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Presentation Outline

1. Introduction

2. Military doctrinal elements: Cognition and
visualization

3. The theory for display design and visualization

4. The sensemaking visualization model

5. Model validation

6. Results and Summary

/.Research extensions
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1. What is relevance in what they
see?

2. Are they seeing the same thing?
3. Do they have the same

interpretation in context?

4. How does the situation

understanding enable action?
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Sensemaking Challenge

To create a systematic,
widespread and persistent
Cognitive Edge for the
warfighter

The Center for Human-Machine
Studies ()
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Adapted from “Understanding Information Age Warfare” (CCRP, 2001)
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Search Is the mind’s eye,
But sensemaking is the mind’s muscle.

Stuart Card

PARC
Collection without sense-making, both

automated and human,
IS both wasteful and falsely reassuring

Studies

Robert David Steele, CEO of OSS.Net,
March 25, 2006
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It would sure be
nice If we had

what It was we
were trying to do
first
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What Is sensemaking?

DERIVING MEANING FROM FRAGMENTARY CUES-
&] (DARPA'S Information Awareness Project

COLLECTING “DOTS” and BRIDGING MEANING TO
HUGE VOLUME OF DATA---INQ-Tel (Arlington-based
company).

Studies

A SYSTEM OF ACTIONS, SYMBOLS AND PROCESSES
THAT ENABLES AN ORGANIZATION TO TRANSFORM
INFORMATION INTO VALUED KNOWLEDGE WHICH
INTURN INCREASES ITS LONG-RUN ADAPTIVE
CAPACITY — (Schandt, 1997; pp. 8)
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According to Franks, battle command means
seeing what is now, visualizing the future state or
what needs to be done to accomplish the mission
and then knowing how to get your organization
from one state to the other at least cost against a
given enemy on a given piece of terrain. The
primary components of battle command that
depend directly on the commander’s intuition are
decision making, visualizing, concept formulation
and battlefield awareness--selecting the critical .
time and place to act, and knowing how and when Mllltary
to make adjustments during the fight. .
Doctrinal

Using judgment acquired from experience, y ..
Elements

Studies

training, study, and creative thinking,
commanders visualize the situation and
make decisions. In unclear situations,
informed intuition may help commanders
make effective decisions by bridging gaps
in information. Through the art of
command, commanders apply their
values, attributes, skills, and actions to
lead and motivate their soldiers and
units... (FM 3.0)
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Military Doctrinal Elements

can camouflage the critical
Information we need. We're still
working on our ability to glean
through this information and find
the necessary information
nuggets that will aid in decision
making (MG. Kamiya, 2007)

Joint Training Directorate

Studies
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Military
Doctrinal
Elements

Theoretical
expected human
1 & technology
ﬁ;ﬁg:#g%pndeavors
sie ¢
- Doctrines
. . Analytical
|dentify/Analyze/Examine/Evaluate/Explore = support; e.g t
A 4 A 4 A 4 A 4 A 4 OODA &
Visualize/Describe/Explain/Predict/Control giﬁrﬁ; Decision
Optimized COA & Support
Running estimates Systems

—
= = —

EAnticipate] Influence || Affect ] CDR Decision

O 00 Making Points
O D'MEO%D PMESII Measurements

Human:

Decision Superiority ¢ Information:

Technology:

Assessment SHZ Ad(a:z'“\;(;bl;s;:\glgtful Relevancy, timeliness/ Resiliency, robust,
“HN leadershi ' Availability, reliability\ Reliable, adaptable
Meter (DESAM) P Trust, quality, etc Adaptive,

Decision quality



- Doctrine
- Principles of war

- Operational themes

- Experience and judgment

METT-TC

PMESII-PT |
N
\

Understand
The Problem

e Operational Environment
* Enemy

[N

N

Lead

The End State and
the Nature and
Design of the
Operation

« Offense
* Defense
« Stability
* Civil Support

@ing estimates

Continuous Learnin _ )
Elements of operational design

Describe

Time, Space,
Resources,
Purpose, and
Action

» Decisive Operations
» Shaping Operations
* Sustaining Operations

Direct

Warfighting
Functions

* Movement and Maneuver
* Intelligence

* Fires

» Sustainment
« Command and Control A

* Protection

* Planning guidance
« Commander’s critical

* Essential elements of

friendly information

* Initial commander’s intent

information requirements

* Plans and orders

* Preparation
» Execution

* Branches and sequels

Assess

BATTLE COMMAND




CDR / staff

Understand
ART /Science

Principles of War
Tenets,
Experience

Factors of the
Situation
METFTC
COP

Elements of
Operational
Design

«Center of Gravity
*Decisive Points
sLines of Operation
«Culminating Point
A-Op%%%t(i:%nal Reach &
*Simultaneous &
Sequential Ops

eLinear & Nonlinear
OPs

“Tempo

*End State & conditions J§

The Art and Science of
Battle Command

Lead

CDR [ staff

Visualize
ART /sScience

CDR / Staff

ART / Science

Describe

LandWarNet provides the full spectrum of connectivity — from

the deployed Soldier to Home Station Operations Centers,
National/Strategic Intel Centers and Logistic Support &
Sustainment locations — encompassing Joint, Interagency, and
Multinational capabilities.

CDR/ Staff
Direct

ART [ Science

Time, Space,
Resources,
Purpose &

Action
» Decisive Ops
* Shaping Ops
» Sustaining Ops

Warfighting
Functions Joint,
*Mvmt & Manvr Allied,
eIntelligence Coalition
*Fires
eSustainment
«Cmd & Control
*Protection

Government
AgenCIes

Civilian
Agencxes

Special
Operation
Forces

Non-Government
Orgamzatlons

Host Nation

Agencies Gl

Information
Grid Services

Network

Staff Running
Estimates

In short, we need to develop an integrated approach for the
understanding (framing) and visualizing, describing, directing,

assessing, and reframing of unified operations.

*Planning
guidance
*Cdr’s Intent
Input from
other
Commanders

ASSess

*Plans &
Orders

*Preparation

Corps/

*Execution

Responsibility o«

II'

T2,
- >

Joint Task Force Capable J

| forms A o
s e e / Allied ;\

""""" Coalition
Forces

v

13
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THE THEORY FOR DISPLAY DESIGN &
VISUALIZATION

Human cognitive processes

Display theories

Visualization modalities & techniques
Decision performance
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A TETRAHEDAL MODEL Mission, commander intents, doctrines,
COGNITION, DISPLAY, gnts, gnt, g
AND SU

Deliberate
process,
Mnemonic §0
devices, R4
N
enable \(,‘b
first-level SA. 2
Provide
sampled data
elements

Card, et al. (1999):
1. Increase cognitive resources
2. Reducing search

3. Enhance pattern recognition
4. Easy perceptual monitoring
5. Seeing the features of on-

nderstanc

High level SA that the mind cannot Situation

perceive, organized knowledge, map  gnvision the going events
actionable knowledge to goals, 6. Provide a manipulable
causal linkages, understand risks, medium

provide running estimates, etc.

Problem space
With critical features



Cognition and Visualization in Situational Understanding: An

Abstraction Model o
Characterization of the
adversary; Envisioning;
Mapping actionable

$ Situation Understanding knowledge to effect
$ q
&S

\é & \OQ Perspective taking &
O i

$ O O e - assumptions

SE & Cognitive Enablers and Filters Frame hypotheses
Q Sensemaking

Cognizing decision
elements, cues, clues,
signs, symbols, and signals
& enabling neural activities

Visualization

z

Environmentally embodied;
Perception of first-level cues,
followed by the instantiation of
recognition-primed activities;

Perception

Information portrayal; Display of
tangible information elements of the
situation to support cued cognition;
Affordances



How Visualization Enables the Commander’s Cognitive Process

Situation understanding

Meaning
processing &
implications
for actions

Sensemaking
Processing
Stages

.>

Spatial

information
collection,
organization,
filtering, etc

Situation Awareness
Cues/

Clues

Case-based situation
framing

Knowledge discovery

Mental model,
meaning and
interpreting,
situation
recognition

—

The “aha”
experience,
patterns, link
analysis, signals,
correlation, etc.

Hydrographic I
Survays

Spatial knowledge,
environmental
constraints,
system dynamics

Experience,
intuition,
retrospection

Matrices,
Dlagrams, or
Charts
+ dssacialion Malrix
+ Redalionship Matrix
+ Activities Matrix
+ Link Diagram
+ Pattern Analysts Plot Chart
+ Key Date Chart

+ Tirmeline of Tima-Event Chart
+ Cultural Comparison Matrix
+ Perception Assessment Matrix

» Population Stalus ~ » Line of Sight or
» Forms and Functions  Intervisibility

+ nfrastructure + Struciures Over @
+ Critical Infrastructure  Specific Height

+ LOCs + Subsurface Area
+ Route # Incident

+ Hazardous Facilities

* Protected Target

Display and Visualization
Components for Situation

Awareness
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THE SENSEMAKING VISUALIZATION MODEL

Situation Story sl e =) Doctrinal
B = Thinking
Group
- Arguments,
Discussions/

Studies

Narratives

Data Mining Algorithms

@:ﬁ

Information Fusion

llllllllllllllllllll ;llllllllllllllllllll.‘

: Meaning-> Interpretation->§
: Understanding-> Action

llllllllllllllllllllllllllllllllllllllllllll

Recognifion Primed Decision Model
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Sample MCS (Minimally Constructed Stories)

Case-1
Captain XX just receive intelligence reports on possible attacks
on critical infrastructure including kidnapping key political and
religious leaders.
Prepare a sensemaking and inform the commander on the
available courses of action to respond.

Case-2
General Haltrack is informed that a group of terrorists has been
arrested in node K south of the adversary network. Intel showed
that they have spread to other cells in the network, but are not
identifiable.

Use a sensemaking model to analyze the situation. Include
Information on the terrorists cell—who they are, sponsors, their
strategies, how the evolve, their motives, etc. Work with all
Intelligent organizations.



rth Carolina A&T

High Research Activity

PRELIMINARY VALIDATION RESULTS

\l

6 Experienced military officers:

<

76 ] 4 LTC, 2 Majors; 5 males, 1 female.

o5 2 from ROTC; 2 from BCBL;

§4 oM=L 1 reserved component; 1 retired.
" §3 EM=2| 116 man years of service.
L] | E, || O™ Minimal Constructed Scenarios
b - §177 B Developed from Cynefin Problem
3 -;.—fo Typologies:
L M A U MCS1: Knowable

Qunitve meesres MCS2: Complex
MCS3: Chaos

SM = Sensemaking perception
SA: Situation awareness perception
SU: Situation understanding perception
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PRELIMINARY VALIDATION RESULTS: Sensemaking perception score (1-7: 1-
absolutely not useful ;7 = absolutely very useful)

o

=

=

e

3

E Elements Min score | Average Max score Standard % variance
W £ deviation contribution
N (factor
® loading)
N | Allows for 2.6 3.2 5.1 15 0.12

= E concept

T o mapping

W = Contextual 1.1 2.8 4.7 0.8 0.1

o ¥ reasoning for

w O ideas sharing

'5 Interpretation of | 2.4 4.3 6.5 1.3 0.32

I situation

c Retrospective 2.0 4.5 6.8 0.67 0.26

d information

(&) search

Q Predictive 1.9 3.1 4.3 0.96 0.2

- analysis

o

2008 ICCRTS, Bellevue, WA, June 17-19, 2008



i bt
E PRELIMINARY VALIDATION RESULTS: Situation Awareness perception
-5 score (1-7: 1-absolutely not useful ;7 = absolutely very useful)
] Elements Min score | Average Max score Standard % variance
E deviation contribution
W & (factor
N loading)
© Common 4.2 6.6 7.0 0.6 0.27
E L operating
- | E picture
= = - B | See area of 3.3 4.8 6.5 0.91 0.16
W B | interest
e
‘E 9 | See information | 2.0 35 5.8 1.2 0.07
changes over
; time
il Team 4.6 6.8 7.0 0.2 0.38
c information
d sharing and
(& dialog
QO Team situation | 3.1 3.9 54 1.3 0.12
N awareness
o

2008 ICCRTS, Bellevue, WA, June 17-19, 2008
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'_E PRELIMINARY VALIDATION RESULTS: Situation Understanding perception
1) score (1-7: 1-absolutely not useful ;7 = absolutely very useful)

P

E Elements Min Average Max score | Standard % variance
o score deviation | contributio
£N n (factor
L loading)

£ 0

8 0

T .g Explain 1.5 3.2 4.9 1.6 0.3

‘6 ot situation

w @ Describe | 2.0 3.4 4.7 13 0.22

- situation

o

<l

= Visualize 4.8 6.1 7.0 0.08 0.48

(o)) courses of

(8] action

@

=

=
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Summary and Results

"2 The results show the followings:

i (a) the perception rating of S3 with respect to the
cognitive measures was highly significant, F (2, 37
=2.4 < 5.8 computed value;

Studies

(b) the problem scenarios were highly significant,
F (2, 37) = 2.4< 3.23;

(c) there was noticeable interaction effect between
the cognitive measures and the problem types, F
(4,37)=2.09<11.3

2008 ICCRTS, Bellevue, WA, June 17-19, 2008
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Research Extension to SASO Planning

1.0. Mission Alert

1 - Strongly Agree 4 - Undecided 7 - Strongly Disagree
2 - Agres 5 - Dizagree Somewhat
3 - Agree Somewhat E - Dizagree

I~ Provide Safety and Security s ——————
I~ Defeat Insurgency =
I Provide Self-Sustaining Econarmy .j

1.1. Non-military Tactical Elements

I Gain Trust ———————
I &dapt Attitude and Eelisfs = ———
I~ Enow Eeyp Players j T
I~ Minimurn Language Skill |}

1.2. Measure of Performance (MOP)

1. Casualties
- To Blue Force
[~ Death

I~ Wounded L

Studies

.

- To Civilians

[~ Death

I~ wounded
2. Displacements
I~ Refugee Camps Within L
I~ Ewvaluated Outside !
— : — =~ ] I Asylums !

-

.

3. Stable Government

I Stahilize Government

it i3 B C~L0 L "5 L~ 10 C~Rly === £=11 =~ F= .71 1719 £ § =Rl P mL® | G L =R =L L~ —

Statuz ;- Listening... [Connectad)

¢4 start
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