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ANSWERING THE 
BIG QUESTIONS 

IN NEUROSCIENCE
hen the Defense Advanced 

Research Projects Agency 

(DARPA) asks research ques-

tions, it goes big. This is, after 

all, the same agency that put 

together teams of scientists and 

engineers to find a way to connect the world’s 

computers and, in doing so, developed the 

precursor to the Internet. DARPA, the experi-

mental research wing of the U.S. Department of Defense, funds 

the types of research queries that scientists and engineers dream 

of tackling. Unlike a traditional granting 

agency that conservatively metes out its fund-

ing and only to projects with a good chance 

of success, DARPA puts its money on massive, 

multi-institutional projects that have no guar-

antees, but have enormous potential. 

In the 1990s, DARPA began its biologi-

cal and medical science research to improve 

the safety, health, and well being of military 

personnel, according to DARPA program manager and Army 

Colonel Geoffrey Ling, Ph.D., M.D. More recently, DARPA has 

entered the realm of neuroscience and neurotechnology. Its fo-

cus with these projects is on its prime customer, the U.S. De-

partment of Defense, but Ling acknowledged that technologies 
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Andersen’s group is approaching four neurological deficits 

that may occur through traumatic head injury, stroke, or other 

trauma. 

1) Neglect, which causes a loss of volitional (conscious) move-

ment or loss of awareness of the visual space on the side of 

the body opposite to the affected region of the brain. This 

results from damage, or lesions, to the parietal and frontal 

lobes of the brain.

2) Optic ataxia, which is a disconnection be-

tween the visual and the motor system, 

causing mislocalization of goals for move-

ment. In other words, individuals have diffi-

culty in accurately reaching for objects. This 

deficit results from lesions to the parietal 

cortex.

3) Apraxia, which causes an inability to per-

form dexterous movements. For instance, 

the patient is unable to form the hands and 

fingers properly to grasp objects. This results 

from parietal and frontal lesions.

4) Hemianesthesia, which causes a loss of tactile sensation 

on the side of the body opposite to the affected side of the 

brain. This deficit typically results from lesions to the thala-

mus, which is located in the lower central part of the brain.

For this work, Andersen’s laboratory is simulating neglect 

and optic ataxia in monkeys while Schieber is doing the same for 

apraxia and hemianesthesia. Using microelectrodes implanted 

in the brains of the monkeys, the groups will monitor activity 

changes during the simulations of the neurological deficits. 

Andersen’s laboratory is simulating the disorders by injecting 

small regions of the brain with pharmacological compounds that 

temporarily shut down very small nodes—just a couple of milli-

meters in diameter—in the associated neural networks. Just one 

of these turned-off nodes disables an entire circuit and causes 

the loss of movement or other symptoms. “It’s pretty amazing 

that we can simulate these disorders with an inactivation of such 

a small region,” Andersen said. He is particularly excited about 

his laboratory’s studies of optic ataxia. “There wasn’t an animal 

model for it before we started our work, but we were able to find 

this part of the brain called the parietal reach region, which is 

important for converting visual signals into plans for reaching. 

If we inactivate this region, then the animals misreach. They 

can’t properly localize the targets in the affected visual field,” 

Andersen said. “This, then, became the first animal model for 

optic ataxia.”

His laboratory also uses a functional magnetic resonance im-

aging (fMRI) machine designed especially for imaging the mon-

key brain. The machine is vertical, so the monkey can sit inside. 

“The fMRI machine allows us to inactivate a node in one part of 

the brain and see the effect on the whole brain. We can  monitor 

these effects through changes in the blood flow.” Andersen ex-

plained that an active area of the brain has a larger influx of 

blood than a less-active area, and fMRI readily measures these 

differences. 

Their research has shown that monkeys are occasionally able 

to overcome neglect even when a node is disabled with the drug. 

When this happens, they discovered that the other nodes in that 

circuit become especially active, essentially taking over for the 

faulty node and restoring movement. Andersen’s laboratory is 

now attempting to mimic this cure of neglect using electrical 

stimulation of the other nodes in the affected circuit. 

While Andersen’s and Schieber’s laboratories continue to re-

cord signals from nodes and circuits in the brain, Loeb is model-

ing the intricacies of the spinal cord-to-muscle coordination re-

quired for movement to occur. Thakor is taking 

up another part of the research by studying how 

the brain actually decodes the signals that Ander-

sen and Schieber are recording.

“This work may not be as glamorous and ‘gee 

whiz’ as a fancy prosthetic arm, but it is very 

fundamental and clinically useful because head 

injuries affect so many of our soldiers,” Thakor 

said of the REPAIR program. “For that matter, 

head injuries also apply to athletes, such as foot-

ball players who are hurt on the field and kids 

who are doing headers on the soccer field and 

getting minor concussions, which can add up to 

traumatic brain injury.”

In summary Thakor noted, “This kind of basic research has 

applications from blast trauma in the soldier to traumatic brain 

injury in the athlete. We don’t have a gadget to solve the problem, 

but this basic research has huge societal and clinical impacts.”

Getting Better Faster: Accelerated Learning
“The Accelerated Learning program will develop quantitative 

and integrative neuroscience-based approaches for measuring, 

tracking, and accelerating skill acquisition while producing a 

twofold increase in an individual’s progress through the stages 

of task learning” [3].

“The concept of the Accelerated Learning program is to take 

what we know from basic neuroscience and what we know from 

education and training, and try to develop neuroscience-based 

approaches to improve training,” said Chris Berka, who is head-

ing up one of four research teams within the DARPA program. 

“That can be anything from using neurotechnology to assess a 

trainee’s strengths and weaknesses to accelerating the transi-

tion from novice to expert.” Berka is the CEO and cofounder 

of Advanced Brain Monitoring, a company based in Carlsbad, 

California.

Berka’s research focuses on both the assessment of a train-

ee’s capabilities and accelerated skill acquisition, and is pre-

paring to commercialize a device to help athletes get in the 

zone so they can perform at their highest level. The device, 

called the Adaptive Peak Performance Trainer (APPT), is an out-

growth of her group’s study of the differences between novices 

and experts. It trains the former to match the physiological 

and mental states of the latter when undertaking a task (Fig-

ure 2). She expects APPT to be commercially available within 

the year.

“We started with expert marksmen. Specifically, we took a 

group of Marines who were high-level coaches, so coaches of 

the coaches, and we monitored their brains’ electrical activi-

ties, as well as a number of other physiological parameters, in-

cluding heart rate, respiration, and muscle movements, while 

“This kind of 
basic research has 
applications from 

blast trauma in the 
soldier to traumatic 
brain injury in the 

athlete.”
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they were taking long-distance shots at a still target.” They also 

monitored the high-level Marine coaches during combat marks-

manship in which the target and/or the shooter are moving; 

novice, Marines and nonmilitary participants 

in both scenarios; and veteran and novice po-

lice officers as they participated in deadly force 

decision-making exercises. “Altogether we ran 

about 300 subjects across all of these conditions 

and populations, and we found some very consis-

tent psychophysiological profiles of novice versus 

expert,” Berka said.

In intense situations, such as taking a long-

distance shot, the experts were able to deceler-

ate their heart rate, stabilize their breathing, 

and reach a specific and controlled brain state. 

The combination provided the focus to perform 

well. Novices were just the opposite in that they lacked control 

over their physiological states. In addition,  experts were able to 

immediately move into a relaxed cardiopulmonary and brain 

state when the situation concluded, whereas novices remained 

anxious. 

With those profiles of experts and novices, Berka’s company 

developed the APPT to teach novices how to control their heart 

rate and breathing and calm their thoughts, so they can per-

form at their peak ability and also rest afterward. The device 

is a simple one. It buzzes in concert with brain state and heart 

rate and stops when the novice reaches the expert profile. “We 

found that in a one-day training session, about 85 percent of 

novices were able to move into the expert profile,” Berka said. 

That equated to a 230% acceleration in long-distance marks-

manship skill training.

Berka believes that the APPT will also have benefits for ath-

letes. “We think this will translate to any activity where you 

have to screen out irrelevant or distracting information and fo-

cus in on a target.” Indeed, Berka said, they have already stud-

ied Olympic archers and PGA golf pros and seen similar patterns 

of focused brain activity and cardiovascular control. “We think 

there may be a broad set of  pretraining activities that could ben-

efit from this relatively simple approach.”

“The APPT should also be valuable in helping soldiers learn 

how to relax,” Berka said. “One of the whole issues with being 

deployed for a long period of time is that you’re always in this 

super-high arousal state, and it’s very hard to be able to come 

back down and rest. We hope that we’ve uncovered something 

that can help with stress-resiliency training.”

Team training is also an important part of the DARPA Ac-

celerating Learning program. Berka’s research group, as well 

as three other groups within the program, each carved out 

its own approach, “but one of the overarching themes is that 

training is probably going to be done less in the classroom, 

and particularly in a live classroom.” Berka explained that 

the military is increasingly using virtual environments for 

team training. “They’re even using mission rehearsal in im-

mersive environments, where you go in and meet your mis-

sion colleagues for the first time in a virtual setting like Second 

Life (an online, pretend world where players interact through 

avatars), you rehearse your mission using virtual terrain and 

you might not actually meet your teammates until you get on 

the ground wherever you’re going to run your mission,” Ber-

ka explained. “So the way we think about training is being 

completely transformed.” That, of course, has 

applications in academia, which is also adding 

more and more virtual learning experiences to 

its offerings. 

Berka’s group, for instance, has studied sol-

dier, student, and business teams in various 

scenarios, and come up with a set of team cog-

nition metrics based on EEG. They have more 

data to collect, but she said it shows promise for 

helping the military train its teams to work to-

gether more efficiently and effectively. It may 

also help to identify teams that are better or 

worse fits for different scenarios. “It’s very ex-

citing in terms of the possibilities of being able to nonintru-

sively affect what’s going on in a training environment and 

potentially make some predictions and recommendations very 

early on, perhaps within a teaming session, by giving real-time 

feedback about which members of a team are in sync with the 

rest of the team and which aren’t, and which is the best team 

for this particular task.”

DARPA has been essential in this research area, and for more 

than the funding, noted Berka. “We have had great liaisons 

with the military community, so we were really able to have 

unprecedented access to military populations going through 

various types of training activities and a real cooperative re-

lationship with the Navy, the Marine Corps, and the Army in 

trying to help solve these problems together, and I think that’s 

where DARPA does a very good job. It paves the way for those 

kinds of big collaborative efforts.” (The U.S. Army Research Of-

fice is also funding multi-institutional efforts in this field. See 

“Mind to Mind.”)

FIGURE 2 Advanced Brain Monitoring Inc. developed the APPT to 
provide nondistracting, real-time neurofeedback to help nov-
ices emulate the highly focused mental and physical state that 
experts achieve. The company plans to release the APPT, shown 
here in marksmanship training, as a learning tool for other skills 
such as golfing and archery. (Photo courtesy of Advanced Brain 
Monitoring Inc.)

The APPT is designed 
to teach novices how 
to control their heart 

rate and breathing 
and calm their 

thoughts so they can 
perform at their 

peak ability.






