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Introduction
• Some remotely operated robot tasks require multiple operators 

commanding a single robot.

• Such multi-operator tasks require simultaneous, efficient 
coordinated control across user inputs and robot feedback 
between team members (Park, Hinsz, & Ladbury, 2006).

• Current coordination studies are retrospective in nature, and 
there is a need for new approaches to measure team 
coordination as it is assembled in real time (Gorman, Cooke, & 
Amazeen, 2010).

• Bimanual coordination is a fundamental paradigm for 
understanding coordination dynamics (Kelso, 1995).

• Research in this area has revealed that bimanual coordination 
is perceptual-spatial in nature (Mechsner, Kerzel, Knoblich, & 
Prinz, 2001).

• Informationally-coupled dyads produce coordination patterns 
typical of biomechanically-constrained individuals (Schmidt, 
Carello, & Turvey, 1990).

Hypotheses
• The order of conditions is manipulated to examine 

differential carryover effects:
o Early exposure to one condition affects subsequent 

performance differently based on the order of conditions.

• Hypotheses are based on findings that coordination 
dynamics are rooted in development of informational-
linkages:
o Because of its high informational-coupling demands, 

early exposure to the intermanual condition should 
result in positive transfer to other conditions.

oHigh biomechanical constraints and low informational-
coupling demands during the unimanual condition 
should result in negative transfer to the other conditions.

o The mix of informational-linkages across the hands with 
biomechanical constraints across the body experienced 
during the bimanual condition should result in neutral
transfer to other conditions.

Method
• Participants sitting in a cubicle interact with the rover via a 

laser FM transmitter and an HD monitor that displays the 
feed from a wireless color camera mounted on the rover. 

• Using joystick inputs and real-time camera feedback, 
participants navigate the rover around a circular pattern on 
the floor in a separate room (called an “attractor”). 

• Participants trace the attractor as quickly and accurately as 
possible during two, 2:00-min trials while rover movement 
data is recorded using a motion capture system.

• Dependent measures include speed and accuracy of 
attractor tracing, root mean squared error of attractor 
tracing, and stability (inverse variability) of attractor tracing.

Discussion
• Whether human coordination dynamics are, in essence, 

information-based or biomechanically-constrained has 
implications for human-robot as well as human-human 
interactions.

• Differential transfer of coordination learning—-in terms of 
carryover from early exposure to informational couplings versus 
biomechanical constraints—may ultimately shape the stability of 
human-robot system performance.

• The results of this study may have implications for training real-
world coordination in a variety of robotic control settings and 
theoretical implications for interpersonal coordination dynamics.
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Current Research
• We use this theoretical perspective to study coordination 

during dyadic, or intermanual, control of a remotely operated 
robot called a “rover.” 

• In a within-subjects design, participants remotely operate a 
rover in each of three conditions: 

Analysis of the Pilot Variability Data (N = 8 dyads)
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Task Environment

oUnimanual: one participant completes 
the task by controlling rover steering 
and acceleration with one hand.

oBimanual: one participant completes 
the task controlling steering and 
acceleration using two hands—left 
hand steering and right hand 
acceleration.

o Intermanual: two participants 
complete the task each using one 
hand—one controls steering (left) the 
other controls acceleration (right).

Operator Control RoomMotion Capture Room Rover

• To account for order of exposure effects, a Three (Initial 
Condition) X Two (Trial) ANOVA was performed on the rover 
movement variability (SD in mm along the x-axis of the 
attractor) aggregated across the final two conditions.
o F (2, 39) = 13.55, p < .001, η2 = .41.

o Early exposure to Unimanual or Intermanual led to higher 
subsequent stability (inverse variability) compared to early 
exposure to Bimanual (Tukey HSD; p < .05).

Biomechanically-constrained individual
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• Ignoring the order of conditions, participants’ variability 
scores (SD in mm along the x-axis of the attractor) were 
aggregated across each condition.
o Three (Condition) X Two (Trial) ANOVA revealed no 

significant differences across conditions
o F (2, 61) = 1.37, p > .26, η2 = .04.

•Space	Exploration
•Urban	Search	and	Rescue
•Bomb	Disposal
•Future	Military	Operations


