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At a glance

· EEG and fMRI systems can be used to detect the aggregate effects of brain activity.

· Brain activity is localised according to the operation of particular cognitive systems, reflecting thoughts, feelings and mental processes.

· Considerable research has been undertaken by the military into thought controlled systems, especially augmented cognition.

· Brain-computer interfaces (BCI) have been produced, largely based on EEG sensors.

· BCI systems have been used to control games; assistive hardware; text input and robots.
· Thought assistive technology could be very beneficial to disabled users, but significant practical and ethical issues surround other applications of thought detection in education.

Mind reading technology
The ability to read another person's mind has probably been on everyone's wish list, but we are at a stage where technology can offer a very crude version right now. Our brains are composed of around 100 billion neurons that work on electrical signals which indicate what is occurring in the brain. Although no one really knows how these physical signals translate into thought, it has become apparent that different regions of the brain are active when people have particular emotions or are undertaking certain types of mental activity.

Thought-control could offer a host of applications for controlling devices, avatars, and complex systems. We are still a long way from the scenario in the film Firefox, where Clint Eastwood flies a Russian plane using thought alone, but prototype systems have already demonstrated that complex interactions may be possible.
Detecting brain processes could open up a whole sphere of possibilities for people with disabilities, from controlling a prosthesis using thought alone, to allowing people with so-called 'locked-in' syndrome to communicate with the others.

Considerable expenditure on thought control has been authorised by the US Department of Defence through its agency DARPA. Modern defence systems rely on computers to automate their capabilities, to give that 'edge' the military need, so cutting out physical controls could considerably increase responsiveness. Nevertheless, there is concern that thought-controlled systems would not accurately and reliably sense the operator's intentions.
Brain-computer interface
To control a system using thought, there has to be some form of brain-computer interface (BCI). Many people would have strong reservations about embedded sensors (although the cochlear implant is an example of one device that has had notable successes for profoundly deaf people), so most systems rely on headsets.
From the late nineteenth century researchers have been aware that electrical signals from neurons produce 'brainwaves' at various frequencies. Electroencephalography (EEG) detects these brainwaves through a network of sensors placed on the head, displaying the results as a graph. Signals detected are an aggregate of many millions of neurons at work and depend on the orientation of each nerve cell, so they cannot pinpoint very specific brain responses, let alone predict how the input will vary between individuals. Most devices on the open market (or soon to become available) use output from EEG-type sensors to control devices.
EEG can be supplemented with other measures of 'biofeedback', including:

· ECG - electrocardiogram, indicating heart activity

· EOG - electroculogram sensors, which record gross eye movements
· fNIR - functional near infrared, measuring the level of oxygenation in blood supply to the brain.

The greatest recent advances in understanding when different regions of the brain operate have come from detecting changes in blood flow using functional magnetic resonance imaging (fMRI), which can elicit brain activity in three dimensions in real time. fMRI also aggregates activity, but it is much more accurate than EEG as it can produce images with spatial resolution down to 1mm. Although non-invasive and without the risks posed by X-rays, MRI relies on strong magnetic fields generated from bulky equipment, which is unlikely to be made portable in the near future.
In a section of a CBS television 60 Minutes report, reproduced with a transcript on the CNET website, a reporter is shown pictures of objects related to tools and to houses. Without 'training', a computer accurately identified the ten pictures that the reporter had been shown, purely on the basis of fMRI results. One of the researchers featured from Carnegie Mellon University, Marcel Just, described the technique as 'thought identification' rather than mind reading.
Augmented cognition
A person's cognitive state can greatly affect the performance of complex tasks, such as driving, flying a plane or teaching. Influences on your mental state include tiredness, alcohol and cognitive overload. The latter results from too much information overloading sensory and control systems, and can lead to serious mistakes. DARPA has funded research (involving UK firm Qinetiq) into reducing overload on fighter pilots using augmented cognition (AugCog). Sensors in an EEG headset and the simulated cognitive cockpit (CogPit) sense pilot overload and reduce incoming information, bringing the most critical data to the fore and automating tasks like deploying defensive measures.
Results from this research, which has already shown some success, could be applied to other rapid-response, high-stress environments, such as air traffic control or stock trading.
Sensors and controllers
Several companies are developing EEG-based headsets, including NeuroSky and Emotiv. The NeuroSky MindSet hardware contains an embedded logic chip linked to single sensor, detecting two main mental states ('attention' and 'meditation') using a 0 to 100 scale, although other information, including raw EEG data, can be monitored. The NeuroSky device is reported to cost between $50 and $80 (approximately £35 to £55) and is expected to be distributed by original equipment manufacturers (OEMs) as part of a bundle. A clip on YouTube from ABC news shows the NueroSky system in action.
Emotiv's EPOC 'neuroheadset' is more comprehensive, with 14 sensors and a full software development kit (SDK) that can be used to detect parameters from three suites of mental states:

· Affectiv - measuring 'discrete emotional states'

· Cognitiv - detecting 'conscious thoughts'

· Emotiv - identifying facial expressions.

The EPOC system is wireless, powered by a lithium battery (which the company says will last for 12 hours of continuous use), comes fitted with a gyroscope to detect head movement and is expected to retail at $299 (£205). The EPOC headset can be seen in action on this Stonehenge 'game' video on YouTube.
Applications
Research systems and consumer products have been designed (largely) around EEG based systems, including:

· Mindball - a game in which participants try to get a ball into the opponent's goal by deliberately relaxing.

· Mind Flex - a puzzle toy in which the player tries to navigate a ball around a short course. The ball hovers in stream of air, as shown on this CBS video on YouTube. Mind Flex is expected to retail at $80 (£55).
· Artistic control of 'visuals' to accompany music. The MindVJ system could be used like Soundbeams for sensory stimulation.
· A text input system used to send a message to Twitter - letters were 'selected' as they flashed on an alphabetical grid. This system could be used by people with severe physical disabilities.
· A wheelchair that has been adapted to respond to 'thought commands'.
· BCI devices to monitor a driver's cognitive status, although other types of sensor might be both cheaper and more acceptable.
· Thought-controlled robots developed by University of Washington and Honda. The Mental Augmentation through Determination of Intended Action (MAIA) project was formed to research this area.
· Various kinds of 'brain training', such as SmartBrain and systems from Transparent Corporation. 

· Neural marketing - companies like EmSense research response to advertisements and media messages.
Measuring and directing learning
Response to advertising and brain training are areas where some companies have made strong claims with little substantive evidence, whatever the technological or psychological basis of their system. It is tempting to think that identifying thoughts would give educators a clear idea indication of the effectiveness of different pedagogies, but it is also a highly contentious area when it comes to identifying the effects of any one intervention.
It has been suggested that 'electrophysiological markers', detected using BCI devices, could indicate progress along a desired learning pathway - when a learner shows the appropriate neural response it would be time to move to the next stage. If it becomes possible to identify particular areas of the brain that 'light up' as knowledge is assimilated or skills mastered, it would become possible to more closely control learning programmes. However, such responses need to be identified and proven to be common across many learners.
Mind reading or mind control
These ideas may lead some to Aldous Huxley's dystopian vision of conditioning in Brave New World. To what extent can society invade a person's deepest privacy in the sanctum of their inner thoughts? Can neurological signals be used deterministically to govern education and is the path of 'programmed learning' one we wish to follow? If we can 'read' minds, will it be a short step to controlling them? This technology is particularly fraught with ethical issues, but there is no doubt that neurological interfaces to control external devices could significantly enhance the lives of people with severe physical or communications disabilities.
The CBS interviewer pushed Marcel Just from Carnegie Mellon University to predict how long it would be before there would be "a machine that'll be able to read very complex thought". He said five years.
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