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We report an experiment investigating transfer effects between unimanual (one-handed), bimanual (two-
handed), and intermanual (different peoples’ hands) coordination modes.  From an information-based 
perspective, coordination at the individual level should positively transfer to coordination at the 
interpersonal level, and vise versa.  From a constraint-based perspective, simpler coordination tasks (e.g., at 
the individual level) should positively transfer to a more complex one (e.g., at the interpersonal level), but 
not vise versa.  Participants drove a teleoperated rover using different manual coordination modes in a 
within-subjects design, and their speed was measured.  The resulting pattern of transfer effects across 
coordination modes is better accounted for by a constraint-based explanation. However, those transfer 
effects disappear rapidly with practice.  The current results lead us to conclude that team motor skills are 
not immediately transferable to individual motor skills. 

 
INTRODUCTION 

 
To successfully carry out manual coordination 

tasks, people must dynamically coordinate their hand 
movements using perceptual and physiological 
information.  It is not surprising that people find 
some manual coordination tasks easier to perform 
than others (e.g., Koeneke, Lutz, Wüstenberg, & 
Jäncke, 2004; Robertson, 2001; Treffner & Turvey, 
1993).  However, relatively little is known about the 
ease with which people transfer performance of one 
manual coordination task to another, and even less is 
known about transfer of manual skill when more than 
one person is involved.  The ability to transition 
between manual coordination modes—including 
unimanual (one-handed), bimanual (two-handed), 
and intermanual (different peoples’ hands)—has 
major ramifications in applied domains like medicine 
(e.g., surgical knot tying; Murphy, 2001; controlling 
a robotic arm; Piccigallo et al., 2010) and 
teleoperations (Shull & Gonzalez, 2006).  
Interestingly, expert operators (e.g., surgeons tying 
knots) learn to transition between manual 
coordination modes effortlessly.  One question that 
naturally arises, then, is what aspects of manual skill 
transfer across these coordination modes? 

We investigated this question in a teleoperated 
robot task environment (described below) in which a 
four-wheel-drive “rover” could be remotely operated 
using three different control schemes:  Unimanual—
one person drives the rover using a single joystick for 
acceleration and steering; Bimanual—one person 
drives the rover using one joystick to steer and a 
different joystick to accelerate; and Intermanual—
identical to Bimanual, but the joysticks for steering 
and acceleration are operated by different people 
sitting next to each other.  The order in which 
participants used these control schemes to drive the 
rover around a circular track was manipulated within 
subjects to investigate differential transfer effects in 
terms of driving speed and variability.  In this way, 

the critical question for transfer is, does participating 
in one control condition enhance (or even harm) 
performance under a different control condition?   

Though there are no previous studies directly 
examining transfer across these modes of manual 
control, the literature on bimanual coordination and 
motor learning provides a reasonable theoretical lens 
through which to view the problem of transfer 
between different coordination modes for manual 
control.  We briefly outline two theoretical 
perspectives that we used to motivate our hypotheses 
in the present study. 
 
The Information-based Perspective 
 

Several studies have revealed that perceptual 
information facilitates performance of complex 
individual and interpersonal manual coordination 
tasks.  Mechsner, Kerzel, Knoblich, and Prinz (2001) 
demonstrated continuous, stable performance of an 
inherently unstable (practically impossible) bimanual 
coordination pattern: four movements of the right 
hand for every three movements of the left hand (i.e., 
a 4:3 movement ratio).  Mechsner et al. achieved this 
by having participants rotate two flags, one for each 
hand, using mechanical cranks hidden under a table, 
such that participants’ flags were visible, but their 
hands were not.  Using a gearing mechanism, a 4:3 
hand movement ratio corresponded to a 1:1 flag 
movement ratio.  By focusing on keeping the flags 
moving in a symmetric pattern, naïve participants 
were able to stably perform the practically impossible 
4:3 hand movement ratio.  Thus, within an individual, 
complex motor patterns can be achieved by following 
a simple visual pattern. 

Richardson and colleagues (2007) demonstrated 
that performances of interpersonal movement 
patterns in dyads are also mediated by visual 
information.  They found that participants who were 
seated next to each other in rocking chairs exhibited 
patterns of stability in unintentional in-phase and 
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a numerically greater increase in RPMs from Trial 1 
(M = 4.44; SD = 1.96) to Trial 2 (M = 5.31; SD = 
2.04) for Task 1, t (30) = -4.35, p < .001, d = -1.74, 
than from Trial 1 (M = 5.00; SD = 2.39) to Trial 2 (M 
= 5.49; SD = 2.46) for Task 2, t (30) = -2.45, p < 
.001, d = -.98, though both differences were 
significant.  The main effect of Trial was significant, 
F (1, 30) = 47.54, p < .001, η2 = .61.  Participants 
exhibited greater RPMs at Trial 2 (M = 5.40; SD = 
2.09) than they did at Trial 1 (M = 4.72; SD = 1.93) 
across all conditions.  The main effect of Task was 
not significant. 
 

DISCUSSION 
 

We observed positive transfer from simpler to 
more complex control conditions (e.g., Bi Inter) 
and negative transfer from more complex to simpler 
control conditions (e.g., Inter Bi), which supports a 
constraint-based explanation of manual skill transfer.  
This result is theoretically interesting because it 
suggests that not only do more complex motor 
control schemes not reduce to simpler motor 
components in the individual (e.g., Bi Uni; Figure 
1), but team motor skills (i.e., in dyads) are not 
immediately transferable to individual motor skill 
(e.g., Inter Bi).  From a practical standpoint, this 
suggests that following intermanual performance, 
operators should practice the task on their own before 
performing it bimanually. 

The significant main effect of Trial indicates that 
learning occurred across all manual control 
conditions.  Indeed, except for Uni Inter transfer, 
the constraint-based transfer effects disappeared with 
practice.  The practical implication is that it may be 
easier for an operator to transition from a simpler 
control scheme to a more complex one than vise 
versa, but the difference may only be critical for 
novel or rarely practiced manual coordination tasks. 

Though we observed positive Bi Inter transfer, it 
was not coupled with positive Inter Bi transfer, 
which we predicted from an information-based 
perspective.  Furthermore, as described above, a 
constraint-based explanation accounts for the 
observed patterns of transfer both within and between 
individuals.  Therefore, the observed pattern of 
transfer effects cannot be accounted for by an 
information-based explanation.  We do not want to 
rule out the importance of an information-based 
perspective for understanding transfer of manual 
coordination skill, however.  We did not explicitly 
instruct our participants to visually attend to each 
other’s movements; they simply sat next to each 
other.  In the future, a stronger manipulation, like 
visually coupling one participant’s current 
movements to the outcomes of the other participant’s 

past movements, may demonstrate a stronger 
relationship between perceptual information and 
transfer between bimanual and intermanual 
coordination modes. 

The circular driving task and manual control 
mechanism we used in this study taps perceptual and 
physiological but not cognitive (e.g., memory; 
decision making) resources.  As noted above, expert 
operators (e.g., surgeons) learn to transition 
effortlessly between manual coordination modes.  
Therefore, future research should continue to 
examine the question of what transfers across manual 
coordination tasks in more cognitively-demanding 
task environments. 
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