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INTRODUCTION 

Many users of upper limb prostheses receive minimal 
training in using the devices for activities of daily 
living, even though they are capable of performing 
skillful motor control. Utilizing concepts in motor 
learning may be useful to understand how persons 
use prostheses for skilled tasks. Studies that evaluate 
motor learning can take advantage of two unique 
processes: an incidental phase of learning ‘how to do’ 
something without awareness and an explicit recall of 
the task. By studying incidental processes, we can 
understand how motor learning affects device usage 
without awareness of task constraints.  

The goal of this study is to understand the behavioral 
aspects of upper extremity prosthesis users who are 
learning how to use devices for motor control. We 
hypothesized that implicit motor learning would be 
impeded in prosthesis users due to lack of familiarity 
with the prosthesis when compared to INTACT 
subjects performing the same task.  

METHOD 
Subjects: Twenty healthy subjects (11 female, 9 male, 

mean age: 24.6, SD: 7.1, all right-handed) completed 
the study. Ten subjects wore a fictive amputee model 
system (FAMS) affixed to their right hand. Ten control 
subjects used their right hand (INTACT).  

Apparatus: Edinburgh handedness inventory, wooden 
board with moveable pucks, video camera   

Procedures: FAMS subjects were fit with a FAMS 
socket that encompassed the subject’s entire forearm 
and hand. The distal end of the socket used a hook-
style terminal device, actuated by shoulder extension 
through a figure-8 harness. Subjects were seated in 
front of a task board and computer screen. We 
developed a modified multi-finger sequencing task 
(MFST). A visual display prompted participants to 
move the pucks in a repeated sequence of 7 
movements, unknown to the subjects. All subjects 
performed 8 trials in each of the 6 blocks. A washout 
period between the 5

th
 and 6

th
 blocks was 

implemented. Subjects were instructed to perform the 
task as quickly but accurately as possible. Subjects 
were video recorded to assess accuracy.  

Data Analysis: Time and accuracy of task completion 
were compared between groups. Sequence recall 
was recorded both initially and 24 hours following the 
study. Paired 2-sample t-test was used to evaluate 
statistical significance between groups.  

RESULTS 

Time to completion for FAMS and INTACT subjects 
decreased from Block 1 to Block 6, however accuracy 
remained consistent. FAMS subjects consistently 

showed more error with movements related to the 
puck and terminal device (such as dropping it or 
tapping it into the space), which never improved 
across blocks. In both groups, 9/10 subjects 
acknowledged recognition of a sequence, however 
only 1/10 FAMS subjects could recall the sequence 
compared to 5/10 INTACT subjects. INTACT subjects 
could recall more of the 7-move sequence than FAMS 
subjects.   

 
Figure 1. Normalized average time to completion. 

DISCUSSION 

Both FAMS and INTACT subjects show a decrease in 
latency, attributed to motor learning, but whether the 
sequence was explicitly encoded is inconclusive. The 
normalized time to completion suggests that FAMS 
users have a greater capacity for motor learning 
compared to INTACT subjects, likely due to 
adaptation to the prosthesis. However, FAMS users 
also have a high propensity for task related errors 
during motor learning that do not improve. Future 
studies can explore what effects explicitly knowing the 
sequence would have on FAMS users and the 
neurobehavioral outcomes of these processes.  

CONCLUSION 

Upper extremity amputees demonstrate motor 
learning in using their devices, but may require 
additional training to optimize device usage.    

CLINICAL APPLICATIONS 

Understanding motor learning in upper extremity 
amputees is important in the success rate of upper 
extremity device acceptance. Additionally, 
occupational therapy techniques can be designed in 
such a way to maximize potential of the patient. 
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