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A shoe-tying paradigm was developed to examine mode effects and motor learning functions when people 
are asked to handle a familiar object (e.g., tying a shoe) using an unfamiliar coordination mode (e.g., tying 
a shoe with another person). Dyads first tied a shoe apparatus using their own two hands (“bimanual”) for 
10 trials and then tied the shoe as a dyad, each person using one hand (“intermanual”) for 20 trials. Finally, 
participants tied the shoe bimanually for another 10 trials. Previous research has indicated that intermanual 
is faster than bimanual, but those experiments examined novel tasks performed by novices. For this familiar 
task, results revealed that participants were significantly slower in the intermanual mode compared to either 
set of bimanual trials, and participants were significantly faster in the second set of bimanual trials than the 
first. Unlike mode effects for novel tasks with novice participants, the intermanual mode was slowest, 
though intermanual performance may have enhanced subsequent bimanual performance. Previous research 
on motor learning suggests an exponential function describes acquisition of a novel skill, whereas a power 
law describes persistent motor learning. Analyses revealed that dyads exhibited a power law function over 
both the first set of bimanual trials and the intermanual trials. That finding suggests that participants were 
not learning a new coordination skill in the intermanual mode but may have transferred persistent, 
bimanual shoe-tying skill to the novel mode. Theoretical and practical implications of acquisition of a 
novel coordination mode for a familiar task are described. 

 
INTRODUCTION 

 
People coordinate their hand movements 

individually (e.g., pouring a cup of coffee) and with 
other people (e.g., handing someone a cup of coffee) 
on a daily basis. Manipulating objects with the hands 
provides a channel of sensation and perception that 
specifies one’s relationship with the objects and 
people around them. Interestingly, when people 
handle unfamiliar objects, their manual coordination 
patterns are more varied compared to handling a 
familiar object (Gibson, 1962). The current study is a 
twist on that observation; instead of manipulating 
object familiarity, we sought to manipulate the 
manual coordination pattern with which a familiar 
object is handled. The current study was conducted in 
the context of a well-known manual coordination 
skill, tying one’s shoelaces.  

In this study, we asked participants to complete this 
familiar task on their own with two hands 
(“bimanual”) or with another person, each handling 
one shoelace (“intermanual”). This paradigm poses 
an interesting question, What happens when people 
must learn a new coordination mode (i.e., 
intermanual) for a familiar task (i.e., tying one’s 
shoelaces)? The answer to this question has practical 
implications. The results of this research may, for 
instance, inform new strategies to facilitate relearning 
simple manual coordination tasks, such as tying a 
shoe, after one loses the use of a hand (e.g., due to 
paralysis, amputation, or after a stroke). 

The shoe-tying paradigm provides a model 
environment for addressing various research 
questions. Previous research has shown that 
participants are faster in a laparoscopic cutting task 
when performing intermanually compared to 

bimanually (Zheng, Swanström, & Mackenzie, 
2007). Additionally, research in the context of 
teleoperations revealed intermanual performance was 
faster than unimanual and bimanual when learning to 
drive a mechanical “rover” (Gorman & Crites, 2013). 
These differences in performance when completing 
the same task with different coordination modes (i.e., 
“mode effects”) have been observed, however, with 
novice participants performing a novel task. Shoe-
tying allows us to examine mode effects using a 
familiar task. Hence, examining manual coordination 
in the shoe-tying context allows us to extend the 
empirical literature by introducing a familiar task at 
which (we assume) most participants are highly-
experienced. Gorman and Crites (2013) found that 
mode effects, wherein intermanual is faster than other 
manual coordination modes, disappear with practice. 
We similarly expect that the intermanual speed 
advantage observed in novel interpersonal tasks will 
be absent when a highly familiar bimanual task, such 
as shoe-tying, is examined. 

The shoe-tying paradigm also allows us to test a 
hypothesis based on theories of motor learning. The 
motor learning literature traditionally suggests that a 
power law is the general motor learning function (A. 
Newell & Rosenbloom, 1981). This is due largely to 
seminal works early in the field of motor learning 
(e.g., Crossman, 1959; Snoddy, 1926). However, 
reanalyzing learning (trial series) data on an 
individual-by-individual basis has revealed that an 
exponential function is a better fit for trial-to-trial 
fluctuations in performance that are present early on 
when learning a new motor skill (Stratton, Liu, Hong, 
Mayer-Kress, & K. M. Newell, 2007). Fluctuations 
described by an exponential function are also present 
in the warm-up decrement following a retention 
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Interestingly, we observed that minimum trial time 
in the second set of bimanual trials was significantly 
faster than minimum trial time in the first set of 
bimanual trials. One possible explanation for the 
increase in bimanual speed is that participants’ skill 
in tying our “shoe” was still developing, and the 
increase in performance from the first set of bimanual 
trials to the second set of bimanual trials was merely 
a practice effect.  However, in the context of our 
“shoe”, participants appear to have achieved 
asymptotic performance during the first set of 
bimanual trials. In this light, the data begins to 
suggest that something about participating in the 
intermanual trials may have enhanced, rather than 
interfered with, performance in the subsequent 
bimanual trials (e.g., working with a faster partner 
may have compelled slower individuals to speed up 
during the second set of bimanual trials). 

The results of the analysis of the learning functions 
revealed that a power law better fit the individual 
data compared to an exponential fit. Previous 
research suggests that when acquiring a new motor 
coordination skill, the learning function will most 
likely be an exponential function, as opposed to a 
power law function, because the trial-to-trial 
fluctuations observed early on when acquiring a new 
skill are better fit by an exponential curve (Stratton et 
al., 2007). A power law function is traditionally 
associated with well-honed, persistent skills, such 
that transitory, trial-by-trial fluctuations have already 
vanished (K. M. Newell et al., 2001). Given the 
familiarity of the task (i.e., tying a shoe), it is not 
surprising that the initial set of bimanual trials was 
better fit by a power law function, as participants 
warmed up to the task. However, the power law 
function was also a better fit for the intermanual 
coordination mode, which begins to suggest that 
people were not acquiring a novel motor skill when 
they performed the new coordination mode. Because 
we obtained a better power law fit for the intermanual 
trials, we think participants may have been 
transferring their bimanual skill in shoe-tying to the 
novel intermanual coordination mode.  In the case 
that one must actually relearn a familiar bimanual 
task intermanually (e.g., after loss of limb function), 
they may be able to transfer their past bimanual 
experience rather than having to learn an entirely new 
coordination skill. 

Caution needs to be exhibited in using only 
variance explained to assess the learning function; 
model fit should be accompanied by motor analysis 
to better understand subtle changes in motor skill (K. 
M. Newell et al., 2001; Stratton et al., 2007). In the 
future, we plan to more closely scrutinize hand 
movement data in the shoe-tying task to investigate 

subtle changes in motor learning and transfer when 
transitioning from one coordination mode to another. 

Finally, the shoe-tying paradigm allows us to 
investigate coordination modes in a unique fashion. 
To date, mode effects have been studied in the 
context of novel tasks performed by novice 
participants (e.g., Gorman & Crites, 2013; Zheng et 
al., 2007). To our knowledge, this study is the first to 
examine mode effects and performance of new 
coordination modes in the context of a familiar, 
everyday task.  Future research should continue to 
examine mode effects for novel coordination modes 
for other familiar tasks (e.g., acquisition of 
unimanual skill of a familiar bimanual task). 
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