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I. Introduction

As society and science continue to advance, the natural curiosity about what makes humans unique expands. This curiosity leads the human race down a path of discovery, and through science we are able to discover more about how the human is designed and how we can manipulate that design to better meet our ever-changing needs. 

What if this curiosity led to creation of a device that would allow us to climb into a person’s brain and actually see what that person is thinking? How would this affect the world of crime detection and criminal trials? How would voluntary uses of such a technology change our perspective on societal norms? And how would society develop around this new technology? These are the issues explored in this paper. 

II. Background

A. Brain Mapping

Brain mapping is a constantly changing area of technology, which allows scientists to study the brain itself and consider where certain emotions and activities are stored. By manipulating this organ, scientists are able to do miraculous things such as give sight to the blind and help those who have lost movement in their limbs to move again. 

B. Helping the Blind See


Science is currently advancing technology that will give those who are blind the gift of sight. With the right technology, even individuals who were born blind can now “see” by stimulating certain parts of the brain, which have been identified through brain mapping. 

1. voice

One technology that is allowing the blind to “see” manipulates sound waves and places them into a pattern that the blind can turn into an image. The system, voice, seeks to bind visual input to visual sensation through sensory integration with a certain amount of training time and effort.
 

Voice works via a small head mounted camera that is encoded in sound, and takes the form of sunglasses and earphones.
 Through this camera, sensors are placed either externally or internally to certain parts of the brain. When an image is displayed to the camera, it turns the image into sound and transmits it to the brain, allowing the blind person the ability to “see” the image through the sounds they hear in their earphones.

Neuroscience research has shown that the visual cortex can become responsive to sound, and sound invoked images or patterns can be viewed by adult blind people whose cortex is seriously damaged, and even by sighted people. Currently, investigation is being done into how effective this kind of brain rewiring actually is in unmasking neural pathways in humans.
 

Future extensions of voice are being planned, which include support for binocular vision and sonar. The makers of voice hope that the product will become a non-invasive and unobtrusive brain-computer interface.
 

2. Dobelle Institute

The Dobelle Institute has developed a product that is similar to voice. The device consists of four components: a pair of sunglasses with a built in distance measuring device in one lens and a pinhole camera in the other, a wearable computer attached to the glasses worn on the user’s belt that receives and processes information from the devices in the glasses, a second computer that sends signals to electrodes directly on the brain’s surface, and wiring connections from the computer to the surface of the brain.
 This device connects directly to the surface of the brain, so surgery must be performed to place the electrodes. 

Using the device, a blind person is able to discern shapes. The objects are portrayed as a series of white dots on a black background, similar to a photo negative. By teaching the subject how to interpret this negative, the institute is helping the blind to “see.”
 

The Institute stresses, as do the creators of voice, that the technology is not limited to helping the blind see. Because the techniques involve nerve stimulation, they hope to use the technology in a variety of situations. 
3. BrainPort

Another technology bursting onto the scene of helping the blind to see is BrainPort.
 This device works by swapping tiny cameras for eyes, which transform images seen into electrical impulses that are felt on the tongue. Rich Hogle of BrainPort explained “It is as if it’s drawing on the tongue. So if you capture the image fast enough . . . it is like a video display. Instead of being on a screen, now it is on your tongue.”

BrainPort retrains the brain to process information by first stimulating the tongue with a number of tiny electrodes. The nerves in the tongue send signals through a different pathway to the brain stem and the area that deals with touch.
 Eventually, the blind person will have trained their brain to interpret touch as sight. 

One blind man who has been testing BrainPort likens the sensation to the childhood game where one kid draws on another’s back and the second child has to guess what is being drawn. This man can now navigate an obstacle course, pick out specific shapes, walk through offices without any kind of guidance, and even spot the logo on a football jersey.
 

Initially, the BrainPort technology is difficult to understand, almost like learning a new language. But an individual will rapidly learn a few basic vocabulary words, or images, and eventually will become fluent so they no longer have to think about translating what is felt on their tongue into an image. Once the brain has been trained to rewire, a blind person will be able to instantaneously make out objects, giving them the illusion of sight.  

C. Neural Prostheses


Neural prostheses are assistive devices that restore function lost as a result of neural damage. They can be either external or implanted, and work by electrically stimulating nerves. The devices can be used to restore movement to people who have lost control over some part of their body, and work by retraining the nerves to function.
 


Surface stimulators for muscle exercise are currently commonplace in many homes and rehabilitation centers, and are used to convince a muscle that it can still be used after function has been lost. Since 1963 over 40,000 neural prosthetics have been implanted to restore problems such as hearing, bladder control, and respiration.
 Implantable neural prostheses have also been developed to restore limb movements using electrodes tunneled under the skin to muscle and nerves. Currently under study is spinal cord microstimulation, which is being considered as a possible new way to restore movement and bladder control to someone who has lost these functions.
 


Considering the large number of neural prostheses in use and in development, it is interesting that little is known about possible long term effects that these devices may have on the nervous system. Ongoing physiological research hopes to clarify these interactions.
 


Neural prostheses gives hope to many individuals who have lost some function, whether by accident or design. By retraining the muscles and nerves to move, people will be able to restore their bodies to a post-injured state. When this technology is combined with the possibility of neural regeneration after spinal cord injury, people need no longer fear being paralyzed in an accident, because science can help retrain their bodies to function as new. 

D. BCI’s


BCI’s, or brain-computer interfaces, are a family of futuristic devices which attempt to bypass certain parts of the brain to achieve phenomenal results.
 One form of the BCI is designed to bypass damaged areas of the brain by connecting the brain’s motor cortex with a personal computer.
 In very successful cases, this type of BCI has allowed severely paralyzed individuals to send their thoughts to a computer, which spells the words out on screen.
 

The newest type of BCI is the Neurochip. This electronic implant alters the connections between cells in the motor control region of the brain, which alters the cells’ influence over movement.
 This device has recently been successfully tested in monkeys, and may one day restore movement to those who are paralyzed. 


The device consists of a battery powered microprocessor and stimulator that sit on top of the head, connected to electrodes that reach into the brain. It works by recording electrical signals from neurons at one site of the brain and stimulating a completely different site of the brain with those signals.
 The Neurochip, unlike other BCI’s, has the opportunity to be therapeutic and not just assistive. Currently, the chip can actually reorganize major parts of the brain, like the motor cortex.
 The hope is that one day the chip will be able to recruit intact neurons to replace the function of the damaged ones in a person’s brain. 


One experiment on the plausibility of retraining the brain in this fashion was conducted by implanting the Neurochip into freely behaving monkeys. During a conditioning period, the chip recorded the neuron commands that allowed the monkey to control his opposite wrist. Before the experiment, the firing of neurons from the first site in its brain caused the wrist to flex, while firing neurons in a second part of its brain caused the wrist to extend. As conditioning continued, the movements of extending, originally caused by stimulating neurons from the second site, were occurring when the neurons from the first site were stimulated. This shift in neurons to resemble each other is part of a theory known as Hebbian Reinforcement, which holds that a synapse becomes stronger when neurons are simultaneously active.
 


Scientists working with the Neurochip hope that the same kind of synaptic changes that were observed in the monkey’s brain can be duplicated in the human brain. Particularly, these kinds of synaptic changes could support repair of the nervous system in people with traumatic brain injuries, stroke, and other serious conditions.
 

E. Inversion Experimentation


When scientists are mapping the brain to develop the previously discussed technologies, they are benefiting from the fact that the brain is already a high tech computer. One fascinating example of the brain’s capabilities is the inversion experiment. In this experiment, the subject being tested is shown an object upside down. The brain will eventually invert the object, so that it is now viewed in its proper orientation. Similarly, when the object is reversed, the brain will continue to correct itself so that the subject of the experiment will consistently see the object from the proper angle. 


This experiment demonstrates the abilities of the brain in automatic correction. By taking advantage of this fact, science may be able to manipulate the brain so it automatically adjusts to the stimulation it is receiving, without having to take the time to figure it out. This manipulation can be used, for example, in helping the blind to see. If science can figure out which part of the brain sees light in a particular corner or sector of our vision and stimulate that part of the brain, the subject’s brain should automatically adjust for that stimulation and the blind subject will be able to see without having to wait for the brain to decipher the code like it does with the currently available technologies. Because the brain is the best computer we now have, it is only logical to exploit its potential once science can decode how it actually works.

III. Virtual Reality


Virtual reality is the idea that an alternative reality can be created, usually through a computer, that a person will be able to exist in, although usually in a different form than they currently possess. High level computer games are a current form of virtual reality, where individuals can exist in the computer reality in a computerized version of themselves. 


The success of BCI’s has proven that individuals who are seriously injured can communicate their thoughts directly to a computer which will then translate their thoughts into words on a screen. This is a kind of super virtual reality. Imagine being able to communicate directly with a computer through some sort of cable which effectively “plugs you in” to the computer. Or, as technology advances, we may be able to effectuate the same kind of system wirelessly, by implanting electrodes in your brain that communicate directly with a computer so that your thoughts can automatically be placed on the screen. 


This ability to communicate through a computer gives rise to the ability to communicate with a computer. This technology already exists in a very crude format through talk-to-type programs. This software allows a person to speak to their computer, and the computer will type out the words they are saying, virtually eliminating the need for a transcriber. These programs do make some errors, specifically when words sound very similar, like “time” and “dime.” However, as technology advances this kind of system will likely improve to the point where voice activated controls will dominate the entire computing world. 

Imagine now that the computer can communicate back with you, through those same wireless electrodes that allowed you to communicate with the computer. This would create an ultimate virtual reality. A person would be able to truly work remotely, by sending the proper signals to the computer at their office while sitting on the beach or in the comfort of their own home. Online games could become very realistic, if you and the computer are sharing information through the brain. It may even be possible to hook the electrodes into different sensory areas of the brain, allowing a virtual gamer to “see” “smell” and “taste” the delights of the online world. 

Brain mapping is developing at such a rapid pace that this kind of technology may soon be possible. Science has already proven which sites of the brain are linked to sight, taste, and motion. Science can even use brain implants to retrain your brain that it can see, or that it can move particular muscles whose function was thought to be lost. If brain mapping is pursued even further, we may one day be able to tell where every element that makes a person human is kept in the brain, and then we will be able to manipulate every basic human emotion. 

IV. Mind Reading Technology


As science advances, it is easy to imagine mapping the brain to such an extent that scientists would be able to tell where certain human traits – like honesty – are kept. Once this is true, creating a method by which we can analyze these parts of the brain, and “read” a person’s mind, becomes much more plausible. 


Imagine a machine which is designed to perform just this function, deciphering whether or not someone is lying. Since we know where the lying/honesty portion of the brain is, we will be able to hook electrodes into it and read the results. The most basic way of reading the results would be through a printout of some sort, or a brain wave reader. But these methods will soon become inadequate. Soon, science will build a better machine. This machine (Mind Viewer) will allow someone to actually walk inside another’s mind, as if they were in a dream, and see what truly resides there. The Mind Viewer will have a dominant and a submissive end, to ensure that the person who is being observed cannot walk into the observers mind, but that only the observer can explore the subject’s brain. 


The Mind Viewer, when used properly, will allow a viewer to step into the subject’s mind and view their thoughts. Because the brain mapping technology will be incredibly sophisticated before a machine like this is invented, the viewer will know exactly where to look to find the truth of any given situation. This technology will allow the police access into the minds of criminals, proving their case where other more traditional methods of evidence gathering might fail. 


As the technology advances further, we can imagine a situation where the Mind Viewer machine itself becomes obsolete, and mind-to-mind communication is perfected without the aid of a machine. This type of communication, similar to the brain to computer communication previously discussed, will allow the viewer into the subject’s brain without waiting to hook the subject up to any machine. The entry will thus be much easier to achieve, assuming the mind-to-mind communication technology is available. For example, it is easy to imagine an implant which allows one individual to read another’s mind, assuming the second individual also has an implant. If scientists discover ways to take advantage of the brain’s astounding capabilities in technology, this will become even easier. Since the brain can automatically “translate” information into an easily recognizable format, like the inversion experiment, less technology will be required to view another’s thoughts virtually instantly. 
V. Legal Issues Raised by the new Technology

A. Criminal Investigation 


The new technology proposed can undoubtedly be used in a myriad of ways – to help the sick regain consciousness, to increase productivity, as a form of hypnosis – but most likely would be used initially in the criminal context. If a detective investigating crimes is able to view the mind of a suspect, many legal issues arise.


The first potential issue is that of consent. Currently, we require a suspect’s consent for any kind of invasive procedure, no matter how minimal. Even the officer who stops a driver on suspicion of driving under the influence has to ask permission before administering a breath analysis test, which is a very minimal invasion. The suspect always has the right to refuse, although further consequences may arise. Similarly, we require consent of a house dweller before the police may enter. The person may refuse, and the police are then forced to secure a search warrant before they are allowed inside the home. Since it is unlikely that a criminal who is being questioned about a crime would willingly consent to having their brain viewed by the machine, the law will have to evolve in this area. 

Perhaps a type of warrant will become commonplace which will allow a detective into the mind of a suspect without their consent. For example, currently an officer must show probable cause to secure a warrant. Maybe in the future, when the Mind Viewer machine or implant is proven effective and reliable for ascertaining a person’s true thoughts, a similar standard will be created whereby if an officer is able to show a certain standard of suspicion, the judge will issue a warrant allowing the officer to view the suspect’s brain. 


The warrant may solve the issue of consent in a functioning suspect, but what if the suspect is unconscious? This may happen, for instance, if there was a car accident and the suspect is injured in the hospital. Would the police have to wait until the suspect wakes up before securing the warrant? What if the suspect is not expected to recover? The law will have to evolve here as well. Currently, if a suspect is injured when the police question him it is presumed coercive. It is likely a viewing of an unconscious suspect’s mind will likewise be viewed as coercive, even if a warrant is obtained. In this circumstance, the court may request waiver from a family member, much as they defer to the families on medical care issues. If the family member refuses to allow the brain viewing, the court may order it anyway, but will likely only do so in extraordinary situations. 


Another issue that may arise is how the viewing will be treated in the realm of evidence. Our society has consistently supported very stringent rules surrounding confession, holding that a suspect must have been read his rights, the confession cannot be coerced, and the confession must be given freely among other requirements for a confession to be admissible. If a detective views a suspects mind and finds the truth of the crime commission inside, that would seem to be an absolute kind of confession. There is no real way for the suspect to later refute the truth of whatever was in his own mind. Rules will evolve to cover this kind of situation as well. It is likely that as long as the suspect was fully informed, the viewing will be allowed. Likewise, if a judge has signed a warrant, the viewing will be allowed. 


The viewing of a suspect’s mind will also face admissibility problems in court. The current form of detecting whether or not a person is lying, a polygraph test, is not admissible in court because it is seen as largely unreliable. If the Mind Viewer machine is tested and proven to be effective, this will not be a barrier to its admission in court. The largest barrier for admissibility is likely to be the prejudicial value to a defendant. If it can be shown that the machine is reliable, and that the machine saw the defendant committed the crime in question, the jury will likely be swayed to find in favor of the prosecution. It will be up to the lawyers to creatively argue against the admission of such evidence, and the rules of courts will change to take into account this new kind of technology.  


If the machine is proven to be effective and accurate, it will be largely detrimental to a defendant who is found to have actually committed the crime through one of these Mind Viewer machines. However, there is still the chance of police misconduct whenever a crime is being investigated. In a trial setting, the officer who did the viewing will be cross-examined as to what he did or did not see. Then, the defense will likely want to use the Mind Viewer machine on the officer to prove that what he says he saw inside the defendant’s mind is in fact the truth. This cycle could continue interminably, since whoever viewed the officer’s mind would also be subject to cross examination and possible mind viewing himself. One possible solution to this problem is to create a profession that is composed of individuals who always use the machine and are accountable in their retellings of what is in a person’s mind. These Truth Tellers will then testify as to what they viewed, ending the battle of witnesses. 


Truth Tellers will be a specially trained group of people who are certified to use the machine. They will be proven to be honest from the start of their training, and will continually go through viewings of their own to ensure the persevering honesty of their profession. They will be licensed, probably through the state in which they reside, and will be required to go through a series of tests for accreditation after attending special training classes or a special school, much like lawyers. These Truth Tellers will soon become the elite element in law enforcement, and will be hired by police departments or as consultants. 

Once a Truth Teller testifies at trial, their word will be taken for scientific evidence of the truth of what they assert, much like expert witnesses. The battle once a Truth Teller has testified will revolve around the elements of proof of commission of the crime. Thinking about robbing a bank is not the same as actually committing the felony. Technology may eventually advance to the point of distinguishing fantasy from reality, making the Truth Teller even more important to a trial. 
B. Voluntary Use

As mind viewing technology becomes more pervasive, it is likely to be used voluntarily in the civilian population. Enterprising companies will exploit the human desire to know when another is lying to you, and the mind viewing machine or implant may become commonplace. 

Once the technology becomes so advanced that the machine itself becomes obsolete, each person will have the option of being implanted with a chip which will allow brain to brain communication. Each chip will contain a transmitter and a receiver, and people will be able to view each others minds wirelessly. This will allow each person to “see” what the other sees, through a wireless connection. Imagine the technology becomes so good that we can not only see another’s thoughts, but we can see their memories. The machinery will not be able to decode these memories into pictures, but since our brain is a better computer than any implantable chip, the brain will be able to decode what it is seeing and transform it into pictures for us to understand. 

The first likely place for mind viewing to really become popular in the civilian population is with children. Imagine what a parent would pay to have the ability to know when their child is lying to them, or to see exactly what their child did that afternoon when he was supposed to be at the library. Suppose the chip acts as a kind of real life mood-teller, so that if the chip is a particular color or transparency, the person you are speaking to is angry, or depressed, or elated. This will also help parents keep their children healthy and happy. It may even help diagnose illnesses the child has before they go through the discomfort of becoming symptomatic. 

A burgeoning market for the mind viewing technology is likely to be married couples. Having absolute knowledge that your spouse is cheating with his secretary, or spent a large amount of money at the mall this afternoon will seem very attractive to a number of people. The result of this may be that married individuals do not receive the chip, or technology finds some way to disable it for a period of time, but that is beyond the scope of this paper. 

A very worthwhile place to have the mind viewing technology will be in politics. Imagine a politician who cannot lie without everyone knowing about it. Imagine a politician who appears heartbroken over a recent tragedy, but the chip reveals he is in fact excited about the prospect to repair the situation. This could very well change the future of politics, and the way we vote for our leaders. 

There are other areas where the world will need to evolve to adjust to the mind viewing technology. Schools may need to change the way they examine their students, if each student can see into the mind of their classmates or even the instructor. Attorney client privilege could effectively be destroyed if opposing counsel can view your trial strategy. Perhaps we will create “free zones” where the mind viewing technology is blocked by some kind of shield so that no viewings may occur in this area. Perhaps science will create a method by which we can turn off the chip if we don’t want others to view our minds. These issues just scratch the surface. It is very interesting to imagine what life would be like if we had the mind viewing technology, and also the means to control it. 

VI. Conclusion


Human beings are consistently fascinated with what makes us different from other species on the planet. By mapping the brain, we are beginning to see what the brain can do and where all the information that completes our make up is stored. Once we know where to find this information, we can manipulate it – whether it is to retrain nerves that have no function, or to determine if a person is telling the truth through the use of a machine. These advances increase our knowledge of who we are, and science will continue to advance, because part of being human is always being curious. 
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