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Empower Veterans with upper limb impairment that use a power wheelchair with 
improved robotic arm end effector awareness.

• Usability high across all, did not 
significantly vary. 

• Yes, but Performance metrics do 
NOT indicate preference. 

• No, but order effect was detected. 

• Trend towards color. Light more subtle 
than sound.

Coffee making task.

• Depth perception, obstructed lines of sight, and 
object alignment are difficult with limited trunk 
control. 

• Situational awareness can ease control. 

• Non-verbal feedback can improve task 
understanding.

1. Usability: Do users find feedback-enhanced methods 
more usable?  

2. Performance: Does the addition of feedback methods 
increase task efficiency and success?  

3. Workload: Does feedback improve ease and intuitive 
use of the system by decreasing mental workload? 

4.  Preference: Do users prefer light or sound feedback 
more when grasping and placing objects?

Users connect familiarity to 
feedback preferences which 
are influenced by individual 
experiences.

Continuous and discrete feedback methods using light or sound.

Software and hardware setup. 

Survey

Quantitative outcomes 
• performance: 

success rate, task 
time 

• usability: SUS, 
NASA Task Load 

Qualitative outcomes 
• feedback 

preference ranking 
• likes and dislikes

No 
Feedback

Robotic Arm Training: spatial goals, front grasp water bottle, side 
grasp notebook, over-top grasp bowl.

5 trials - Latin Square
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Thirteen participants went through the study.

Demographics.

Results
Preference

Performance
“I liked the beeping the best 
because I’m used to it. I was a 
truck driver, and that ‘beep, 
beep’ gets my attention.”

“The colors got my attention more 
than the blinking. I could kind of 
forget about [the blinking], ... but 
when the colors were changing I 
could really see that.” 

Discussion and Conclusions


