
dancing	
  with	
  ambiguity	
  
user	
  centered	
  product	
  service	
  innova/on	
  

	
  
	
  
	
  

larry	
  leifer	
  	
  
center	
  for	
  design	
  research	
  @	
  stanford	
  university	
  

interna/onal	
  conference	
  on	
  service	
  oriented	
  compu/ng	
  
ICSOC’2010,	
  San	
  Francisco,	
  09	
  december	
  	
  2010	
  



let3ng	
  
trans-­‐disciplinary	
  teams	
  be	
  crea3ve	
  

let3ng	
  	
  
service	
  innova3on	
  happen	
  



my	
  journey	
  

.	
  



our	
  journey	
  



today	
  we	
  go	
  hun3ng	
  for	
  the	
  next	
  
big	
  idea	
  in	
  service	
  oriented	
  compu/ng	
  

	
  
and	
  the	
  road	
  map	
  
looks	
  like	
  this	
  





OK	
  	
  
	
  

so	
  what	
  can	
  we	
  do	
  



the  
break  

through"



the plan"



start-up d.team  
january 2006"

?"



d.team today  
january 2008"



it	
  is	
  always	
  about	
  people	
  

mechanical	
  
engineer	
  
student	
  

Prof	
  
computer	
  
Science	
  

Prof	
  
Entre	
  
prener
ship	
  

MBA	
  
student	
  

ar/st-­‐
engineer	
  
now	
  our	
  
man	
  in	
  	
  
Paris	
  

Prof	
  
business	
  



tangible	
  communica3on	
  



prototype	
  storming	
  



accelerated learning 



defying gravity 



crea3ng	
  ambiguity	
  



building	
  “T”	
  people	
  



should	
  i	
  be	
  
an	
  	
  
	
  
“I”	
  	
  

shaped	
  
or	
  
“T”	
  	
  

shaped	
  
person	
  
today	
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“I”	
  
shaped	
  



“T”	
  	
  
shaped	
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Design Thinking Behavior 



why	
  is	
  it	
  so	
  hard	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

to	
  be	
  a	
  “T”	
  person	
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Design Thinking Behavior 



people 
 
have different 
ways of  thinking, 
working, and 
learning  
 
(Lande 2009) ENGINEERING 

thinking & doing 

DESIGN 
thinking & doing 

PRODUCTION 
thinking & doing 

FORESIGHT 
thinking & doing 



ENGINEERING 

DESIGN 

PRODUCTION 

FORESIGHT 

way points  
along the  
passage from  
a concept to  
the functional  
proof-of-concept 
prototype 

BRIEF 

IDEATE 

BENCH 
NEED 

CFP 

PRE- 
PROD 

FUNCT 
SYS 

FUNKY 
SYS 

TEST 

EXPERI 
PROTO 

RESET 

SEND 
OUT 



ENGINEERING 

DESIGN 

PRODUCTION 

FUTURE 

BRIEF 

IDEATE 

BENCH 
NEED 

FUNCT 
SYS 

FUNKY 
SYS 

EXPERI 
PROTO 

CNCPT 
PROTO 

EXPERI 
PROTO 

team-B’s  
8 month 
passage 
through the 
thinking and 
doing space 



ENGINEERING 

DESIGN 

PRODUCTION 

FUTURE 

26	
  

team-A’s  
8 month  
passage 
through the 
thinking and 
doing space 
 
A earned a wow  
  
B earned a thank you 
 

BRIEF 

IDEATE 

BENCH 
NEED 

CFP 

PRE- 
PROD 

FUNCT 
SYS 

FUNKY 
SYS 

TEST 

EXPERI 
PROTO 

RESET 

SEND 
OUT 



who	
  is	
  on	
  the	
  team	
  



Stanford 
Team 

Munich 
Team 

global	
  graduate	
  design	
  innova3on	
  teams	
  



Teaching Team 

Stanford 
Team 

Munich 
Team 

Teaching Team 

global	
  mixed-­‐discipline	
  teaching	
  teams	
  



Project Coach Project Coach 

Stanford 
Team 

Munich 
Team 

Teaching Team 
Teaching Team 

global	
  professional	
  design	
  team	
  coaches	
  



Stanford 
Team 

Munich 
Team 

Teaching Team 

Project Coach Project Coach 

Culture Coach Culture Coach 

Teaching Team 

interna3onal	
  culture	
  coaches	
  



Stanford 
Team 

Munich 
Team 

Teaching Team 

Project Coach Project Coach 

Class Coach Class Coach 

Teaching Team 

Corporate Partner 

real	
  
corporate	
  projects	
  



(9)	
  310-­‐stanford	
  partnerships	
  2010-­‐2011	
  
(20)	
  total	
  310-­‐global	
  teams	
  network	
  wide	
  

Stanford	
  ME	
  (9)	
  

Stanford-­‐Helsinki	
  (2	
  of	
  5)	
  

Stanford-­‐HPI	
  (2	
  of	
  3)	
  

Stanford-­‐UNAMexico	
  (1/3)	
  

Stanford-­‐Cali	
  (2	
  of	
  3)	
  

PIEp,	
  KTH	
  Stockholm	
  

Stanford-­‐St.Gallen	
  (1	
  of	
  7)	
  

PIEp,	
  TU	
  Lülea	
  

Stanford-­‐Paris	
  (1	
  of	
  4)	
  

UNAMexico-­‐Munich	
  (2)	
  





where	
  is	
  the	
  team	
  working	
  













what	
  is	
  the	
  	
  
STANFORD.IDEO	
  	
  
design	
  process	
  



Prototype	
  
Build	
  

Needfinding	
  and	
  
Benchmarking	
  

Understand	
  the	
  users,	
  design	
  
space	
  

(re)Define	
  the	
  
Problem	
  

Design	
  never	
  ends	
  

Test	
  
Learn	
  

Bodystorm	
  
Ideate	
  

Stanford-­‐IDEO	
  
	
  	
  	
  	
  like	
  design	
  process	
  



Prototype	
  
Build	
  

Needfinding	
  and	
  
Benchmarking	
  

Understand	
  the	
  users,	
  design	
  
space	
  

(re)Define	
  the	
  
Problem	
  

Design	
  never	
  ends	
  

Test	
  
Learn	
  

Brainstorm	
  
Ideate	
  

Stanford-­‐IDEO	
  
	
  	
  	
  	
  like	
  design	
  process	
  …	
  in	
  

reality	
  



re-­‐designing	
  
	
  	
  

products	
  
processes	
  
educa3on	
  
science	
  

	
  
and	
  the	
  human	
  service	
  experience	
  



example	
  
	
  

me310	
  experiment	
  	
  
need-­‐find,	
  conceive,	
  build-­‐test	
  

	
  Autodesk	
  Bloom’09	
  



bloom!
Team Autodesk!

ME 310!
Final Presentation!

3 June 2010!



Broken electronic devices? !

context! vision! solution: Re! solution: UX! conclusion!



context! vision! solution: Re! solution: UX! conclusion!

The Problem!



End of Life!
[Recycler]!

Use!
[Consumer]!

context! vision! solution: Re! solution: UX! conclusion!

?



Bloom !
!



10 Steps, No Tools !



context! vision! solution: Re! solution: UX! future!





intuitive instructions!

removable keyboard !

user-friendly!
disassembly !

quick repair / upgrade !



Use!

End of Life!

Materials 
Processing!

Manufacturing!

Distribution!



example	
  
	
  

me310	
  experiment	
  	
  
need-­‐find,	
  conceive,	
  build-­‐test	
  

	
  serve	
  good	
  wind	
  in	
  the	
  conver/ble	
  
	
  	
  

BMW	
  2005	
  



project	
  challenge	
  
improve	
  the	
  open	
  air	
  experience	
  



cri3cal	
  func3on	
  
prototype	
  



modeling	
  what	
  we	
  know	
  @	
  TUM	
  



modeling	
  what	
  we	
  don’t	
  know	
  @	
  Stanford	
  



airflow	
  revisited	
  



airflow	
  revisited	
  again	
  



&	
  again	
  



…	
  one	
  more	
  try	
  



full	
  scale	
  prototyping	
  



dark	
  horse	
  prototype	
  



airflow	
  	
  
re-­‐invented	
  



now	
  we	
  are	
  ge]ng	
  very	
  real	
  	
  



ge]ng	
  real	
  on	
  the	
  open	
  road	
  
from concept to reality	
  



fluid	
  dynamics	
  re-­‐visited	
  

re-­‐circula/ng	
  bad-­‐air	
  	
  
is	
  eliminated	
  by	
  the	
  
good-­‐air	
  jet	
  stream	
  

base case OpenRoad 

re-circulation 
creates bad-air  

in the cabin  



valida3ng	
  airspeed	
  measurement	
  
but	
  watch	
  her	
  hair	
  

base case airspeed OpenRoad airspeed 

Bad Wind Good Wind Bad Wind Good Wind 

6.3 m/s 

1.9 m/s 

7 m/s 

1.6 m/s 

1.4 m/s 

2.3 m/s 



Conclusion	
  

a better convertible, problem eliminated 



human	
  centered	
  
Panasonic	
  2008	
  



pana	
  click	
  



ICT	
  safety	
  
driver	
  vehicle	
  interface	
  	
  
for	
  the	
  Audi	
  of	
  2019	
  

(done	
  in	
  2009)	
  



beyond	
  cool	
  



re-­‐designing	
  	
  
innova3on	
  	
  

	
  
	
  things	
  we	
  have	
  learned	
  from	
  

instrumen/ng	
  design	
  innova/on	
  in	
  our	
  	
  
“flight	
  simulator”	
  



the	
  power	
  of	
  observa3on	
  
Tang,	
  PhD’89	
  



Design 
Activity 

Product 
Requirements 

Technical 
Variables 

Product 
Instrumentation 

Human 
Variables 

Process 
Instrumentation 

Design 
Team 

Product 
Specifications 

design	
  thinking	
  
research	
  in	
  context	
  

(Leifer’04)	
  



Course 
instructor 

INFORMAL 
knowledge 

FORMAL 
knowledge 

Learning Loop 1 
reflective action 

 
does it work? 

Learning Loop 3 
concepts, semantics, architecture 

when?  why? 

Learning Loop 2 
facts, syntax 
what?  how? 

 

triple-loop-learning in complex teams 

[Ozgur Eris, Larry Leifer, Ade Mabogunje, 2003] 

Product Team 
learning by 

doing 
Coach 

learning by 
mediating 

Curriculum 
faculty 



December 
Report 

March 
Report 

June 
Report 

B 

A # of  
unique 

noun 
phrases 

crea3ve	
  language	
  ma_ers	
  

noun-­‐phrases	
  in	
  formal	
  documents	
  
predict	
  awards	
  in	
  peer-­‐reviewed	
  

design	
  compe//ons	
  
	
  Mabogunje,	
  PhD’96	
   wow	
  



0 10 20 30

Duration of Information Fragment (deltat seconds)

0

10

15
S1
S2
S3
S4
S5
S6

5

Mode = most  frequent deltat = 5.4 seconds6.4	
  seconds	
  
	
  	
  

design	
  informa/on	
  fragment	
  dura/on	
  	
  
across	
  six	
  ac/vity	
  categories	
  

(2	
  each	
  =	
  recep/ve,	
  expressive,	
  search)	
  

our	
  a_en3on	
  3me	
  constant	
  	
  
(Baya’97)	
  



	
  
	
  
	
  

design	
  	
  
team	
  	
  

performance	
  	
  
score	
  

combined	
  rate	
  of	
  DRQ+GDQ	
  (ques/ons/hour)	
  
	
  DRQ	
  =	
  deep	
  reasoning	
  ques/on	
  
	
  GDQ	
  =	
  genera/ve	
  design	
  ques/on	
  

	
  
	
  
	
  

beher	
   40	
  	
  
ques3ons	
  /	
  hour	
  	
  

	
  abstract	
  /	
  concrete	
  (Brereton’92)	
  
reasoning	
  /	
  conceiving	
  (Eris‘02)	
  

ques3ons	
  drive	
  performance	
  
(Eris’02)	
  



design	
  thinking	
  is	
  
the	
  fractal	
  itera3on	
  of	
  this	
  basic	
  cycle	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

itera3ve	
  

Design 
Decisions & 

Specifications 

Divergent 
Thinking 

Convergent 
Thinking 

Design Concepts 
C1, C2, C3, C4, C5… 

C1 

C2 

C3 

C4 

C5 

Design 
Requirements 



collabora/on	
  research	
  	
  	
  
human	
  machine	
  interac3on	
  

Wendy Ju 2008 
	
  



exploring	
  the	
  social	
  behavior	
  of	
  doors	
  
Ju’08	
  



field	
  research	
  	
  
electronic	
  arts	
  corpora3on	
  	
  
does	
  programmer	
  ac/vity	
  
	
  predict	
  code	
  performance	
  

Reiner’05	
  



features	
  of	
  the	
  computer	
  	
  
games	
  industry	
  Reiner’05	
  

 Mul/disciplinary	
  Teams	
  of	
  75	
  to	
  200	
  people	
  
 Producers,	
  Designers,	
  Ar/sts,	
  Engineers,	
  Testers	
  
 Most	
  assets	
  tracked	
  in	
  a	
  database	
  repository	
  
 Word	
  docs,	
  3D	
  models,	
  anima/on,	
  2D	
  art,	
  audio,	
  	
  
 Yearly,	
  “Fast	
  Track”	
  development	
  cycles	
  
 High	
  performance	
  teams	
  
 Industry-­‐wide	
  recogni/on,	
  high	
  review	
  scores	
  
 Innova/ve,	
  patented	
  tech	
  reused	
  by	
  other	
  teams	
  
 Sales	
  quadrupled+	
  in	
  last	
  three	
  years	
  



Daily and Concurrent Edits TW 2005

8 Months - January through August
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Milestone Concurrent Module Edits

7 per. Mov. Avg. (Concurrent Module Edits) 7 per. Mov. Avg. (Daily Edits)

individual work 

Integration 

collaborative refinement 

Recovery Design Production 

Final 

Alpha Beta 
E3 Milestones 



concurrent	
  edi3ng	
  as	
  a	
  social	
  network	
  

Node = Person 

Arc = Concurrent 
Edit 

Working Solo 

Month & Milestone 
Indicators Arc weight = Num 

Concurrent Edits 
Red = Top 5 
Collaborator 

1 Second = 1 Day 

[Moody, 2005, “Dynamic Network Visualization”] 
[SoNIA website: www.stanford.edu/group/sonia] 



Recovery Design Production 

Final 

Alpha Beta E3 Milestones 

August	
  October	
  

surprise	
  &	
  no	
  delight	
  



Noah	
  Kim	
  
overview	
  of	
  the	
  work	
  at	
  NASA	
  Ames	
  Research	
  Center	
  

19apr2010	
  

92	
  

making	
  design	
  tools	
  for	
  computa3onal	
  
fluid	
  dynamics	
  
user	
  friendly	
  



what	
  is	
  computa3onal	
  fluid	
  dynamics	
  

 Digital	
  simula/on	
  fluid	
  flow	
  
 Discre/zing	
  the	
  flow	
  space	
  (Grid)	
  
 Physical	
  process	
  is	
  mathema/cal	
  modeled	
  
 Solve	
  the	
  governing	
  equa/ons	
  

93	
  



94	
  Shishir.	
  P,	
  	
  NASA	
  Ames	
  



95	
  NASA@SC08	
  Press	
  kit	
  



what	
  are	
  computa3onal	
  fluid	
  dynamicists	
  doing	
  	
  
when	
  they	
  do	
  CFD	
  work?	
  

	
  
how	
  can	
  we	
  help?	
  

	
  
	
  
	
  
	
   96	
  



97	

Rogers,	
  	
  et	
  al	
  
Kiris,	
  Chan,	
  and	
  Kwak,	
  et	
  al	
  

Meakin,	
  and	
  Wissink,	
  et	
  al	
  
Gomez,	
  et	
  al	
  

97	
  



98	

Rogers,	
  	
  et	
  al	
  
Kiris,	
  Chan,	
  and	
  Kwak,	
  et	
  al	
  

Meakin,	
  and	
  Wissink,	
  et	
  al	
  
Gomez,	
  et	
  al	
  



what	
  do	
  we	
  know	
  about	
  censorship	
  
in	
  new	
  product	
  and	
  service	
  development	
  

Skogstad	
  2009	
  



design	
  process	
  management	
  model	
  
Skogstad	
  2009	
  



design	
  is	
  all	
  about	
  gaining	
  insights	
  
from	
  experiments	
  (prototypes)	
  



the	
  approver	
  let’s	
  an	
  insight	
  live	
  
to	
  maturity	
  



the	
  censor	
  aborts	
  insights	
  development	
  	
  
prematurely	
  



what	
  do	
  we	
  know	
  about	
  the	
  team	
  
Schar	
  2010	
  



problem	
  solving	
  preference	
  
measured	
  by	
  3	
  	
  

neuro-­‐cogni/ve	
  instruments	
  

“Converger”	
   “Diverger”	
  



2	
  teams	
  of	
  6	
  students	
  each	
  
all	
  of	
  the	
  same	
  problem	
  solving	
  preference	
  

“Converger”	
  
Team	
  
HBDI-­‐A	
  
KAI-­‐A	
  

“Diverger”	
  
Team	
  
HBDI-­‐D	
  
KAI-­‐I	
  



making	
  design	
  decisions	
  together	
  
in	
  the	
  design	
  observatory	
  



MERRELL Designs 

KINETIC Concept Views Shoe Design	


Task	





Shoe Design	


Task	



“Divergers”	
  



Shoe Design	


Task	



“Convergers”	
  



“Shoe Design”	


Task	



Subject	
  Group	
   Divergers	
   Convergers	
  

Informa3on	
  
Items	
  Discussed:	
  

Facts	
   9/12	
  (75%)	
   9/12	
  (75%)	
  

Ques3ons	
   7/12	
  (58%)	
   2/12	
  (17%)	
  
Total	
   16/24	
  (67%)	
   11/24	
  (46%)	
  

Informa3on	
  	
  
Item	
  Ra3ng	
  

Facts	
   3.42	
   3.26	
  

Ques3ons	
   3.32	
   2.96	
  

Difference	
   +.10	
   +.31	
  

“Convergers”	
  

“Divergers”	
  

“How	
  important	
  was	
  the	
  informa/on?	
  	
  
	
  (5	
  –	
  Important,	
  1-­‐Not	
  Important)	
  



Product Selection	


Task	



Tianjin	
  	
  Toronto	
  	
   Trebbin	
  	
  

NEUTROGENA	
  Styling	
  Essence	
  

A	
   C	
  B	
  



“Product 
Selection”	



Task	

“Divergers”	
  

20	
  	
  
minutes	
  

0	
  	
  



Product Selection	


Task	

“Convergers”	
  

20	
  	
  
minutes	
  

0	
  	
  



Product Selection	


Task	



“Divergers”	
  

“Convergers”	
  

Subject	
  Group	
   Divergers	
   Convergers	
  

Items	
  Discussed:	
  

Common	
   6/6	
  (100%)	
   5/6	
  (83%)	
  

Unique	
   5/6	
  (83%)	
   5/6	
  (83%)	
  
Total	
   11/12	
  (92%)	
   10/12	
  (83%)	
  

Decision	
  Making:	
  

Elapsed	
   16:50	
   6:53	
  

Process	
   Review	
  then	
  Decide	
  
Rate	
  	
  

then	
  Review	
  

A	
   B	
   C	
  



collabora/on	
  research	
  	
  	
  
business	
  process	
  modeling	
  using	
  	
  

tangible	
  media	
  
	
  

Grosskopf, Weske, Edelman, Leifer 2010 
Hasso Plattner Institute, Potsdam 

Stanford University, California	
  



Universitätsklinikum Jena 
with scenario consultant 
Dr. Markus Güntert 



118	
  

storming the clincial scenario 



119	
  

extending the storm using tangible 
plastic process blocks 



120	
  

a physician joins and the model, 
grows beyond the space available 
paper representations are added 



121	
  

day 1 – outcome 
a prototype process model 
in paper and block media 



122	
  

day 2 – re-boot 
with IT modeling tool 
introduction 



123	
  

day	
  –	
  3	
  
clinical	
  process	
  modeling	
  exercise	
  
wraps	
  up	
  ahead	
  of	
  schedule	
  with	
  
consensus	
  captured	
  in	
  ICT	
  tool	
  



i = mcX
	
  

innova/on	
  =	
  minds	
  in	
  communica/on	
  
radical,	
  relevant,	
  &	
  rigorous	
  
working	
  crea3vely	
  together	
  

an	
  equa3on	
  for	
  success	
  



1

123

Plattner · M
einel · Leifer (Eds.)

Design Thinking

“Everybody loves an innovation, an idea that sells.” But how do we arrive at such 
ideas that sell? And is it possible to learn how to become an innovator? Over
the years Design ! inking – a program originally developed in the engineering
department of Stanford University and o" ered by the two D-schools at the Hasso 
Plattner Institutes in Stanford and in Potsdam – has proved to be really successful 
in educating innovators. It blends an end-user focus with multidisciplinary
collaboration and iterative improvement to produce innovative products, systems, 
and services. Design ! inking creates a vibrant interactive environment that pro-
motes learning through rapid conceptual prototyping. In 2008, the HPI-Stanford 
Design ! inking Research Program was initiated, a venture that encourages
multidisciplinary teams to investigate various phenomena of innovation in its 
technical, business, and human aspects. ! e researchers are guided by two general 
questions:
•  What are people really thinking and doing when they are engaged in creative 

design innovation? How can new frameworks, tools, systems, and methods aug-
ment, capture, and reuse successful practices?

•  What is the impact on technology, business, and human performance when
design thinking is practiced? How do the tools, systems, and methods really 
work to get the innovation you want when you want it? How do they fail?

In this book, the researchers take a system’s view that begins with a demand
for deep, evidence-based understanding of design thinking phenomena. ! ey 
continue with an exploration of tools which can help improve the adaptive
expertise needed for design thinking. ! e # nal part of the book concerns design 
thinking in information technology and its relevance for business process
modeling and agile so$ ware development, i.e. real world creation and deployment 
of products, services, and enterprise systems.   
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