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Brain-Computer Interfacing      






Teacher notes
Mind-controlled technology

The brain uses electrical signals to function; neurons produce the electrical impulses which travel along their length. These electrical impulses can be detected in different ways, interpreted using technology and used to control other devices. This is the main premise behind mind-controlled technology.

There are many different uses for mind-controlled technology and several different approaches are being researched to detect the appropriate electrical signals including:

· devices like the BrainGate chip which are implanted directly into the brain tissue (invasive)

· EEG (electroencephalography) devices like mind-controlled toys such as Star Wars Force Trainer which detect signals from the brain through the skin and skull by placing sensors across the scalp (non-invasive)

· targeted reinnervation (highlighted in the Claudia Mitchell case study) is a surgical technique that relocates to an unused muscle, the motor and sensory nerves which have been saved when a limb is amputated. Non-invasive sensors measure signals from the brain once they have arrived at the nerve endings.


EEG (electroencephalography) technology
Toys like the Star Wars Force Trainer use EEG technology which was originally developed for medical applications. Current medical uses of EEG technology include: epilepsy monitoring; monitoring the brain function of patients in intensive care. Games companies pioneered the development of a much cheaper version of the technology. 

Ideas that learners may pull out from discussing and comparing the information about BCI could include:

· some devices are invasive/non-invasive

· some devices measure signals directly from the brain, others from the nerves

· all brain-computer interfaces (BCI) provide a direct communication pathway between the brain and an external device, allowing the user to operate the device just by thinking.

· all BCI technologies detect electrical signals from neurons in the brain or nervous system

Life issues

Quality of life issues are an important consideration when assessing the risks, benefits and drawbacks of new technological developments. Artificial limb development provides a very powerful context to discuss such issues where learners can explore what technological developments mean to an individual.  Asking learners to consider the kinds of day-to-day tasks people who have prosthetic limbs can and cannot perform lead into a discussion about the impact of artificial limb technology on the quality of life for the people using them (historical or more recent). Discussions could include questions such as:

· What are the advantages and disadvantages of different technologies to the user?

· What advantages do the different artificial limb technologies have in terms of improving the quality of life over their market rivals?

· What future directions could research take?

Conclusions of discussions and positive/empowering images of people using prosthetic limbs could be added to an “ideas wall”.

Advantages and disadvantages
The application of brain-computer interfacing is one of the future directions artificial limb research and development is taking. Research into using BCI to control artificial limbs is aiming to make the process as effortless as using a natural limb. This is because BCI uses the same motor control signals our brains would use to control a natural limb, essentially making artificial limbs mind-controlled. Different approaches to BCI have their own advantages, disadvantages and risks.  Some examples of advantages, disadvantages and risks of techniques described previously are outlined in the following table: 

	BCI Approach
	Invasive chip
	Non-invasive e.g. EEG
	Targeted Reinnervation

	Advantage
	High quality signals can be detected from brain.
	Non surgical.
	Does not require brain surgery.

	Disadvantage
	Currently chips, which are implanted in the brain tissue, tend to degrade within a few years.
	More difficult to detect signals through the skull.
	Depending on the type of amputation suitable nerves may not be available for relocating.


NOTE: myoelectric controlled prosthetic limbs like the � HYPERLINK "http://www.touchbionics.com/i-LIMB" ��Touch Bionics i-limb hand� aren't mind-controlled. The i-limb is currently the most advanced kind of prostheses in use. The electrical signals do not correspond to what the natural limb movements would have been. Rather the user is trained how to use the signals their remaining muscles make to operate pre-programmed movement options in the artificial limb.












