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A Foundational work by Dr Letsky at ONR on macro-cognition
provides a model of team collaboration:

Collaborative Outcome

Knowledge Team

Evaluation and End

Team Problem

Construction Consensus

Solving Revision

(Letsky et al., 2007)

A How to study, apply, measure and visualize the process and
outcomes of macrocognition?

A Relying on the model alone is not enough, because progress
t hrough t he moesenrl memsuwaeidot be N

A Beyond, how do we know the team or an individual
iransitionedo f r om one phase to anot
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A The Collaborative Visualization Environment (CoVE)

I Goal: to develop a platform for studying macrocognition or collaboration
models, applicable to a variety of scenarios, using a trigger-based
approach

I CoVE allows researchers to measure and visualize the progression of
collaboration in the model.

I The CoVE framework is flexible enough to support many measures and
visualizations.

I The CoVE framework can easily be extended to support customized
models of macro-cognition and phase transitions.

A Example of model of macrocognition to be studied using CoVE:

Collaborative
Team Problem
Solving

Outcome
Evaluation

Team
Consensus

Knowledge

. Ex tion
Construction ecutio

SA Building (Re)-Planning Validating Executing Evaluating
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Versatile and powerful research platform to study distributed
collaboration in real-time by capturing and visualizing multiple,
customizable, trigger-based measures (communication, workload,
execution, outcome)

Examples of research questions CoVE can support investigating:

i=rDioters s lEiRaRVE ENERtRIRENIR R E—crosipsiarho T a t i on  me a s |
making process?

I What communication modes drive collaboration?
I How does training methods affect, enhance or prevent collaborative
behavior?
Examples of application:
I First responder emergency management after hurricane disaster
i Factory floor management
i Air Operations Center
I Cyber warfare
I Hospital emergency room
I Arctic search and rescue
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Taxonomy of collaboration measures
I Measure ;N Factors ;N Levels
T Matches the structure of visualizations

Measures: Communication, Execution, Workload, Outcome

Sample Factors: Metric, Directionality, Mode, Phase, Type,
O p e r"at o' resascECHeN e

Sample Levels: Count, Frequency, Duration; Incoming, Outgoing;
N e e R [N 4 1 [N (NN = I [} B Y aer ]

Taxonomy allows for a great number of measures to be defined:
I Communication: 7 factors, for up to 24,000 measures
I Workload: 3 factors, for up to 25 measures
I Execution: 3 factors, for up to 20 measures
I Outcome: 3 factors, for up to 540 measures



Example of Measure:

Communication

Hne
sl gadtssiunad il

Mode

Collaborative Team Problem Solving
(Planning)

Communication Phase Team Consensus (Validating)

Execution (Executing)

Outcome Evaluation (Evaluating)

Collaborative Team Problem Solving
(RePlanning

Al

Type Ask

To Operator

Metric ‘Count

Object

Operator

Metric ‘Count

Knowledge Construction (SA Buiding)

Colaborative Team Problem Solving
(Planning)

Phase ‘Team Consensus (Vaidating)

cecution (Executing)

‘Workioad

Outcome Evaluation (Evaluating)

Colaborative Team Problem Soling
(RePlanning)

Team
Operaior T
Operator2
Operatoi

Operator

Performance
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M EASURE

Communication

FACTOR

Metric

Count

Volume

Frequency

Duration

Directionality

Total

Incoming

Outgoing

Ratio

Mode

All

Chat

VolP

Whiteboard

Phase

Total

Knowledge Construction (SA Building)

Collaborative Team Problem Solving (Plannin

Team Consensus (Validating)

Execution (Executing)

Outcome Evaluation (Evaluating)

Collaborative Team Problem Solving (RePlanni

Type

All

Ask

Tell

To Operator

Team

Operator 1

Operator 2

Operatoii

From Operator

Team

Operator 1

Operator 2

Operatoii
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The Real-Time Performance Measurement Engine
Collection and calculation of collaboration measures in real-

time, as the scenario is being played

The measures can be dynamic, because they are specified In
the Human Performance Markup Language (HPML, an XML
specification)

The measurement component is very flexible, enabling the
reuse of measures, and the customization of new measures.

PM Engine can work with multiple simulators

PM Engine efficiently works behind the scene to do all
collection and calculation (no added workload on operators
and experimenters during the simulation)




Visualizing Collaboration
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Visualizing Collaboration
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Factor 1 X axis [&— » Factor 1 || Operator

Factor 2 Y axis |« » Factor 2 Phase
Factor 3 Color |« » Factor 3 Mode

VoIP

@ %

@ @
Op3 0p4>

14



Capturing Phase Transitions

A Trlgger bas

i Triggers are basedri’f il
A i Mo Vi n g ARSECRER RO s g mov e t o t he
A RV e BubpleaiaiiioRENN I RURCH oo g yie: 't 0t he i Ki
A Multiple events can trigger the same phase
I The experimenter can select what simulation events trigger what
phase change

Collaborative

Knowledge Team . Outcome
: Team Problem Execution .
Construction Solving Consensus Evaluation

| SA Building | | (Re)-Planning | | validating | |  Executing | | Evaluating |

© 2010, Aptima, Inc. 15
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A Integrating
I Content Analysis
I Network Analysis
I Teaming Recommendations
A Applying CoVE to real-world .
cCasSes.
I Collecting data in laboratories
i APAN : L |
AAAlIT Partners Adg=" S t =
A Online collaboration = ' ﬂ‘
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A Anti-Piracy
A Blue forces:

USS Roosevelt (USA)
USS Vella Gulf (USA)

HMS Northumberland (UK)

PRC Wuhan (PRC)

A Red forces:

Pirates

A Neutral:

Merchant vessels
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Use-Case Scenario

A Leadershlp ‘ ET—
I USS Roosevelt commandér in charge
I Reporting

A Communications structure

Plaver e Allies General Allies General White-
‘ IM IM Audio Audio board

USS Roosevelt usA Vew Verw Vrew
USS Vella Gulf usA Verew Vr Vrsw
HMS Northumberland UK VRW VR VRW

PRC Wuhan PRC U V rw U

A ROE: monitor the area of interest and

coordinate actions to engage the enemy.
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A Work-Centered Collaboration Tools
I VolP: multi-channel, multi-operator Voice over IP audio chat
I Chat: multi-room, multi-operator instant messaging text chat
I Transparent whiteboard: multi-layer, multi-operator drawing board

mmmmm

Transparent Whiteboard
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Accomplishments
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Scenario Based T Features of the scenario drive the triggers--these
can be temporal, movement, or whatever else the experimenter wants
to use that 1s built into the scenario.

Event Based i Simulation events drive the triggers T the experimenter
can choose a priori what events are applicable to what phases.

Operator Indicated - The operator indicates what phase they are in -
this can be queried or self-reported.

Context Indicated - The trigger Iis denoted by a behavioral change
from the operator - for example, using a collaborative tool rather than
clicking entities to gain information.

Experimenter Indicated - The Experimenter indicates what phase the
participant is in and when the transitions occur (in real time or replay).

Operator Review - the operator indicates what stage they are in while
reviewing a re-play of their scenario.

Data-Driven - Utilization of a phase calculating algorithm (there are
many types possible--) in real time or re-play.
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Trigger Type Advantage

ANot 100% accurate (departures from scenario)
AHigh level of constraints/limitations on the
scenario

ALive

1 Scenario based AEasy to implement

ALive
AEasy to implement ANot 100% accurate (exceptional operator

Event based ALeverages existing GUI structures behavior)

AExperimenter-controlled

AVery Intrusive anad disruptive

3 Operator ALive AHeavily subject to human error (forgets to use,
indicated AEasy to implement delays use, misuse, disuse, abuse, tunnel effect,
et cé)
Context ALive AVery hard to implement
4 . AVery accurate ANecessitates heavy real-time computation and
indicated y complex algorithms
Experimenter ﬁ{'/';/f accurate ASubject to human error (forgets to use, delays
5 indicated AEasX/ to implement use, misuse, disuse, abuse, tunnel effect,
AExperimenter controlled cOnT WSl en between @pel g
: AVery accurate APost-hoc only
6 Operator review AEasy to implement ARequires heavy work (tagging)
: ALive AComplex to implement
7 Data-driven AVery accurate ARequires heavy real-time computation
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Star spider

Mapping
A Measure: 1

A Number of open factors: 2

1. Breakdown by levels of
Factor 1 along star points

2. Breakdown by levels of
Factor 2 within each pie
slice

A Metric factor applies to:
I Length of star points

A Other factors are blocked
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Mapping
A Measure: Communication

A Number of open factors: 2
1. Factor 1: Operator
2. Factor 2: Mode

A Metric factor applies to:
I Volume

A Other factors are blocked
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Multilevel Bowtie

Duration of Communication
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Chat
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Multilevel Bowtie

Mapping
A Measure: 1

A Number of open factors: 3

1. Breakdown by levels of
Factor 1 in central quadrants
(2 levels only)

2. Breakdown by levels of
Factor 2 in first outer-rim of
guadrants

3. Breakdown by levels of
Factor 3 in second outer-rim
of quadrants

A Metric factor applies to:
I Radius of central quadrants
A Other factors are blocked
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