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1. Introduction

The evolution of interactive devices enabling users to communicate with computers is in a constant state of change.  As our needs develop, or our understanding of those needs develops, new and improved methods of communication are created.  In the last sixty years we have seen computer input and output evolve from punch card systems to keyboards, mice, voice recognition software, vivid life-like printing technology, and touch-screen displays, just to name a few, with many more advancements still to come.
2. Background
In the late 1940’s the first large-scale computer systems were developed.  Designed to perform mathematical calculations, these machines occupied entire rooms and were capable of up to fifty multiplications per second.
  The only means for communication between programmer and machine consisted of punch cards, and punch tape.  Punch cards, one of the most common forms of input and output until the late 1970’s, were invented by a man named Herman Hollerith in 1887 as a means for counting census data.  The cards, made up of thin yet stiff cardboard the size of a dollar bill, consisted of rows and columns of holes. “Computer ‘punched cards’ were read electronically, the cards moved between brass rods, and the holes in the cards, created a electric current where the rods would touch.”
  Similarly, punched tape consisted of roles of paper tape with punched holes, forming one ‘continuous card’.  The punched tape would be used in conjunction with teleprinters for use in both input and output, and can be thought of as the first interactive computer terminal systems.
  
The history of the modern computer keyboard begins with the invention of the typewriter.  In 1868 Christopher Latham Sholes created the first mechanical typewriter, and within just a few years the typewriter gained tremendous popularity.
  Key in the transition from mechanical typewriter to the modern digital form we have today is the use of the teletype machine.  The first teletypes were created to speed up the sending of telegraph messages.  A teletype machine is “a character printer connected to a telegraph that operates like a typewriter.”
  It would allow users to type what they wanted on the keyboard and it would punch holes automatically into the card or tape.  The operator then feed it back into the machine, which dialed the number, and would then transmit the message.  
Later, the teletype was modified for more complex computer input into a device called a keypunch.  Keypunches allowed users to type up computer code onto cards or tape and then feed the punched medium into the computer’s card reader.  In 1946 the Electronic Numerical Integrator Analyzer and Computer (ENIAC), the first truly digital computer, was created for computing artillery targeting charts and tables for the military in World War II.  ENIAC used a combination of keypunches and punched card readers as its input and output device.
  
Despite the increase in speed and productivity, the keypunch systems had several drawbacks.  To start with, the keys on the keyboards were heavy and hard to press.  In addition, there was yet no concept of a backspace key, making error checking rather difficult.  Keypunch operators would have to type up two sets of cards and then run them through a special card reader that analyzed the stacks and lookd for any discrepancies.  Once verified that they were free of typographic errors, one stack could then be fed through the card reader and into the system.  

Combined with these various usability issues, this type of system simply required too many processing steps.  The cards had to be punched, then manually transferred to the card reader, then the reader would decipher them into electronic pulses and then into binary language.  Though faster than pervious methods, this was quite time consuming compared to today’s standards.  This would all change with the advent of electronic keyboards; a device that allowed the keyboard's keys to send electronic impulses directly to the computer, bypassing the need for a paper medium.
By 1948, the Binary Automatic Computer (BINAC), a computer made by Eckert and Mauchly, “used an electromechanically controlled typewriter to both input data directly onto magnetic tape (for feeding the computer data) and to print results. The emerging electric typewriter further improved the technological marriage between the typewriter and the computer.”
   

Advancing the evolution of user interface yet another step, “MIT, Bell Laboratories and General Electric had collaborated to create a computer system called Multiplexed Information and Computing Service (Multics); a time sharing, multi-user system. Multics encouraged the development of a new user interface, the video display terminal. The video display terminals (VDT) combined the technology of the cathode ray tube (television) and electric typewriters. Computer users could now see what text they were typing on their display screens making text easier to create, edit and delete, and computers easier to program and use.” 7  

IN 1983, the release of the Commodore-64 computer marked a profound advancement in home computing.  Named in part after the 64K of memory, it boasted an 80x25 line text display, high-resolution graphics, and a sound and music synthesizer. The video switch box controlling display was the same one used in Atari 2600 video game systems, and allowed the Commodore-64 to use a television or a Commodore monitor for display.  In addition, joysticks from the Atari 2600 could be plugged into the Commodore-64’s game port and could even perform mouse-like control in a limited number of programs.  All in all, the Commodore-64 had ports for software cartridges, video display, floppy drives, tape drives, modems, and a printer; most of the standard interface systems we are used to today, with the exception of a mouse.

By the late 1980’s both Apples and PCs had integrated digital keyboards and could be used with display monitors.  The Apple II, released in 1977, included a video controller which displayed 24 lines by 40 columns of upper-case-only, mono-colored text on the screen, with NTSC composite video output for display on a monitor.
  
By 1984 Apple Computer launched the Macintosh, the first successful mouse-driven computer with a graphic user interface, giving Apple yet another boost in the new computing era.  Not long after, in 1987, IBM introduced its PS/2 machines, making the video graphics array standard for IBM computers.  They also released their new operating system, OS/2, allowing the use of a mouse with IBM’s for the first time.
   Not long after in 1988, Steve Jobs the cofounder of Apple computers, left Apple and created the company NeXT. Although the computer he produced didn’t work well, and were never adopted, they were the first computers to come with a built-in digital signal processor that allowed voice recognition. 7 
By the1990’s computer production was rapidly increasing, further advancing the existing technologies into devices such as; multi-button mice, multiple keyboard designs and layouts, laser then inkjet printers, and color display monitors.  Since then we have seen touch-screen display monitors, and wide array of mice, ergonomic keyboards, and video game controls, just to name a few.
3. The Future of Human/Computer Interaction.
Given the current rate of advancement in the computing industry, a scenario like the following is not hard to imagine.  “You'll have a computing unit. It will be a processor that is xxx MHz, where 'xxx' is "fast enough." It will also have solid state storage that is xxx GB, where 'xxx' is "big enough." And this little guy will be the size of a cell phone or smaller, and cost about the same.  And you'll go home and drop it into a port that hooks it up to a monitor and keyboard. And on the road you'll put it in a shell with a Palm sized touch display that lets you access all of your info, and even listen to music or watch a video besides. And then you might pop it into your camera shell (or your organizer shell might have a lens on it..), and you can take as many pictures as you want, because your storage space can hold 1000's of movies, so you'll never fill it up with stills/home video, and you'll never have to sync with your home machine. You may even have full wireless, and your photos can automatically go online to your web photo album. When you get home from your trip you can drop the unit into your theater system and you can watch movies or see footage from your trip. You could put some form of net-currency encrypted on your unit, so you can use it to purchase things as well. You could put it in your car when you are driving and listen to every song you own. You could have a GPS in your car and it could use a service like Map Quest to give you directions. And your sweetie will send you email and you'll use a headset peripheral and telephony software to call her back. But the important point is that you won't need to get multiple computing units, and you won't need to have a home computer anymore. You'll have one computing unit, and it will go with you like a wallet, because it will replace your credit cards, your cell phone, your fax machine, your DVD player, your stereo, your browser, your organizer, your email, etc..  And then there will be some museum where all these towers and cases sit, and people can go look at them and chuckle just like we laugh at Eniac and the vacuum tube today.” 
 [
]
Several years ago this may have seemed somewhat far-fetched, but is in no way hard to imagine today.  In addition to the recent advancements in technology, leading to computing marvels such as iPods, Microsoft’s Home Theater Windows( set up, massive storage capabilities, digital cameras, and portable DVD players in the last few years, we can be sure to see new and more thrilling developments emerging as well.

3.1 Input Devices


In recent years we have seen a movement of separate forms of input / output media to integrated systems similar to the system just described.  We have seen the coupling of devices such as cell phones, PDA’s, cameras, digital music storage, and digital video players into single hand-held units. While such advancements in the integration of multiple, pre existing systems into single units moves forward, development of entirely new interactive methods is also underway.
3.11 Neural Interface Devices

One of the more intriguing advancements in the development of input devices is the creation of Neural Interface Devices.  According to the Adaptive Technology Resource Center based out of the University of Toronto, a “Neural Interface Devices (NID) allows users to take advantage of small electrical signals generated by their bodies to control their computers or electrical devices attached to their computers.” 
  These small electrical signals can be obtained in two forms; either directly or indirectly.  Direct methods, still being developed, involve the surgical implantation of micro probes into a user’s body.  The probes can be placed directly into the user’s brain, or into other various locations, to monitor synaptic responses.  Indirect methods then, do not require surgery and are therefore preferable to direct methods.  Indirect methods for acquiring the electrical signals include recording of muscle and eye movement through sensors, or by the monitoring and sensing of brain waves.  The use of these different methods depends on the desired application.

3.11 a) Direct Methods
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Direct methods of interfacing the nervous system to computer components has been under heavy research by several prominent groups around the world.  One of the first of such studies is based around development of The Nerve Chip, created by Gregory TA Kovacs, MD, PhD; Vincent R Hentz, MD; and Joseph M Rosen, MD in 1994.  The goal of the project is to create a direct interface to peripheral nerves within an amputee's nerve stump in order to send electrical control signals as a means for controlling a prosthetic limb.  “The basic approach taken is to interpose a silicon substrate, perforated by a number of via holes (see figure 1), between the severed ends of a peripheral nerve. Regenerating axons grow through the [silicon substrate] via holes and thus become spatially fixed with respect to microelectrodes on the substrate. Such a neural interface, if chronically biocompatible, provides a direct interface to signal pathways in the nervous system.” 
  

Figure 1 – Nerve Chip
The first test chip did not actually contain any on-chip signal processing circuitry.  Rather, it was a ‘dummy’ chip designed to prove that once implanted, nerves would regenerate and bond to the chip.  Preliminary tests were preformed on lab mice through the course of one year.  They were able to show that recording impulses from, as well as stimulation of, peripheral nerves can be achieved.   These studies prove the feasibility of the basic principals as well as the durability of the device.  
Anther such study is The Brain-Computer Interface (BCI) Project, being lead by Dr. Gary Birch, an Adjunct Professor at the Department of Electrical and Computer Engineering at UBC and the Executive Director of the Neil Squire Foundation.  The objective of their study is to create a direct computer-brain interface for the use of disabled individuals, with the intent of drastically improving their quality of life.  The project was designed to develop switches that can be placed in multiple positions throughout the brain that will directly measure their brain signals.  They believe that through these switches, persons with sever disabilities will be able to control a wide variety of devices, from assistive appliances to computers, to artificial prosthetics.

By 1999, the team had developed a single-position brain controlled switch that was able to respond to the users EEG signals.  Labeled Low-Frequency Asynchronous Switch Design (LF-ASD), it demonstrated that it could detect actual motor functions in able-bodied subjects.  This provided a basis for continuing the research to the next stage; testing the systems abilities to detect imagined motor functions in both able-bodies individuals, and individuals with spinal cord injuries. 14
“One first on-line study with imagined movements demonstrated that able-bodied subjects using imaginary movements could attain equal or better control accuracies than able-bodied subjects using real movements.  Two able-bodied subjects (participating in two sessions each) used imagined finger movements to activate the LF-ASD and trigger events in our experimental video game.  These two subjects demonstrated activation accuracies in the range of 70-82% with false activations below 2%. These accuracy rates were encouraging and were comparable to accuracies using actual finger movements, which were observed in the range 36-83%.  In terms of overall correct decisions, given that the system was making a classification every 1/8 of a second over a period of an hour, the average classification accuracy was over 99%.  We are currently verifying this performance in a large population of subjects.” 14

A second study conducted by the BCI showed that patients with high tetraplegia, a classification of spinal cord injuries related to damage of cervical segment of the spinal cord, could activate LF-ASD at levels comparable to those of able-bodied test subjects.  “Two subjects demonstrated activation accuracies in the range of 44-55% while maintaining false activations below 1%...Using imagined foot movements, the subjects demonstrated the same level of accuracy as with imaged finger movements…With a better understanding of IVMRPs [imagined voluntary movement-related potentials], we should be able to improve the activation accuracy of the LF-ASD by improving its design.” 14

All tests preformed thus far were conducted using a single configuration of the LF-ASD.  The group believes that if several of the subset parameters of the LF-ASD were customized to each individual user, activation accuracy could be increased by approximately 10% and false activations could be reduced by as much as 67%.  “In the future we expect to see significant improvement in classification accuracy with customization of the full set of LF-ASD parameters, subject training, and improvements to the LF-ASD design.  We have already begun exploring methods for automatic, on-line customization. We are currently verifying this performance in a large population of subjects.” 14
3.11 b) Indirect Methods

There are several differing forms of indirect methods.  First, is the recording of muscle movement signals (EMGs).  EMG signals are acquired by placing tiny sensors on the user’s skin, which measure the contracting and relaxing of the underlying muscles as a series of electrical signals.  
Similar to muscle movement signal acquisition, eye movement signals (EOGs) are acquired by attaching the sensors to the skin on the user’s face.  These sensors record the electrical signals generated by the movement of the eye balls as they are transmitted throughout the facial skin.  
More theoretical than the first two, the recording of brain wave signals (EFG’s) is accomplished by placing sensors on the user’s scalp, designed to detect small changes in the user’s brainwaves.  The brainwaves being measured fluctuate based on the mood or mental state of the user.  In this way, the user can attempt to think of something associated with the mental state or mood needed, and produce the desired signal.  

Regardless of signal type, the signals are recorded in analog, and once obtained, are amplified by a factor of thousands, and are converted to their digital equivalent.  Specialized software then takes these digital signals as input, interprets them, and transfers them into various functions.  The signals generated using these methods can be used to move cursors about the screen, play games, and utilize on-screen keyboards, actions that represent the majority of computing interaction today. 12

MindDrive, a program developed by The Other 90% Technologies Inc. claims to be the first computer product controlled by the human mind to be sold for home use.  The company, founded by Ronald Gordon former head of Atari video game systems, is currently developing and producing a physiological input device to read bioelectrical signals, with primary designs focusing on entertainment and game applications.  The system, currently priced at almost four hundred dollars, includes the MindDrive Microconsole, the FingerSensor with cord, an AC adapter, a serial cable, a user's manual, and an Auto Tutorial CD ROM.  In addition, they are developing a suite of videogames to accompany the product.  

A sample of the software available includes; a paint program called MindART, several games such as MindBowling, MindPinball, and MindFlight.  And a rather fascinating MindMusic, an application that they claim allows for the user to compose music with their thoughts then use your mind to conduct an orchestra.  Regardless of the application, “Success depends on how well you maneuver your thoughts - not just how fast you move a joystick.”


The MindDrive technology incorporates the use of a small sensor that fits on any of the user’s fingers (See Figure 2).  This FingerSensor reads a combination of the electrical signals generated in your brain, and transmitted through your skin.  The sensor’s technology is based on the fact that various thoughts and emotions produce bio-electric signals, which can be precisely measured through a person’s fingertips.  Different mental activities such as remembering, relaxing, analyzing, having positive and negative thoughts, left and right brain functions, and simple commands such as move left or move right, all have different and unique bio-eclectic patterns.  These patterns are transmitted throughout our bodies and can be read almost anywhere through the skin.  So, the sensors don’t actually read the users thoughts, rather they read the physical results of one’s thoughts in a detailed series of electrical pulses.
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Figure 2 – MindDrive FingerSensor

According to company literature, MindDrive's technology was originally developed in Siberia by former U.S. government scientists working on mind-control projects. Washington abandoned the effort after the Soviet Union dissolved.  Although this has not been confirmed, it is an intriguing thought, and indicates, to some extent, the length of time in which the technology has been under development.

MindDrive believes videogames to be the simplest or most basic application of their software.  Games, they claim, only require simple commands and gestures such as up, down, left, right, and a few other very basic functions.  The future of MindDrive is seemingly going in two directions.  First and foremost is the development of new systems specialized for persons with disabilities.  This turn of direction was apparently inspired by a single story president Ron Gordon received from a girl with cerebral palsy.  He said in a press interview for Ability Magazine, “I met a little girl with cerebral palsy that hated video games because her brothers played them all the time and she couldn’t and she came in and did better than her dad and she didn’t want to leave. The ability just to provide entertainment and recreation for a lot of people is a tremendous accomplishment.”
  Not only are they toying with the idea of creating totally new systems designed as assisted living technologies, but also in adapting the video game applications to better suit those persons with disabilities.  “We try to address the fact that disabilities are a part of the fabric of life.  And the journey of life should be entertaining.”17
The other direction, and quite an opposite one, involves the integration of their product into interactive, ‘choose your own adventure’ style movies.  They have recently entered into a partnership with Miramax Films, and are currently involved in developing such a system.  Along with MindDrive, “Miramax is going to produce a film where you control the plot with your mind… So you will see a movie with a plot that ends one way and you can play it again and you can take the plot and the movie anywhere you want to take it with your thoughts.”17  You’ll be able to watch a movie and decide which door to go through, or whether or not you want the character to live or die, for example.  Preliminary films will be approximately ten minutes long, hopefully developing into full length features.  

Despite which avenue the company progress upon principally, they are sure to offer astounding and truly innovative products in the very near future.
3.12 An Integrated Bimanual Computer Input Station: The Command Chair
The Command Chair was developed by Dan Odell and Sing Yiu Cheung, two graduate students at the University of California Berkeley.  According to their description the Command Chair is, “a new computer input device [which] has been developed to provide bimanual (or, two-handed) input while also addressing several additional ergonomic issues.  In particular, the Command Chair integrates an office chair, keyboard input, bimanual pointer input, and forearm support into a single system. This allows a designer to consider the input system as a whole, rather than as a collection of individual devices. In turn, this allows for better control of body activities and postures, with the goal of providing user comfort over a full workday.” 
  
The Command Chair prototype is basically an office chair with two articulating armrests, one containing one half of a keyboard and the other armrest has the other half of the keyboard affixed to it.  The armrests are fully adjustable and preliminary testing indicates that the Command Chair reduces wrist fatigue relative to a traditional input station. “Mouse buttons are integrated into the keyboards... The planar motion of the keyboard-halves is used as the pointer input into the computer. Coupling the location of the pointer to the keyboard position obviates the need to switch between input devices. In this way, the Command Chair integrates keyboard and pointer input into a single device.”18  (See figure 3)
[image: image1.png]



Figure 3 – Command chair top view18
The system was designed to address several major issues in modern computing.  Several of these issues include; reduction of the time required to switch between input devices, improved comfort over long periods of time, reduction of strain and risk of musculoskeletal disorders (MSDs), reduce crowding of workspace, and the equal use of two hands as opposed to the use of a single primary, dominant hand.  (See figure 4)  Work on the chair is still currently underway, and we will hopefully be learning much more about it in the very near future.
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Figure 4 – Ergonomic Concepts integrated into chair18
3.2 3-D Digital Display Output Devices

History has shown us advancements in digital display ranging from black and white, to color, to high definition color, to projection systems, to touch-screen technology, and more.  While these have all been exceptional advancements, research and development has continued to move forward, giving us glimpses of new and exciting technologies yet to come.

3.21 Holographic Display Monitors

The use of holograms to display digital data requires the invention of an entirely new monitor system.  The theory is to use projected holograms to represent the desired display item.  While the theoretical uses for holograms have been under development for some time, the use of stereoscopic display systems is gaining favor, as it works in cooperation with existing display monitor technology, and because stereoscopic imagery has existed for some time, more is know about it than holograms, resulting in easier implementation.

3.22 Stereoscopic Display

The stereoscopic 3-D effect is achieved by viewing the same image from two slightly different angles through a medium designed to merge the two images together.  Actually, viewing of stereoscopic images is possible without the use of a merging medium, or ‘3-D glasses’, through training your eyes to cross and focus on infinity while viewing the two images, similar to the technique used to view MagicEye( images, but is difficult and lends no real practical application in computing technology.
  The development of digital stereoscopic technology for computer display is now being developed based on the pre-existing manual methods of viewing two images through a device known as a stereoscope.  
The new systems are designed, however, to eliminate the need for special viewing devices such as stereoscopes, or 3-D glasses.  A Stereoscopic Display and Applications Conference is held annually to discuss the year’s advancements in the technology.  Some of the topics to be discussed in the 2005 conference include; image processing and compression of stereoscopic imagery, stereoscopic projection, methods for recording, playback, transmission, and processing of stereoscopic video, stereoscopic gaming, stereoscopic image synthesis: 2D to 3-D conversion, and software and hardware issues for computer display of stereoscopic images.

3.3 Hard-Copy Output Devices

From punching out holes in cardboard cards to be read by a card reader, to Xerox’s first printer, to laser printers, to inkjet printers, hard-copy display has certainly come a long way in a very short amount of time.  In the recent past however, production of new printing technologies has been focused on the improvement of quality and speed of existing devices, as opposed to the development of new technologies.  Nevertheless, that is all changing now.  

3.31 3-D Printers

3-D printing takes the printing industry to a whole other level.  The theory behind 3-D printing is not in displaying text, but in creating true 3-D models of objects.  Z-corporation, one of the leading 3-D printer designers, has developed a series of preliminary 3-D printers.  “The printers create real physical models direction from CAD and other digital data. The prototypes can be used for design review, mock-ups for form and fit testing and patterns for casting applications… 3-D Printers use a powder-binder technology invented at and patented by the Massachusetts Institute of Technology to create parts directly from digital data. First, the 3-D Printer spreads a thin layer of powder. Second, an ink-jet print head prints a binder in the cross-section of the part being created. Next, the build piston drops down, making room for the next layer, and the process is repeated. Once the part is finished, it is surrounded and supported by loose powder, which is then shaken loose from the finished part.”
 (See figure 4)
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Figure 4 – Z-Corp Spectrum Z510 Printer and several printed products.21
As of now, the uses for 3-D printing are somewhat limited to creating prototype models directly from digital models as a pre-production trial product.  The more intriguing question that only time will tell is, what use will they have in the home environment?  Will the average user be buying 3-D printers in the future?  Todd Grimm and Terry Wohlers of T.A. Grimm & Associates investigated just that.  In an article published in 2001 in Time-Compression Technologies they address the likelihood of 3-D printers in the home environment.  The first hurdle is price.  The preliminary 3-D printers being developed cost anywhere from $16,000 to $50,000, not a suitable price to the average consumer.  Following the principals of price versus demand, however, they do argue that with increased use the price will drop considerably, perhaps even down into the hundreds, as opposed to the thousands.  

After the price issue is addressed, there are several questionable scenarios that they foresee.  First, would individuals download or create digital models and start creating their own products, like toys or tools?   They argue, “In nearly every case, it would be unrealistic for the consumer to produce 3-D parts. The balance of time, money, convenience, and quality is essential in most decisions. It is unlikely that home-based 3-D printers will deliver this desired balance.”  
Second, if a product broke, could the user simply re-create it from the manufacturers design specs?  To this they claim, “In most cases, it would be impractical to produce these items with 3-D printing because a wide variety is already available at inexpensive prices in most discount stores. In less time than it would take to print the item, you could purchase one from a local store. In other words, it would not be worth the time, hassle, and material to find what you want on the web, or produce it with design software, and then print it out.” 
  
And if digital product models are available online what kinds of property rights issues will this create?  According to Nanodot, a Foresight Institute Website, concerned with news and discussion of coming technologies, “The intellectual property issues involved will be essentially identical to those of nanotechnology. Toy companies (and others previously engaged in manufacturing) will fight against the AutoCAD-file version of Napster. The status of patents and other mechanisms of IP protection will come under scrutiny. There will doubtless be circulating CAD files for guns, knives, and other dangerous trinkets, and an associated rash of urban legends (recall Monty Python's "spring surprise"). This will provoke thought and discussion which will later pertain to military and terrorist applications of nanotechnology.”
  
Finally, they question if there will be a demand for learning and child development in the creation of 3-D models for education.  And this is where Grimm and Wohlers agree would be the largest probable attraction for home use.  “The most likely consumer market for 3-D printers may be children. Kids, especially grade school children, like to imagine and create. The widespread use of modeling clay, Tinker Toys, Erector Sets, Lego’s, and model kits over the past 40 years clearly demonstrates this desire. Kids are creative, and they like to produce real, three-dimensional objects. In the distant future, as the machines drop to a few hundred dollars, families that have one of everything will consider one these devices as a creative outlet and a fun toy for their children.”
  
While this is certainly a limited perspective of the uses of 3-D printing, is only one scenario.  It is quite possible to imagine, if the price is right, people downloading design documents and printing all sorts of items ranging from arts and crafts, to toys, to highly complex functioning products.
4. Conclusion
“All aspects of human-computer interaction, from the high-level concerns of organizational context and system requirements to the conceptual, semantic, syntactic, and lexical levels of user interface design, are ultimately funneled through physical input and output actions and devices. The fundamental task in computer input is to move information from the brain of the user to the computer. Progress in this discipline attempts to increase the useful bandwidth across that interface by seeking faster, more natural, and more convenient means for a user to transmit information to a computer.”
  
This description of computer input by Robert Jacob offers a nice summary of the role of an input device.  Inversely, it can be implied that the role of developing new methods of output then is to find more convenient means of transferring data from the computer to your brain.  
The technologies presented here are only a small fraction of what is currently under development.  The seemingly endless improvements in computing power, as well as the development and design of new systems to meet the vast array of emerging needs, will only further drive the need to create new and innovative methods for communication between user and machine.  What was once confined to the realm of science fiction is quickly becoming reality, and as fantasy becomes actuality the human imagination continues to push the limit of what science fiction can offer.  In this way computerized technology will continue leap forward at an astonishing rate, and we can expect nothing more than astounding and magnificent developments in the multitude of means for human-computer interaction.
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