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MOTIVATION	  

RESEARCH	  QUESTIONS	  

DATA	  COLLECTION	  AND	  EXERCISE	  DESIGN	  

How	  do	  design	  teams	  decompose	  a	  complex	  design	  problem	  into	  
related	  subproblems?	  	  

What	  subproblems	  do	  they	  solve,	  and	  in	  what	  order?	  

How	  does	  the	  choice	  of	  decomposi<on	  impact	  the	  character	  and	  
quality	  of	  the	  resul<ng	  design	  solu<on?	  

Teams	  1	  and	  3	  developed	  
cellular	  layouts	  

	  

Subproblem Descrip<on Variables	  included 
High-‐level	  logic Logic	  of	  flow	  through	  facility,	  including	  order	  

of	  steps,	  grouping	  of	  opera<ons	  into	  cells	  
(independent	  of	  geography) 

High-‐level	  flow	  logic,	  
Assignment	  of	  products	  to	  
cells,	  Assignment	  of	  
opera<ons	  to	  cells 

Flow Direc<on	  and	  shape	  of	  flow	  through	  facility	  
(spa<ally) 

Spa<al	  flow	  paJern 

Block	  locaBons Loca<on	  of	  blocks	  represen<ng	  func<onal	  
areas	  or	  groups	  of	  opera<ons,	  such	  as	  
machine	  shop	  or	  assembly	  cells 

Loca<on	  of	  [all	  blocks],	  
Storage 

Cell	  design Design	  of	  assembly	  cells	  or	  lines	  that	  group	  a	  
series	  of	  opera<ons.	  Includes	  shape,	  layout	  
of	  opera<ons,	  determina<on	  of	  opera<ons	  
and	  products	  to	  include	  in	  cells. 

Layout	  of	  cell,	  Shape	  of	  cell,	  
Assignment	  of	  products	  to	  
cells,	  Assignment	  of	  
opera<ons	  to	  cells 

Staffing	  and	  
operaBons 

Sequencing	  and	  balancing	  of	  opera<ons,	  
including	  takt	  <mes,	  staffing	  and	  tasks. 

Staffing	  in	  cell,	  Staffing	  in	  
func<onal	  area,	  Opera<on	  
sequencing	  and	  balancing 

APPROACH	  
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High-‐level	  logic
Flow
Block	  locations
Cell	  design
Staffing	  and	  operations

TEAM	  2 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300

High-‐level	  logic
Flow
Block	  locations
Cell	  design
Staffing	  and	  operations

TEAM	  3 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300

High-‐level	  logic
Flow
Block	  locations
Cell	  design
Staffing	  and	  operations

TEAM	  4 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300

High-‐level	  logic
Flow
Block	  locations
Cell	  design
Staffing	  and	  operations

1.	  Design	  teams	  solve	  a	  factory	  
redesign	  problem.	  Researchers	  
record	  their	  ac<vi<es.	  

4.	  Researchers	  analyzed	  the	  
decomposi<ons	  of	  the	  teams	  alongside	  
their	  solu<ons.	  

M
AC

H
IN

E SH
O

P
FR

AM
E FAB.

SHIPPING
RECEIVING

INCOMING
QC

U
N

PA
IN

TE
D

 F
R

A
M

E
ST

O
R

AG
E

RO
LL

 A
RO

UN
D

TO
O

LB
OX

RO
LL AROUND

TO
O

LBOX

RO
LL

 A
RO

UN
D

TO
O

LB
OX

RO
LL AROUND

TO
O

LBOX

STORAGE RACKSTORAGE RACK STORAGE RACK

STORAGE RACKSTORAGE RACK STORAGE RACK

R
EF

U
R

B
&

U
PG

R
AD

E

W
AI

TI
N

G
FO

R
 Q

C
O

R
P

AC
KA

G
E

SHIPPING
RECEIVING

OFFICE

CURRENT

C
R

AT
E 

/
PA

C
KA

G
E

Q
C

MODULE
 A

SSEMBLY

DEPARTMENT

MACHIN
E A

SSEMBLY

DEPARTMENT

MOD 1
MEDIUM

MOD 1
MEDIUM

MOD 1
MEDIUM

MOD 1
MEDIUM

MOD 1
MEDIUM

MOD 4
MEDIUM

MOD 4
MEDIUM

MOD 4
MEDIUM

MOD 4
MEDIUM

MOD 4
MEDIUM

MOD 3
MEDIUM

MOD 3
MEDIUM

MOD 3
MEDIUM

MOD 3
MEDIUM

MOD 3
MEDIUM

MOD 1
MEDIUM

MOD 2
MEDIUM

MOD 3
MEDIUM

MOD 4
MEDIUM

MOD 5
MEDIUM

MOD 1
MEDIUM

MOD 2
MEDIUM

MOD 3
MEDIUM

MOD 4
MEDIUM

MOD 5
MEDIUM

MOD 3
SMALL

MOD 3
SMALL

MOD 3
SMALL

MOD 3
SMALL

MOD 3
SMALL

MOD 2
SMALL

MOD 2
SMALL

MOD 2
SMALL

MOD 2
SMALL

MOD 2
SMALL

MOD 1
SMALL

MOD 2
SMALL

MOD 3
SMALL

MOD 4
SMALL

MOD 5
SMALL

MOD 1
SMALL

MOD 2
SMALL

MOD 3
SMALL

MOD 4
SMALL

MOD 5
SMALL

MOD 3
LARGE

MOD 3
LARGE

MOD 3
LARGE

MOD 3
LARGE

MOD 3
LARGE

MOD 1
LARGE

MOD 2
LARGE

MOD 3
LARGE

MOD 4
LARGE

MOD 5
LARGE

P
AI

N
TE

D
 F

R
AM

E
 S

TO
R

AG
E

PAINTSHOP R & D
/PROTOTYPING

PAINT
PREP

CONTROL
BOX WIRING

PAINT
STAGING

STORAGE RACKSTORAGE RACK

BA
SE

 F
R

AM
ES

M
O

D
U

LE
FR

AM
ES

OVERFLOW MODULE ASSEMBLY
STORAGE

MODULE ASSEMBLY COMPONENTS MACHINE ASM. COMPONENTS

PAINT SUPPLIES ELEC.
SUPPLIES

FRAME MAT'L

MACHINED PARTS

0 10' 20' 30' 40' 50' 60' 70' 80' 90' 100' 110' 120' 130' 140' 150' 160' 170' 180' 190' 200' 210' 220' 250' 260' 270' 280'

0
10

'
20

'
30

'
40

'
50

'
60

'
70

'
80

'
10

0'
11

0'
12

0'
13

0'
14

0'
15

0'
16

0'
17

0'
18

0'

0 30' 40' 50' 60' 70' 80' 90' 100' 110' 120' 130' 140' 150' 160' 170' 180' 190' 200' 210' 220' 250' 260' 270' 280'10' 20' 230' 240'

0
10

'
20

'
30

'
40

'
50

'
90

'
13

0'
14

0'
15

0'
16

0'
17

0'
18

0'

M
O

D
U

LE
 A

SS
EM

B
LY

 S
TO

R
AG

E

Facility  
layout  
problem	

Team  of  bounded  
rational  human  
designers	

Create  design  by  
solving  several  
subproblems	

Design  
solution	

2.	  Design	  team	  ac<vi<es	  analyzed	  to	  
describe	  the	  subproblems	  they	  solved	  
as	  they	  made	  their	  designs.	  
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3.	  Quality	  of	  design	  solu<ons	  
evaluated	  quan<ta<vely	  and	  
qualita<vely	  by	  an	  expert.	  

DATA	  ANALYSIS	  

PRELIMINARY	  RESULTS	  AND	  CONCLUSIONS	  
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High-‐level	  logic
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Teams	  2	  and	  4	  developed	  
func<onal	  layouts	  

	  

PUBLICATIONS	  AND	  SUPPORT	  

?	   ?	  

When	  faced	  with	  the	  problem	  of	  designing	  a	  complex	  system,	  a	  design	  team	  must	  make	  
many	  decisions.	  Because	  many	  design	  problems	  are	  too	  difficult	  to	  solve	  all	  at	  once,	  the	  
design	  problem	  is	  decomposed	  into	  more	  manageable	  subproblems.	  The	  decomposi<on	  
is	   governed	   by	   the	   design	   process,	   which	   may	   be	   a	   formal	   process	   imposed	   by	   an	  
organiza<on	   or	   an	   informal	   set	   of	   ac<vi<es	   organically	   determined	   by	   a	   team	   of	  
designers.	  
	  
The	  way	  in	  which	  a	  problem	  is	  decomposed	  may	  affect	  the	  quality	  of	  the	  solu<on	  that	  
can	  be	  constructed,	  especially	  when	  <me	  and	   resources	  are	   limited.	   Inves<ga<ng	  how	  
teams	  decompose	  problems	  and	  the	  impact	  of	  decomposi<on	  on	  design	  solu<on	  quality	  
will	  support	  the	  design	  of	  beJer	  design	  processes.	  
	  

Data	  CollecBon:	  Teams	  of	  3	  to	  6	  par<cipants	  design	  a	  facility	  during	  a	  
2	  to	  4	  hour	  exercise.	  Ac<vi<es	  are	  video-‐	  and	  audio-‐recorded.	  
	  
Data	  collected	  to	  date:	  
•  10	  teams	  for	  factory	  redesign	  study	  (manufacturing	  professionals)	  
•  4	  teams	  for	  POD	  study	  (students);	  6	  teams	  planned	  (public	  health	  

professionals)	  

Factory	  Redesign	  Problem:	  Teams	  redesign	  a	  factory	  by	  rearranging	  
manufacturing	   opera<ons	   to	   enable	  more	   efficient	   produc<on	   and	  
material	  movement.	  
	  
POD	  Design	  Problem:	  Teams	  design	  a	  Point	  of	  Dispensing	  (POD)	  for	  
distribu<on	   of	   an<bio<cs	   to	   the	   public	   a^er	   a	   suspected	   anthrax	  
aJack.	   Teams	  must	   determine	   the	   loca<ons	  of	   cri<cal	   sta<ons,	   the	  
number	   of	   staff	   at	   each	   sta<on,	   and	   parking	   and	   pedestrian	   flow	  
arrangements.	  
	  

IdenBfying	   Subproblems:	  We	   iden<fied	   the	   subproblems	   that	   each	   team	   solved	   and	   when	   they	   considered	  
those	  subproblems.	  To	  do	  this,	  we	  used	  both	  qualita<ve	  and	  quan<ta<ve	  analysis	  techniques.	  	  
	  
1.  We	  first	  used	  qualita<ve	  analysis	   techniques	   to	   induc<vely	  develop	  variable	  defini<ons.	  For	  each	  2-‐minute	  

segment	  of	  video,	  we	  then	  iden<fied	  the	  variables	  they	  discussed.	  	  

2.  We	  divided	  the	  coded	  <melines	  into	  longer	  segments	  in	  which	  teams	  worked	  on	  the	  same	  set	  of	  variables.	  
We	  used	  associa<on	  rules	  (a	  data	  mining	  technique)	  to	   iden<fy	  groups	  of	  variables	  that	  tended	  to	  occur	   in	  
the	  same	  segments.	  Beginning	  with	   these	  groups,	  we	  used	  qualita<ve	  methods	   (constant	  comparison	  with	  
data)	  to	  dis<ll	  a	  set	  of	  subproblems.	  

	   EvaluaBng	   Design	   SoluBons:	   For	   each	  
design	  layout,	  we	  evaluated	  its	  quality	  in	  
two	  ways:	  a	  set	  of	  quan<ta<ve	  measures	  
and	  a	  qualita<ve	  expert	  review.	  
	  
1.  Quan<ta<ve	  measures:	  

•  Total	   distance	   traveled	   from	  
receiving	  to	  shipping	  

•  Adjacency	   score	   that	   measures	  
the	  proximity	  of	  areas	  that	  should	  
be	  near	  each	  other	  

2.  A	   manufacturing	   facility	   design	  
expert	   evaluated	   each	   layout	   based	  
on	   four	   criteria:	   overall	   impression,	  
assembly	  opera<ons,	  facility	  material	  
flow,	  area	  loca<on	  and	  design.	  

	  

Data:	  Based	  on	   the	   results	   from	   four	  
teams	   with	   20	   par<cipants:	   eight	  
engineers,	   three	   produc<on	   and	  
facility	  managers,	   six	   execu<ves,	   two	  
sales	  personnel,	  and	  one	  technician.	  	  
Average	   experience	   in	   industry	   =	   14	  
years	  (min	  =	  2	  years,	  max	  =	  38	  years).	  
	  
Results :	   Iden<fied	   five	   major	  
subproblems.	  
	  
The	   <melines	   show	   the	   10-‐minute	  
intervals	  when	  each	   team	  worked	  on	  
each	  subproblem.	  
	  

Analysis:	  Teams	  2	  and	  4	  worked	  “top-‐
down”	   from	  a	  high-‐level	  view.	  Teams	  
1	   and	   3	   worked	   “boJom-‐up,”	  
beginning	  with	  details.	  
	  
Conclusions:	   Problem	   decomposi<on	  
appears	   to	   influence	   the	   character	  
and	  quality	  of	  design	  solu<ons:	  
	  
•  BoJom-‐up	   decomposi<ons	   led	   to	  

beJer	  cellular	  layouts.	  
•  Top-‐down	   decomposi<ons	   led	   to	  

poorer	  func<onal	  layouts.	  

The	  design	  solu<ons	  differed	  in	  character	  and	  quality:	  

This	  project	  is	  supported	  by	  
Na<onal	  Science	  Founda<on	  
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