— — e S ————
e —

=~ gystems Thinking:
The Art of Seeing .

Robert J. Monson, Ph.D.
Lockheed Martin Tactical Systems




SUSTITIELSY

o

I —

__= Systems Engineering and Projects
= Results of Concrete / Abstract Thinking

= Seeing Systems -
= \WWhole-Brain Thinking

ﬁinning the Develop tof.A/.VJiDJ&:
'ﬁﬁM‘J . .




=A system isa
— e
collection of related
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H ——A-gr-@up ef—mterac«tmg —|r-1terrela‘ted or interdependent elements forminga:
complex whole.
o =ssAsRctienallyaelated group of elements, especially:
— The human bedy regarded as a functional physiological unit.
— An organism as a whole, especially with regard to its vital processes or functions.

— A group of physiologically or anatomically complementary organs or parts: the
nervous system; the skeletal system.

— A group of interacting mechanical or electrical components.

— A network of structures and channels, as for communication, travel, or distribution.

— A network of related computer software, hardware, and data transmission devices.
An organized set of interrelated ideas or principles.

social, economic, or political organizational form.

An organized and coordrnated method; a procedure.

- The prevailing social order; the establishment. Used with the: You can't beat
the system.
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(Jmervvoo cl, 2002)

— If you wish to understand a system, and so be inia

~position torpredict its behavior, it is necessary to
study the system as a whole. Cutting It up into bits
for study Is likely to destroy the system’s
connectedness, and hence the systemitself

= |f you wish to influence or control the behavior of a
system, you must act on the system as a whole.
Sveaking |t In‘one place IN the e thatnothing.
| 0 fallure—that's™




svysierns englneering
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~ = Related to Problem Solving
_=__._.—_-....
— Connecting of disparate ideas / concepts

— Relating previously unconnected elements

= | ike Project Management on steroids
— Understand what you intend te.do

an the weork required _,._.“""

— Learn as you go forward



What are the success and failure
modes of typical endeavors?
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(Standish Groug C

= Top Factors

-~ = user involvement

— executive management support

— clear requirements

— proper planning

— realistic expectations

— smaller project milestones
getent staff

= Top ~ Factors

ard working, focused staff

SINENLS

CHRIACS resilis, LY!

— |lack of user input

— Incomplete requirements

— changing requirements

— lack of executive support =
— technolegy incompetence

— lack of resources

— unrealistic expectations ..-
URCIEalre jeme-sﬁ_
Unrealistic timeframes

— new. te?:?mology
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= Top management support throughout
= Proper goal definition and setting
= Accurate estimates
= End-user involvement

= Project er on site e ———
-- team selected

= Testing and training




. PrOJect I\/Ianargement Fallure Factors

— no historical software measurement data
— failure to use automated estimation tools
— fallure to use automated planning tools
— failure to monitor progress of milestenes
— failure to use effective architecture

llure toruse effective develepment met

ﬂﬁmﬁmﬁmﬁmnt
allure to use formal configuration management

— more than 30% creep In requirements

hods

s

R —



ons.Jor WWOL). soitware

ol ' rl ol

r A | [ rr\ e

aci fallures |
SREpOofithe De nse_SeieTﬁfe_—Breaf Ak EorCeronACIUIMMOFDEENSE "C"H'en C‘C' mercialy .’Iéé}r -

= —

- f1elYet el

S
‘ Oro

“ = Poor requirements definition
= |[nadequate software process management
= | ack of integrated product teams :
= |neffective subcontract management
= Too little attention to software architecture

ﬂc’)rly defined, inadequately; olledriﬁteri‘ﬁ%!%;
wﬂe‘aﬁmm & standards -




= Punlshlng bad news messengers
- = Pgor reporting-structure
— Sponsors are not involved
= The Success of Any Project is Linked to the People
— Take care of the people to succeed
= Qver-commitment
— Unclear expectations and understanding of the. scope

= Decision Making Escalation
— Movement becomes more important than progress

Political Pressures

norlng the Human
= The lure of the leading edge
— It can be costly and heartbreaking



Soeftware.SysiemsiEalure.Mede

(Wepsite: nitp://suraj.lurms.ecu.pr)

= Complexity ur EStimate _ :
————ﬁmphﬁed—by-mdmduals who are not informed ———— e ——
= [nadequate consultations with major stake holders
— User needs’in the dark
Design by committee
— No major responsibility holder
Technical fix for a management problem
— Lack of whole picture thinking
Staff turnover
— Lack of engagement
Competency

ecisions made by the wrong people
edlng deadlines

[RIaSAVILIINg

| dequate testing and training
— Not having discipline in our development

= Communication problems and work group problems
— As always...

Nd miestones




~ & Responds to verbal instructions — —
. = Problemiselves logically and seguentially
= |_ooks at differences
= |s planned and structured
= Prefers established, expected information -
= Prefers talking and writing
= Prefers multiple choice tests
Controls feelings

S, CalISEran®
2 splitter, distinction Is important
= Draws on previously accumulated, organized information
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~ = Responds to demonstrated instructions —
- = Preblem selves with hunches, looks for patterns
= | ooks at similarities
= |s fluid and spontaneous
= Prefers elusive, uncertain information -
= Prefers drawing and manipulating objects
= Prefers open ended questions
Free with personal feelings

naloglc, sees correspondences, resemblances
= Draws on unbounded patterns, clustered around images
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—_— = ""I'_ack‘of Right Brain

.= Poor reporting structure - Lack ofi Right Brain
-i‘_'l"l'ﬂ'"SucceSS'Ufﬂ‘ny'PrOJect is Linked to the People LLack of Right Brain

= QOver-commitment Lack of Right Brain

= Decision Making Escalation Left Brain Knee Jerk

= Political Pressures Lack of Right Brain

= Technology-focused developments — Ignoring the Human Lack of Right Brain -

= The lure of the leading edge Lack of Right Brain

=  Complexity underestimated Lack of Left Brain

= |nadequate consultations with major stake holders Lack of Right Brain

= Design by committee Lack of Right Brain

. ical fix for. management problem Lack of Right Brain ..‘
Staff turnover -d_-acmfﬁa'ggﬁ@_
petency Lack of Left Brain

Lack of Right Brain
glzle quate testing and training . Lack of Right Brain
=  Communication problems and work group problems Lack of Right Brain

AJJ‘I«



" Factors In system's pmJect failures are

#—.

largely a lack of connecting Issues between
right and left brain:

— User involvement / Requirements mamnagement
— Management support / Communication

ange:/ Adaptation




a _(Marchewka, 2003)

‘___._ "
Completed
Avg Avg Avg  Original Completed Over-budget Cancelled
Project A\V/o| Actual Over Over Scope On-time Late, not all Before

Size  Budget Cost Budget Sched Realized On-budget Functions Completion

Small $203K $435K 214%  239% 74% 28% 51% 22%

Med $740K $1.36M 182% 202% 65% 16% 47% 37% -
S -
Arges $1. 52 1% 30% 42% ' 62% ';eoﬁ0
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_n:a'erstand“tﬁeﬂﬁht and left brain

_‘:__-.l.

= Understand how we truly solve problems,
which is a combination of both sides

B

= Define those areas of right brain activity that
will enhance our ability to develop systems

—

@cessfuﬂ-y ’ S —-




S uimansEialn

-'ﬁgejf patterning system —
~ = A good pattern maker but a poor pattern
breaker

= Creativity => the art of breaking patterns,
habits and certainties

st Braim.versus Right Brain__
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a Early Phllosophers 400 BC- Plato, Socrates,
- Aristotle

— The Development of Logic and Vertical Thinking

= The Dark Ages and the Renaissance: Copernicus
to Galileo

— Suppression of analytical thinking
ndustrlal Revolution

-
ge applications

Revolutien and the Knowledge
Economy

— The Future — What kind of thinking Is required?
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(Eclweirel cde Bono, 1970)

" Vertical Thinking
= Follows least likely = Follows most likely
paths path
= Freguently incorrect = Always correct

= Non sequential = Sequential




L_dlc NINKING.

— ANeEAT G lle TRUIES™

= Check your?ssumptlons!

ﬁ_-_'— . . . .
Especially the more experienced / intelligent you are!

= —

= Ask Searching questions
To gain better insight

= Deliberately adopt a different point c r\&

ﬂﬁé your perspective; “What 1f?” - _
MOW Wi’[! !ride: Adopt, Adapt, Improve!




De Boro's § Trin«rig r
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IVIosf group Thiﬁanﬂnd discussion |sadversar|a —
.:-—wearlng—a-ivnetaphorlcal “hat” encourages parallel
thinking..........

= The WHITE Hat: Information gathiéefing
= The RED Hat: Emotional respel "
= The YELLOW Hat: Optimism

Jihe E | PeSS|m|s ~
Growihrand Possiei

Overwew id Process ‘




Gorlllzl Sgotrrid

(Wiserney), 2004)

S
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= We all have BlerEI—Spots Sometimes we mlsst 13
- “obvious!

Creativity'Is not about “wild and whacky”
ideas......

= Be mindful of a problem; don’t focus or forget it —
be aware and open to opportunities..... chance
favors the open mind

= A Primed Brain + Time + Freedom = EUreKa | . e s E

Be sccd g DID YOU

Richard Wiseman




Catch The Eairly B Boleais he Fntr:f.lll

=Be Present
ethelr day



—_ Each of these methods are
proposing a different way (a more
complete way) of thinking about .

your problem:...

———
—

.




CHEATIVITY
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" [magination is more important than
-~ knowledge:

- Albert Einstein

= Imagination Is to create something Which did
not exist previously, but which can be

éﬂzed through Design and Engineering .
-——-“;
MMNW which

exists



= |magination requires divergent, Intuitive

and creative thinking - right brain activity

= Knowledge require convergent
deductive and logical thinkingy- left brai
activity

e (B
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~ = The Art of Innovation
_f__—_-.
— |IDEO Corporation methods of success

= Deep Survival
— Surviving Is a Systems solution

= Arts and Music Education
artllng results demonstrat

dmmﬂm

e beﬂeﬁit-gj*

aCtIVItIeS




rla Artof IrirloVveltor

(«Celley, 2001)

= Understand the market, client, technology,
~ constraints of the problem (eft brain)
= Observe real people in real-life gt brain)

= Visualize new concepts and the customers
who will use them (right brain)

- Evaluate and refine the prototypes in rald

ranons|e
E'm‘ﬁe new concept for

commerC|aI|zat|on (both sides)




" Perceive

Look See, Believe. Be Observant and
Cognizant

2. Stay Calm
Use Humor, Use Fear to focus the mind

3. Think/Analyze/Plan

ﬁgt orgam et.small ac

4. Take Action
Take bold and cautious actions




Deeg SuUrvivel
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" 5. Celebrate your successes

e

Trake joy In completing tasks
6. Count your blessings
Be grateful, help others more than, yourself

7. Play

Treat it like a vision guest



~ 0. Believe you will succeed
i

Developa deep conviction of success

10. Surrender
Let go your fear, put away the pain

11. Do whatever is necessary

ﬁdetermlned, have the will and the skill -
ever -
othing break your spirit, there'isralways one.

more thing you can do
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 LeftBrain Activiies. Right Brain Activities
~ % Think/Analyze/Plan = Perceive
= Take Action = Stay Calm
= Celebrate your = Count your blessings
successes = Play
= Believe you will = See the beauty
SEEEEEC = Surrender -~

-—*’

o \Wh

= Never give up
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C1NCE (verrigus weosiies, 2007)
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~ = Study of 37 student’s IQ scores over 8mos

— First group given no music lessons — 6%
Increase In spatial reasoning scores

— Second group given music lessons:—46%
Increase In spatial reasoning scores

&dical School acceptance -
”?%_W@&aﬁmwghest %)
__ _ T

of biochemistry majors accepted




Kindergarten

— After one year were 22% better at mathematical
competency than their peers

= 1993-95 study on three groups, of
ﬂschoolers ——

ﬂg 5 pts

— 2"d'group — computer lessons — 1Q ” .35 pts
— 3" group — music lessons — 1Q ” 3.62 pts




~ = Students withrmusical performance experience:
-~ — 53 points higher on SAT verbal portion
— 39 points higher on SAT math portion

— Than students without musical performance exp -

= Students with coursework in music-appreciation
— 61 points higher on SAT verbal portion

points higher on SAT math porti

NI StuEEeRiSWItheUrMUSIC appreciation CoOurses
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Clearly there Is something of
significant value in WWhole- Braln
Reasoning..-

w—‘



HEARANELS CIENCELG
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. icling e Siysitem.

= Success in any endeavor is first and
foremost a matter of accurate seeing

= | earning to really see what is in front of us
allows us to better understand the werld
around us and the essence of our problem

his s a departure from lipear thought,.and.
@a’m'g-eﬂmhistic and
clentific reasoning




To solve z orooler)
" = To solve a problem one has to

i _
— See exactly what the problem Is

— Imagine the system and the problem
— Imagine the solution to the problem

— With your eyes you see what isn’'t working, you

‘gake itwork. in your mind, and you simply have...
identi j —————

ole-Brain” Reasoning

IS



VWriole Bralrn Reasorllrg
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= Nuts and bolts observational analysis from
e — - -
the left side of the brain

= Free association image building from the
right side of the brain

= This Is a departure from traditional linear-

ﬁ:’i‘ng, seguential model

s
—-—“




A brand-new edition of the classic—

expanded and updated
The New

Drawm on the




Flve pasic s«lls of (Irrrvwru

;::Ih;_e' perception of edges

= The perception of spaces

= The perception of relationships -
= The perception of lights and shadows

@’pemeﬁtion of the %ﬂe, or.geémg
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Sl The perception of interfaces
= The perception of context
= The perception of relationships

= The perception of light and dark, with
iegard terdesign intent —

M or gestalt |
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"= The combination of art and science to
e
create:
— Comprehensive
— Cohesive

— Creative

ihierability:te. combine the,art and, science s
Winat diiferenetesti ormers from™
Ne average performers .

= —
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Image copyright Bev Doolittle
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Wriole-Brein Tring«rg

= Consider bothithe art and the science
e — :
= See what you are not seeing, due largely to

— Incorrect mental models

— Lack of focus

— Lack of understanding

ou S|rTTp1y have not pose [
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Edward H. Adelson



Edward H. Adelson



The ability to look at the same thing,
and to see something completely
differently: =

|




A rrystery...
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Dr.Haledjian was in Inspector Winters' office waiting for the next case to
......solve when Inspector Winters came in with Jacques Strap. "He's
- charged with murdering Frank Buzz," snapped the Inspector.

"It's a mistake," cried Jacques.

"So then what were you doing in an alley with a gun and a dead man?"
asked the Inspector.

"It wasn't my gun , and I'll tell you the truth. | was walking past the theater
when | saw two men run past me. The second man was carrying a gun.
So | followed them. They turned into an alley and the second man fired
six shots at the other. The first man dropped dead to the ground. The

murderer was about to walk away when he caught a glimpse of me. .
owing there was no escape, he threw his Colt .45 at meﬂnd-nan#
fire exit doo : open the door an
insi en a cop came running up the

. finished Jacques.
"I tell you I'm innocent.”
"Glve me a break", said Dr.Haledjian. "This story is impossible."
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#_ — - — - : __'_.:
= You are asked =
.
— 18" deck or 22” deck?
— Mulching blade required?
— Do you want variable rate populsion?*
— Side or rear exhaust?

ectric ergas?




Lawvrirnower ourc

= You should ask

#—

—\Why do you want a lawnmower?

— What Is your yard like? Lots of trees? Hills?
— Do you like to mow, or Is It a chore?

— How long do you need to own a mower?




= The perception of interfaces_;_ _

= The perception of context
= The perception of relationships -
= The perception of light and dark,

Eeqmrements verification, validation

SfeEplion of the"whole, or gestalt




svysierns englneering
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.= Has an existing methodology

_=____.——-_-

= But requires us to see things differently

= And requires us to combine elements and
perceive the system in ways not normailly
familiar to us

'can borrow from the artistic worldstoms
' 5 from a whole-

prain perspective
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In Closing

e e .

" He who works with his hands is a laborer
e —

He who works with his hands and head' Is a
craftsman

e

He who works with his hands, head and heart
IS an artist.

_-_ - St. Franci \ Sl&ld

s
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