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Distributed Cognition
oA A

Represents a systematic effort to structure learning
processes in complex environments
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Acknowledges that response to extreme events requires
timely coordination of many actors
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Facilitates creation of a common profile of risk
fEREfEAL A S B

Supports adaptive performance essential to achieve
collective action for communities
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Distributed Cognition (cont’d)
oA AR (£E)

Structures information processes to aid comprehension
fii {5 AL H IS AR 45 ) A0 DUASET- 2

Extends beyond individuals to organizations,
Instruments used Iin calculating information for action

M AT ERIAZ, PLEATEME ST E BT AR S
Depends on design of technical instruments &
organizational processes
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Recognizes that no single individual or agency can
manage complex events
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Need for situational assessment

/

DA 1) 0

What conditions facilitate, inhibit distributed
cognition?
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What technical instruments, organizational
processes measure change?

IR HEORT-B . A2 2 A U AR ?
How can socio-technical systems be designed
to support effective decision making?
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Theoretical perspectives on decision
making in complexity

S oRA B R B AL

Distributed cognition: E.Hutchins, 1995

oA A, ESERIE, 1995

Sense making: Karl Weick, 1995

B KK 4E, 1995

Network analysis: Andrews & Knoke, 2005
Mo tr: 284S, Wi, 2005

Computational simulation of decision processes
under changing conditions: Carley, 2002

RN TSR FE T HAU R KA, 2002



Disaster Operations
JAHEIZ A

Represent creation of a ‘cognitive system’ that
captures experience of many actors

O — PRI T A5 AR R G
System performs a function that enables the
achievement of complex tasks

RGJEATEARE AT 5515 LL 58 ik
Validity demonstrated by its performance in
many contexts by many different people
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Disaster Operations (cont’d)

K HMEIB A (4E)

Creates a ‘computational ecology’ as expertise
In performance develops, spreads
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Tools constitute a network of interdependent
sources of information to support decisions
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Implementation
AT

Involves computation of strategies for action
Tt SEA TS Pl R ) 254 J7 1

Computation: representation of information
regarding current state across many media

S R IS AP HIE SR L4 5 AR
Maps, operations logs are directly observable to
other actors in system
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Implementation (cont’d)
AT ()

Actions that produce information shape
cognitive capacity of system by...

WL ... ATEIRRE, = ERE BB EGARN

Creating new mental structures to store,
access information about task, performance
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Comparative Analysis of Response Systems
for Hurricanes Katrina and Rita
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Hurricane Katrina =437 5. g5 M8 JX1.:

o Landfall on August 29, 6:10 am, east of New Orleans;
Category 4 winds; severe conseguences to community

o 200548 H29H 1/1°6: 108 /R R ARFE [, 4K FhIX
™ ELA A

Hurricane Ritaf £ M X

o Landfall on September 24, 2005 near Texas/ Louisiana
border; Category 3 storm; timely evacuation

o 200549 H 24 H 7 g U 485 v 5= W A i & Jr 22 4k i S Ak &
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[—1urricanes Katrina and Rita (Cont’d)
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Same federal laws: different states:
different local policies & practice
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Evidence of policy learning?
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Table 1

Frequency Distribution of Organizations Identified
in the Full Hurricane Katrina Response System*
TR RN RNRETSS5ARIIE W
Source of Funding
Public Private Non-Profit ISr?gaCriSSI'; Totals
Jul;iesvdeilcgign N % N % N % N % N %
International 11 2.1% 3 0.6% 5 0.9% 0 0.0% 19 3.6%
National 0 0.0% 24 4.5% 75 14.1% 1 0.2% 100 | 18.8%
Federal 67 12.6% 0 0.0% 0 0.0% 0 0.0% 67 12.6%
Regional 1 0.2% 7 1.3% 26 4.9% 0 0.0% 34 6.4%
State 79 14.8% 7 1.3% 4 0.8% 2 0.4% 92 17.3%
Sub-Regional 11 2.1% 12 2.3% 9 1.7% 0 0.0% 32 6.0%
Parish/County | 55 10.3% 3 0.6% 1 0.2% 0 0.0% 59 11.1%
District 27 5.1% 2 0.4% 0 0.0% 0 0.0% 29 5.4%
City 53 9.9% 27 5.1% 21 3.9% 0 0.0% 101 | 18.9%
Totals 304 | 57.0% 85 15.9% | 141 | 26.5% 3 0.6% 533 | 100.0%

Source: Times Picayune, New Orleans, LA, August 27, 2005 — September 19, 2005.
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Entry of Organizations into the Full Response System
by Date and Source of Funding
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Table 2
Descriptive Statistics, Degree Centrality, Interacting Organizations,
Hurricane Katrina

1 2 3

Degree NrmDegree Share
1 Mean 2.271 0.719 0.003
2 Std Dev 3.604 .140 0.005
3 Sum 720.00 227.848 1.000
4 Variance 12.986 1.301 0.000
5 SSQ 5752.00 576.029 0.011
6 MCSSQ 4116.67 412.261 0.008
7 Euc Norm  75.842 24.001 0.105
8 Minimum  1.000 0.316 0.001
9 Maximum 4.000 13.924 0.061

Network Centralization = 13.29%
Heterogeneity = 1.11%. Normalized = 0.80%;
MCSSQ = Mean Centered Sum of Squares



Frequency Distribution of Organizations Identified
in the Full Hurricane Rita Response System*
J& XA TH R Y R Ge P 25 A IR o A
Source of Funding
Public Private Non-Profit Totals
Level of
Jurisdiction N % N % N % N %
International 3 42.9% 3 42.9% 1 14.3% 7 1.3%
National 3 4.2% 51 70.8% 18 25.0% 72 13.4%
Federal 50 100.0% 0 0.0% 0 0.0% 50 9.3%
Regional 7 15.9% 26 59.1% 11 25.0% 44 8.2%
State 65 75.6% 1 1.2% 20 23.3% 86 16.0%
Sub-Regional 7 31.8% 9 40.9% 6 27.3% 22 4.1%
Parish/County 79 88.8% 6 6.7% 4 4.5% 89 16.6%
District 25 89.3% 0 0.0% 3 10.7% 28 5.2%
City 88 63.3% 14 10.1% 37 26.6% 139 25.9%
Totals 327 60.9% 110 20.5% 100 18.6% 537 100.0%

Source: Houston Chronicle, Houston, TX and New York Times, New York, NY, September 16 —
October 31, 2005
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Number of Organiations
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by Data and Source of Funding
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Table 4

Descriptive Statistics, Degree Centrality, Hurricane Rita Response System

1 2 3
Degree  NrmDegree Share
1 Mean 0.890 0.166 0.002
2 Std Dev  2.063 0.385 0.004
3 Sum 478.00 89.179 1.000
4 Variance  4.254 0.148 0.000
5 SSQ 2710.00 94.328 0.012
6 MCSSQ 2284.52 79.518 0.010
7/ Euc Norm 52.058 9.712 0.109
8 Minimum  0.000 0.000 0.000
9 Maximum 23.000 4.291 0.048

Network Centralization = 4.14%

Heterogeneity = 1.19%. Normalized = 1.00%



Bowtie Architecture for Scalable System B! 7] F| B K48
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Computational simulation

AL

Offers new methods of design, testing for
strategies of action in uncertain conditions:
e A E T M ATE s ) v it
DARES

o ldentify key parameters that trigger change

and indicators for them

o PUIMNA AR K R BES BN HL AR bR
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Computational simulation (cont’d)

VAL EL(55)

threat, resources

BRI A] . B AR RE . PEUs AR T 1) AT RE i i
Demonstrate findings to decision makers in terms of
cost, fragilities of system

R RARGEA . Wags VeSS i i) B i gs v i
|dentify thresholds at each level of operation that
would cause entire system to shift or fall

o E%igﬁﬁﬁﬁﬁ$ﬂ%@ﬁ%4%%§%ﬁ%w
AL

Simulate possible strategies at different rates of time,

23



Action In disaster contexts...
FE KM IE 4T3

Cognitive structures and processes used
for daily operations are inadequate

Rz AE B P RO RN 25 R AL B AN 2
Complexity of disaster environment
requires innovative approaches

IEHMEIATE [ 5 ek T EE G P T v
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Action In disaster contexts...(cont’d)
{5 R AN B AT 3 (58)

Cognition, communication, coordination
leads to effective mobilization of action

WAL e P A KA T8 3)) b
Control of situation emerges from
adaptive reallocation of attention, action

SEAS P R 1V R ) ST 3 08
FEAH A
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Building resilient communities...

(i

Systems of action that minimize risk and

maximize response depend upon:

/M RS, e KA SO, AT B R e BT

o Carefully developed knowledge bases of region
exposed to risk

o NELIT A BB M X F HH R

1+
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[Bundmg resilient communities...(cont’d)

o Models and methods of measurement of risk
that capture changing conditions

o PAUSHI FE A A B T v BT XU B AR A TR L
o Continuous feedback, exchange, learning
among participating actors in response

o JMER NS5 BRSO, A B A
hE B
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