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 Empirical testing is
difficult
o « Simulations require

models based on real
data, otherwise they are
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ROECOM ) Target Behavioral

Response Laboratory

Gather empirical data on
real human behavior in
response to non-lethal
weapons and systems

with real people In

Jibis tactically relevant

situations
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Report Questionnaires
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Indoor Crowd Behavior Testbed Layout
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Importance of Social Factors
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* Response to non-lethal weapons fire
depends on social relationships among
crowd members

— Pre-existing Personal Relationships
— Ongoing Real Time Social Interactions
— Formal/Informal Hierarchies

p)lp « Therefore need method to assess social
DJIN\ factors

« Social Network Analysis
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Data Measurement

Social Bonds
Self-Report

Crowd Social Interactions
Observed on Video

Dy b Leader Nomination
] Questionnaire
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Social Network Analysis TN

» 19 x 19 matrix submitted to networking
analysis software

» ORA Version 1.9.5.4.3, Dr. Kathleen M.
Carley, Center for Computational Analysis of
Social and Organizational Systems (CASOS),
Institute for Software Research International
(ISRI) School of Computer Science (SCS)
Carnegie Mellon University

» Visualization for insight

» Numerical Sociometrics outputted for formal
analyses: density, isolates, linkages among
nodes
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Social Bonds

Do you know anyone else who is participating in the
study today?

Yes No

If yes, please indicate who you know based on the
subject number assigned to them (on their tee
shirt or folder). Please circle their numbers below:

= 1 2 3 4 5 6 7 8 9 10
1 12 13 14 15 16 17 18 19 20
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Pre-existing Social Bonds




Socilal Interactions

* Videotapes coded for pair-wise
social interaction among crowd
members:

— Verbal communication, physical
contact, gestures, non-verbal auditory

signaling
— Scored three 2-minute epochs
of before/during crowd-control force
) Interaction

— Inter-rater reliability .94
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Leader Nominations

Was there a person (or people) in your group that you
considered to be a leader (or leaders)?

Yes No

If yes, please indicate all the people that you thought
were leaders.

Please circle their numbers below:

1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18 19 20
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Leadership Nominations







Numerical Sociometrics

Social Bonds Early Interactions Late Interactions Leadership

Node Count 19 19 19 19
Density  0.0117 0.1257 0.0930 0.0526
Fragmentation  0.9883 0 0.74835 0.4678

Isolate Count 15 0 4 5

1)) Link Count 4 43 32 18
D Centralization  0.043 0.5114 0.2039 0.1585
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Social Network Analysis

of Crowds

* Ongoing experimentation
* Network analyses yield quantitative

methods for crowd psychosocial
characterization

» Can be used to examine questions
of social factors that moderate crowd
responses to non-lethal weapons
and systems

0)[p — Prior, existing social relationships
D — Real time social interactions
— Formal/informal hierarchies
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Distance covered in interval

Instantaneous Velocity

Interpersonal Distance between any pair
of subjects

Distance between control force-subject
pairs

Interpersonal Distance between any pair
of control force
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Geometric Center- middle of extrema

Centroid- mean of subject positions

Dispersion- mean subject radii from centroid

Leading/Trailing edge- max/min along the approach axis

Density- p=N /nD?

Minimum distance between any subject-control force pair

Deviation of Orientation/Velocity- StDev of all subjects

head orientation or velocity

Bulk velocity of crowd- rate of change of centroid

Defined time periods based on
events dependent on the construct
or scenario used.

National
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Vector Fields

Each subjects path of
movement considered
separately.

Coordinate conversion so

Control Force is origin.

Subject locations grouped
into cells.

Resulting vector for a cell

Is the average vector from
all data in that cell.

Stream lines built from
Vector Field.
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12b. Standoff Weapon/Threat  12c. Hand Weapon/Threat
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14a. Baseline 14b. standoff Weapon/Threat

AN
sl | BN\
. ;
E |
24
2
0 0 0
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800
Frame (30/s5) Frame (30/s) Frame (30/s)

14d. Standoff Weapon/NoThreat 14e. Hand Weapon/No Threat

Dispersion
Measures
(Average Radius)

0 0
0 200 400 600 800 0 200 400 600 800
Frame (30/s) Frame (30/s)

UNCLASSIFIED- Approved for Public Release 31
WARFIGHTER FOCUSED.




Location (meters)

6 T

Mo Control Force Pres% E— g?secl;n;w Threat
- —— Standoff Weapon Threa
5+ TSy Ru—\* —— Hand Weapon Threat B
No Threat \ Standoff Weapon No-Threat
—— Hand Weapon No-Threat

|
0 100

200 300 400 500 600 700 800 900
Frame (30/s) )
UNCLASSIFIED- Approved for Public Release 32

WARFIGHTER FOCUSED.



:_“}'- 5

g
™ Vi

mlta Custimus

meters

Crowd Behavior Vector Field: Baseline
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roecom® Baseline Vector Field

Baseline: Streamlines
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Crowd Behavior Vector Field: Hand Weapon Mo-thoeat
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combined behavior towards the
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