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Assessing human-machine teams must involve more than
outcome-based testing

This bri efdos framework extend:e
metrics to include metrics for evaluating suitability and
effectiveness

The framework:
Aldentifies concepts critical to effective teaming

AEmphasizes the importance of interaction i an element that is
not analyzed currently

AProvides a structure for identifying and selecting appropriate
measures to evaluate team effectiveness

This framework allows us to understand whether a team is
effective in general, not just effective during the observed task.
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The DoD is investing in human-machine teaming systems
and concepts
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Our experience is with human teams and humans using
tools. Human-machine teams are different.

Bruemmer, Marble, & Dudenhoeffer, 2002; Laird, Ranganath, & Gershman, 2019; Pellerin, 2015
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Team interaction adds a new degree of unpredictability
that requires new approaches
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In a teaming context, measuring the machine and the
operator alone is insufficient; interaction between the
human and machine increases the problem space

Test and evaluation (T&E) measures of the agents
and the team should be mission relevant,
guantitative, and (if possible) Objective
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Currently, measuring humans using tools characterizes
performance well
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Bruemmer, Marble, & Dudenhoeffer, 2002; Laird, Ranganath, & Gershman, 2019; Pellerin, 2015 -



Teammates, working in parallel or synergy with one another,
need to have more information to characterize performance

Measure individually and measure the team

Teammate

Pursue the same goal

Affect the current state

Coordinate action

Conflict Zone
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Bruemmer, Marble, & Dudenhoeffer, 2002; Laird, Ranganath, & Gershman, 2019; Pellerin, 2015 -



Human and machine collaboration must meet all three
conditions to be considered teams

Machines as teammates: Machines used as tools:

Pursue the same goal Handle inputs, not goals

Affect the current state Require direct instruction for action

Coordinate action Only complete assigned functions
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Humans and machines can support missions in different
ways, but human-machine teams are special cases
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You cannot predict team performance from your
knowledge of the individual team agents
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Bruemmer, Marble, & Dudenhoeffer, 2002; Laird, Ranganath, & Gershman, 2019; Pellerin, 2015



The team interaction is the new, complicating factor

Agent so worl d
may be opagque

We need to
turn things
around!

Machines may direct
communications within the team

I'm covering comms,
he’s managing
protection

Machines may self task or
(implicitly) task the human

For further discussion, see Laird, Ranganath, & Gershman, 2019.



Testing mission outcomes alone will not capture team
features such as potential vulnerabilities

Bruemmer, Marble, & Dudenhoeffer, 2002; Laird, Ranganath, & Gershman, 2019; Pellerin, 2015



Human-machine teams require a new focus on the team as
the unit of analysis
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The team interaction is a new, critical factor
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Capability

Team abilities and capacities that are relevant to a particular application
environment and the specific applications (i.e., missions) the team must perform

Interaction

How team members engage in coordination, cooperation, and
efficient goal pursuit during execution

Performance

Assessment of decisions, results, and subsequent effects
generated by or attributable to team action

Interaction and performance definitions from APA Dictionary of Psychology, 2007



These concepts reflect Joint Force Command doctrine
describing HOW you use MEANS to achieve ENDS
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Capability

MEANS: Abilities of the team to get closer to the goal state.
What the team can do coming into T&E.

Interaction

HOW: Engagement processes between members, with the environment
and the mission. Things that change during T&E.

Performance

ENDS: Outcomes that characterize mission accomplishment.
Large amount of MOEs, MOSs, etc.

Acronyms: MOE 1 Measure of Effectiveness; MOS i Measure of Success; T&E i Test and Evaluation



The concepts we care about at the team level relate to the
team interactions and outcomes
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Capability
Communication structure Str_u cture—pased Architecture
interaction

Interaction

Team perspective Cooperative behavior Workload

Performance

Collective decision making Collective task performance
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Team capabilities determine what is
possible for the team

Communication Structure-Based
Structure Interaction

Joint Role clarity
mission and adaptability
knowledge

Hierarchical
relationships

Note: Term definitions and relevant references are in backup slides.




Team interaction captures how the team
works and cooperates during the mission
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Team Perspective Cooperative Behavior = Team Resource Allocation

Team Team
situational awareness cohesion
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Joint attention
allocation




Team performance measures capture

mission outcomes

Collective
Decision Making
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Decision-making optimality

Collective
Task Performance

Timeliness
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Team measures can be assessed only with g ,~y

t wo or more agentso acoli et

Communication Structure-Based :
: Architecture
Framework Interaction
Information flow Influence Hierarchical relationships
Joint world model Role clarity Uni- and bi-directional relationships
Joint mission knowledge Role adaptability Learning patterns
Team Perspective Cooperative Behavior Team Resource Allocation
Situational awareness Cohesion Joint attention allocation
Information accuracy Intervention Workload transfer
Team trust Endurance
Agency shifting
Collective Collective
Decision Making Task Performance
Optimality Risk level Task success/failure Timeliness
Robustness Planning recognition Efficiency
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|l ndi vi dual actions cannot acc
performance, but they might still affect mission outcomes
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Human Machine

Capability
Cognition 1 ition
Training and  Psychological Physical structures so?tware Standard
experience traits abilities and platform
: and hardware
algorithms
Worldview
Judgment Cognitive Effort Perspective Resource Resource

and attitudes allocation allocation use

Performance

Decision making Task performance Decision making Task performance
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Note: Term definitions and relevant references are in backup slides.






























