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Challenges

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

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

Á Relying on the model alone is not enough, because progress 
through the model cannot be ñseenò or measured

Á Beyond, how do we know the team or an individual 
ñtransitionedò from one phase to another?
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Research Summary

Á The Collaborative Visualization Environment (CoVE)
ïGoal: to develop a platform for studying macrocognition or collaboration 

models, applicable to a variety of scenarios, using a trigger-based 
approach.

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

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

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

Á Example of model of macrocognition to be studied using CoVE:
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Research Impact

Á 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)

Á Examples of research questions CoVE can support investigating:
ï Does knowledge of collaboration measure change an operatorôs decision-

making process?

ï What communication modes drive collaboration?

ï How does training methods affect, enhance or prevent collaborative 
behavior?

Á Examples of application:
ï First responder emergency management after hurricane disaster

ï Factory floor management

ï Air Operations Center

ï Cyber warfare

ï Hospital emergency room

ï Arctic search and rescue
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Approach: the CoVE Platform
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Measuring Collaboration

Á Taxonomy of collaboration measures

ïMeasure       Factors       Levels

ïMatches the structure of visualizations

ÁMeasures: Communication, Execution, Workload, Outcome

Á Sample Factors: Metric, Directionality, Mode, Phase, Type, 

Operator, Asseté

Á Sample Levels: Count, Frequency, Duration; Incoming, Outgoing; 

Chat, VoIP, Whiteboardé

Á Taxonomy allows for a great number of measures to be defined:

ïCommunication: 7 factors, for up to 24,000 measures

ïWorkload: 3 factors, for up to 25 measures

ïExecution: 3 factors, for up to 20 measures

ïOutcome: 3 factors, for up to 540 measures

ž ž
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Example of Measure:

Communication

Measure Factor Level

Communication

Metric

Count

Volume

Frequency

Duration

Directionality

Total

Incoming

Outgoing

Ratio

Mode

All

Chat

VoIP

Whiteboard

Phase

Total

Knowledge Construction (SA Building)

Collaborative Team Problem Solving 

(Planning)

Team Consensus (Validating)

Execution (Executing)

Outcome Evaluation (Evaluating)

Collaborative Team Problem Solving 

(RePlanning)

Type

All

Ask

Tell

To Operator

Team

Operator 1

Operator 2

Operator i

From Operator

Team

Operator 1

Operator 2

Operator i

Execution

Metric Count

Object

All

Assets

Targets

Weapons

Operator

Team

Operator 1

Operator 2

Operator i

Workload

Metric Count

Phase

Total

Knowledge Construction (SA Building)

Collaborative Team Problem Solving 

(Planning)

Team Consensus (Validating)

Execution (Executing)

Outcome Evaluation (Evaluating)

Collaborative Team Problem Solving 

(RePlanning)

Operator

Team

Operator 1

Operator 2

Operator i

Outcome

Metric

Performancei

Weapons used

Weapons left

Fuel used

Fuel left

Coverage

Health

Targets engaged

Assets deployed

Assets

All

Asset 1

Asset 2

Asset i

Operator

Team

Operator 1

Operator 2

Operator i

MEASURE FACTOR LEVEL

Communication

Metric

Count

Volume

Frequency

Duration

Directionality

Total

Incoming

Outgoing

Ratio

Mode

All

Chat

VoIP

Whiteboard

Phase

Total

Knowledge Construction (SA Building)

Collaborative Team Problem Solving (Planning)

Team Consensus (Validating)

Execution (Executing)

Outcome Evaluation (Evaluating)

Collaborative Team Problem Solving (RePlanning)

Type
All

Ask

Tell

To Operator

Team

Operator 1

Operator 2

Operator i

From Operator

Team

Operator 1

Operator 2

Operator i



Measuring Collaboration

Á The Real-Time Performance Measurement Engine

Á Collection and calculation of collaboration measures in real-

time, as the scenario is being played

Á The measures can be dynamic, because they are specified in 

the Human Performance Markup Language (HPML, an XML 

specification)

Á The measurement component is very flexible, enabling the 

reuse of measures, and the customization of new measures.

Á PM Engine can work with multiple simulators

Á PM Engine efficiently works behind the scene to do all 

collection and calculation (no added workload on operators 

and experimenters during the simulation)
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Visualizing Collaboration

Á9 display designs created - ñAll measures in all displaysò

ïConcept based on collaboration measures taxonomy

ïAllows operator to visualize any measure in any display
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Visualizing Collaboration
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Metric Pie size
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Factor 2

Factor 3

X axis

Y axis

Color

Multi Pie Chart

Visualization

Metric Count

Factor 1

Factor 2

Factor 3
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Communication

Measure

Op1           Op2          Op3          Op4
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Capturing Phase Transitions

ÁTrigger-based phase transitions:

ïTriggers are based on simulation events

ÁñMoving Assetò triggers a move to the ñExecutionò phase

ÁñViewing Subplatformò triggers a move to the ñKnowledge Constructionò phase

ÁMultiple events can trigger the same phase

ïThe experimenter can select what simulation events trigger what 

phase change
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Future Research

Á Integrating

ïContent Analysis

ïNetwork Analysis

ïTeaming Recommendations

ÁApplying CoVE to real-world 

cases:

ïCollecting data in laboratories

ïAPAN

ÁñAll Partners Access Networkò

ÁOnline collaboration
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Experimental Demonstration
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Environment

ÁLow fidelity C2 simulator with ñcollaboration dashboardò
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Use-Case Scenario

ÁAnti-Piracy

ÁBlue forces:

ïUSS Roosevelt (USA)

ïUSS Vella Gulf (USA)

ïHMS Northumberland (UK)

ïPRC Wuhan (PRC)

ÁRed forces:

ïPirates

ÁNeutral:

ïMerchant vessels
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Use-Case Scenario

ÁLeadership structure

ïUSS Roosevelt commander in charge

ïReporting

ÁCommunications structure

ÁROE: monitor the area of interest and 

coordinate actions to engage the enemy.
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IM
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USS Roosevelt USA VRW VRW VRW VRW VRW

USS Vella Gulf USA VRW VR VRW VR VRW
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R = Read / Hear / See

W = Write / Speak / Draw



Collaboration Dashboard
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Communication Modes

ÁWork-Centered Collaboration Tools

ïVoIP: multi-channel, multi-operator Voice over IP audio chat

ïChat: multi-room, multi-operator instant messaging text chat

ïTransparent whiteboard: multi-layer, multi-operator drawing board 

VoIP Transparent WhiteboardChat

© 2010, Aptima, Inc.
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Accomplishments

ÁPermissions Interface
ÁSelection of measures available to the user

ÁSelection of displays available to the user

ÁSelection of events triggering phase transitions

Measures TriggersDisplays
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Accomplishments

ÁConfiguration Interface
ÁSelection of Measure/Display combinations

ÁSelection of Factors/Levels to display

ÁConfiguration of Dashboard



Seven types of triggers

1. Scenario Based ïFeatures of the scenario drive the triggers--these 
can be temporal, movement, or whatever else the experimenter wants 
to use that is built into the scenario.

2. Event Based ïSimulation events drive the triggers ïthe experimenter 
can choose a priori what events are applicable to what phases.

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

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

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

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

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

2010, Aptima, Inc. 26



Cost / benefit analysis of 

trigger types
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# Trigger Type Advantage Disadvantage

1 Scenario based
ÅLive

ÅEasy to implement

ÅNot 100% accurate (departures from scenario)

ÅHigh level of constraints/limitations on the 

scenario

2 Event based

ÅLive

ÅEasy to implement

ÅLeverages existing GUI structures

ÅExperimenter-controlled

ÅNot 100% accurate (exceptional operator 

behavior)

3
Operator 

indicated
ÅLive

ÅEasy to implement

ÅVery intrusive and disruptive

ÅHeavily subject to human error (forgets to use, 

delays use, misuse, disuse, abuse, tunnel effect, 

etcé)

4
Context 

indicated
ÅLive

ÅVery accurate

ÅVery hard to implement

ÅNecessitates heavy real-time computation and 

complex algorithms

5
Experimenter 

indicated

ÅLive

ÅVery accurate

ÅEasy to implement

ÅExperimenter controlled

ÅSubject to human error (forgets to use, delays 

use, misuse, disuse, abuse, tunnel effect, 

confusion between operators etcé)

6 Operator review
ÅVery accurate

ÅEasy to implement

ÅPost-hoc only

ÅRequires heavy work (tagging)

7 Data-driven
ÅLive

ÅVery accurate

ÅComplex to implement

ÅRequires heavy real-time computation
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Star spider

Mapping

ÁMeasure: 1

ÁNumber 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

ÁMetric factor applies to:

ïLength of star points

ÁOther factors are blocked
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Bubbles

Mapping

ÁMeasure: Communication

ÁNumber of open factors: 2

1. Factor 1: Operator

2. Factor 2: Mode

ÁMetric factor applies to:

ïVolume

ÁOther factors are blocked
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Multilevel Bowtie
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Multilevel Bowtie

Mapping

ÁMeasure: 1

Á 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 
quadrants

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

ÁMetric factor applies to:

ïRadius of central quadrants

ÁOther factors are blocked
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