future problems,

there is a moral responsibility to design as effectively as possiblas thoroughlywhich demads

moving beyondraftand beyond single authorship techniqihile the world is no more complex than

it was 200 years ago, the increasing interconnectivity of the world and systems in thanereddeshe

number and influence of stakeholders in gdesas well as the range of impact of the design itsethis

context, iftheArmyanswer s Jones6 chall enge dtwil domcledethatc ept anc
design is a moral imperativBurther the Army will discover that its sponsors demamzlusion ofwell-

informeddesign processes as a precursor to action or campaign creation.

Design as opposed to MDMP for Campaigns and Strategy

Design is vital to the continuance of the development of OperationahdrStrategyn the
United States Armyit is an essential addition to military planning, and a critical advancement in military
planning theoryThe field of Military Arts and Sciences avkwardly named for good reason
Historically, the military profession conforms more closely to crafi ither art or sciend@ Moving
beyond craft has been the challenge for designers in the past two cefifemigsermoredesign is
distinct fromthedoctrinalmilitary decision making process (MDMRhichis an integral addition to the
United States Mitary planning methodolog s B G (ret) Wass de Czege wrot e

of command are not about how to achieve set goals but what those goals ought to be within a campaign

% As noted by Clausewit)n War 172. The craft analogy is seconded (if Clausewitz needs a second) by
Morris Asimow, who defines Design by Evolutioror craft, as the basis of design theory. The military profession
contains elements which are more regdleahan art, and more context driven than science. The second stage of
design history was Design by Innovation, which was followed in the last two centuries by Deliberate Design. See
Asimow pgs 2 and 3. Any profession which evolves by examining histedsal studies and attempts to innovate to
meet a new context without agreed principles remains a craft. When that profession develops standardized
methodologies which allow a replicable approach and the inclusion of multiple problem solvers to solvanaique
contextual problems, that profession begins to move beyond craft to design.

0 Christopher JoneisSee Craft Paragraph in the History of DesiDasign MethodsAppendix I.
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d e s i"‘drurthedmore, design represents a cultural shift that wikheo battle command, leadership,
and military decisiormaking.

The problems of design are directly analogous to the problems of creating a military campaign
Lawsonbs constructed maxi ms oTocothmuicatetheswaximdhei | | ust |
defines the characteristics of a design problem and design soldtiond e si gn pr obl em fAcann
comprehensively statedo, and arwessguidrse se xspu b jceacttiiomi to
solutions also illustrates the problems witlmgdex military campaign designde classifies a@esign
solutionassuchfit her e are an inexhaustible number of sol ut
holistic responseg-inally, his maxims on the design process also illuminate the charactesfstics
campaign desigrAccordingly, he design process

il. Il s endl ess, 2. There is no infallibly corr

well as solving problems, 4. Design inevitably involves subjective value judgment, 5.

Design is a prescripte activity, and 6. Designers work in the context of a need for
acti®n. o

Lawsonb6s | ife wor ktruthdiruddsjgithat gearty exadtlygconformaovtteea | s
problems, solutions, and process of military operational campaign desipntras, JOPP has aend
state is bydoctrinetheinfallibly correct process, involves only solving problems, is also prescriptive, and
works in the conte of a need for a solution. The differente®nd statedeterministic optimism, and
problem solving verss problem identificatioare monumentallhe enormity of these differences
recommenda shift inleadership, philosophy, and command culture in the U.S. Army

In her monograph on Systemic Operational Design, Kettie Davision ciaslyatesthe

differences between the Military Decision Making Process (MDMP), Effects Based Operations (EBO)

"Wass de Czege, 5. His article, f&tngib@mpex Oper ati on
Mi ssionso describes the relationship between planning
Execute was developed in conjunction with BG (ret) Shimon Naveh, whose original model was Design, Plan, Act,
Learn. In eithecase, the military need for a precedent to planning is emerging.

2 Lawson,How Designers Thinki21.
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and Systemic Operational Design (SCB$he convincingly argues that MDMP is relevant for tactical
use, and that EBO and Design are clearly relevant for operatian4l e danger is thatperations
have become a set gfandtactics, andhat Army leaders will rarely study or discigisitegycreation
andfocus their attention below the level of civilian cont@urrently the Army lacks critical and creative
examinaion of strategy, and incorporating design into our culture will allow discourse and the creation of
effective strategiedMDMP is simply inadequates a vehicle in the future for either operational, or for
strategic planningeven in the hands of the mastperienced operatdrthe steps of MDMP become
more of a hindrance than an amplifier of creative enargi/critical thought
Very experienced artisidterthe focus and timing of the steps of MDMP to enable operational
and even strategic planning, but when so altgvdaMP becomes not so muchnzethodologyas a
philosophical basis for planningffects Based Operations also have basic philosophical lioriati
While they do emphasi#&GNavehds assertion that Operations are
di sruption and systematic interferenceo, they are
already been disavowed Beneral Mattis, commaier of Joint Forces Commarid,his now famous
memorandun{® SOD, as developed by Shimon Naveh, is an important theoretical advancastmaits
in systems theory, pasbhodern philosophy, and pestructuralismThese philosophical models
contradict progessive creation and are problematibe language of SOD &so aproblem, as it is
unattainable by practitioners aimccessibléo the executorOne might argue that Operations should be

planned by the very bright, and that the language of SOD aatsiatellectual colandeHowever, such

“Kettie Davison, fASystemic Operational Design: Gain
Monograph, AY 05/06.
" bid, 51

® Reference MattismemorandumGeneral J. N. Mattis, MEMORANDUM FOR US JOINT FORCES
COMMAND, Subject: Assessment of Effects Based Operations. 14 August 2008. 5. Gen Mattis examines the
history of Effects Based Operations (EBO) and concludes that the momentum genetiagelllilgnium Challenge
2002 exercise was overwhelming traditional and tested planning methodologies. His conclusion is that US Joint
Forces will no longer use or promulgate EBO as a concept.
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an academic argumeiits me |l | s mor e of t°hnd wduld mppass muster intalCerpsf i el d o
headquarters staffed WwitJ).S. Army captains and youmggjors who are writing plans for dissemination
to Divisions,and increasingly, to Brigades.

When Shimon Naveh harnessed the philosophy of architecture to drive advancements in
operational art, he adopt#uke lexicon of designspecifically architectural desigNaveh stated that he
used the architectural analobggcause the philosophy and cognitive requirements were sifilérile
design philosophy is a nearly perfect analogy, narrowing the field of study to architecture is
counterproductiveConceptually, design is very broad, and designers of MP3 plajetus| worlds,
graphics designers, and computer programmers have many conceptual commonalities reflected in their
philosophies, vocabulary, and cultuhe many ways, the engineers who designed-Rkdne, or
Di sneyb6s | magi neer s, mitawcampaigidesignersithancdo anahitectecbuset h
their contexts are complex, they have a daily demand for generating creativity, and they must constantly
outsmart their competition.

Design is distinct from MDMP in focus, structure, and int&ajor Hayward indicates this
di fference clearly and accurately when he states |
smooth with striat ed”RahldandBistEésigrmppwactvanditHat osmamyt hesi s .
engineering Universite proceedsfromhi | osophi cal ficonceptual designo

iembodi ment designdo and finally t OThdrefdreNialvehési gn,

5 T.E. LawrenceSeven Pillars of Wisdar02.
" Conversation \th BG (ret) Naveh, 20 Dec 2008.
"Hayward, f@Planning Beyond Tacticso, 48.

9 Pahl and BietzEngineering Desigrthis is the organization of their entire book. A good example of a
design syllabus comes from McGill University in Canada, whose class omDidségry and Methodology
(ME593) proceeds from Introduction to Conceptual Design, to Embodiment Design and Detail Design. Itis
interesting to note that McGill includes discussions of the role of knowledge, complexity, representation, entropy,
and stochdg understanding in his design class, which centers on engineering design theory. Their recommended
reading on the history of design and design schools is excellentv&eencgill.ca/cden/coursesccessedn 21
March 2009, in Appendix Il1.
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model ofdesign,plan, act, learn isin accord with traditional design problem solyjmnd design should
proceedand be concurrent witiDMP to inform that tactical planning tool with context and
understandingHowever, design must depart from its current {sdsicturalist taxonomy to be effective
in the larger Army contextt is the iony of the emerging design process thaholding to its rhizomatic
anddivergentroots, it will lose the ability to adapt to the needs of the Arfilnys outcome will hamper
future operations with a lack of solid campaign plannirtge remedy is tinform design theoryith its
own philosophical history and practjdeosen the gripfaSOD andooststructuralist philosophy, and
allow alimited morphologyto define DesignOnly in this manner will Design emerge as a useful
approacltthat is antecedent to MDMP, exportable to the Army, and vital to success in campaigns and
operations.

If MDMP and striated thought are tligesis, and positructuralist philosophy is thamti-thesis,
then Campaign Design must be the necessary synt@esigpaign Design must be stochastic, that is,
neither based on the complex unpredictability of
scientific methodologies that give a false sense of reality and prescribe action based on a decision cycle.
Campaign design must have both a heuristic element, and a predictive dlemasit like medicinethe

practice of lawpr engineering.

Design as a Cultural Shift

The recommendation tmoveawayfrom commander and cognitivefpcusedArchitectural
DesignTheory toward socially anstafffocusedengineeringDesignTheory represents a cultural shift
for the United States Armysuch a change in thahilosophyof designsuggestshe commandeis a
servant leader, who manages adaptive learning and receivbsfragarnal creative input from the

design teani’ This is a departure from the vision of the commander gewer leader, or enlightened

80 gervant leader is a term coined by Robert Greenleaf. Greenleaf, R. K. @802t leadership: A
journey into the nature of legitimate power and greatri2Sgh anniversary ed.). New York: Paulist Press.
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savior, whichis so pervasive in American leadership cultimeorder to harness the creative energy of the
organizaion, a leader intending to utiliZzengineeringdesign Theory must evolve his organization so that
a free exchange of ideas ampositive and fraternal command climate enables creative and critical
discourse. Such a leader must accept intellectual clyell@nd critical debate in order to unleash the
creative energy of the organization. The cultural shift toward social creativity recommended by
EngineeringDesignTheory is counter to American traditional values, which emphasize individual
achievement andrpmote supehero characteristics. Instead, Engineering Design Theory proposes
harnessing the creative energy of the entire organization to solve complex problemsverbare
Michael Jordagin the design team that created the Blackbéring automobilehat the reader will drive
home tonight was not invented by a superstar, and
The design teanthat areevolving the modern world work in a state of relative anonymity, with each
design incorporating theaollectiveartistry, the science of their profession, and the craft of previous
evolutions.

However, the recommendationrttake the culturashift towardsocial creation does not imply
that the commander haglaninishedrole. In contrasttcommandingn a critical and creative environment
requires intellectually agile and competent leaderdhgsign is part of battle command, and properly
harnessing thereative energy of the organizatiorientionally enhances leadership and decisi@king.
The first step to battle command is to Understand, and®M 3st at es, fAUnder standing
commander s {Howveverl theomytmethod for. gamy understanding idoctrineis
battlefield circulation, and reliance on theo mma netlecationsintellect, experience, and perception.
Design, especially Engineering Design Theory, offers an increase in methods of gaining understanding.

Furthermore, dsign broadens the knowledge, judgment, and experience base available for intuitive

8. FM 3-0, Operations (HQDA, Feb 2008), ParaB6+517.
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decisionmaking from sole reliance on the genius of the commander, to harnessing the creative energy
and experience of tharganizatiorf?

Design requires a culture of opgrexchanged idesaintellectual rigor, critical thinking and
transparentlecisioamaking. While every unit is different, these are not commuaalities inthe culture
of the United States Armylo incorporate design, leaders must create an organizationate that
allows for critical discourse without fear of repercussion. Such a climate will amplify corporate genius,
instead of requiring individual genius to create a new future. Therefore, the requirement for the leader is
to lead and harness the geated corporate learning in a productive manner. Inculcating corporate
learning through design, over time, will allow generational corporate learning. Such a cultural shift will
produce a creative strategic Army verses an analytical tactical Army.

Harnessig an organization using Engineering Design Theory has several prerequisites. First, the
designer must understand military arts, sciences, and craft, and design as the natural evolution of that
craft. Second, they must understand that design implies aaddhift away from power leadership and
the certain comfort of analytical decision making to cope with complex situations. Willingmaisiity

to endure such a cultural shift allows for the understanding of Engineering Design Philosophy.

Incorporation of Engineering Design Philosophy.
AEngineering design al most always requires a s
factors; and it requires the consi de+1862 on of soci
In order to make design operaldiee Army shoulddraw directly from design theory and
specifically engineering design theoBmerging design theoimn the Armyfocuses on architectural

philosophy, and should incorporate engineering design philos@gtall thedesignphilosophies,

82bid, Para 511.

8 Morris Asimow, Introduction to Design2.
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EngineeringDesignTheoryis the most analogous to military desigmgineering design philosophy is
distinct from architectural desigrhilosophy insix majorways, whichareall of great importance to

military design First and foremoss the criticd understanding of social versagular authorshipwhich

is analogous to the difference between command and staff centric operations in the militargeeahd

is the vital understanding of complexity through bounded rationality (stoclpadtisophy) Third is the
understanding of the enginéeneed to create, toeet functionatequirements thatredistinct from

either art, architectural, or scientific theoRpurthis the cognitive incorporation and tradition of risk and
safety, abserih art and architectural thearkifth is the illuminating discussion of the difference between
intentional or unintentional desigRinally, because engineering design is done is teams, the acceptance
of engineering philosophy allows for the unlockingye#thodology Acceptance of a variable but
discernablenethodology is the critical final step, because it allows for accessibility and exportability of
design theoryd a broad audienc&his final component makesgineering philosophy more
approachableybpractitionersand mordn line with the traditional education and causaltureof Army
Officers. As a welldeveloped and approachalfildd, engineeringdesign theorys inherently operable

and exportable, whereas architectural philosophy is intaadtjoobscure and difficulfior most people

Social Creation vs. Singular Authorship

One of the key differences between architectural philosophy and engineering philosophy is the
focus of the former on thauthor Architectural philosophy focuses on creativity and indeterminism, and
the primacy of a single authai’hile the average academic can probably name several famous architects,
the same academic cannot probably name even a few famous engdihaers becaseEngineering
DesignTheoryfocuses on the design teanstiead of an individual authofhis is a strong point for
engineer philosophers, who argue that even the prestigious architect must work with his sponsor and
client The work of Louis Bucciarellin his bookEngineering Philosophyrescribes anulti-disciplinary
and sociallyfocused approactie st at es A Desi gn, |l i ke I anguage,

engineering phi lltdadsdopatkyowlddgesthatdesigiing is@cikl @rocess of
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negotiation, of iteration, of rectifying missteps, even misconcepti@ngrocess rich in ambiguity and
uncer tainty. o
It is quite common that the architect is considered the author of the building he or she designs,
and receives thame or infamy of the success or failure of that project. Conversely, an engineer works
in a design team, given the constraints of the user and theidmehtvorks in relative obscurity with a
team of designers all yoked to the same préfEhis has important ramifications for the difference
between engineering and architectural philosofthig common for engineers to focus on group methods
and dynamics, whereas architectural philosophy focuses on cognitive patterns and conversations between
a singledesigner and another person, artifact, or method involved in the probesdistinction is
relevant for military designers, who also work in large teams and in relative obsPueisgige and the
culture of the hero ienly part of the issyet is thepressure and the orientation on team creativity that is
germané® To make tis analogy usefulad i scussi on of fcommander centric
teams to inform the analyssimportantin contemporary design, this balance isttiheoretical tension
between lone operators and methodological social creators.
Part of understanding design as a social process involves not only the design team and the
commanderbut alsoall future implementers of the desigdoftware engineend progammersclearly
understand the relationship between the implementer, or user, and the design. The critical point is that
users will shape, add to, and change designs to m

AiOpen soft wa ryrecogrizs tigedegitaraqy bf iotberst dbwnstream to contribute to design,

8 ouis L. Bucciarellj Engineering PhilosophyPublished by DUP Satellite, 2003. Original from the
University of Michigan). 9

8\ermaas, 4

8 n the American context, the cultural norm of individuality and hero worship can work directly against
the social creation suggested by Engineering Design Theories, which developed both in Germany and England
before the United States. The continual rel&nf the United States upon singular actors is sustainable only when
those actors are supported by a team of well educated
American General Staff. Louis A. Dimard@®,The U. S. Ar myhe@isitietheaTwenirse f f : W
Cent ry?o
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calling into question the idea of a o0finished pro
@ wn e r ¥Theé gnalogy to military design is direct, the subordinateswiil contribute to the design,
implicitly and explicitly, and as a design moves through a military unit it will necessarily be altered,
changed, improved, and translated.
There is some evidencesapport the designer as a lemgerator is an effectiveodel?®® Jones
calls this the fADesi gn eirthedesignar aBa magickCer®raltoo or al t er |
successful theories of a lone operator is that the moment of insight is never explainable, and can only be
linked to experience, judgment, agenius Holding to those assertions, the lone operator theorist can
argue that all design insight is in fact personal insight, and transcends rational abahesissummarizes
thisr el i ance on t hwhenfhestatgdiic¢ ® ok d dakto mpelieve that skillelt | o n
actions are unconsciously controlled and irrational to expect designing to be wholly capable of rational
e x p | a f°@heiresults oba sole author design are generally heavily influenced by recent inputs and
past experiencessrae r api d but more random than group wor k,
directed by controlling the information flow to the authnis understanding of the designer as a single
person is pervasive in thaditional military which relies on té creativity and experience of the
commander to guide the organization
Using a sole author design has its own methodology, methods, and attiitnet@sethods of
brainstorming and synectics are the most influential in advising a sole author ddéitpeeArmy
chooses to accept a more commander centric interpretation of design, which is ecotm@endation of

this paper,the as an organization the Army should study t

theory. These methodologies allow a singléteor to deal with complexity in an adequate manner, and

87 Bucciarelli, Engineering Philosophy.

8 JonesPesign Methods47. This model is supported by Osborn (1963), Gordon (1961), Matchett (1968),
and Broadbent (1966).

8 JonesPesign Methods46.
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the theories involvetkly heavily on architectural theory and the cognitive examination implicit within
SOD.

The fABl ack Bodibredehycwhthashe f@deissess Box 0 met
designers mind as a transparent systgmen to determinate rational explanation for each cognitive step
of design’® This is a rational explanation of the design procesich with specific steps andarious
methodologieproposes that gign hasiormalcognitivephasesThe Glass Box method allows for the
design process to be split into cognitive segments, worked in parallel or series, and for the solution to be
assembled by a group working wittmethodology This is a fixed mechanistic view of desigmd was
commonly expressed in the 19606s as a pndthentoes si on
strategy formulatiori*

Drawing on thdone-operatingdesigner as a creative magician as the thesis, and the design team
as atransparengiroup of linked computers as the atitesis, the design teaas a selorganizing
organism serves dke synthesisThe development of merging these two design philosophies occurred in
the 19806s, and became k n oenas calshistBensgategyeantrol ng Desi g
methodi in which the team leader loosely controls the creative methodology through requirements for
productonThi s model l eads to a very |l oose heuristic me
cognitive pattern beyondamic, but focuses on social interaction and the need to think, learn, and act in

groups to solve complex problems

*pid, 4850.

Understandi ng design as an exercise in mathemati ce
mistake. It fails to acknowledge that designing is a social process of negotiation, of interaction, of rectifying mis
steps, even misconceptiohaapro@ ss ri ch in ambiguity and uncertaintyo.

cognition into a formulaic system is the goal of Glass Box design theorists. This is very reminiscent of MDMP.
Bucciarelli,Engineering Philosophyd2.
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Bounded Rationality

Engineering Philosophy incorporates the bounded rationality that must be central to social design
and military designln his book Engineering Philosophytouis Bucciarelli clearly illustrates the social
connection between engineering design and social or military déigstates thatll designed products
are subject to:

flunanticipatednteraction among the design cdbtitions of participants from different

object worldslt is this fundamental feature of designing which both makes engineering

the challenge that it is and denies the possibility of achieving technical perfdiciso

reveals the naiveté of viewing@neering design as the straight forward, rational
applicati &@n of sciencebd

It is the intensely social interaction between the user, sponsor, competition, designers, and
several other parties that ensure that the form, function and use of the desigaeidwill never be
certain® A clear example is the necessary but mundane desisiofple towel rack, which, if insiied
upsidedown, will not hang and will most likely breakhe impetus for ensuring that the towel rack is
only installed the correct way lies with the engiriearho is humorously unable to create a product that
is userproof. The point is that even the best engingrry do not know how their product will penfm,
or be utilized by societ}* However, the engineer must have a theory that is relatively predictable,
because he is bound to credéspite the fact that he is dealing with imperfect knowledge and acting in a

social systen?® This balance between knawg and understanding uncertainty is at the center of bounded

bid, pg 28.

9 Lawson proposes a descriptive model of design problems in hisHmelDesigners think: Demystifying
the design processhich comprehensively addresses parties and interests involved in design. He defines the key
actors as Clients, Users, Designers, aeditlators. These parties generate a series of interacting design constraints,
which help define the design and determine if it will be an tideal or unintentional desigh.a ws onés mod el
translates esly into the military contextThe Client is the agjvalent of a strategic sponsiousers are the units
which will execute the design, practical constraints are the logistics and physical constraints, radical constraints are
the campaign designers passion and philosophy of design, the formal congteailoistine and institutional
knowledge, and the symbolic constraints would be the strategic communications ramifications of the desig

% Bucciarelli, Engineering Philosophy32.

®lbid,71.Bucci arel li goes on to exinthabigworldmakeustéengi neer s
existing theory and methods in the explanation of how
This is in sharp contrast to science, and is central to engineering philosophy.
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rationality, of the concept of entropy from the second law of thermodynamics, and is the philosophy
behind an understanding of stochastic thinking.

An enormous part of understanding the moiphp of engineering design is to understand the
philosophy of stochastic thinking. In probability theory, stochastic is the antithesis to the deterministic.
However, in every stochastic probability there are fixed and known factors based on causgliacal em
calculationsTherefore, a stochastic understanding is not indeterminate, but is the synthesis between
deterministic and indeterminat®lt is a balance between causal theory and chaos tHeemnyral to the
need for stochastic thinking is the adsion of bounded rationality in the design of seeichnical
systems.

In a recent article on engineering philosophy, theorist Ulrich Krohs discussed social systems
designHestatesfi Di f f er ent bodi es at tAmonthent ave garansentgn soci al
political parties, media, and economic enterprises, and at the level of individuals: politicians, journalists,
businessmen, and also proponents andOfemigitower s of
easily add military campaign designérghis list, although they are rarely educated in either social
systems design or muddiisciplinary design theory.

A social design is necessarily compf&xA sociattechnical design is stochastic. A great

example would be the design of a coal minamairport This is an intentional and deterministic design

% A stochastic view is rooteid Western philosophy, so recently criticized by Francis Julien and others.
The root of a stochastic understanding still relies on the Western heroic ability to causally affect the future, within
i mitations. This i s n oofeastern philsoghyaf Hatmsnizidg with an bincotrolled e n 6 s
future and harnessing the flow of forces toward a fdbet
Francois JulienA Treatise on Efficacy: Between Western and Chinese Thi(tkomglulu: University of Hawaii
Press, 2004). The alignment of this recommended morphology with the cultural, linguistic and intellectual heritage
of nearly every reader and the western world is deliberate.

°"VermaasPhilosophy and Design: From EngineerimgArchitecture 233.

% Richard Buchanan, in his artidigicked Problems in Design Thing, posits that there are four broad
areas of design. 1. Symbolic and visual communications or graphic design, 2. The design of material objects, 3. The
design of actiities or organized services, expressed here geclmical design, and the design of complex systems
or environments, or fully social design. Each of these broad areas has accompanying theory and philosophy.
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with a structured human component involvddlike social design, such systems are partially predictable

and partially complexAs Kr ohs st at es, -fedhhical system anaddifunctioms obits a s oc
components may come quiteset o what was intended 9 ¢Close,bwroe who h:
exact, is the admission of every engineer of a staibnical systenmlrhere are deterministic components

and indeterminist componentserery stochastic design that go beyond factors of safety in their inclusion

of the human elementlones demonstrates the complexity of all design whestalbedfi The f undament
problem is that designers are obliged to use current information to paddicire state that will not come

about unless t hei tThsriscaripaubhdedimesery ngieeering desige with the

knowledge that the designers own interaction and their impact on the system cannot be accurately

predicted.

A stochasti approacltreates inherent flexibilitjLawson illustrates this point by comparing
Christopher Al exander 6s ar chi t studtumlistahdlesigmr phol ogy |
theorist, Herman Hertzbergédrn s hor t , Al e x an d eandists of dhreakingghe probkern h o d o |
down into its constituent parts, and then servingtions and letting form followHowever, Hertzberger
factually advocates a more integrated approach wh
deliberately designed n t o b lHeesleotvss for@xample, in a housing scheme, a simple concrete
form outside each dwelling can carry a house number, serve to house a light fitting, act as a stand for milk
bottles, offer a place to sit, or even act as a table for an outdan é°aThi® understanding of the user
interpretation of function, so characteristic in computer engineering, is fartimriatedo y RA Mei er 6 s
Affordance theoryEngineering language captures this difference betweeriursgion and intended

function. A designed function is thainctionof an artifact, and the emerging function is tinectionality

% VermaasPhilosophy and Design: From Enginéeg to Architecture235.
19 JonespPesign Methods9.
1% Hermann Hertzbergekooking for the beach under the paveméRtBA Journal 78:1971) 8.

1921 awson,How Designers ThinklL64.
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ofanartifact®The Armyédés Joint Security Stations (JSS) in
with functionality. A well-placedJSS can servas an intelligence collection point, meeting point,
logistics node, medical evacuation node, and serve a variety of functions that are affordances of the
intended function. As engineering design theorist
gnerally depends both on what it wa%Thidiethda gned f or
admission that use and design are ontologically differentiaiiihg. divorce from precisely determining
function is another illustration afie strength of bunded rationality.

What the engineerds understanding of bounded r
complexity without being blinded into inactioRull knowledge stands opposite to chaos, and disorder
and order are loosely measurable throegtiopy It is precise to say loosely measureable, because the
concept of noise makes any representation slightly inaccurate. Knowing that chaos can derail any design,
and that even order contains the uncertainty of noise and representation, the segksetr act and
createThe engineerés mandate to create drives him to

complexity, is taken with conservative humility, and is ultimately an act of faith.

Tied to Competitive Creation

iThe sci entugshisobsavation aadscortelationoof natural phenomena; the
technician relies on his handbook of standardized procedure; but the engineer must create, to satisfy
societyds need, those t hi¥gNewwanAdhl Desgn Eeoriste ver exi
Unigue among design research and theory, engineering design seedatéo a competitive
environment that is analogous to military desigimlike art or architecture, the engineer is not creating a

oneof a kindmasterpiece, whicthe viewer may admire for its own artistic uniquen@$® engineer is

193 yvermaasPhilosophy and Design: From Engineering to Architect@@2.
%% 1bid, 22.

19 Quoted in Woodsorintroduction to Engineering Desigpg i.
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designing to achieve something, which may be achieved by peer designs, or undone by interfering

designsThe CAC-D pamphlet is inaccurate and unhelpful when it contrasts engineedrayemtecture

philosophy:°® The intellectual propaganda that engineering and design are separate fields distracts the

military emergence of design from examining the richantl-developedield of EngineeringDesign

Theory In contrastMorris Asimowstades,i Desi gn i s t he essentthegadwittpur pose
the recognition of a need and Y Brgineermqdegnpt i on of al
philosophy is clearly desigiut differs from that of art design, fashion design, architatdesign, or

program desigrDr. ThomasNoodson statesi Cer t ai nl'y engineering i s more
believe that design is the es'®ehaCAGD manualuseésthere hal | |
art vs. science dichotomy to define eregirs and scientists against artists and architdotsever, an

early engineering philosopheaoin t he | ast century, Theodore Von Kar
the world that exists; en g dteeadnsof darifignpthealifferehnce wor | d
between scientists and engineers is that one is tied to the creation of theory, and the other the creation of
reality. This fundamental difference is analogous to the development of academic design theory and the

understanding of design industry.

Military Planning

Combining the Cognitive Functions of Designers and Engineers

Campalgn Planning Tactical Engagsment Flanning
AP T,
Focus | Designing Enaineerin
I norneerin
sfgfert | 4w h g;'nmm} 9 -
More Complexity L

ol

Figure 11 Diagram from TRADOC 525-5-500 is in direct conflict with numerous design theorists."Design is
the essential purpose of engineeringl" Asimow, 1962

1% TRADOC Pamphlet525-500, Commander 6s Appreciation and Camp.
13.

197 Morris Asimow, Introduction to DesignEoreword.
19%\Woodson/ntroduction to Desigywvi.

19 Bycciarelli, Engineering Philosophy..
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Politics
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Science —— Production

Industrial
Design

Architecture

Art

Figure 2- Design as a central discipliné Pahl and BietZ*°

Military campaign design is orferm of designThe field of Military Art and Science is named in
a way that brackets the essence of the issue, as campaign planning falls between those two poles
Energeticpursuit of either pole will distract the process, as both divergent and convergent thinking are
requiredtodesign saac Azi movds addressed the ongoing struc
thinking when he stated:

fiHow often people speak of art asclence as though they were two entirely different

things, with no interconnection. An artist is emotional, they think, and uses only his

intuition; he sees all at once and has no need of reason. A scientist is cold, they think, and

uses only his reasohg argues carefully step by step, and needs no imagination. That is

all wrong. The true artist is quite rational as well as imaginative and knows what he is

doing; if he does not, his art suffers. The true scientist is quite imaginative as well as

rational and sometimes leaps to solutions where reason can follow only slowly; if he
does not, his science suffers:

Morris Asimow was one of the first to draft an
would become the basis for enginegridesignthegr i n t hUnforturatly, there is hesitancy to
put the words fAengi neerCCuitupldy, eagmeering ig thardcerizedpohy 6 t o g e

represent structured thinking and mechanistic reason, and philosophy to represent free and unbounded

119panl and BietzEngineering Desigr2.
Ml saac AbdRomngMindd ( 1983) Chapter 25.
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thinking. This is unfortunate and incorre¢t? Engineering and military design are both centrally placed
on the spectrum of design and both intertwined with society in a complex m&noiiee demand on the
engineer and the campaign designer are analogousirther the analogyniboth engineering and
military campaigns, the requirement to get it right the first time is of mortal significAsd&'oodson
states fAnone fallen bridge or building, ohayspacec!
of those, regardless of t he "iBetlaenginesingardaiitanna di r e ct
campaigning must create a change, and do so in a competitive environment that is as unforgiving as it is
complex.

Engineering is design, and the dhies and philosophies that underlie engineering design are very
similar on the spectrum of design philosophies to those of military campaign .dEsgge twdields are
neither art nor science, and their social embodiment is as implicit as their ngeduoe an artifact
Both are tied to the need to create in a fstkkes environment, competitively, and with an understanding

of the risks involved.

Risk and Safety

AThus e v eappedringnonercal information hides some quicksand of uncertainty,
requiring the engineer™-tWoodsbpse caution and judgmen:
The Factor of Safety is the traditional expression of the stochastic nature of engirtesriagof
safety is a pedantic and decidedlyagademic word, with merely two syllables per nddawever, in

the engineering world, the inclusion of a Factor of Safety is a critical philosophical admission that

12 Bernhard Reider at the Paris VIII University, in a recent article tBlegbnd Engineering st at ed #At he
termitherringd has come to stand for the technocratic s
culture, society and politics; for a mindset that treats the creation of technical artifacts as a detached and orderly
process, closertocalculatio t han creati vity. Thi s Phipsophyahdalesge:Femder st a
Engineering to Architecturel 70.

3 Thomas T. Woodsornintroduction to Engineering Desigh7.
4 1bid, 48.
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knowledge differs from realityit is similar to simple redundancy, but different in operatkeactor of
Safety is an algorithmic confirmaticof an innate understandingadmplexity, whichis over two
centuries oldWhen an engineer designs a simple, intentional and straightfopn@ettt, heuses a factor
of safety An example might be the design of the thickness of asphalt on a roadsas¢siter all the
calculations are completagoroussoil samples taken, amttail desigrapplied, the function requirement
is multiplied by a factor of safetyn everyday engineering practice, this amounts to betwee2 Q8%
The engineer is awareahhe is uncertain about the exact composition of the solil, the interaction of the
molecular lattice, the compounding Lorenz affect of uncertain stress and strain, and even the weather that
will challenge his creatiol> Essentiallymostdesigning enginesareaware thatheywill never have
perfect knowledge or understandifidney arealso aware that affordance theory meangdris, in the
future, may not be used for its currently desighetttion The designeis aware, at that point, of the
differencebetweerthe mathematicate-presentatiorand reality It goes beyond a philosophical footnote,
when a building like the Empire State Building is constructed with nearly a 220% factor of safety, the
cost to the sponsor is in the billioMghen dealing with mortal situations, the designer must make
cautious recommendations to konsor, which reflecsn understanding of what is known and with
enough safety to deal with what is unknown.
Naveh derides this asrdstmpbwpbpprpl yydg massi ho
environment, facing a lethal and complex system, that is exactly what designe@dnmawitz ¢
Svechinrecommend®The counterpoint to Naveho6és assertion is

apply mass to confria complexity It is the understanding of stochastic philosophy, and the prediction or

15 orenz is the author of the eftu o t e d /i B u t rt weathferl, whichEapplies  ang complex and
compounding system.

18 Naveh, Shimonin Pursuit of Military Excellence4 4 . Naveh argues that Clause
cognitive regression that centers arsqpuwrcd st hbhd prraissoi.pl e
does explicate the use of mass successfully, although not in the central manner that Naveh argues. On War, Book |
Chapter 3 and 5 both deal successfully with the applic
Afquantity has a quality all/l its owno is widely known a
Kadishev,Voprosy Strategjip 220.
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emergence of affordance functions, combined with appropriate mass, which allows a good design to
overcome both complexity and frictiofhe understanding of bounded ceiality expressed as factors of
safety is a concept germane to design, to military operations, and founded in stochastic engineering
philosophy.

The understanding of risk and safety greatly informed the philosophy and practice of engineering
design in tle latter half of the last centuryhe modern focus on mechanical solutions and determinate
optimization of a design became incomplete and at peatitlly obsoletexs a new understanding of
complexity informeddesign In a recent article on engineeritigeory, Kiyotaka Naoe expressthe
philosophy behind factors of safety when she wrot
concerned are complicated in nature and involve uncertainty to some extent, a complete optimization of
technologycanmto be expected and rationality of risk anal
rationalityd ' Such fbounded r atriofarstachastic ynderstasdiagdtheréfdiee cent e
risk, and informsthe way engineer designers view the world. A delibematkrstanding of risk in
design, unfamiliar to other design philosophies, is central to both military design and engineering design

theory.

Intentional vs. Unintentional design.

There is a very contemporary debate among design philosophers about theessefluln
understandinglesign asntentional verses unintentionaf Architecture is nearly exclusively intentional
due to singular authorship and relatively few constraints or social requirements infdastgm. Two
variables define intentional versedntentional designThe first is independence, or abilitydceatean

unconstrained vien, and the other is reflex@ess In intentional design, the designer has a great and

7vermaasPhilosophy and Design: From Engineering to Architectdrk9.
18 |bid, 1061081 Article by Patrick Feng and Andrew Feeberg from 2007.
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powerful role to craft his vision and then ensure it is carried throdgh unintentionaldesign the
constraints of the other players are so constricting that the design is a foregone cariRéilEriveness
refers to the level of setonsciousness of the desigr@raftsmen and early military leaders welhe
leastself-consciousand academic design theorists and highly self aware staffs being the most self
conscious?® Awareness of intentionality of design will help bridge the cognitive space between
designing and planning in the military contextloving design fom a commander centric process to a
social activity increases the reflexiveness. A good design team leader should understand and be able to
fine tune the reflexiveness of a design.

Patrick Fenga contemporary design theoristither clarified the difference by defining strong
intentionality and weak intentionality” Strong intentionality is the common vision of the designer
shaping the world, and advising those above, below, and adjacent with their brilliant Aésidn
intentionality is theadmission that the designer is severely constraanedhat those that affect the
design are themselves constrained by economic, political, institutional, social and cultura’hdhiss.
development is critical for military designers to understand th&egbof their creations with reference to
their own systemb6s constraints, beThoextemesievesmieni ng |
that of the heroic designen one hangdand the designer subjectedrtertwining complexitywhich
meanghathe cannot change anythiran the other In either paradigm, this discussion in recent
engineering philosophy relates directly to the philosophical context of military campaign desifnisrs.

is another example where knowledge of contemporary déségmy contributes to understanding.

9. awson identifies the same dil emma, and states AT
take place is largely a function of the degree to which there is room foreesigngener at ed constraint
How Designers Thinki41.

120 gycciarelli, Engineering Philosophy6, footnote. Bucciarelli illustrates the second variable by drawing a
dialectic between the reflexive movements of a pianist or carpenter, and tteflgetive motions of a designer

12lyvermaasPhilosophy and Design: From Engineering to Architectdi@s.
22bid, 106108.
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Intentionality illuminates anothespectrum o¥ariablesin problems beyond those of complex or

complicated, beyond ill or well structured, and beyond those of designing or planning.

Methodology in Design

fi 1 n s hthwodology shawed not be a fixed track to a fixed destination but a conversation about
everything that co®ilaesbe made to happen. o

One clear characteristic of engineering design theory is the desire to discuss methodology. This is
a reflection of tle social nature of engineering design theory, and the focus on the design team instead of
the sole authoBecausealesign must produce something other than a new frame of mind, methodologies
are importantNearly every theory of design discussed in thisiagraph has an element of methodology
of proceeding from inception to creatiorhe appropriateness of a designoceséis a debate that flows
like a pendulum through the recorded discussiomsarfydesign theorists. Understanding the
methodology of dagn is commonly a matter of scal&t some level, there is a logical progression of
things that must occur during designd a commonaljtof action and cognitiorizor exampledesigners
will commonly make some markings, drawin@r record of theiprogressDesigns will proceed froran
inception, to a completiodjusting the scale of analysis for design allows the honest analyst to pull out
common featurgin cognition and philosophBG Wass de Czege supports the idea of design
commonality when éstatedii A | | people individually reason infor|
or Motheo extreme follower of this is design theor.i
process of design is the same whether it deals with the design of al mefwery, the construction of a

cathedral, or the writfng of Danteédés Divine Comed:

123 JonesPesign Methods73.
Huba Wass de Czege, fASystemic Operational Design:

125 sydney Gegory, quoted in Lawsofjow Designers Think32.
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Whether the design need is open or constrained, the team nature of engineering design requires a
mutual understanding of the processl outcome¥® Jonesexplained fs early attempt at methodology
when he stated that tipeirpose of his booResign Methodé i s t o expl ore some first
permitting many brains, rather than one'ltiso grasp.
the social nature afesign that drives development of a cognitive similarity on how to approach the
process. The explication of a methodology is intentionally descriptive, or as Jones states, an attempt to
fimake explicit what goes on n Xdladkobacoomer 6s heads, |
understanding will naturally force the design team to engage cognitively the process instead of the
problem However, Pahl and Beitz note:

iSystematic procedures help to render designin

subject tdbe taughtHowever, what is learned and recognized about design methodology

should not be taken as so many dogmas. Systematic procedures merely try to steer the

efforts of designers from unconscious into conscious and more purposefulAzashs

result,when they collaborate with other engineers, designers will not merely be holding
their own, but wil be able to take the |l ead. o

At times, divergent thinking will engage tpeocesstself in a healthy manner, but strict reliance
on an absence of methodglowill detract from creative performance.

It is integral to all design philosophy that creation of any methodology is preceded by a great deal
of skepticisnt**However, teaching design team that there are multiple methods, each with a developed

history,is part of enhancing design flexibility"* | n hi's book in the 19606s, Wo

below to illustrate commonalities afethodologies nd fit o al |l ow t he engineer t
128 |bid, 258.
127 JonesPesign Methodsl0.
128 |pid, 46.
129 panl and BietzEngineering Designl0.
As Jones states, fone should not expect the invis
betwe en di sciplines to be r e mbesigndletiogsxiimet hodol ogy al one. 0

Bl awson states AThe writings of practitioners conf
desi gn pr oc dawsanHdvbDesigms Mhnkl &.
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t o hi $*Headslktisat ady of these outlies e finot a cookbook récipe to

Such mental agility is admirable and suits experienced practitioners of design

Engineering Thought Professional Engineering Scientific Law Management
Design (lones) Process Method (Ver Method Method (GE) (Ballantine) [{<13]
(wWallas) Planck and (Traditional)
Teare)
Divergence Analysis Preparation Define Preliminary Collect Facts  Reject Plan Receive Systems
Problem Analysis Irrelevant Mission Framing
Material
Synthesis Incubation Plan Statement Develop Translate Organize Mission Rival as
Treatment of Question Hypothesis Analysis Rationale
Transformation  Evaluatio Illumination Design and Restate Integrate COA Dev. Command as
n conduct Rational
experiment
Decision ExecutePlan  Solution Revise Measure COA Logisticsas
Hypothesis Analysis Rational
Optimizat Checkasa State Legal COA Operations
ion Whole Issues Compariso  Framing
n
Convergence Revision Elaboration Learn and Check Develop COA Operational
Generalize Thoeries Approval Conditions
Implemen Interpretatio  Prove Orders Forces and
tation n Theories Production ~ Functions
133

Asi mowdbs design methodology was one of the fir
methodology proceeds from a studypooblem feasibility, to a preliminary design, and then to the more
detailed design that later authors would refer to as plarffiidnis early model was only loosely useable,
and was modified in the following years when Asimow worked with Woodson toajetred analysis,

synthesis, evaluation mod#latbecame common in engineering design prac¢tt®.y t he 19806s, F

132\Woodwn, Introduction to Engineering Desiga3-31.
133 Chart is from Woodsorntroduction to Engineering Desig22.

134 Asimow, Introduction to Design 1 9 . This early morphologyds phase:
study was an eight step model to detamivhether the organization should pursue design, planning, or no action
based on a synthesis of possible solutions. The Preliminary design started with a design concept (no transformative
stage) and began to converge based on systems testing methad épel@redictive analysis. This then proceeded
into detailed design, which 40 years later would be referred to as planning.

135|bid, 42. Asimow came to understand that a three phase process of Understanding the problem
(divergence), identifying some stibn concepts (transformation) and then refining to a solution (convergence) was
the fiprocess of designo. This would be explicated more
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and Bietz would alter the traditional model to be analysis, abstraction, and syrthissimethodology
relates nearly to the Jones methlogly used in this papérdeveloped around the same time, which is
divergence, transformation, and convergence.

The characteristics of an engineering philosophy are imminently useful to the practitioner wishing
to conceive of the philosophy of desigiese characteristics are bdsmonstratethrough the
discussion of one of the methodologies of des@gfiristopher Jones descriptive design model is one of
the most comprehensive, and clearly explicates the different cognitive phases required togpaosecut

successful design.

An Engineering Methodology

ATo regard thinking as a skil/l rather than a g
i mprove THawsonskil |l . o

Acceptancedf Engineering Philosophgnd application of that philosophy to @tmdology
all ows consi der at i ptive design niethadologieSge most apprdpsate desaiptivei
met hodol og#nunderstahdiny ef$hé theoretical and intellectual background of design can be
illustrated usinglescriptive desigmethodologies, which educate the military designer enough to
incorporate a flexible design strategy

ColonelBanach, in an address to SAMS Students, stated that the designer must bring to each
problem a theoretical toolbox ready to create designgvhile this is true, the theories in the toolbox
must be creativand directed toward some purppset simply descriptive=or example, a theoretical

toolbox filled with political science theory and historical evidence will be incomplete for use in the act of

136 Edward de BondPractical Thinking quoted in Lawsortlow Designers ThinKl.

137 COL Banach, address to students, on 5 Dec. Colonel Banach was commenting on a design brief given
by the Unified Quest (UQ) seminar from SAMS-038, in which the briefer described applying multiple political
science theories to the creation of a military desiy UQ.Colonel Stephen Banach was the director of SAMS at
the time.
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prescriptive creationro fill this need, one should be ready to adapt multiple methodologies, and to
understand the academic underpinnings of each methoddlmggsidescriptive skeletanis useful in
order to understand multiple methodologiglsis skelebn consists of divergent thinking, transformative
thinking, and convergent thinkin@G Wass de Czege mirrors this methodology in his discussion of
metaquestioning, creation of strategic logic, and then concept narrdwing.

Jonesd descr i pxplainstiee cogrativemodiothabagigsign team must engage to
successfullycreate These cognitive modes have a rough paralll
as expressed in FMFB. This recent FMI proposes a design methodology which movestfrem
environmental space, to the problem space, and finally into the solution*3pdce.n e s & met hodo |l o ¢
recommends a cognitive stance for each one of those phases of design which adequately deals with each
difficult portion. Using this one widely accepmtgparadigm allows comparative analysis of other design

methodologies.

Divergence

AfReal ity is itself a combination of determinis
transcending t'WeJoesdEllt er mi ni s ms o

AThere are 100 weanyidentfythensal before yoa proceep Richdrd
Bullocki 3 Generation Engineer

The divergent phase dominates the inception of a deBigs phase is characterized by meta
guestioning, expansion of knowledge and understanding, and the applafatmststructuralist

philosophy In this divergent phase, it is important not to limit the expertise referenced to the field that

¥wWass de Czege, fASystemic Operational Design: Lear |
139 EMI 5-2 (draft),Design 20 Feb 2009, 18.
140 Quoted in Jonedesign Methods73.
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seems most applicabl& Divergent thinking is especially useful when the spoitsappropriately or

narrowly defines the giveproblemIn the military context, this often occurs during contingency
planning.Contingency planning in emergencies are often driven to fix immediate problems, when

divergent analysis may show deeper requiremdvitedsol® s di s c us si o rEnginaeringi s ear |
Designdemonstrates the use of divergent thinking to military practitioners:

iSolutions to problems situations come to mind
superficial or fortuitous fitting of a few facts together . . . Such insigbhnhderstanding

comes from deep penetration and an encompassing of the many aspects and facets of the

original situation. Desirable solutions come more from the application of persistence

t han f 1l ash, of care tHKan energy, of wisdom tha

Jones definethe divergent phase with a serieslodracteristics, whichre important to note, if
not comprehensivé?

fa. The objectives are unstable and tentat:i
b. The problem boundary is unstable and undefined

c. Evaluation is deferred: nothing is disregardedseems to be relevant to the
problem however much it may conflict with anything else.

d. The sponsords brief (directive) is treat
and is expected to be revised, or evolved, during divergent search, and aidaiiele
stages as well (but not without the sponsor s

e. The aim of the designers is to deliberately increase their uncertainty, to rid
themselves of preconceived solutions, and to reprogramme their brains with a mass of
information that is thught to be relevant.

f. One objective of research carried out at this stage is to test the sensitivity of
such important elements as sponsosgrs . . to the consequences of shifting objectives
and problem boundaries in many directions and to vaiyiegg r e e s . 0

It is vital to realize thatlivergence is nadll of design, busimply the necessary first cognitive

phase of desigimhe ctliberate increasing of uncertainty is only useful in a certain context, until

1411n fact, the inclusion of multiple disciplines and organizations will often aid the divergent phase of
design. Lawson notes, fAlt is interesting that some of
people who had not been specifically trainedtor k i n the field in which they mad
How Designers ThinkLO.

142\Woodson Introduction to Engineering Desiga3.
143 JonesPesign Methodss4.
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transformation and then convergence talacy in the designs cognitive balantée thesis of
di vergent design is that @Adesigners may have quit
detachment, flexibility, and breadth of view that is appropbaferedesign decisions arekian and
beforeit is wise to get involved in anything approaching aatid r i e d  s*bHoweter,evem in o
divergence, there must be a structure to the learning, to avoid cost and time ovEntisghe
responsibility of the design team leadertitmcture the divergence and guide the learning in a productive
direction The synthesis of a. the religion of postmodern unlearning and b. a rigid research structure on a
schedule is c. a healthy divergent design phase:

Al n short it anaohdivdrgent searéhds totddnuattire, thehoeiginal i

brief while identifying these features of the design situation that will permit a valuable

and feasible degree of change. To search divergently is also to provide, as cheaply and

quickly as possiblesufficient new experience to counteract any false assumptions that
the design team members, ®nd the sponsors, hel

Woodson informs this discussion with his early workstmicturinginformation gathering as part
of conventional design mettiology.**” Because the designer will never have all the information desired,
moving through the divergent phaserisnany respecta period of simple research. The designers
lexicon of information proceeds from facts, to data, to unorganized knowlkzadéinally to
understanding. Wi thin this construct, the?designe.]

How can | get it? Can | believe?iHow do | interpret i2 Is it enougl? Each piece of required information

144 JonesPesign Methodss5.

145 Jones notes that divergence must be controlled by thes i gn t eam | eader , he state
kind of predesign work (time, mahours, money) can easily get out of control. It is essential to anchor the work to
realistic judgments of the magnitude of the penalties for not collecting informatisreqgitially necessary to direct a
proportion of the search cost to the blbis6Sness of gui di

148 pid, 66.

147Woodson divines four rules for information in design which are appropriate for consideration by the
practitioner: 1. A small amount is available at the outset, but it is never complete, much more is necessary, but what
to seek is not then known, 2. Time is required to find out what else to search for, and more time is required to find it,
3. Informationitems offered are frequently conflicting; also much of it is not necessary or useful, and finally 4.
Information costs time and money to obt#ifiThe last rule is important, for even military campaign designers
should constantly remember that for the widisign is a codvenefit exercise that can rarely afford long periods
without prodictive creation. Woodsottroduction to Engineering DesigA1-42.
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has the characteristics ofailability, accessibility, credibility, meaning, sufficient}?.One of the most
important decisions for a designer in a tiomstrained environment is to decide when enough

information is enoughlhe designer must understand that information has a cost.

4
5 A

149
Figure 3 - An Example of Research Divergence, topics expanding to subtopics
Divergence is critical to designto remembering that there is always more information available
and relevant than the design team can consldés isan admission that the image of reality crafted by
the design team constantly requires destruction, more information, and recrElagigmoduct of the
divergent phase is an understanding of the system which will interact with the design, and a tentative
understanding of the difference between the desired system and the existing system. In short, the product

is an understanding of the problem, and tentative feelings about possible solutions.

148 pid, 41.

“This research tree created by MAJ Derelbtudyafnes dur |
the operational environment. The diagram depicts initial subjects, A, B, C, and D which when researched led to
further subjects 1, 2, 3, 4. The diagram demonstrates visually how design research and function exploration are
inherently divergent. Aan example, a design team studying South Korea may disaggregate the study into groups
examining politics, the military, the people, and the economy. The group studying politics would then find multiple
parties to study, requiring further disaggregation.
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Transformation

AThe artistic appr oa chave tofnd ther Wway theoungh a vadht reumberd e s i g n
of alternatives while searching for a new and consistent pattern upon which to base their de@isions
these occasions it is necessary to operate at the speed of thought upon a quickly responding medium, or
amal ogue (of reality), that r®presents the form of

The transformative stage is perhaps the most perpléXifipere are no shortcuts to genius and
creative transformatiomhere are methods that focus on the study of thought to hele ergabductive
transformationlf military design is a demand for competitive creativity, then serious designers should
study creative thinking and the education @mathingof creative thinkersThe transformative phase starts
with a mass of divergemformation and unspoken concepts of solutions, and themastshese with
the current problem understanding to determine possible outcomes.

Jones describes the characteristics of the transformation stage, which are rarely controlled but
nearly alwaysccur at some point in design:

fi T hmain objective is to impose upon the results of a divergent search, a pattern
that is precise enough to permit convergence to a single design that must eventually be

decided upon and fixed in every detdihe chosempattern must reflect all the realities of
the situation . . . decidindg?what to emphasize

This may include the definition of problem boundaries and identification of other known realities
that may serve as generators for concepeldpment Design groups will often creaseibgroups and
subtasks if necessary, and the possible creation of specialized language to define sections of the problem,

if necessaryThe stage of harnessing a massive amount of divergent information amg finsipark of

1%0 Jonespesign Methodsl 1.

¥'The transformative phase is referred to in tradit,]
the requirements of this phase preceding illumination.
information; 2. Concentration, the digestion of all aspects of the problem,3. Incubation, relief or relaxation away
from problem for some hours or days, and 4. lllumination: A rush of insight, relief and understanding about a
sol ut i on.lIdtrodition th & gimeering Desigr8.

152 JonesPesign Methods57.
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transformative brilliance ithemost demanding on personal experience and competéticd the
designers seek at this time is thereka moment:® After a period of analysis, incubation of thought is a
common method to achieve such an insigtgwson highlights the use of incubation by quoting a letter
from Mozart, fAWhen | am, as it wer e, icsayrrgveliegt el y m)
in a carriage, or walking after a good meal, or during the night when | cannot sleep) such

¢ 1 ow best and most abunda

occasions that my ideas
When solutions are not forthcoming, the design team rests in a state of lacking resSSAtion

this phase, experience and talent are critical to help the group move from the probkeio spac

solution spac®®through idea generation and transformathinking.There arehostsof methods that are

especially helpful when a design team is stuck in the transformative. Bh@se such device is the

ifGenerator o whi ch thesranjeuwstpesdible solutions, and inexdesigoewis then able

to construct anfAmminycaneommondy trangfameintaa primary generating

idea. Designs transformed through a generator are often easily understood and easily categnuni

fiGood design often seems to have only a very few

159

around which the minor ~cltasringportdnt to @stingwsh @ gerddragedeao r gani z

used to trarferm a design from a convergemtdreduceddeathat explains the desigBoth may be

153 _Lawson,How Designers Thinkl48.
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Quouted by LawsorHow Designers ThinkiL48.

Lawson addresses this common cognitive phase when
their lack of reelution of their ideas for most of the design process. Designers seem to cope with this lack of
resolution in two main ways: by the gener btils8n of alte

%61 1995, Van Bakel invented the solutiorasp baed on a triangular morphologhhe competing nodes
of the triangle were the Program (brief), the concept (stratagy the site (systems framkeawson, relates this to
his client generated constraints, designer generated cotstaxd externalonstraintsWh et her or not Van
solution space creates a unique morphology, the understanding of a solution space is a critical addition to design
philosophy.

157 The few that are not social devices, but help internal cognition, will be listecdmetie rest are
considered fiDesign Tacticso for use in the methods sec

158 awson,How Designers Thinki6.
1591bid, 189.
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necessaryA generator is prescriptive and forward looking while a convergent concept is descriptive and
coalesces the work of the design team. Convergent concepts are important, but belong in the next
cognitive phaserhe Anaconda Pladuring the Civil War, and the Rainbow Plans driving the strategic
planning of World War Il are good examples of generatoteamilitary context,driving campaign
design. The design team must be careful nottotgrean er at or i nt o a AHoly Grail
important beyond utility based on personal attachtfédtwell-k nown exampl el @©f a fAHol
generator would be the Schiief plan of 1906itilized by Germanyin the opening stages of World War
1.** Common souwes of primary generators may be external constraints, guiding principles of the
organization or the desigar identified issues crucial to the form of the desitfiteams may use
multiple generators, or may focus on only one, and generators may becadidepped as they find
utility in molding creativity.

Another cognitiveheory, which can be a device for transformatierihe phasing of thought
developed by cognitive theorist Henry Poincénel924 he introduced his four phases of thought, which
state that after a stage of initial investigation there is a period of cognitive rest, followed by a solution idea
stage, solution elaboration, and then verification and development. This important early methodology
gives us another device for developingight This is reinforced by design theor@deorgeKneller and
hissimilarfivest ep model of thought. Knell erbés steps for
phase are is insight, preparation, incubation, illumination, and verific&tion.

Pahland Bietz also work to illuminate intuition solutions as the seed of technological and creative

developmentThe connection between military organizations and industrial companies relying on

160 awson,How Designers ThinkL89.

%1 The Schliefferplan was written for a different context, in a different time. However, the entire notion
of the concept became a driver for German campaign planning despite its obsolescence. When the situation in
Europe changed rapidly in 1914he plan remained deigp the fact that the changes required major revision.

162 awson,How Designers ThinkL88.
193 |pid, 148.
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designers is obviousthere is a demand for creativity. PahtlaBietz describe the dilemma of requiring
creativity ondemand, whiclillustrates the military problem of reliance on the commander

AAn i ndustri al company should neverthel ess
of its designers and its desigae¢hemselves should not leave everything to chance or rare
inspiration. Purely intuitive methodisve the following disadvantages: The right idea

does not always come at the right time, since it cannot be forced, Ctoneentions

and personal prejudisanay inhibit original developments, Because of inadequate

information, new technologies or procedures may fail to reach the consciousness of
designers. o

This highlights the danger of reliance upon genius and a single author. Heavy incorporation of
commaumlercentric operations has the obvious weakness that it provides a single point of failure.
The product of this transformative phase should be a clear understanding of the problem, and an

illumination and clear vision of a solution concept, without angitiedf the complete design. The

solution concept, where it is lacking resoluti
identified variables, recognized constraints, opportunities to be takejudgments o be madeo
feasible!®

Convergence

AiTo the extent that designers need to know
need scientific doubt and the ability to set up and to obsbeveesults of a controlled (or uncontrolled)
experimentBut when they deal with theture itself, as opposed to the present, scientific doubt is of no
use, and some other ingredient, ned%ter to reli

During the divergent and transformatpkasesthe design team will create many solutions, facts,

understandings, and ideX8However, not all of this good information can make it into the representation

164 JonesPesign Methods7.

1% |pid, 11.
1% pahl and BietzEngineering Designl00. Jones also presents his main features of convergence, which
complyw t h the spirit of Pahl and Bietzd reductionist
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of the designAlthough it is painful, the convergent phase requires selection and evaluation of design
information BG (ret) Wass de Czege explaimeergence with relation to current military desiglie
states:

fi Bch of these separate exercises in expanding our relevant knowledge leads to more
revision of the cognitive map and narrative of our understan#iach further outlines

and limitsthescopend form of the intervention and thus
T the frame of reference that actually shapes our thinking about oper#&tibasremains
is to narrow a broad theory of int®rvention do

Convergene contains two major componeritdga or artifact elimination and idea or artifact
preferencé®® There are a variety of methodsatal in either of these steps. Options range from a basic
dedsion matrix to the sophisticated application of the mma neakpmerietced opiniarThe converging
designer may use evaluation criteria, negativity searching, or simply evaluating which design contains the
most uncertainty (knowing that they all contain uncertaitfi\Vhichever method the design team
selects, they masnake difficult decisions on which ideas and information requires representation and
communicationThey should also decidehatthey should record for later use, and what they should
discard Identifying whether to address, mitigate, reframe, sidelinppstpone addressing such issues is
a leadership requirement during the convergent phase.

On the convergent end of tipsocessthecognitiveboundaries are limited by tlzene of
tolerance of the situationi’ The zone of tolerands always a social ewstruct, but is commonly the
impetus of the desigBucciarelli describes this phenomenon in engineering design when he discusses
product fail ur e #f. &hatlispwhetheriarsevent isdabaled afhilure depesds upanc t

the beliefs, judgmnts, and claims of persons concerned with the évelaims which are taken seriously

virtue: flexibility and vagueness are to be shunned (in process). The main objective is to redueimtynas fast as
p 0 s s iJdnéspeasign Méhods 11.

¥Wass de Czege, fASystemic Operational Design: Lear |
188 pahl and BietzEngineering Designl02.
189 Negativity searching is deliberately examining each aspect of the design looking for logical fallacies.

170 7ones of tolerance are discussed by Hayward as the limits of possible solutions whiteptable to
the sponsor. Hayward,P1 anni ng Be§.ond Tacticso,
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by those r espon'§Thb same peroeivedtprobtem daarslarigsrthaat.may have initiated
design can help in convergend® be more clear, information andlsgtions should be disregarded or
maintained based on their relevance to solving the problem in an acceptable manner. Ideas and
information that assist in defining the problem or leading to solutions are relevant, and all other
information can be filed folater use.

Lawson statement that @nADesigners express their
kind of wayo holds true for ned%Rapd, pecvisecrgatve or m of
expression commonly requires a visual depictidre very requirement to create such a depiction
demands convergence of thinking and creatiitige cannot usefully utilize a depiction of all the
information derived from the divergent stage of desigmes argues clearly thateperson drafts a
cohesve visual depiction of the desiginand that this presents a whole new set of challenges to both
information flow and design manageméfitThere is a requirement at this convergent stage, to
communicate all the infor mattypsthorsidena lher Ge smigmd t o |
Alternatively, rejecing this single draughtsman theory, the design team must find a method to review
each component design as a committee to ensure their coherence.

One important consideration on transition is the prowigif one or many design solutions that
will proceed into planningThe question of one or multiple solutions is a classic design débahe end,
the resolution of this debate is a matterofsCele e use of Br oadbenmAppérslix met hod
1) , USdoctrinal parallel planning or alternative generation will all result in multiple possible solutions
for any one design probleowever, all solutions will answer one cognitive tensiéypothetically, a
fictional design team might come up withur designs for defeating another nation by force of arms

Given the metajuestion AiWhat shall we do about country ¥7ll the solutions point to a defeat by force

"1 Bucciarelli, Engineering Philosophy28.
172 awson,How Designers ThinkL3.
173 JonesPesignMethods 22.

59



of arms At the scale of national interaction, the team provided one solution, at teebadilitary action
the team provided foull he difference is not either qualitative or quantitative, but a matter of the scale of
the design.

The product of this intentionally reductionist phase should be the tinplé detail design, @
planning pocess. Tie designeat the desigidetail (or design plan) interfaeeorks as an information
manager:’* As part of the convergent phase of design, the designer must consider when to halt
convergence and detail r ef i nratheeliketart, orle afwhe skiisisst at e s |
knowi ng wh'€ iihe hattingsftceative @nergy is a critical decision for the leader of the design
team, and may be either time or context driven. Of course, creative energy will not stop completely; there
must be a shift to create a depiction of the understanding of the design team at that fleeting moment.
While it is theoretically accurate to say that design occurs throughout an operation, the designers will
eventually need to create a product. This produgdt represent the state of the design when creative
work halted, and the design moved into the cognitive space of platnisignplicit that any design
product is only one particular snapshot of information and understanding at a particular moment and

regarding a particular contextmagining the future is an important design skill, and the determination

that a design is ready to transition to planning merits careful consideration.

Multiple Methodologies and Design Strategy

The methodology of cognitely and deliberately working through divergence, transformation,
and convergence is sourtdowever, thigepresentation of desigs only one of many methodologies

This monograph could not hope to catalog the methodologies contrived over the lastdmtipyendle

"4 Woodson/ntroduction to Engineering DesigB7.He states that in the closiphase® f desi gn #fAt he
engineer earns his salary by organizing, improving and

175 Lawson,How Designers Thinkss.
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complex problems and design, but a review of some of the more typical methodologies and especially
their military counterparts may be useflilis important to note that the logic behind providing multiple
methodologies is that no one metbtmyy is right for every design team and every contéxt

methodology is simply a mental model or strategy to proceed through the.désidgis can be

problematic, but generally allow for reframing complex problems into familiar t&fns.

There is an aspeof strategy control or methodology control that is central to the design team
leader The design team leader may set out on a rigid design methodology, and hold to that design process
through to completion. Alternately, the design team leader may ctmesgploy what Jones calls
strategy switching, which is using a deliberately adaptive methodology or allowing new insights to
spontaneously change the design methodol&gihe balance of control exerted by the team leader will
decide the flexibility othe design procesa rigid process may produce a flexible plan, and it is
important to divorce planning flexibility from good desig@®od designs may be the result of either
flexible or controlled design tearisand good design teams may work inaalapive or controlled
manner.There is no right answer, but the design team leader must decide what works for his context and

the needs of his/her sponsor.

Wo 0 ds on & abatiactian offa Problem from its specific singular situation into a class or group of
problems brings it fr om!aoveever, madegsehave their bwh issues, aad Woadson | i ar
enumerates their def i cngétherdizatvays @éinkrror. 2. ihe gegraerokerra tlepeadss wr o
on your assumptions, 3. Models are not unique, but problems are, 4. Mathematical models are idealizations using
constructed | ogic that Woasommroduction pEngireeringtDesigel43l i t y exact |

17 JonesPesign Methodsl70.
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Because there are so many design methodologies, it is useful to categoriz@riresimple way
to caegorize them is into those thare preplanned and rigid, and those that are adaptf#urthermore,
the mode of divergence is so criticthlat the pattern of search is another good categorization. The
difference between prnglanned or adaptive strategiis already reflected in our current doctrine, in
TRADOC PAM 5255-500 which delineates the difference between-stelictured and wicked
problems:’® However, a critical review oFRADOC 525-5-500 reveals that the actual creation of the
design is coverebriefly, has onlythreest eps (rest ate the Cdrds intent,
describe what could initiate reframing), and does not deal appropriately with wicked prottenpoint
is that whileTRADOC 5255-500 identifies wicked problems, it doest adequately identify an

appropriate methodologWhile describing in detail the difference between wicked andstrlttured

178 JonesPesign Methods76.
" TRADOC PAM 5255-500, 9.
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