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Abstract

Introduction

Pick up a nearby object. Easy, right? Not for many people 
with tetraplegia. They have an injury that prevents their 
brain from communicating with their hands. That means they 
cannot move or feel objects. 

We want to make a robotic arm that people with tetraplegia 
can control with their brain. In a previous study, we put small 
implants in a person’s brain. They used their sense of sight 
to guide the arm to an object. Then they picked it up and 
placed it in a new location. In this study, we added a second 

set of implants. We placed them in the part of the brain that 
senses touch from the hand. That meant the person could 
feel when the arm touched an object. 

We found that this touch information improved a person’s 
ability to complete a set of tasks with the robotic arm. It 
cut the time it took to complete these tasks in half! This is 
because the study participant could grasp the object faster 
using both senses.
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A study participant 
testing the 
bidirectional brain-
computer interface.
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Think about how often you use your hands each day. From 
texting to picking things up, we use our hands all the time. 
But that’s not true for about 170,000 people living in the 
United States. Because of a spinal cord injury, they have 
tetraplegia. That means they cannot move or feel parts of 
their bodies. This often includes their arms and legs.

We wanted to make a robotic arm to help people with 
tetraplegia pick up and move objects. That’s why we 
developed a brain-computer interface. A brain-
computer interface takes brain signals and turns them into 
instructions. Then a device can follow these directions. For 
example, a person thinks about picking up an object. The 
brain-computer interface then tells a robotic arm to pick up 
the object. 

Our first brain-computer interface allowed a person to control 
a robotic arm. They told it what to do based on what they 
could see. This brain-computer interface was successful. But 
it was slow! It also struggled to grasp objects compared to 
able-bodied hands. 

So, we developed a new brain-computer interface. This new 
interface included touch sensors on the robotic hand. When 
these sensors made contact with an object, the interface let 
a person feel a sense of touch. We called this interface a 
bidirectional brain-computer interface. That's because 
it brings information to and from the brain. Next we tested 
it to see if the extra sensors gave more control of the robotic 
arm.



Methods
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Results

Figure 2:
A comparison of the median time it took 
to complete the grasp and move tasks with 
and without the touch feedback.
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How did the touch sensors affect 
the study participant’s ability to 
grasp and move the objects?

Figure 1:
We wanted to see how quickly the study 

participant could use the robotic arm to pick 

up and move individual objects to the platform.

Touch feedback improved the study participant’s ability to 
grasp and move objects. The highest possible score for each 
object was a 3 (on a scale from 0-3). Without the touch 
feedback, the volunteer earned this score only once. With 
the touch feedback, they earned this score 15 times. 

The highest total score possible for moving the eight objects 
and pouring the contents was 27. The median score without 

the touch sensors was 17. With the touch feedback, the 
median score was 21. The difference in score also matched 
the time difference. The median time to complete all the 
tasks without the touch feedback was 20.9 seconds. With 
the sensors, it went down to 10.2 seconds (Fig. 2).

We put four microelectrode arrays into a volunteer’s 
brain. A microelectrode array contains sensors that record 
and cause neural signals. Neural signals are messages 
used by the body. They communicate information to and 
from the brain. We placed two arrays in the part of the brain 
that controls hand and arm movement. These arrays sent 
neural signals to control the robotic arm. We placed another 
two arrays in the area of the brain that receives information 
from the hand. These sensory arrays made neural signals. 
They let our volunteer know when the robotic hand was in 
contact with an object.

We asked our study participant to complete a set of tasks 
(Fig. 1). They had to use the robotic arm to grasp and pick 
up an object. Then they placed it on a platform as quickly as 
possible. They did this for eight different objects. They also 
had to pick up a cup, pour the contents into another cup, 
and place the cup back down on the table. We gave each 
task a score based on how long it took to complete. We 
calculated a total score for all tasks. 

The volunteer completed the tasks with and without the 
touch sensor arrays turned on. They could see the robotic 
arm, which was not attached to their body.
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Conclusion
Can you brainstorm a list of activities that need hand 
movement? Most of them, right?! Unfortunately, some 
people cannot use their hands because of spinal cord 
injuries.  That's why we need more research. We need 
new technology and treatments. Then people with spinal 

cord injuries could do more on their own. But we need 
more work done in this field. That requires more scientists 
working on this type of research. Could you be a future 
neuroscientist who tries to solve these difficult problems?
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Discussion

Glossary of Key Terms
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Bidirectional brain-computer interface – a brain-computer interface that brings information in both directions: to and from 
the brain.

Brain-computer interface – a system that takes brain signals and turns them into instructions that a device follows.

Grasp – hold an object firmly.

Median – the middle number in a set of values when those values are arranged in order from smallest to largest.

Microelectrode array – a device that contains sensors that measure neural signals. They can also cause neural signals.

Neural signal – a message used by the body to communicate information to and from the brain.

Spinal cord – a bundle of nerves shaped like a cylinder that is protected by the spine (backbone). It connects all the parts of 
the body to the brain and also independently controls some physical behaviors.

Tetraplegia – a condition in which a person is unable to move or feel the upper and lower parts of the body. The areas that 
cannot be moved typically include the fingers, hands, arms, chest, legs, feet and toes. They may also include the head, neck, 
and shoulders. It’s also known as quadriplegia.
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The bidirectional brain-computer interface was successful. It 
made it easier for our volunteer to pick up and move objects. 

We found that the touch information helped the study 
participant use the hand to grip the object. It also helped 
them to do it more quickly. Touch information helps because 
we often use our sense of touch to tell us when we have 
grasped an object.

We still have more questions to research about the 
bidirectional brain-computer interface. For example, would 
a different person also show improved task scores? Also, 
many objects that we used in the tasks were firm. That 
made it easier for the participant to hold the object once 
they picked it up. They could also grasp the object as hard 
as they needed to. What would happen if the objects were 
softer or more breakable?



What makes the bidirectional brain-computer interface different from the original brain-computer 
interface?

Humans have touch receptors in their hands. The receptors communicate information to the brain 
so that they can complete an action. How does the bidirectional brain-computer interface work like 
the body’s touch receptors?

Why did the volunteer get better task scores when we added the touch feedback?

Touch receptors in our hands are one example of sensory receptors. Our bodies use sensory 
receptors to gather information about the world. What are other sensory receptors used by the 
body, and where are they found? (Hint: think about the five senses!)

We mentioned that many tasks require hand movement. With a partner or in a small group, 
brainstorm a list of at least 5 everyday activities that require hand movement. Then, explain which 
ones you think are the most important for a person to take care of themselves.

We noted that more scientists are needed to help people with tetraplegia. Look up what a 
neuroscientist does. What would someone need to do in order to become a neuroscientist? Do you 
think you would like to pursue this STEM career?

Check your understanding
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