
Skill development occurs in stages characterized by disti ncti ve amounts of ti me and mental eff ort required to 
exercise the skill:  the initi al cogniti ve stage of assembling new knowledge, the associati ve stage where newly 
assembled procedural steps gradually automate as they are practi ced, and the autonomous stage where the 
task executi on is automated and performed with minimal conscious mental eff ort.  During the transiti on from 
cogniti ve to associati ve stage, speed and accuracy increase as subjects become less reliant on declarati ve 
representati ons of knowledge. 

Over a training session, a trainee’s overall  performance will be infl uenced by how rested and moti vated they 
are, how familiar they are with the task, and the context of the environment that they are performing in (i.e. 
high vs. low stress).   Over a series of inter-related tasks during the training session, performance is infl uenced 
by how well the trainee understands the content and contextual linkages between tasks.  Someti mes these 
linkages are automati c, but on other occasions searching for additi onal informati on is required.  These change as 
skills are acquired.  Within a single problem solving task, event-related metrics can inform whether the trainee 
understood the task or recognized and encoded important pieces of informati on.  The transiti ons between 
these stages can be assessed with performance metrics, expert observati ons and subjecti ve reports but these 
measures oft en lack precision and do not off er insight into the neurocogniti ve processes involved during 
learning.   

Recent investi gati ons have demonstrated that quanti fi cati on of informati on processing including att enti on, 
memory and workload through the applicati on of in EEG power spectra and event-related EEG are associated 
with stages of skill acquisiti on in simple and complex tasks.  Technically, EEG-based cogniti ve load measurement 
off ers the advantage of extremely high temporal resoluti on.  EEG is collected at the millisecond level, in 
contrast to the longer ti me intervals required for traditi onal measures such as mouse clicks or user responses.  
This permits eff ecti ve monitoring of workload fl uctuati ons in very rapid decision-making processes that are 
unobservable using traditi onal methods.  

From a neurophysiologic perspecti ve, complex learning events in simulati ons for training math and science skills 
span a long ti me.  EEG measures are parti cularly relevant during the transiti ons across single problem solving 
tasks within a  series of inter-related tasks.  The key outcome related to depth of learning and skill acquisiti on 
is the eventual decrease in mental eff ort required to perform the task, not just the accuracy of performance.  If 
performance alone is used, no disti ncti on is made between people who perform well but expend a signifi cant 
level of mental eff ort and people who perform well with minimal eff ort.   

Empirical classroom studies have shown that dynamic changes in of EEG-based Workload, Engagement and 
Distracti on identi fy diff erent temporal levels that can help pace training acti viti es in diff erent ways.  This can be 
accomplished using a closed-loop feedback system where the output of the cogniti ve state analyzer can be used 
to provide informati on to the trainee, the trainer or via an automated adjustment in a computerized training 
simulati on test bed.  

Stevens, R., Galloway, T. et al. (2007). EEG-Related Changes in Cogniti ve Workload, Engagement and Distracti on as Students Acquire Problem Solving 
Skills. User Modeling Conference. Athens, Greece.

Raphael, G., Berka, C. et al. (2009). I-NET: Interacti ve Neuro-Educati onal Technology to Accelerate Skill Learning. 31st Annual Internati onal IEEE EMBS 
Conference. Minneapolis, Minnesota.

Stevens, R., Galloway, T. et al. (2007). Allocati on of Time, EEG-Engagement and EEG-Workload Resources as Scienti fi c Problem Solving Skills are Acquired 
in the Classroom. Augmented Cogniti on: Past, Present, & Future. D. Schmorrow, Stanney, K., Reeves, L. Arlington, VA, Strategic Analysis, Inc.

Tr
ai

ni
ng

 E
nh

an
ce

m
en

t •
 A

da
pti

 v
e 

Si
m

ul
ati

 o
n                    

Psychophysiological Characterizati on of Learning and Skill Acquisiti on

/pdf/EEG-Related Changes in cognitive Workload, Engagement and Distractions as Students Acquire Problem Solving Skills.pdf
/pdf/Interactive Neuro-Educational Technology to Accelerate Skill Learning.pdf
/pdf/Allocation of Time, EEG-Engagement and EEG-Workload Resources as Scientific Problem Solving Skills Are Acquired in the Classroom.pdf

