
The learning of a novel task relies heavily on conventi onal classroom instructi on with qualitati ve assessment 
and observati on.  A suite of adapti ve and interacti ve neuro-educati onal technology (I-NET) suites have 
been developed which uti lize neuroscience-based evaluati on techniques to accelerate skill acquisiti on and 
provide quanti tati ve evidence of successful training.  I-NET covers four major themes: 1) Integrati on of 
brain monitoring into paced instructi onal tutorials, 2) 
Identi fi cati on of psychophysiological characteristi cs of 
experti se using a model populati on, 3) Development 
of sensor-based feedback to accelerate novice-to-
expert transiti on, 4) Identi fi cati on of neurocogniti ve 
factors   that are predicti ve of skill acquisiti on to allow 
early  triage and interventi ons.  To demonstrate the  
applicati on of I-NET we selected rifl e marksmanship 
training because it is a core skill for the Army 
and  Marine Corps and it involves both classroom instructi onal learning and fi eld practi ce which requires 
instanti ati on of a well-defi ned set of sensory, motor and cogniti ve skills.  The transiti on from novice to expert 
marksman requires practi ce and the speed and effi  ciency of acquiring the necessary motor skill is dependent 
on one’s control of their physiology (respirati on, heart rate, etc.).   We applied an approach whereby the 
physiological patt erns unique to expert marksmen were fi rst identi fi ed and then real-ti me neuro-feedback was 
used to train novices to match the experts’ physiology.  

To profi le expert marksmanship physiology, 10 qualifi ed 
expert marksmen (off -duty military) underwent 3 trials 
of fi ve shots each at a simulated 200m distance in a 
kneeling positi on with a demilitarized “airsoft ” replica 
of the M4 with a infrared laser-based training system 
for target projecti on and shot detecti on.  Shot precision 
was defi ned as the mean distance of each shot from 
the center of the shot group, where lower values refl ect 
bett er precision.   From a performance standpoint, the 
experts had similar results during both sessions.  From a 
physiological perspecti ve, experts displayed a decelerati on in cardio respiratory functi on and a marked increase 
in EEG alpha power three to four seconds preceding each trigger pull.  This patt ern suggested automated task 
executi on performed with minimal conscious mental eff ort.  Of interest, the experts also exhibited signifi cantly 
lower heart rate variability (cardio respiratory control) while simply sitti  ng for 5-minutes with eyes opened and 
eyes closed.  

For the novices, initi al instructi on was provided followed by baseline measures which included up to 8 trials 
of fi ve shots.  During the learning trials, half of the novices received neuro-feedback training to assist them 
in controlling their physiology.  Feedback was provided using a B-Alert system modifi ed with two visio-hapti c 
motors affi  xed to their neck.  The sensory motors were programmed to pulse concurrently with each heart 
beat to assist the novices learn how to control their cardio respiratory functi on.  Once increasing EEG alpha 
acti vity was detected, the sensors stopped pulsing to indicate it was ti me for the novice to take the shot.  The 
graph above shows the novices showed a 200% improvement in the shot precision rate as compared to novices 
when the neuro-feedback was provided.  
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