So how do you define VR? 

I think virtual reality is probably better defined as a computerized illusion as opposed to a hallucination.  A hallucination is purely something that happens within your brain.  An illusion has some basis in sensory phenomena.  Virtual reality is an attempt to completely re-map the human/computer interface to actually map on what we're able to perceive.  The ultimate nerd-speak would probably be perceptual state space modulation; and you can quote me on that if you can spell it, which means just to modulate perception.  Instead of looking at something else, you look at perception, which is what makes us human; differentiates us from the monkeys.  If we can develop a technology that modifies our perception in a reproducible and meaningful way that increases our ability to communicate and to process and assess information, then we've really achieved something.  

Now there's a lot of buzz and a lot of hype around VR, some worries that VR could be a negative influence just as TV has had a negative impact on kids and increased a propensity to violence.  Do you think there's any...

Oh, yeah.  I mean sure.  The problem, just like in TV, everyone says television is bad.  That's not really exactly true.  Television in the hand of greedy money-mongers that don't care anything about society is bad.  Television as a way to distribute information for health care, for education, that's a great media.  The media is not evil or good.  People are evil or go od.  Virtual reality and these interactive information technologies of which virtual reality is a subset, are going to have a profound effect on the human psyche.  If we wait for the Nintendos and Segas and other people to develop our hardware, then we're going to get what we ask for.  If we don't step in as a society and say, "Hey, this is going to have an impact, and we need to guide this in another direction..."  I'm not for censorship, I don't think we should stop them from doing what they're doing, but it's unfortunate we live in a society where the "Lawnmower Man" is the first exposure that most people have to probably the most powerful information technology to emerge so far in human history.  Not that "Lawnmower Man" is a bad movie, it's just this technology has such a social implication and yet it's being ignored.  No one's making it their job to go out and do it.  Everyone expects someone else to do it or that, oh, things are going to be terrible anyway, so I can't make a difference and can't change it.  We're a little light in the wilderness out here but we're saying, "Wait a minute.  This technology can be used to improve quality of life, and instead of just telling people to do it, we're leading by example, we're demonstrating those sorts of...

But everybody wants to know about VR sex.  Virtual sex.

Well, I mean talk about the ultimate in safe sex as long as you don't have a hydraulic problem with your interface.  I like the term telaffection, where actually creating technologies to communicate the affection part in a relationship, I mean, teledildonics and telesex, great, fine, you know and it's going to happen whether people..."it's coming whether you like it or not", so to speak.  But this technology can be used to communicate affection over a distance and not just sexually.  I mean, I'd love to be able to give someone a hug from transcontinentally.  And so, we're actually working on that with sound technologies and other things where we can control each other's environment and not so much in a sexual way, but in a sensual way.  And more of a whole person way.  I mean, sex is only one part of sensuality, and I think this technology is much more effective, or could be much more effective, in giving someone that you care about a physical stimulation that you're giving to them like you give them a hug, like you shake their hand.  So in that sense, telaffection is probably something I would vote for.  You know teledildonics, well, knock yourselves out, you know, it's going to happen whether you like it or not if people choose to do it.  People choose to do it.  We're not here to censor things.  It's just unfortunate that that's really where a lot of the economic interests go.  But the flip side of that is take the videotape industry and VCRs.  If it wouldn't have been for the pornography industry, we wouldn't have VCRs yet, because they drove the hardware cycles, because they were willing to pay extra money to see things in the privacy of their home, and so they paid for the R & D to develop these technologies and now everyone has them.  So, okay, if that's what's going to happen, that’s what's going to happen.  It's unfortunate if we stand back and say that was the way that our society let this come into being.  That's going to be unfortunate if we drop the ball and don't take advantage of this.  You know, I would like to make a preemptive strike on these sort of things, and you know, go out and do something significant before it's obvious in retrospect, so to speak.  

How pervasive do you think VR is likely to be in our lives ten years, twenty years from now?

Well, if you define virtual reality, you know, with immersive chauvinism and that you've got to wear this scuba diving mask with TVs in it and all this body suit, I don't think it's going to be very pervasive at all.  People have no toleration for that.  But if you define virtual reality as an interactive computer-generated illusion in various forms, either immersive and non-immersive, I can go into a room and I'm several places with several other people but it's on the wall, and they're tracking my motion, etc., and I don't have to wear things, I think it's going to be very pervasive.  Executives will be able to communicate much more effectively, because I can say, "Hey, we're talking about this new business plan.  See the business plan?  These are the graphs we're doing and we can share information in a much more effective way.  Virtual reality is probably, above all things, the ultimate communication technology.  Because by increasing the human/computer information flow, you also increase the computer to human information flow, which if you add those two together is human to human.  And so this will cut down on a lot of barriers where we can both share perspectives and we can share ideas and we can share information and share experiences in their spacialized environments.  And so you and I both have a similar experience of it and we're more likely to be more coherent in what we each think about what we've talked about.  And you can see things from my point of view, literally.  I can have you see what I'm seeing, and I'm pointing, you're pointing, we can superimpose,  so in that sense it's kind of an interesting perspective is that you can get inside my head and I can get inside your head and we can communicate.  

Great.  

I’m testing the equipment before the patient gets here and I'm putting some electrodes on.  This is a ground, and these two are for differential voltage.  We're doing what we call EMG, which is electromyography.  We're actually getting the electrical energy from the muscle.  It's kind of a unique interface to the computer because instead of some device that I'm interacting with, this allows me to take biological signals, muscles and those other things and actually use it as a computer controller.  The neat part about that is that whatever disability anybody might have...like people with the data-glove.  Well, if they don't have any hands, they can't use the data-glove.  So if we can tap in directly from the biological signals, from the eye, from the brain, or from muscles, and extend that into a computer controller, we've now opened up the doors for a whole new way of human/computer interaction.  The first and obvious thing will be to help disabled people extend their abilities, give them the capability of actually being productive in society, because if you can control the computer, you can control information systems, and you'll also be able to be an employee, because you can actually be useful in the information society.  One thing we've found just at a lower level with the people with disabilities is that giving them some sort of feedback to their biological signals increases their motivation to exercise those muscles, which actually accelerates their rehabilitation, so the interactivity that we get here is really what's going to be useful...  Yeah, I'm having some calibration problems because of some grounding that's happening here.  You see, as I move this up and down, that's me, and you notice how smooth that is.  Real muscle is really jittery and the neat part about this biocontrol system's biomuse is that it looks at the energy coming out of the muscle and that's what it actually uses for a controller, and so it looks like we're getting a pretty good signal here...  Just like the other ones that I put on except this puts them in a fixed position, it's easy to mount them and take them off again without a lot of fuss.  If patients have big muscle groups on their limbs, this is wonderful, but if they don't then that's why we have the other ones.  We can put the electrodes where the muscles actually are.  What I'm going to do now is I've already calibrated the system,  we've seen the little wavy lines, I know my electrodes are working, I know I'm getting a good signal, and so now I want to actually control graphic objects.  So the first thing we bring into here is this little sequence where you have these balls spinning around and a little light source.  This software is called Meme.  The graphics package is called Meme, spelled M-e-m-e.  It is a rendering engine that's very fast for a PC.  Two or three years ago you took a silicone graphics machine to do this kind of graphics, but now we can do this with a regular home-based PC.  This is a 486.  

Now instead of having just little squiggly lines or other kinds graphics, when I flex my muscles, I actually can change graphic objects in real time.  And see, I can move the light source up and down and I can make the balls get bigger as they're moving around.  Now this is a very simple demonstration.  It's also the very first thing we use with the children, because we don't want to give them a very complex task.  We want to give them something if they have any muscle activity at all, they get a reward for that, psychologically.  Because as I'm moving this, this is real time, and so there's a real time feedback.  The interactivity turns out to be very...

It's not a real big task.  I just, you know, squeeze my arm and the balls move.  But now we want something that we can get coordinated muscle skills.  So, I cancel that.  It would be nice to have this in real time, but we deal with what we have.  Unfortunately, we have to back out and come back in.  The software connecting this machine to this graphics is original with this laboratory.  And it's really unfortunate that we had to do this, because it should have been available.  Now this next thing, what you'll see is that I have the ball up there, and when I move one arm it moves over and when I move this arm, it moves up.  And so now I can move both arms together and I get coordinated muscle skills.  What we tell them is try and do a little circle.  And then what I can do is I usually pull out my little handy laser pointer and I point onto the screen and I have them track the laser pointer, and so they're tracking this little red dot and instead of having some arbitrary software do it, I'm pretty good at seeing what they're capable of doing and being just outside their frustration level.  What you don't want them is get an attitude "this is too difficult, I can't do this", because then we lose the benefit of the added motivation of this system.  This is really generic.  If I can control graphics on the screen, I can control anything.  Anything the computer can control, I can control.  And this opens up a whole other set of opportunities.  From a philosophical point of view, this is magic.  You know, Bewitched, and I Dream of Jeannie, and blink your eyes or bow your head.  I make a motion and something in the outside world happens to that motion.  And I'm not wearing really anything.  This is sensing biological intention and activating something in the outside world.  This extends the human body.   I mean, it's the next stage in the development of the human body itself is to control more matter than the carbon-based form that we're in.

I think the most significant part about virtual reality from a nervous system point of view and from a perceptual science point of view is that it spacializes information.  It puts things places.  The body is very good at spacialized information.  That’s how we get around.  That’s how we do things.  I mean, typing and this linear information form is really not the optimal way to perceive things.  Having said that, now I can, instead of just moving little objects around,  I can actually navigate around into a space.  And so you see there are some objects over here and I’ll fly towards them just by using my muscles.  I’ll go through the Easter egg here and I can hook a right, or I can hook a left, or I can go both together.  And then I’ll hook a left and the world will come back around and then I’ll pick an object.  I’m going to go underneath that table.  And so I’m navigating using muscular control without any other interface.  This is interesting because the first time we used this in a clinic was a child who had been paralyzed for five years, a ten year old sitting in a wheelchair breathing with a ventilator.  It took him a minute and a half to ask me to please change his TV  station.  And now, I mean we came in, we plugged him up with his forehead muscles and around his face and he was able to fly around.  He was able to move objects.  The first time in five years he was able to actually control something on his own without having another human intervene and do something for him.  The sense of empowerment is quite profound to people like this.  I mean, it’s unfortunate we have these cartoon graphics as, right now, where the state of the art is.  Because ultimately, instead of coming around in some game space, he should be going around into some spacialized knowledge base and go to school.  And I think I’ll go into the classroom that will show me history, and so you go into that area.  Or I think I need to go over here to the science lab, and he goes into the science lab.  And so you navigate around and you’re actually going places.

From our point of view in the lab, we’re thinking, “Geez - this is an extension of the human nervous system into information space.”  And instead of playing games or combat simulations, if we were able to have a library or some other school where you could go, cyberspace, if you will, cyberschool.  But you know if you use popular terminology where you can go and go down the hall and go into the science lab and you know when you go in the science lab that the chemistry is over here and you know that the physics is over here, and you know that biology is over here so when you go in, you already have a context of where things are and so you already know something about them.  It’s part of that spacialized information.  Again, what virtual reality is going to do -- the simple part, it’s going to help disabled people from our point of view -- but in the long run, you’re going to increase the human/computer interaction ability where instead of typing or moving a mouse around, we’ll be interacting with multiple spacial environments.  And probably increase the throughput of mind-computer-to mind probably three orders of magnitude.  About a thousand-fold.  By putting sensors on different parts of your body and actually integrating the nervous system into reacting with information. 

Talk to us about how you can drive around. 

Well, basically, what I have here is I have each arm hooked on--it’s kind of like a caterpillar lever like if I was working heavy construction, you pull back one way and you turn--the idea is that one turns one way the other turns the other way, and both together I can move forward.  And so in various combinations.  It gives you kind of an analog navigational capability using your muscles.  We’ve put this on children who have problems with the muscles in their legs, and we put one on one leg, one on the other, and they hop on their left leg they turn left, they hop on their right leg they turn right, and they hop on both legs and they move forward.  And it’s really fun, because at first they’re going, “Oh, this is stupid.”  And pretty soon, everyone’s backed away and they’re really engaged into the screen and it’s a way to automate therapy.  That brings up another point about using this in a clinical application, in therapeutics, is that because these are actually measuring the electrical activity coming from my muscles, we can actually stream part of that data instead of just playing with graphics, into a record of the patient.  And then, over time, see how much the patient’s actually able to move and so we can track the patient quantitatively.  And so instead of me saying, “Well, you look a lot better today,” and that sort of thing, we can actually say, “You’re 13.6% better than you were last time, and it looks like we need to work on this muscle group over that muscle group.”  And so you get a more objective measurement of what we call therapeutic efficacy.  And that’s medspeak for “Is what we’re doing actually working?”  

You’re talking about this specifically now for medical rehabilitation and physical rehabilitation.

Well, you could also talk about cognitive rehab because another thing about virtual reality is that it is an untouched area in psychiatry.  It’s the microscope for psychiatry.  And how that will work is we can put people into a constant environment that have very context-specific things.  Like these are bananas and Easter eggs and a blue donut.  Not really psychologically engaging.  But if, let’s say that I was afraid of something, or let’s say that you wanted to find out what kind of personality a person is so you put them into a room that has different kinds of paintings and different objects and then you track where they’re looking, you know what they interact with, you know how long they interact with things, and you know that you’ve cut out the rest of the environment, because they’re immersed in the system with the headmounts and the earphones and these sorts of things.  Well that will give us a very objective view of interaction dynamics and that will map on very well with personality disorders, with other psychiatric problems and these sort of  things.  So it’s really going to be an objectifying technology for psychiatry.  Another application is in pediatric psych. because now you can put children that are abused either physically or emotionally abused children or economically abused children and you can put them into an environment and you can -- two things.  One, you can do this for diagnostics.  You can say, you know, if they’re always going around trying to stab things, you know we got a problem here.  But you can put them in and with using artificial life--I’m looking into the future now--where you can populate an environment with enriching characters.  So a character comes up and says, “Hey, how are you doing?  Have a good day,” and these sort of things and kind of bonding with the child.  When I say this at conferences there’s always someone comes afterwards and says, “Well, why don’t you do it with people?”  Well most people who say that are usually over forty and don’t realize that this is 1990’s and these are kids who play in the video world and it’s negligent of us as adults to expect them to go out of their natural environment, which is video, to look for areas of rehabilitation.  We’re not trying to remove the humans from this.  We’re trying to augment our ability as humans to actually be more effective in areas that we can be more effective.  

Let’s go back to this idea of extending the nervous system this way and take it beyond medical rehabilitation into...you’re talking about how it expands our whole sensory capabilities and in the future we may have sensors all over...

We’re going to use this as a tool.  For example, let’s say I want to do a database search.  And now I’m on the Internet, these data super highways and there’s zillions of things that I could search for.  So, I’m going to be able to have multiple searches going on so if something comes up and it’s a square, it’s spinning, has a texture map, and I can point to it and kind of change its parameters, and then jump to another one really quick, as opposed to typing lines in and moving a keyboard and a mouse around, I am now much more efficient in dealing with information.  So this is extending my nervous system to manipulate multiple objects simultaneously and through shifts in attentional focus, I could probably run ten to fifteen things simultaneously.  And people say, “Oh, you can’t do that.  You can only do one thing at a time.”  Well, you’re standing up and you’re talking.  Do you know how many muscle groups are working when you’re standing up and you’re talking?  So you’re doing actually more than one thing, but that’s because the interface to the universe has been natural, you know, is a very natural thing.  Well we need to extend that metaphor into cyberspace if you will.  It’s interesting, the people who develop this technology are really good at chips and numbers and algorithms, but they have no clue about how the nervous system works and about cognitive science sorts of things.  And also if they do, it’s usually in a classical 1950s or 60s paradigm.  They’re not saying, “How can we take this technology and revolutionize...”  I mean I don’t want virtual reality, I want virtual non-reality.  I’ve got plenty of reality.  I want to be able to, for example, with the immersive systems or video on the walls and these sorts of things...I can see several environments simultaneously by making them transparent.  We have these things you can see through with graphics.  Well, if I have two different things going on, I can be in two places at once.  I can be in four places at once and then just say, “Oh, I need to be in that room,” and then the other ones go away and I’m in there and then, “Oh, I need to be in this room,” and just teleporting back and forth.  

How far away do you think we are from applications of these sorts of things?

Well, I mean I’ve seen demos and we’re working on them here so it’s a matter of funding and access to technology.  

We use the term perceptual modulation instead of visualization.  Visualization is photic-chauvanism.   I mean we have ears and bodies and other things other than our eyes and so we’re kind of restating the problem in a point of view of can we modulate perception -- that part of consciousness which we’re always with -- in such a way that we’re more efficient and actually interacting with information.

What do you think the emotional impact is for controlling the patients who do not have use of their limbs and they’re able to control the environment this way?

Well, for the very young children the emotional impact is probably not as profound as say like a thirteen year old or a sixteen year old who has been in an accident and they know what it’s like to be popular and they know what it’s like to be in school and they know what it’s like to be functional.  All of a sudden that’s taken away and they know it.  You look and people doing rehabilitation with these people and it’s not always the pathology, it’s not always the trauma that’s really the problem because some of that heals or whatever.  It’s the motivation.  And so that’s an emotional part of being.  Well if you empower them with this technology, and all of a sudden they can do things again, you know even if they’re not going to be jumping up and down and changing a lot, you actually watch, and what our experience has been without exception that the motivational increase by having this interactivity and by having the universe do something when I intend for it to do something is quite profound.

...Treat the whole person.  And so we’re not just worried as like, “Are your muscles healing?”  We’re worried about you as a person.  You know, you have a spirit and a soul.  Are you going to relate better with your family and your friends and these other areas.  A lot of times that’s missed with technology.  People say, “Oh, you’re just trying to throw computers at the problem.”  Nothing could be farther from the truth.  We’re actually trying to integrate computers in so we can reach the whole person and reenable them in areas that they’ve lost.  And sometimes the disability is not physical.  For example, with children that are in bed for diabetes or something.  Sure they can run and jump and play and everything, but they have an emotional disability that if you can make them understand with these virtual reality systems more what’s going on in their body and make them feel a little better about themselves and put them a little more in control, now you open up a whole new part of life for them.  So there’s many untapped areas.  It’s really unfortunate if you look at the numbers that this stuff is just not being supported.  There’s plenty of people who want to do it, but those people don’t have access to the resources.  We hope that changes very soon.

...Two things we’re trying with it.  First of all, you have to figure this hasn’t been done.  Okay, so we have to see if there’s any negative effects, like if he starts crying, if he starts getting wobbly.  So these are things that a lot of research has been done with this equipment on real people, but when you’re going to bring something into the medical center, you need to kind of make sure that everything is okay.  So that’s one explanation.  Another explanation is that getting people familiarized with the technology.   It’s at a primitive form now but he won’t talk to us probably.  But I guarantee if it’s anything like the last times we did this, he’ll start talking to his friends and things will change.  Last time when we tried this, the first day kids were “Yeah, that was really good.”  And the next day they were lining up outside the hall and everybody was having a good time and we were really confused.  We walked away and go, “Oh, man, we failed.”  But we didn’t.  You have to understand something about kids like this.  Okay, he’s suffering from cancer.  And if we can in some way modify this technology to increase his quality of life, give him something to do.  He’s sitting here, he can’t even speak the language of most of his nurses, but yet if you put him into a spacialized environment that’s a universal language.  Give him someplace to play.  It’s even considerable, if one thought about it in the future we could be linking children’s hospitals around and kids could play with kids.  Or you could put a therapist in there with kids from around and provide a satellite service for this sort of thing.  That way we could have Spanish-speaking cyberspace and an English cyberspace and a German cyberspace or whatever we want.  So that is another area.  Or a multi-lingual cyberspace and you have automatic translations, so I’m speaking English but a translator translates it and you hear it in your native language.  And exchanging other ideas.  Also, it’s just the fact that it’s a change in routine.  It’s a non-traumatic experience in the hospital.  Hospitals are pretty bad for little kids because they come in here and we’re poking them and prodding on them, thumping on them, you know, doing all sorts of interesting things on them, medically, that we need to do and can we use some of this technology to kind of buffer how they actually see the experience.  And so these are the kinds of questions we’re asking.  I’d like to say sure, absolutely we can do this, but I don’t know yet.  That’s why we’re here doing this.  And also trying to show other people and get other people in other places to do this also and then get together to talk about it.  That’s how progress is actually going to be made.  

Today it’s a demo of a carbon model?

Well, the time before...unfortunately they didn’t send the demos we had here before because we had a shark adventure where they go and they capture sharks and that was really the one I wanted to show because these kids who were kind of depressed and laying in their beds and everything, all of  a sudden they get up and they’re swinging the handset around and they’re laughing and giggling, and it’s more interactive.  So this isn’t probably the best demo, but on the other hand, if you can make a showroom interesting for a child, you’ve still done quite a bit.  So I’m not going to argue about this being the optimal content.  Certainly you’d want to get with staff psychologists and other ones and even in the future have an environment that the child creates.  Give them a tool so they can point and put walls places this is the wallpaper I want and I can finger-paint on the walls if I want and you know, give them a place that’s their room.  I mean, that’s really going to be the ultimate.  And then they can invite kids from down the hall, “Hey, come see my room.”  And exchange ideas and these sorts of things.   So the potential is only limited by the funding, really.    Because the funding is actually stopping people from doing it because people have to get paid for what they do.  You know, this is the real world.  So I could go on, but this pretty much wraps up the aspects on this person and some of the peripheral events.  People say, “Why are you doing something like this?”  Well, because it needs to be done.

I was interested in the general overall how can this kind of VR be useful in the hospital setting?

Well, if we had a park...I mean just think if you could have flown out the window and that would have been another place we could have gone to or the young girl wanted to go to Paris.  She could have gone to Paris.  Go visit your kids in the classroom.  You know if you’re here in the hospital and you can link in with your friends someplace else.  This is communication technology.  That’s really where this is at, because this is going to change the way we are going to be able to communicate with each other.  And I think these applications warrant the development of the technology.  Ultimately these will be seen as incidental minor applications.  Of course, kids in the hospital did it, that’s great.  But we’ll all be doing this and our kids will be doing this, etc.  So this is another way to kind of kill two birds with one stone where you’re actually doing something right now today, not in the future.  We’re actually giving these kids a fun time so that’s real and that’s today, but at the same time we’re not wasting this opportunity to help guide us into what we should do in the future.  

