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When faced with the problem of desighing a complex system, a design team must make Data Collection: Teams of 3 to 6 participants design a facility during a
many decisions. Because many design problems are too difficult to solve all at once, the 2 to 4 hour exercise. Activities are video- and audio-recorded. Data: Based on the results from four Subproblem Description Variables included
design problem is decomposed into more manageable subproblems. The decomposition teams with 20 participants: eight [T High-level logic  Logic of flow through facility, including order ~High-level flow logic,
is governed by the design process, which may be a formal process imposed by an Data collected to date: : : of steps, grouping of operations into cells  Assignment of products to
& . : Y . & b el Y . P i P Y : ) i €NgIneers, three prOdUCUon and (independent of geography) cells, Assignment of
organization or an informal set of activities organically determined by a team of * 10 teams for factory redesign study (manufacturing professionals) facility managers, six executives, two operations to cells
designers. * 4 teams for POD study (students); 6 teams planned (public health sales personnel, and one technician. Flow Direction and shape of flow through facility ~ Spatial flow pattern
rofessionals : o _ (spatially)
i i i i i P ) Average EXPErience In mdUStry = 14 Block locations Location of blocks representing functional Location of [all blocks],
The Way In WhICh d prObIem 1S decomposed may aﬂ:eCt the quallty Of the SOthOn that S b1 TR < e years (m|n = 2 years) Max = 38 yearS). areas or groups of operationsl such as Storage
can be constructed, especially when time and resources are limited. Investigating how Factory Redesign Problem: Teams redesign a factory by rearranging machine shop or assembly cells
teams decompose problems and the impact of decomposition on design solution quality manufacturing operations to enable more efficient production and - \e»i/\ [ty Results: Identified five major Cell design Design of assembly cells or lines that group a Layout of cell, Shape of cell,
: : . . | R - ;( series of operations. Includes shape, layout  Assignment of products to
will support the design of better design processes. material movement. z subproblems. of operations, determination of operations _ calls. Assignment of
S 8 and products to include in cells. operations to cells
e | POD Design Problem: Teams design a Point of Dispensing (POD) for r\i The timelines show the 10-minute Staffing and Sequencing and balancing of operations, Staffing in cell, Staffing in
. q ! distribution of antibiotics to the public after a Suspected anthrax 3; R intervals when each team worked on operations including takt times, staffing and tasks. functional area, Operation
) = attack. Teams must determine the locations of critical stations, the i sequencing and balancing
Aol | = > | o= B ' . _ R L each subproblem.
L e number of staff at each station, and parking and pedestrian flow S
[ B arrangements. ‘
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Identifying Subproblems: We identified the subproblems that each team solved and when they considered
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those subproblems. To do this, we used both qualitative and quantitative analysis techniques. T —
Flow
RESEARCH QU ESTIONS 1. We first used qualitative analysis techniques to inductively develop variable definitions. For each 2-minute EL‘TIC';LZIC;:O“S 00000 =
/ \ segment of video, we then identified the variables they discussed. Staffing and operations ]
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5 2. We divided the coded timelines into longer segments in which teams worked on the same set of variables. High-level logic
related subproblems: We used association rules (a data mining technique) to identify groups of variables that tended to occur in Flow
: the same segments. Beginning with these groups, we used qualitative methods (constant comparison with Block Jocations L L
What subproblems do they solve, and in what order? >F ' ‘ Cell design
data) to distill a set of subproblems. Staffing and operations ] I
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kquality of the resulting design solution? / < s Subproblem 1 design layout, we evaluated its quality in High-level logic w
i two ways: a set of quantitative measures Fow
54 X X ] ] ] Block locations _
56 X X and a qualitative expert review. Cell design
A P P ROAC H Zg z i Staffing and operations -
62 ) X 1. Quantitative measures: , , , , , ,
2‘6‘ X X e Total distance traveled from Analysis: Teams 2 and 4 worked “top- The design solutions differed in character and quality:
1. Design teams solve a factory 2. Design team activities analyzed to 683 X « | x x . . - down” from a high-level view. Teams
, , o 70 ’ ’ receiving to shipping ) 4 3 ced “bott y Teams 1 and 3 developed Teams 2 and 4 developed
. n wor m- .
redesign problem. Researchers describe the subproblems they solved E| 7 X y . Adjacency score that measures " gnn.n 'thodetz'ls ottom-up, cellular layouts functional layouts
. . e, e ° o X X X _ . . I I WI I .
record their activities. as they made their designs. 76 . « | 23§b|em , the proximity of areas that should 5 5 R R o D
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80 x x X x be near each other _ - o (ol e
- 2 , Conclusions: Problem decomposition o b jisans s
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s omwe gl E— —_— 86 y 2. A manufacturing facility design PP , , , 1 H | :
(1) Tile==lN S/ = = 88 X y and quality of design solutions: bl |
E= ) g ‘. %_%ﬁmm D%%ﬁdz : e 90 ” « v expert evalu ated each | ayout based . ;
S8 B R | e HeR —— . . . .
EE P % ; — ol X Y on four criteria: overall impression, o
— W= e Vo4 X X Y : . . e Bottom-up decompositions led to
THRE === = = assembly operations, facility material
e e ) . better cellular layouts.
-, e mae b bl el el b b flow, area location and design. .
SRR e B s | vy - — * Top-down decompositions led to
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poorer functional layouts.
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