
 
 

      
  
 

  
 
 

        
            

              
              
         

           
             

             
           

            

                
              

               
               

                
     

            
        

            
          

         
          

           
          
       

            
            

       

             
          

           
          

“Mind Over Matter: Cognitive Neuroengineering” with 
Karen Moxon 

Transcript of Cerebrum Podcast 

Guest: Karen Moxon, Ph.D., has conducted ground-breaking research in neuroengineering, 
developing computational approaches to study the encoding of sensory and motor information. 
An important focus of her work is the impact of neural injury on the representation of 
information in the brain. Early in her career, she contributed to the first demonstration of a 
closed-loop, real-time brain-machine interface system in a rat model that was quickly 
translated to non-human primates and, more recently, to humans with neurological disorders. 
This work has spurred an entirely new discipline within neuroengineering that has had a global 
impact. Dr. Moxon maintains an active research program, combining signal processing and the 
development of neural interface devices with computational approaches to study how changes 
in neural encoding contribute to recovery of function after spinal cord injury. 

Host: Bill Glovin serves as editor of Cerebrum and as executive editor of the Dana Foundation. 
He was formerly senior editor of Rutgers Magazine, managing editor of New Jersey Success, 
editor of New Jersey Business magazine, and a staff writer at The Record newspaper in 
Hackensack, NJ. Glovin has won 20 writing awards from the Society of Professional Journalists of 
New Jersey and the Council for Advancement and Support of Education. He has a B.A. in 
Journalism from George Washington University. 

Bill Glovin: Hi, and welcome to the Cerebrum Podcast, where we explore topics 
about brain science. Yesterday, I heard that there are now 750,000 
podcasts, including 18 on just the subject of knitting, so why listen to this 
podcast? Well, for a couple of reasons. First, we're part of the Dana 
Foundation, which includes the 25-year-old Dana Alliance. This alliance is 
made up of more than 600 neuroscientists from 38 countries. How do 
you get into the Alliance? It's through invitation-only and you have to 
have an extremely distinguished record of research and a willingness to 
take the important message of depression, Alzheimer's, stroke, 
Parkinson's, MS, spinal cord injury, and any number of other areas and 
tell the rest of the world why it's so vitally important that we fund brain 
science and continue to move research forward. 

That brings me to another reason to listen to our podcast. Our guest is 
generally a Cerebrum author. Someone who has been vetted by an 
advisory board of neuroscientists at the top of their field, and our 
advisory board consists of members from places like Johns Hopkins, 
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Harvard, Washington U., Yale, and Rockefeller University here in New 
York. The folks who write our articles are generally people who are 
among the most-respected expert researchers in their respective areas 
and always come with a strong recommendation from the advisory 
board. Take today's guest, for example, Karen Moxon, who is on the 
phone with us from UC Davis. She is a guru of engineering so to speak, a 
Professor of three engineering disciplines; biological, mechanical, and 
aerospace. When I asked our advisory board to recommend someone to 
write on brain-machine interface, Karen's name was immediately 
mentioned. 

She is the lead author of our most recent Cerebrum article, “Mind Over 
Matter: Cognitive Neuroengineering.” This podcast is meant to touch on 
some of the areas that aren't necessarily in the article, which is another 
reason to listen. So enough promotion. Let's explore brain-machine 
interface, once the stuff of science fiction novels. Karen will explain how 
truth is becoming stranger than fiction, science-fiction to be exact. 
Besides all of her engineering expertise, she directs a neurorobotics 
laboratory and tries to find answers for people with spinal cord injuries 
and epilepsy. 

Welcome, Karen, and thanks for joining us. 

Karen Moxon: Hi, thank you very much for giving me the opportunity to be here today. 

Bill Glovin: I see you worked at Drexel for a while and gave up the East Coast for 
sunny California. How do you like it so far and why did you make the 
move? 

Karen Moxon: I'm super happy here. I love California. I'm a New Yorker born and raised, 
and I love New York as well, but I think that it's always important to move 
a little bit. So, I had been at Drexel since my first junior professor position 
there back in 2000, so I was there for almost 18 years. And when you 
move, you meet new people, you change up your science a little bit, you 
engage in new things that you didn't have before, and I think that's a very 
important thing to do. So, moving to California was a big part of that, and 
it has filled all of my wishes. 

Bill Glovin: Where in New York are you from? 

Karen Moxon: Long Island. 

Bill Glovin: Long Island? Oh. 
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Karen Moxon: Long Island, yeah. 

Bill Glovin: Did you read a lot of science-fiction novels growing up? 

Karen Moxon: You know, I did like Isaac Asimov very much, and I don't know that that 
so much influenced me in terms of my science today. I think it was more 
sort of the tragedies that I saw with people with mental illness or 
neurological injuries, and going into medicine was always something 
people have kind of pushed as the holy grail of your educational 
opportunities, and I didn't see medicine really solving the problems. And 
when I first found out about engineering, engineering seemed to me a 
problem-solving type of discipline, and I wanted to be a problem solver. 
So, there was no neuroengineering when I started college, and I just sort 
of hoped it would come to fruition someday, and it sort of has. So, that's 
been really wonderful. 

Bill Glovin: Let's transfer to science, and for listeners who might not know much 
about this topic, can you first give us a sense of what 
machines/computers are now capable of, and second, what they might 
be capable of two or even five years from now? 

Karen Moxon: Sure. I think one thing for people to sort of understand is that there's two 
kind of major pathways. One is sort of a noninvasive pathway and one is 
a more invasive pathway. The invasive pathway requires actually cutting 
a hole in your skull and putting sensors or recording electrodes into your 
brain. So, you could imagine that that's extremely limited at this point. 
The other pathway, which is noninvasive, people use often, there's 
actually games you can go out and buy, I don't remember the names of 
them at this moment, but you can buy off the shelf packages online for a 
few hundred bucks, where you can put electrodes on your head and 
record electroencephalography, we normally refer to as EEG. And you 
use your EEG signals to do all kinds of interesting things. 

I actually have a class here, a lab class, for undergraduates, where they 
will learn how to put electrodes – for engineers – they learn how to put 
electrodes on their skin, on their head, and they'll take those signals and 
they'll use them to, in a kind of decoder, to determine what you want to 
do, and then they open programs on their computer or they turn on 
music or things like that. So, that's a pretty viable approach. People are 
working to make it more reliable and more robust. It's been used for 
things like controlling your wheelchair, starting or stopping it, or moving 
a cursor on a computer screen. That has limitations, because the quality 
signal is not that great, so there's not a lot of information content there. 
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Karen Moxon: So, maybe about two decades ago, it became really obvious that if we 
could put electrodes into the brain, the quality of the signal would be 
better, there would be more information, and then we can do more 
interesting things. And with advances in technology and our 
understanding of how the brain codes information, we now have 
preclinical devices where I think maybe about 20, 25 people have been 
implanted with these micro electrodes, and they can use them to control 
robotic arms and things like that, but it's very much still in a research 
mode. 

Bill Glovin: In the last few years, we've heard a lot about 5G. Does have 5G tie into 
the technology of making things like, what you say in your article, are not 
ready for prime time. Will that help make it ready for prime time? 

Karen Moxon: Yeah. So, 5G is wireless. So, that's if I want to send a signal out of my 
brain across a wireless path. So, one might imagine wanting to remotely 
control things with your brain. Do we need the 5G bandwidth? I don't 
know. Because we can do that today. The areas that I'm more interested 
in is that we would decode the signal, and then we would immediately 
stimulate that into your brain or into your own body, so if you were a 
paralyzed person, we might take your intention to move, and then 
stimulate that below the level of the lesion, and have you, let's say, walk 
again or something like that. So, there's actually no need for wireless at 
all, because it all be wired. So, I don't know that 5G is really like an 
enabling technology for this deal. 

Bill Glovin: Okay. Five years ago, Miguel Nicolelis at Duke wrote a Cerebrum article 
about advances that produced an exoskeleton, and it was demonstrated 
before a World Cup game in Brazil before millions of people. Can you tell 
listeners what that is and how the exoskeleton has improved in five 
years? 

Karen Moxon: Sure. I'm not an expert in exoskeletons, but one of the nice things about 
that demonstration was that was a noninvasive demonstration. So, again, 
they used EEG signals, and then used those EEG signals to control the 
exoskeleton. This is a very important area, because it's not only for 
people with neurological injury or disease, you could imagine 
implementing that in, let's say, we call it high cost of life environments. 
So, if you are an astronaut out in space and, I've talked to some of them 
and they talk about how having to grip on so tightly that they hurt the 
ends of their fingers, and their fingernails kind of fall off. So, if you could 
relieve yourself of some of the things you have to do with your own 
hands, like controlling robot arms with haptic devices or something, and 
you use your thoughts to control them, and that would be with some sort 
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of exoskeleton or some sort of robotic device, that would enable us to do 
things that were just impossible before, thus ultimately make it much 
more natural, because you would just think about how you would want 
to do it and get that done. 

If you also imagine, like exoskeletons now are very big for the 
Department of Defense because we know now that soldiers need to carry 
so much equipment with them, and that equipment then wears them 
down. But if you had an exoskeleton that was powered and then could 
relieve some of that burden, and as you needed to get access to different 
things, you could use your EEG signal to know which thing you wanted to 
get access to. Those are the kinds of things that we could imagine 
happening with [inaudible 00:09:22]. 

Bill Glovin: Well, what is the potential to treat cognitive disorders such as deficits in 
memory, capacity, learning ability, and the decision-making skills as we 
age? 

Karen Moxon: Yeah, so this is a big area that the University of California Davis, where I 
am now, is working on, and I think that this is really the next horizon for 
neuroengineering. We are finally beginning to get a handle on how does 
the brain control cognitive function? An example is, let's say, decision 
making. So, we have some idea... Not every type of decision, for example, 
but certain, specific decision-making applications we know enough about 
to be able to say, for example, one must first accumulate enough 
information before they're ready to know whether or not, what decision 
they want to make. 

If you put people in certain circumstances, stressful for example, then 
they don't wait for a full accumulation of information, and they may 
make a decision too quickly. On the other hand, they may take too long 
to make a decision, and then not really taking advantage of being to 
move forward. So, imagine if you knew what good decision making 
looked like from within your brain, and then you could know when your 
brain has accumulated the proper amount of information, and you could 
trigger the decision based on an optimal function rather than just sort of 
what we're doing today in terms of "Well, I think I'm ready to a decision, 
I'll make it." 

It could also apply to, let's say, people who have addiction. So, if people 
are compulsive decision makers, and we understood how that 
accumulator function worked, we could prevent them from making 
impulsive decisions and make them think them through more before they 
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actually implemented on making that decision to place another bet or 
take another drug or something like that. 

Bill Glovin: Does this tie in at all to the technology that Tom Insel's company is 
working on in terms of smart phone technology to measure people's 
behavior and help them overcome depression, for example? 

Karen Moxon: I'm not exactly familiar with that company, but I do know of several 
different groups that are working on this kind of thing for depression. We 
have two options right now. The main option for depression is obviously 
drugs, but people are beginning to think that neuromodulation or some 
type of stimulation might also help depression. But we do it sort of in a 
"give the drug and hope that it works, or give the stimulation and hope 
that it works,” but if you have sort of a closed feedback loop where you 
knew what a good mood state was, you could constantly be recording 
from the brain and deciding "Am I in a good mood state? Am I in a good 
mood state?" If I am, then we just leave things alone. If I'm not, then I 
give a little drug, or I give a little stimulation to move me back to that sort 
of better operating legion. 

Bill Glovin: Interesting. Is there a race on between countries to pioneer some of this 
technology? I mean, one would think it would give any country a serious 
competitive edge in the global marketplace. 

Karen Moxon: So, that's interesting, and I am definitely not an expert on this, but there 
has been a lot of talk about the fact that in countries like China, where 
everything is government run, when people move to doing everything on 
their phones, let's say, including banking and shopping and their GPS, 
then the government knows where everybody is, when they're there, and 
what they're doing while they're there. That feeds into sort of this big 
data concept, and our ability to make models of how people function and 
what they do and why they do it depends on us having big data. So, 
China's going to win the big data fight, because they will get data from all 
of their billions of people. In the U.S., you know, we're concerned 
enough, and Europe as well of course, are worried about these privacy 
issues, and we don't want to aggregate all of our data in one place. But 
for us to make, let's say, the kind of models that we would need to 
develop better decision-making prosthetics, for example, or better 
attention prosthetics, we do need those kinds of data. 

I think the ethical issues here and how we manage those and what we do 
with those and how we think about this in terms of, even as far as 
national security and national competitiveness. These are really hard 
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conversations I don't think we've had yet, and I think that they are really 
maybe even a little bit overdue. 

Bill Glovin: Is the fact that national security and DOD implications might be on the 
table, does that help with funding? 

Karen Moxon: So, the Department of Defense has been very supportive of developing 
new brain technologies, as have, obviously, the National Institute of 
Health and the National Science Foundation. Whether that will continue, 
I don't know, but for sure these types of breakthroughs that we've made 
in the last 20 years could not have been done at this pace without 
support from all of those organizations. So, the DOD does think that this 
is important, does want to help, not only their injured soldiers who come 
back, but their current soldiers that are in the field. So, I think there's a 
place for this, and it has been a good relationship, I think. 

Bill Glovin: Before we got started, you were mentioning that you're applying for a 
$25 million grant, and can you talk about who you are applying to and 
what it would be for? 

Karen Moxon: So, the National Science Foundation has what they call Centers for 
Science and Technology, and the goals of these are... I was on the phone 
the other day with a program officer, and she said, "wild and crazy 
science," so it's not something that you can just sort of do with your sort 
of normal way we do science. It has to be something for which you need 
to bring in people from many different areas, and all sort of converge 
together to do science in a new way that has never been done before. 

So, what we're promoting is this sort of new field of cognitive 
neuroengineering. And, in that realm, it has to be of the greatest 
importance, it needs to be impactful to a broad range of people. So, 
because of some of the things we've been talking about, being able to 
interface directly with your cognitive state is really going to impact 
almost everybody, right? If we can do this, everybody will have a way of 
doing it in some way. So, how can we do this in a way that's fair, that's 
low risk, that considering the unintended consequences, you know the 
unknown unknowns that people talk about. And, again, we haven't had 
those kinds of ethical risk-based discussions yet, but people in their labs 
are doing these kinds of research and the Science and Technology Center 
would give us an opportunity to bring all these people together and have 
those kinds of discussions. 

Bill Glovin: So, let me ask you to put a crystal ball in front of you for a moment, and 
ask you, in 20 years, what will society look like? Will we have self-driving 
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cars, trucks? We'll be able to have Siri kind of in our brains in terms of 
just thinking things and having them appear on a computer screen, which 
we seem to be able to do now at a certain level. What do you envision? 

Karen Moxon: So, that's a great question. There is one breakthrough that we need, and 
we have been working on this for a very long time. So, as I kind of said at 
the beginning, to really do this effectively and in a meaningful way is 
going to be hard to do noninvasively with like EEG signals. So, I believe 
that we are going to have to go invasive. So, there will have to be 
implants into the brain in order to do interesting and really worthwhile 
things. So, the breakthrough that we need is sensing devices, and some 
people call them micro electrodes, that can be implanted and function 
reliably for very long periods of time, right? If you were to get an implant, 
you'd want to have it last for 20, 30, 40 years. We don't have that 
technology right now, and that is really the biggest barrier. 

I think all of the other sort of pieces are in place, because we can do them 
on short time scales, both in people and in animals, so the reason we 
don't do it for longer periods is because the electrodes fail. Assuming that 
we can overcome this barrier, make a device that you could insert and 
record for 30 years, I imagine that everybody's going to want an implant. 
Because I imagine that people being able to multitask by thinking about 
what they want to get done and having it get done, whether that's 
turning on the autopilot on your car or talking to Siri without having to 
speak out loud... I should say communicating with Siri without having to 
speak out loud. I think, when I got into a class and I ask a bunch of 
freshmen "If you could have a device that would augment your memory, 
and you could basically have Google search engine inside your head to 
look up stuff whenever you need it," everybody pretty much raises their 
hand, says "Yeah, I would like to have that." So, I think we will, and I think 
we'll solve this problem in, certainly, 20 years, and I think people will 
have the implant. 

Bill Glovin: Wow, really fascinating. Now, with all that said, I hope that my recorder’s 
working properly, because I'm still a little primitive. But, anyway, I think 
that's a great place to end. I can't thank you enough. The article, if you're 
interested in this topic, is tremendous. Gives you all kinds of insight and 
also goes over a lot of the ethical concerns. It's called “Mind Over Matter: 
Cognitive Neuroengineering.” And I'd like you to thank your colleagues 
who helped you on the article. You all did a tremendous job. Again, thank 
you for being our guest, and good luck going forward. 

Karen Moxon: Great. Well, it was a lot of fun and I really enjoyed it. 
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Bill Glovin: All right, Karen. Take care. 

And that's our Cerebrum Podcast for this month. You can find Karen's 
article and all our Cerebrum content at dana.org. We'll be sure to keep a 
close eye on what Karen's lab is conjuring up. She is really on the cutting 
edge. And thanks for listening to one of 750,000 available podcasts out 
there in the world. 

https://dana.org

