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[bookmark: _Toc236229299]Introduction
As modern society continues to get more complicated because of richer and faster data management and communications, it has become more automated via the myriads of computer programs and devices that are now integral to our lives. In fact, it seems that the only thing that holds us back is our ability to interact and communicate with those programs and devices! So far keyboards and mice (and to a limited extent, touch screens) have been the only effective input mechanisms to computing devices, and are essentially a bottleneck between two very efficient signaling, computing, and processing devices. In order to “compute at the speed of thought” we need some direct interface between the electrical signaling processes in our brain and those that control electronic machinery. 
Brain-Computer Interfaces or Brain-Machine Interfaces (BCI and BMI will be used interchangeably throughout this paper) are in some ways similar to traditional input devices like keyboards in that they translate human generated impulses (button presses in the case of a keyboard, and electrical brain signals for BCIs) into input data that is understandable by modern computing devices. However, while a keyboard must be an intermediary device- because electrical brain signals are sent to our hand in order to operate the machinery, BCIs can be seen less as translators and more as conduits for signaling. They are similar to a network path that connects two different types of transmission vehicle- for instance a hub that connects a fiber optic line to a coaxial cable network.  Because the BCI is not intermediary, there is a significant reduction in the bottleneck created by things like typing speed (a mere 300 words per minute) allowing us to truly interact with machines at the speed of thought. 
The applications for such devices are far reaching- from cybernetics (the science of systems control and communications in living organisms and machines[footnoteRef:2]) to virtual reality computing, instantaneous communications, and even nano-technology. Medicine, military, manufacturing, information systems, environmentalism, and transportation are just a few industries that would be dramatically changed by the introduction of such technology. BCIs represent a fundamental shift in the course of technological development because until this point, technology has always behaved completely separately from its operators- BCIs would serve to connect machine and operator in a much more meaningful and inseparable manner.  [2:  Definition from the Shorter Oxford English Dictionary.] 

Of course, with any new technology, there are also social and ethical considerations. BCI technology would change the way we communicate not just with machines, but also with each other. Our ability for memory storage could be artificially improved- instantaneous communication could lead to truly democratic processes and the potential for a so called ‘human network’.  Because BCI reads the electrical impulses that make up what we are thinking, there is the potential for these machines to encroach on the privacy of one’s thoughts, or be used harmfully against individuals. These devices might require surgery to implant, making them impractical or undesirable. These issues must be considered as we analyze the impact of BCIs on the progression of digital enterprise. 
[bookmark: _Toc236229300]Technical Description
Current BCI devices fall into two categories- non-invasive, which include haptic controllers and EEG scanners, and invasive, which require a surgical implant directly into the grey matter of the brain. There is also a sub category of invasive BCIs called partially-invasive, where a device is surgically implanted inside the skull of a person, but does not enter the grey matter. The basic purpose of these devices is to intercept the electrical signals that pass between neurons in the brain and translate them to a signal that is understandable by non-organic, external devices. In turn, they can also translate the signal from the external device and produce an electrical signal inside the brain that neurons can understand. 
[bookmark: _Toc236229301]Understanding BCI Devices
The most common form of BCI, currently, are those that are used medically- either to control a robotic/cybernetic prosthesis to restore motor function (neuroprosthetics) or to repair some sensory disorder with a mechanical sensor (for instance, the cochlear implant to restore hearing). These devices most commonly operate by reading specific, known signals that are in mapped portions of the brain- especially those portions of the brain that control the senses. However, research is underway to discover how to establish two way data communication between the brain and other external devices- a true BCI. To first understand how a BCI device would work, we must first understand how the brain works.   
[bookmark: _Toc236229302]The Brain as a Computer
The basic model for the brain is that it is a very powerful super-computer, one that we don’t fully understand quite yet, but like genetic research, will be understood one day through the time and data intensive research of mapping. The brain is both an electrical and chemical entity that is divided into regions, each of which control specific tasks, and that are connected via axons- a network of electrical wires that go into the central nervous system. Therefore, by mapping signals and regions to their functions, researchers have begun to get a clearer picture of how a brain controls external devices, and can use these mappings to interpret the signals in an external device . 
In fact, it is the electrical model of the brain that lends itself to the direct interaction between the brain and electronic computing. The spinal cord is the brain’s input/output system- and the spinal cord is almost completely electrical- making an external, electrical, input/output device like a BCI almost intuitive. In addition, the brain is resilient enough to learn and understand new electric signals. This resilience means that not only can a device be connected to the brain via its electronic properties, but that the brain does most of the work in incorporating new electronic signals and can be trained to operate the device that the BCI interfaces to. 
In the future the use of BCIs as translation devices (like keyboards) will give way to their use as network conduits because of the model of a brain as a computer. The brain processes and stores information like a computer; therefore, it is a natural next step to believe that the brain and a computer can be networked, with BCI devices simply acting as a gateway or conduit between two devices. Of course, this raises many ethical issues for instance, the ability to network two brains through a computer- but that is getting a little ahead of ourselves.  
[bookmark: _Toc236229303]Capturing Brain Signals 
Neurons fire electrical impulses in the brain which may be captured by an electrode that is inserted directly into the cerebral cortex (invasive), or that are in contact with the scalp (noninvasive). These electrodes either operate singly or in an array and their behavior is generally defined by their application. Other methods of capturing brain signals include electroencephalography (EEG) and magneto encephalography (MEG). Other methods that are not in use but are being considered include magnetic resonance imaging (MRI) and near infrared spectrum imaging (NIRS) to provide analysis of brain wave and chemical patterns, but are currently impractical due to their size . 
Probably the most commonly used signal that is identified and captured is called the P300 wave- especially when used with EEG methods. The P300 is a event related potential, a measurable electrical charge that is directly related with impulse. Therefore, by capturing the P300, a BCI can directly translate a persons’ intent (what we think we want to do) into electrical commands that control artificial devices . 
[bookmark: _Toc236229304]Types of BCI Devices
[bookmark: _Toc236229305]Invasive BCI Devices
Invasive BCI devices are so called because they require surgery to implant the device directly into the grey matter of the brain. These devices receive the clearest signals from the electrical impulses between neurons and through axons; they are, however, prone to be surrounded by scar tissue. Scar tissue is the natural result of the healing processes- surgery is traumatic to the body, and poses many risks. The problem is that the scar tissue tends to disrupt the correct functioning of an invasive BCI device, and can also pose a direct risk to the patient in the form of a pressure on the brain or even an aneurism.  
Invasive BCI devices are certainly less desirable due to the risk, but are often required when processing more complex forms of information. For instance, current invasive BCI devices can be used to restore sight or motor function via a robotic eye or limb. In 2002, Jens Naumann, a blind man, received an invasive BCI implant developed by William Dobelle that allowed him to use an artificial eye to see with imperfect vision, and even drive very slowly around a parking lot. 
So called partially-invasive BCI devices are those that are inserted surgically into the skull, but not directly into the grey matter. Because this device stays on the outside of the brain tissue, the risk of scar tissue impeding the device or harming the patient is much lower. In addition, the problems associated with the skull blocking signals are avoided. Therefore, by sacrificing some signal strength, and performing a marginally less risky surgical procedure, these devices are considered safer. 
[bookmark: _Toc236229306]Non-Invasive BCI Devices
Non-Invasive BCI Devices seem to be the direction that BCI research is heading. These devices are worn on the outside of the head and are removable. In order to capture the brain’s signal they use neuro-imaging techniques such as EEG and MEG. Unfortunately, although they do not pose the risk or the trauma of surgery, they are less reliable because signal strength is dampened by the skull (specifically the calcium of the skull), and the detailed wave patterns needed to detect individual neurons firing can be dispersed so as to make the devices unusable for complex tasks. However, these devices are widely used for “thought control” devices that do not require complex input/output electrical operations. 
One interesting application of a non-invasive BCI device is an EEG device that reads P300 waves to spell words. The subject focuses on the letters and by interpretation of the event related potential, the BCI reads them.  achieved transfer rates of up to 92 bits/min with 100% accuracy using this mechanism. Although, obviously current typing speeds are much higher than that, this application proves that non-invasive BCI devices will have as important a role in the future development of BCI technology as invasive ones.  
[bookmark: _Toc236229307]Training BCI Devices
While ones first impression of a BCI device may be a surgical implant, or a wireless headset that immediately allows a human to control whatever device it is connected to, unfortunately this isn’t the case. One important issue of BCI devices is the training requirement. Imagine having a third arm attached to your body- would you be able to immediately use that arm as dexterously and fluidly as your other two arms? Most likely the answer is no, in fact, similar to how you must learn to throw with your opposite hand- one has to learn how to interact and use these devices. 
For motor or sensory enhancement, these devices require months of physical therapy before they become effective. Before data transfer techniques can be used, the subject must be trained on how to ‘think’ in order to control their devices. For instance,  presented a graphical interface to their subjects with four directional commands surrounding a circle. The subjects were able to navigate around a virtual world with the aid of visual commands because it assisted their learning process and focused their thought control. Machine learning techniques can also be used to adaptively assist the learning process with BCI devices . 
[bookmark: _Toc236229308]BCI vs. Neuroprosthetics 
Until now I have been discussing BCI and Neuroprosthetics interchangeably, but at this point it is necessary to differentiate them. Brain Computer Interfaces are considered to be a direct signal conduit between the brain and an external computing device. They can be attached to sensors to facilitate data transmissions and transactions; for instance, to improve sensory perception such as hearing and sight. They control the data operations of an external device, and are directly connected to the brain stem, usually through the cerebral cortex.  
Neuroprosthetics, on the other hand, is concerned with developing artificial devices to replace the functioning of an impaired nervous system or limb. For instance, the cochlear implant (mentioned above) improves hearing by being attached to the nervous system surrounding the ear. The essential difference between these two subjects is the location of attachment. BCIs are attached directly to the brain, whereas Neuroprosthetics are attached to the central nervous system. 
While this seems like a very slight distinction, it does make a difference when discussing application. Neuroprosthetics would be used to repair a paralyzed limb, whereas a BCI might be used to control a robotic limb, completely external to the body. Note that there is some grey area here when discussing the control of robotic limbs intended as limb replacements- their method of control would determine which area their scope is . 
[bookmark: _Toc236229309]BCIs and the Progress of Digital Enterprise
The scope of BCI technology is almost as vast as a discussion of how computing technology could change commerce, technology, and society in the 1950s. Brain-computing interfaces in their true form, as data transfer conduits between a human and a computer represent a revolution in the way that we interact with the world. In fact the applications for potential BCI uses seem to be only limited to the imagination (in the same way that Murphy’s law applies to processing power and data storage for computing and artificial intelligence). 
[bookmark: _Toc236229310]Applications of BCI
In this section, I hope to identify some potential applications within electronic commerce, based on field, and discuss its stakeholders, and some possible scenarios. I have listed some of the most common fields here, but of course BCI can have extensions into many different fields and applications in the context of these general descriptions. 
[bookmark: _Toc236229311]Medicine
Medicine is currently the field with the most advancement in BCI technology. Sensory devices can be interfaced with a BCI to repair or improve hearing, sight, and smell, and many achievements have already been developed in this area. BCIs can be used to control robotic prosthesis that replace severed or missing limbs, and could repair many types of damage to the human body. 
One potential scenario has to deal with memory- human long term memory is degradable, meaning that we forget things we have experienced or learned over time. Magnetic memory or non-volatile flash memory seems to be more stable over the time span of a human life. Improving memory is one of the most significant applications of a BCI device- because the BCI device could allow a human brain to store and retrieve memory from an external device in a more efficient manner. Everyone would be able to pass their SATs the first time! Forgetting is an important part of mental health, and the human brain isn’t equipped to deal with the vast amounts of memory we produce, external organization  would allow us to more effectively control our own thoughts!
Stakeholders: 
· Doctors
· Patients 
· Insurance Companies 
Patients obviously have the highest stake on the medical applications of BCI technology- we have the potential to repair or replace any trauma to the organs of the body, controlled by the brain. BCIs could restore sight, hearing, or damaged limbs! Although BCIs wouldn’t cure disease, they have already gone a long way to reducing disabilities. 
Doctors are likely used to incorporating new technology in medical procedures- as many medical advancements have been technological (i.e. the pacemaker or the MRI machine). This technology has the potential to reduce long term medical care with an immediate repair. Although in the short run, this may make medicine more expensive for insurance companies, in the long run, health care costs may be dramatically reduced by efficient manufacturing of BCI devices. 
One potential use of BCIs is to control medical devices in the body. For instance, neuroprosthetic organs may need some sort of BCI control. However, an extension of this is to use advanced sensors and a BCI to improve human sense past the point they normally are. For instance, a BCI connecting a human to a sensor that can see more than just the visible spectrum or the audible spectrum has the potential to have technologically assisted ‘super senses’. 
We have already seen how medicine can influence sports- steroid use has been banned and is a difficult issue in especially the baseball, cycling, and Olympic sports worlds. In the same way, BCI enhancements to non damaged bodies would probably also have to be made illegal for competitive sporting events! 
[bookmark: _Toc236229312]Military
The U.S. military has already pioneered the use of unmanned vehicles for reconnaissance, tactical air bombardment, and explosive ordinance disposal. The performance of all of these machines would be dramatically improved by a BCI. One of the biggest complains about armed UAVs is that they are not piloted by a human that has situational awareness and an emotional or human understanding of the situation. Instead they are piloted by remote control and targeting systems that have lag in performance. Network connections aside, a virtual pilot could easily pilot an aircraft through a BMI with the same performance and reactions that make human pilots so effective, with the safety of an unmanned vehicle. In the same way, a bomb disposal unit could control an EOD robot and limit the risk to human lives. 
A second area for the military’s use of BCIs is in Command and Control. Military structures have long been developed in order to better command and control a giant army- from flags to horns and drums, to radio communications. A commander controlling orders at the speed of thought will have faster reaction times and the ability to react and digest combat information much faster. 
Stakeholders
· Soldiers 
· Commanders
· Civilians 
· Weapons manufacturers 
Of course the critical issue for soldiers is the amount of danger that they are in. By being able to control UAVs or AGVs via a BCI- they will have the same performance and quick reaction times as a pilot or driver, along with the “human” element, all from the safety of a rear echelon base. Commanders would be able to improve command and control at the speed of thought- and even civilians would be safer by the use of bomb disposal squads, etc. Weapons manufacturing would be completely changed making them major stakeholders as well. 
[bookmark: _Toc236229313]Manufacturing
Precision manufacturing makes use of heavy duty machinery and robotics in order to create a product effectively, efficiently, and at a lower cost. However, these robots and machines are severely limited by the tasks they can perform, with many only being able to perform one task at a time. Programming for these machines is also fairly complicated. By interfacing a human to a controller that is much less error prone than a joystick, such as BCI, a single robot can be made to manufacture precisely, as well as do multiple tasks that a human can process. 
In addition BCIs, can facilitate custom manufacturing processes: as manufacturing moves towards mass customization, one major requirement is an interface mechanism to facilitate the design of products. Current customizations are module and attribute based- letting the customer add modules to the product (i.e. bigger hard drive), or customize attributes (i.e. color). BCIs enable a much faster processing and facilitation of information, so they can be used to control the customization process through an interaction with virtual reality manufacturing. 
Stakeholders:
· Manufacturers 
· Factory workers
· Consumers
Since the start of the Industrial Revolution created the factory, machines have been replacing factory workers because they tend to cost less and be more productive. However, many machines are needed to facilitate this, causing a higher overhead cost. With BCIs, a machine-human pair might become more productive and cost effective than a set of assembly machines. For manufacturers, cost is everything- and economies of scale determine the trends. For factory workers, this means more jobs and skilled workers, which would stop the flight of jobs to places like China. For consumers, this idea would facilitate mass customization, which would lead to a better consumer experience. 
[bookmark: _Toc236229314]Gaming
Wii and Natal both serve as examples that demonstrate that, in the gaming community, the traditional controller is now not enough for the gamer. The Wii-mote is motion activated and can act as a nearly limitless array of tools, weapons, and sports equipment. Natal has a 3D infrared camera that can read facial expressions and where the user is looking. How much would gaming change with the advent of thought control video games? This kind of BCI leads out of the command and control aspect from the military field- the ability to handle hundreds of units simultaneously with thought control could lead to some impressive simulations via gaming. 
Virtual reality would necessarily be improved by a BCI. Sensory input and virtual control could both be handled by a BCI- no longer requiring ‘caves’ with projectors on 4 out 6 walls, etc. Virtual reality models have many applications in and of themselves- including design and simulation, not just gaming. 
Stakeholders:
· Gamers 
· Designers
· Simulators 
· Educators 
There already has been enough advancement in EEG sensing non-intrusive BCIs to allow for video game control. In fact, there is already a product by Emotive Systems on the market: Emotive Systems’ EPOC Neuroheadset that comes with a developer SDK and framework. Gamers and Designers would both have an entirely new genre of game opened up to them that would allow for more complex games. 
I have placed design simulations in the gaming category because of the potential for virtual reality. Games are often used as simulation tools, for example, the U.S. Navy uses a fleet game to educate midshipman on naval tactics. Games like Cid Meir’s Civilization incorporate some advanced concepts concerning economies, government, and culture. Math games, spelling games, typing games, and geography games were all vital parts of my education. Therefore the use of virtual reality for gaming and education is a major potential for BCI.  
[bookmark: _Toc236229315]Communications
Consider the communication applications and technologies that we currently use- they are wide and varied, from voice communications to text communications like email and chat. Video communications are the potential next step for wide spread use. These communications generally use multiple applications and interfaces- although now we generally all carry cell phones or smart phones that bring these communication technologies all into one place. Think about the improvements in communication, especially text-based communication that could be achieved via a BCI to communications technology. 
At this point, it becomes necessary to introduce the concept of the ‘human network’. Instantaneous communications mixed with BCI could mean a complete change in social behavior- or at least a furthering of the changes that we have already experienced with the advent of the Internet. Perhaps some sci-fi writers would discuss ‘hive mind’ potential- but really this would just lead to a dramatic increase in productivity and learning. 
[bookmark: _Toc236229316]Social Potential
Can true democracy be achieved- the political participation of every member in a society? If the barrier to true democracy is the ability for every vote to be accurately counted in a timely manner- and the ability for a person to get to a polling place- then perhaps BCIs could make that possible! Consider the possibilities, a BCI interface would be a truly accurate representation of a person’s political desire (no butterfly ballots, please!), and would represent one unique voter who could not be dead or falsifying their vote. The ‘election machine’ as it were would be directly interfaced with the voting public, allowing for almost instantaneous voting calculations- opening the way for voting on more than just one day a year. 
[bookmark: _Toc236229317]Ethical Considerations for BCIs
I have previously mentioned a couple of the risks associated BMIs and the ethical considerations that go along with them, for instance:
· Artificial human-sensory enhancements via BCI connections to external sensors causing cheating or an unfair advantage in competitive sports or other competitions in a similar manner to steroids. 
· The potential for BCI connections to violate privacy- allowing an intruder to ‘read your thoughts’.
· In terms of military usage, the potential for an overuse of force because of the reduced risks to one’s own troops- but proving an increased risk of collateral damage. 
· Increased communications can lead to a communications overload or the inability to manage communication effectively.  
· Harmful effects of BCI implements to the brain. 
· Having one’s external memories stolen (from an external memory device).
· Corporate memory (from an external memory device) overriding personal memory. 
· The refusal to treat disease and simply use BCI devices to repair damage because of cost. 
· Societal or Governmental requirement to be subject to a surgical implantation of a BCI device in order to participate in the political process. 
Hopefully these concerns highlight how far reaching the implications of brain-computer interface devices can be. By treating our brains like computers that can be interfaced with other computers or even other brains, we gain the ability to improve ourselves artificially in a way that is much more personal than the methods to which we have previously improved ourselves via technology. This personalization amplifies the effects of the normal considerations of technology on a society, especially the ethical ones. Whereas it is easy to be anonymous on the Internet- privacy considerations still abound. Imagine the impact on privacy, therefore when a network that defines uniqueness- one person would have one brain-computer interface device into large scale network.
In terms of the social risks to society, if BCI devices become cheap and effective interface tools, they may become required to perform everyday tasks, much like everyone now owns a cell phone. Unfortunately, while a cell-phone really only locks us into a 2 year contract and bad customer service, an invasive BCI is more permanent. In order to realize some of the benefits of such devices, the majority of people will have to have them. Unless improvements can be made to non-invasive BCI devices, this requirement could become very dangerous- with government mandates to implant the devices, and a minority of people who do not have the devices who are severely disadvantaged. 
[bookmark: _Toc236229318]Conclusions and Predictions 
This paper has run the gambit from current BCI devices that can control simple robots, create simple virtual reality, or improve visual or auditory senses to an imagined future where BCI devices are used to facility brain connections to the Internet, creating human network with the possibility of true democracy! Certainly the applications for BCI devices discussed in this paper are long reaching, and BCI devices are not currently powerful enough to perform the tasks mentioned above, but the possibility of ‘thought control’ machines would eliminate a bottleneck in data processing and computer interaction including communications that would improve not just the environment but people themselves.
These applications are not without their risks, however, and we have also seen that unless non-invasive BCIs develop to a point where they are just as sensitive or effective as the invasive BCIs, the threats may outweigh the benefits. Invasive BCIs necessarily show uniqueness to the individual that has the BCI which can cause privacy concerns. Those that refuse to get an invasive BCI would become a disadvantaged minority and could come under the threat of legislation to force all people to have them. 
Frankly a single BCI from a human to a computer seems unlikely. Instead, BCIs will be application specific. A headset will allow thought control for one UAV or one Robot. A different BCI will be necessary for sensory improvement like visual aids- at least in the near future. As BCIs evolve (and perhaps this is a poor choice of words when the technology is so closely related to the organic), they will change from translation devices to network conduits that understand brain transmissions output and return input of their own to the brain.
In the short term, the next generation of BCI will be non-invasive headsets that allow the control of video games. The entertainment industry drives technical innovation of this sort that goes directly to consumers. In the meantime the sensitivity and data transmission will be improved by the medical community as cybernetics becomes more important. In 10 years, we may be using BCIs instead of Bluetooth headsets on our phones!   

Bibliography
Achtman, N., Afshar, A., Santhanam, G., Yu, B., Ryu, S., & Shenoy, K. (2007). Free-paced high-performance brain-computer interfaces. Journal of Neural Engineering , 336-347.
Allison, B., Wolpaw, E., & Wolpaw, A. (2007). Brain-Computer Interface (BCI) Systems: Progress and Prospects. Expert Review of Medical Devices , 463-474.
Bell, C., Shenoy, P., Chalodhron, R., & Rao, R. (2008). Control of a Humanoid Robot by a Noninvasive Brain-Computer Interface in Humans. Journal of Neural Engineering , 214-220.
Berger, T., Chapin, J., Gerhardt, G., McFarland, D., Principe, J., Soussou, W., et al. (2007). INTERNATIONAL ASSESSMENT OF RESEARCH AND DEVELOPMENT IN BRAIN-COMPUTER INTERFACES. Baltimore: WTEC.
Bigdely-Shamlo, N., Vankov, A., Ramirez, R., & Makeig, S. (2008). Brain Activity-Based Image Classification from Rapid Serial Visual Presentation . IEEE Transactions on Neural Systems and Rehabilitation Engineering , 432-441.
Blankertz, B., Losch, F., Krauledat, M., Dornhege, G., Curio, G., & Muller, K. (2008). The Berlin Brain-Computer Interface: Accurate Performance from First-Session in BCI-Naive Subjects. IEEE Transactions on Biomedical Engineering , 2452-2462.
Brain Fingerprinting Labratories. (2007). Brain Fingerprinting Research. Retrieved July 15, 2009, from Brain Wave Science: http://www.brainwavescience.com/research.php
Carberry, P. (2008). Brain Computer Interfaces and Neuroprosthetics. 
Danziger, Z., Fishbach, A., & Mussa-Ivaldi, F. (2009). Learning Algorithms for Human-Machine Interfaces. IEEE Transactions on Biomedical Engineering , 1502-1511.
Johnson, G. (1998). Understanding how the Brain Works. Retrieved July 15, 2009, from Traumatic Brain Injury Survival Guide: http://www.tbiguide.com/howbrainworks.html
Lenhardt, A., Kaper, M., & Ritter, H. (2008). An adaptive P300-based online brain-computer interface. IEEE Transactions on Neural Systems and Rehabilitation Engineering , 121-130.
Lin, C., Chen, Y., Huang, T., Chiu, T., Ko, L., Liang, S., et al. (2008). Development of Wireless Brain Computer Interface with Embedded Multitask Scheduling and its Application on Real-Time Driver's Drowsieness Detection and Warning. IEEE Transactions on Biomedical Engineering , 1582-1591.
Lu, S., Guan, C., & Zhang, H. (2009). Unsupervised Brain Computer Interface Based on Intersubject Information and Online Adaptation. IEEE Transactions on Neural Systems and Rehabilitation Engineering , 135-145.
McFarland, D., Krusienski, D., Sarnacki, W., & Wolpaw, J. (2008). Emulation of Computer Mouse Control with a Noninvasive Brain-Computer Interface. Journal of Neural Engineering , 101-110.
Ron-Angevin, R., Diaz-Estrella, A., & Velasco-Alvarez, F. (2009). A two-class brain computer interface to freely navigate through virtual worlds. Biomedizinische Technik , 126-+.
Schalk, G. (2008). Brain-Computer Symbiosis. Journal of Neural Engineering , 1-15.
Scherer, R., Lee, F., Schloegl, A., Leeb, R., Bischof, H., & Pfurtscheller, G. (2008). Toward Self Paced Brain-Computer Communication: Navigation Through Virutal Worlds. IEEE Transactions on Biomedical Engineering , 675-682.

