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In November and December, four major
DARPA AugCog contractors gathered
their system components and personnel

together to begin the critical process of inte-
gration into a closed-loop integrated proto-
type (CLIP). These preliminary prototypes
included integrated sensor suites (up to five
individual neuro-physiological sensors) and
resultant data streams, which were input into
one central processor for synthesis into cog-
nitive gauges. This is called the Cognitive
Workload Assessor (CWA). The CWA was
then input to the Systems Integration
Director (SID) which then adapted the
human-system interface, i.e. inputs to the
operator.

Prior to the Concept Validation

Experiments (CVEs), AugCog performers
had demonstrated that collection of data
from multiple sensors without interference,
but the critical tasks of processing, correlat-
ing to performance, and validating the data
remained for a successful CLIP to be devel-
oped. 

The sensor suite is unique to DARPA's
effort in AugCog; without the cognitive
workload assessment sensors, the only thing
being accomplished is adaptive HCI. The
CVEs proved that cognitive gauge data from
integrated sensor suites could successfully
be used to mitigate cognitive bottlenecks
through the manipulation of computer tasks
and environment. Read more about each
team's CVE in the following pages...

This issue of the AugCog Quarterly will
showcase research updates from sev-
eral of the key technology develop-

ment areas within AugCog.   On the func-
tional Near Infrared Imaging front, updates
from NovaSol, University of Illinois, Drexel
University and TechEn will be highlighted.
Near Infrared imaging is one of the most far-
reaching technologies currently pursued in
the program and these researchers are break-
ing new ground.  From the field of EEG, this
issue will present updates from Advanced
Brain Monitoring, Qinetiq, Human Bionics,
Electrical Geodesics,  University of New
Mexico, and City College of New York.
These researchers represent the cutting edge
in both signal processing and novel tech-
niques for acquiring brain signals in opera-
tional environments.    In addition to the
"brain focused" updates from the above
researchers, this issue will present the latest
research from other sensor groups within the

AugCog program - including Eye Tracking,
Clemson University, University of
Pittburgh/Naval Research Lab, and
Anthrotronix.    Although not sensor focused,
the important research topic of Cognitive
Modeling will also be discussed.
Researchers from Sandia National Labs,
Colorado State University,  and Oregon
Graduate Institute will explain their impor-
tant contributions to the AugCog systems
under development.  And finally the work of
the Air Force Research Lab at Wright
Patterson AFB will be showcased.  The
Flight Psychophysiology Lab at Wright
Patterson has been investigating questions of
workload and adaptive aiding for several
years, including the development of artificial
neural networks to classify sensor output in
real-time.  Their article will provide an
update on that research and commentary on
challenges related to recordings in opera-
tional environments.
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Welcome to the third edition of the AugCog Quarterly.

DARPA’s initiative to improve warfighter information intake under
stress is having a major collaborative event: to foster new ideas and
continue to improve current technological plans.

The theme and guiding principle for the upcoming meeting is collabora-
tion, and the agenda accomodates as much interaction as possible in
three days.  The meeting has two distinct thrusts.  The first, reflected in
the first day of the schedule, includes the Concept Validation
Demonstrations.  This is an opportunity for four major DARPA AugCog
contractors to showcase their initial closed-loop prototype systems.  The
second day of the meeting initiates the other thrust--scientific collabora-
tion.  Over the two days, attendees will have the opportunity to hear
from 70 speakers in 15 sessions, both as a large group and in smaller
interactive symposia.  The agenda for the meeting, including descrip-
tions of the topics covered, can be found as a pull-out from this
newsletter.

This meeting will enable us to share lessons learned and efforts thus
far--a critical step for future success.



LT Cohn started his science career
with every intention of gaining his
PhD in Immunology, establishing

himself as CEO of a hi-tech startup, cash-
ing in at 30, and then spending the rest of
his time rock climbing and backpacking.
Life intervened, though, when he discov-
ered, at Brandeis, that he could complete
his PhD in one of the few labs that had a
direct link to the one of the original
founders of Naval Aviation Medicine.    
“When I was deciding between leaving
immunology and teaching, I wandered
into the Ashton Graybiel Spatial
Orientation Center Director’s office at
Brandeis University on a recommendation
from my Graduate Advisor,” LT Cohn
said.  “Lining the hallways were pictures
depicting a range of Aerospace/Aviation
efforts; every room had some sort of cool
toy that you didn’t need to wear gloves
and a white smock to use.  I figured this
was the place to be!”  An added bonus was
the collaborative work he was able to con-
duct at NASA’s Johnson Space Center,
where he was able to perform experiments
in micro-gravity. Little did he know that
only a few short years later, he would
come full circle, earning his wings as a
Naval Aerospace Experimental
Psychologist!

LT Cohn has fed his craving for explor-
ing the unknown by keeping his fingers in
many pies. Currently, stationed at the
Naval Research Laboratory, he is focusing
his efforts on several different research
areas. 

First, as part of an ONR-sponsored ini-

tiative, he is developing a comprehensive
theoretical framework for establishing
Training Transfer from VE-based environ-
ments to the real-world environments they
model. Preliminary work conducted with
the Naval Postgraduate School, working
with the Combat Search and Rescue
Squadrons, and with the US Naval
Academy has provided some validation
for this approach. One of the most exciting
outcomes of this period of work was the
opportunity to collect data while deployed
with Destroyer Squadron 24, and to spend
almost a month working with the
Academy’s Midshipmen aboard their Yard
Patrol craft. Looking into the future, LT
Cohn has started working  directly with
the US Marine Corps at Quantico, to
explore the impact of VE-based systems
on both individual performance and team
–level coordinative behavior. 

A second interest of his lies in character-
izing the contribution of visual/vestibular
discordance to motion sickness, using both
questionnaire and physiological data.
Specifically, LT Cohn is leading an effort
aimed at exploring how to implement
results from this work in order to make the
use of virtual reality-based simulators
more effective when used aboard ship, an
inherently nauseogenic environment. 

Finally, LT Cohn is heavily involved in
AugCog, both as a researcher, collaborat-
ing with the University of Pittsburgh to
develop gauges based on simple postural
behaviors, as well as the service liaison
between Honeywell and Natick Soldier
Center. 
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Glenn Wilson, PhD

Senior Research
Psychologist

AFRL

Glenn Wilson is a Senior Research
Psychologist at the Human Effectiveness
Directorate of the U.S. Air Force Research
Laboratory at Wright-Patterson AFB, OH.
He directs the Flight Psychophysiology and
the Operator Assessment and Support
Interface System Laboratories.  Dr. Wilson is
engaged in the development of real-time
methods of assessing operator functional
state using psychophysiological measures.
He is bringing these experiences to bear on
the problems related to the AugCog program.

George Solhan

Program Manager

ONR

George Solhan is a Program Manager at
the Office of Naval Research responsible
for Marine Corps Science and Technology
projects and initiatives. His current spe-
cialty focuses on operational performance
and training. George is a retired Marine
Corps Officer and has been addressing
operational military issues over the last
four decades. 

Henry Girolamo
Technical
Representative   
(DARPA Agent)
Natick SSC

Henry Girolamo, U.S. Army Soldier
Systems Center, Natick, MA, serves as the
Technical Representative (DARPA Agent)
to the DARPA Augmented Cognition pro-
gram.  His responsibilities include: pro-
gram management, seeking new military
applications for DARPA technologies, and
integrating and facilitating technology
transition to provide the services with
alternatives in systems and components to
enhance and extend warfighters’ human
capabilities.  Mr. Girolamo has been work-
ing in this capacity with DARPA since
1990.

Bryan Ramsay 
Time Sensitive
Decision Making
Spike Leader

ONR

Mr. Ramsay graduated from the University of
Notre Dame May 76, commissioned Ensign in
the United States Navy and completed Flight
Training in Jan 1978. He served three tours in
A-4 Sky Hawks in the Philippines, Texas and
Puerto Rico, providing fleet and advanced stu-
dent training. Transferred to the USNR and
worked on OPNAV Air Warfare staff as an

active and drilling reservist.  Mr. Ramsay gained
significant acquisition experience in F/A-18E/F
and TOMAHAWK Flight Test and in the
Tactical Aviation Mission Planning Program
Office in requirements definition and software
acquisition.  He also has OPNAV requirements
experience in the A-6/AFX programs, stood up
the JSF program for the OPNAV staff, and then
served five years as the assistant Strike Warfare
Section Head for N78.  Mr. Ramsay has S&T
experience in the ONR FNC process with multi-
ple projects in transition to programs of record.
He recently completed his Masters of Science in
Computer Science from John Hopkins
University.

SCIENTIST SPOTLIGHT

IMMUNOLOGY, AEROSPACE, AND PSYCHOLOGY

BRAIN TEASER :
Lateral Thinking Puzzle

A man was walking along some railroad tracks
when he noticed that a train was coming.  He
walked toward the train before stepping aside.

Why?
(Answer on page 13.)

MEET THE SERVICE LAB PARTNERS

LT JOSEPH COHN:



Sandia National Laboratories
has an overarching mission
to increase national and glob-

al security.  Many small group tasks
are vital to national security within
and outside Sandia.  Military tacti-
cal operation centers and counter-
terrorism intelligence analysis
teams, for example, may operate in
fast-paced, data-rich, information-
poor settings where task perform-
ance errors can have catastrophic
consequences.  To improve the per-
formance of these groups, Sandia is
involved in research to explore the
convergence of information and
communications technology that
will enable and support those
human functions best performed by
humans, while more fully exploit-
ing machine capabilities.  The
MENTOR/Pal project is designed
to develop a Pal device, a wireless
wearable IT appliance and sensor
array gated for privacy and securi-
ty, for each individual and to assist
that individual and to learn about
that person in the small group task
environment.  The Pal is cus-
tomized and adapts to the individ-
ual, who has a realistic understand-
ing of its nature and capabilities
and the Pal executes directed tasks
and autonomous functions such as:
collecting and relaying data on A/V
and physiologic bands; self-cus-
tomizing to long-term traits; and
adapting to short-term conditions
(stress, fatigue, people).  The Pal in
turn is coordinated and assisted by
a global team enabler called MEN-

TOR.  MENTOR is the collective
machine support to the system.
Information allowed through Pal
gates may be available to MEN-
TOR and the team as desired.
MENTOR can “assist” a collabora-
tive human team, facilitating via
tasked and autonomous functions
such as: collecting and analyzing
Pal data; supporting human teams
and individuals; providing knowl-
edge management services; and
being a universal server capability.
The goal of this research is to learn
how people interact and cooperate
to succeed in small groups and to
help them improve how they learn
and make good decisions.  

The research team is aiming,
through MENTOR/Pal, at develop-
ing super-performing teams of peo-
ple who are enabled by relatively
simple technology to do what
humans can do best: leap to valid
conclusions, intuit successfully
from almost no data, and decide
well under pressure.  Also,
machines should be allowed to do
what they do best: relay, sort, filter,
and find information; “crank” on
the “bit field”; and remember
things for the human.  

The program started when Sandia
teamed with Dave Warner and Tim
Murphy of MindTel to design and
build an observation platform for a
small group engaged in a complex
cooperative task.  At this time, a
high-level system architecture and
a basic prototype from commercial
components, a four-person test bed

for controlled observation with a
laptop network, human sensors,
and a multiplayer action game,
have been achieved.  Primary
observation is still necessary to
form testable hypotheses about the
utility of physiologic data, human-
machine interaction in high-cogni-
tive work, and compatibility of Pal
technology in human group activi-
ties.  This year, the team plans to
add full EEG capability so that they
can study a four-person collabora-
tion process.  

Interestingly, some researchers
on the project think that humans
evolved for optimal performance in
small groups of four to six, though
there is not a full understanding of
a unique quality to groups of this
size.  However, any group of peo-
ple with reasonable freedom to act
comprises a complex adaptive sys-
tem.  Traditional approaches to
information system design do not
leverage the qualities of complex
adaptive systems nor do they plan
for the adaptability and evolution
of such systems.  These approaches
fail to leverage human strengths
and are not robust in rapidly chang-
ing environments or for unantici-
pated circumstances.  Instead of
these traditional approaches, the
MENTOR/Pal project is a systems
approach that enables the objective
of the group rather than the person
or the machine by leveraging the
strengths of both in an intimate col-
laboration.
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AUGCOG HUMOR
Why did the chicken cross the road?

Isaac Newton: Chickens at rest tend to stay at
rest; chickens in motion tend to cross roads.

FEATURED RESEARCH: SANDIA NATIONAL LABS FUTURE CONCEPTS

SOLICITATIONS AND SUBMISSIONS:
If your organization would like to provide an update or if you’d like to recom-

mend someone for the ‘Behind the Scenes’ or ‘Scientist Spotlight’ sections,
please contact the Technical Editor.
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Driving involves a broad variety
of human cognitive resources.
Unfortunately, these resources

are limited and parallel processing of
different pieces of information can eas-
ily lead to cognitive overload with
potentially fatal consequences. Within
the scope of AugCog, DaimlerChrysler’s
approach is to detect driver’s informa-
tion processing related to the sensory
input bottleneck by using neurophysio-
logical, behavioral, peripher-physio-
logical as well as contextual data serv-
ing the final goal of developing a driv-
er-adaptive vehicle information system
capable of defusing critical situations.
This information system will be able to
detect the respective cognitive bottle-
necks and it will help to avoid any loss
of information due to a more effective
use of limited cognitive resources.

During our participation in Phase 2
we are focusing primarily on the inte-
gration of a sensor suite in one of our
technology carriers. This sensor suite
is comprised of EEG, seat posture
detection, head tracking, ECG, EOG
EMGand audio monitoring of vehicle
occupants. The data collected from this
sensor suite will provide the informa-
tion about the momentary driver con-
dition in terms of sensory processing,
and stress. Together with vehicle data
related to situation and contextual
assessment the collected data are
processed by a cognitive model. The
outcome of this model is used to adapt
the information exchange between
driver and vehicle according to the
drivers’ current cognitive state. 

The objective of our CVE is to pro-
vide input for the development of the
cognitive model and of the algorithms
for the real-time data analysis as well
as to validate the implemented
AugCog system. Our goal is to show
that the driver using this system is able
to use limited cognitive resources
more effectively leading to a faster,
safer and more accurate driving and
mission accomplishment. Our hypoth-
esis is that drivers with activated
AugCog system will be able to better
fulfill predefined missions on a real
traffic test course as compared to driv-
ers who can not profit from such an

AugCog system. To prove our hypoth-
esis we evaluated recorded vehicle
data which are both safety related (e.g.
distance to the car ahead, variance of
lane keeping, braking and accelerat-
ing) as well as mission related (e.g.
reaction times, task accuracy, time for
mission completion).

We agreed on a two-
step approach in order
to experimentally vali-
date our concept. In
step one (Nov – Dec
2003) a field experi-
ment has been per-
formed with six sub-
jects who drove three
rounds on a prede-
fined route (1/3 high-
way, 1/3 country road,
1/3 urban area) in our
equipped vehicle. Prior to the experi-
ment, subjects drove this route at least
one time in order to make sure that all
subjects have the same level of knowl-
edge about the test course. During the
experiment driver’s current cognitive
states were recorded via EEG, EOG,
ECG, EMG, head position and seat
posture. In addition, vehicle data has
been recorded and a video camera cap-
tured the current traffic and environ-
mental situation. The first round
served as a baseline condition. The
driver was instructed to drive calm and
relaxed. In the second round four dif-
ferent secondary tasks were performed
while driving. The four tasks were
designed such that they address dis-
tinct cognitive resources in two differ-
ent difficulty conditions. A car follow-
ing task (adapted from Brookhuis &
De Waard, 1994) focused on attention-
al and perceptional workload, two
reaction time tasks with auditory and
visual stimuli induced cognitive pro-
cessing in different modalities and a
mental arithmetic task put a special
load on working memory processes. A
third round was driven under time
pressure, supposed to induce a high
stress level. A competition for the best
performance in round two and three
was set up among the drivers in order
to provide the desired motivation. The
collected data are used to train classi-

fiers and to develop and refine algo-
rithms which will be calibrated inter-
individually at first. Until May/June
2004 several experimental sessions
based on the above design will be per-
formed. 

Finally, after the classifiers and algo-
rithms have reached a
stage of maturity a sec-
ond experiment is
planned in which we will
reliably detect the dri-
ver’s current cognitive
state and which will
serve as a basis for the
integration of our
AugCog mitigation strat-
egy enabling optimal dri-
ver’s performance due to
an effective use of limit-
ed cognitive resources.

A key aspect of our approach is the
fact that we are not using any simulat-
ed environment. Instead, all experi-
ments are performed under real traffic
conditions. Consequently, a variety of
factors is beyond our control, e.g. traf-
fic conditions, weather, behavior of
other traffic participants, etc.
Nevertheless, we believe that the spe-
cific strength of our approach lies in
the high validity of the collected data
due to our decision to run a field exper-
iment.

The sensor suite we are using offers
great opportunities. For the first time it
is possible to establish under real driv-
ing conditions an effective and objec-
tive measurement procedure of cogni-
tive processes like attention, percep-
tion and cognitive overload and to
directly correlate them with brain
activity. Moreover, for the near future
we see great opportunities in the devel-
opment of brain computer interfaces
which will be able to establish a link
between brain activity and the behav-
ior of the vehicle. A first step in this
direction is the implementation of an
integrated sensor suite which can clas-
sify the driver’s current cognitive state.
At the moment this classification
works individually, but future steps
will allow to design more robust sys-
tems which can quickly adapt to any
driver.

‘‘FFOORR TTHHEE FFIIRRSSTT TTIIMMEE IITT IISS

PPOOSSSSIIBBLLEE TTOO EESSTTAABBLLIISSHH

UUNNDDEERR RREEAALL DDRRIIVVIINNGG CCOONN--
DDIITTIIOONNSS AANN EEFFFFEECCTTIIVVEE AANNDD

OOBBJJEECCTTIIVVEE MMEEAASSUURREEMMEENNTT

PPRROOCCEEDDUURREE OOFF CCOOGGNNIITTIIVVEE

PPRROOCCEESSSSEESS LLIIKKEE AATTTTEENN--
TTIIOONN,,  PPEERRCCEEPPTTIIOONN,,  AANNDD

CCOOGGNNIITTIIVVEE OOVVEERRLLOOAADD......’’    
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The Index of Cognitive Activity (ICA) is a psycho-phys-
iological measure based on pupil reflexes that occur
when an individual experiences effortful cognitive pro-

cessing.  The pupils dilate when an individual engages in dif-
ferent types of cognitive acts such as reading text, listening to
instructions, searching a display, or interpreting a graph.
Because the underlying phenomenon to be measured is a
reflex, it is not under an individual's conscious control and is
not subject to the same confounding factors as subjective
measures of cognitive difficulty or external estimates based on
performance.  The Index has a wide range of application
because the required measurement of pupil dilation can be
made easily in most environments without interfering with a
user's normal performance in the environment.  The ICA is a
real-time metric, producing estimates for both eyes within 1
second.

As part of AugCog, the ICA has been extended in several
important ways to determine cognitive subcomponents that
occur in many environments, such as retrieving information
from working memory, shifting attention from one part of a
display to another, and processing information from multiple
sensory channels.  The ICA is also now being used under con-
ditions that allow systematic investigation of the impact of
time pressure and information overload on the user's perform-
ance.

Postural control is a rich source of information for
identifying cognitive states because it reflects a trade-
off between the need to compensate for extrinsic

gravitoinertial challenges (e.g., vehicle motion) and gener-
ation of voluntary movements.    The Dynamic Postural
Assessment Chair detects postural shifts in seated subjects.
AugCog studies in the Warship Commander Task (WCT),
Aegis CIC platform (ACIC) and Mercedes S class platform
indicate that context dependent, dynamic postural move-
ments reflect levels of cognitive engagement.  For example,
for operators in the WCT and ACIC platforms, a cognitive
engagement response has been defined by posture shifts
with respect to the screen that are proportional to the num-
ber of targets.  We have also identified components related
to task pacing and fidgeting movements, which may be use-
ful for scheduling interruptions or prompts.   For drivers, we
have concentrated on the trade-off between reactions to
vehicle motion and anticipatory postural adjustments prior
to lane changing, turning and braking.  In each case, a cog-
nitive state change is inferred from quantitative relation-
ships between sensor findings and behavioral context.  

The autonomic nervous system (ANS), through communi-
cations with the central nervous system (CNS), works to
control internal states.  The parasympathetic nervous sys-

tem (PNS) is the branch of the ANS often associated with home-
ostatic functions.  The sympathetic nervous system (SNS) is
often associated with “fight or flight”, arousing the organism.
The Arousal Meter (AM) consists of two components, a heart
rate sensor and analysis software.  The sensor derives Inter-beat-
intervals (IBIs) by monitoring the raw electrocardiogram (ECG)
and recording the time interval between successive R-spikes of
the cardiac QRS interval.

In the initial closed-loop experiment, 60 participants complet-
ed one of three versions of a computer task: Manual, Auto or
Yoked.  In a follow-up study, some completed a second auto con-
dition and others completed a second yoked condition.  The game
consisted of a primary task, guiding a space ship and shooting
advancing enemies, and a secondary task, monitoring two
gauges.  Participants gained or lost money based on their game
performance.

A closed-loop augmented cognition system requires three prob-
lems to be solved: 1) physiological data such as arousal must be
tracked accurately and turned into information in real time; 2)
this information must then be used to modify some task; and 3)
an improvement in task performance must occur.  The Clemson
Augmented Cognition team has taken a physiological measure
that has been well validated and developed a real-time version
that produces a measure of autonomic arousal.  The measure has
been shown to be sensitive to task difficulty and a viable candi-
date in a closed-loop system.  

Cognitive states, such as arousal, workload, and
working memory, are reflective in both central
nervous system (CNS) and autonomic nervous

system (ANS) activity.  Non-invasive physiological
monitoring of ANS activity can be used to assess the
cognitive states of military personnel in multi-task or
high stress environments, enabling prediction and pre-
vention of errors.  Throughout the past year, our
efforts in AugCog have lead innovative research
efforts using both custom and commercial off-the-
shelf physiological sensor systems for cognitive state
assessment and monitoring.  Correlation of both raw
and gauge sensor data to within-task events and per-
formance has been achieved and is now being used to
drive manipulations in task workload in order to pre-
empt operator errors and improve operator perform-
ance.

CLEMSON MEASURES COGNITIVE AROUSAL

Clemson University

DYNAMIC POSTURAL ASSESMENT CHAIR

University of Pittsburgh/Naval Research Laboratory

UUSSIINNGG SSEENNSSOORR SSYYSSTTEEMMSS TTOO IIMMPPRROOVVEE

OOPPEERRAATTOORR PPEERRFFOORRMMAANNCCEE

Anthrotronix

PSYCHOPHYSIOLOGICAL SENSORS UPDATE
UUSSIINNGG CCHHAANNGGEESS IINN PPUUPPIILL DDIIAAMMEETTEERR TTOO

EESSTTIIMMAATTEE CCOOGGNNIITTIIVVEE EEFFFFOORRTT
San Diego State University/EyeTracking
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The Air Force Research Laboratory
hosts the Air Force Flight
Psychophysiology Laboratory

(FPL), which is directed toward under-
standing the effects of mental workload
using brain electrical activity, heart rate,
eye movements, and respiration patterns
as indicators of the changing cognitive
state of an operator in the laboratory, sim-
ulators, and aircraft. The data collected in
these settings help define the parameters
most useful for evaluating the impact of
new or enhanced systems. In the future,
system safety may rely on the continuous
processing of unobtrusively gathered psy-
chophysiological activity.  In addition to
routine collection of heart, eye, and respi-
ration data, the lab places an emphasis on
measures of brain activity.  A 64-channel
electroencephelograph (EEG) system pro-
vides high spatial resolution information
about brain activity in both laboratory and
simulator situations. Because results from
simple laboratory tasks do not always
apply to real world environments, the FPL
also gathers data in simulators and actual
flight. Often, results from flight studies
provide direction for future laboratory
work. Recent projects have investigated
the effects of workload manipulations in a
simulated air traffic control task, workload
in C-130 pilots, and the effects of hypoxia
on performance at high altitude. 

Recently, the lab has been concentrating
on developing methods for Operator
Functional State (OFS) assessment using
psychophysiological measures.  The goal
is to be able to determine how well an
operator is functioning with regard to their
current job.  This goes beyond states such
as unconscious and fatigued but rather
entails determining what the operator’s
current state means with regard to the cur-
rent demands of the job.  Someone can be
fatigued but still perform an easy task.
However, if the task becomes difficult the
fatigued operator may not be able to per-
form the task.  The interaction of mental
workload and fatigue exceed the current
capability of the operator.  

Chris Russell, of the lab, has developed
an excellent set of computer programs to
use artificial neural networks (ANN) to
classify the functional state of human
operators using psychophysiological data.

The ANNs are trained with data that were
collected under times when the task diffi-
culty was either high or low.  The trained
ANNs are then used to analyze new data,
on-line, to determine the functional state
of the operator, i.e., high versus low levels
of mental workload.  The determination of
the ANN has been used to provide adap-
tive aiding to the operators to improve
their performance by reducing their mental
workload. When the ANN determines that
the operator is in a state of high workload,
the difficulty of the task is reduced by the
system to match the current cognitive

capabilities of the operator.  This has
application in many systems and is the
focus of the AFRL AugCog work.

The researchers feel strongly that multi-
ple psychophysiological and performance
measures should be used to determine
OFS.  Operational jobs are usually very
complex and one measure is not sufficient
to provide the full picture of the operator’s
state.  For example, eye blink rate decreas-
es when someone is trying to find an
object in the visual environment.  Changes
in the EEG are found when cognitive pro-
cessing requires change in order to solve a
problem.  By combining several measures,
a much more complete picture can be
gained than by using only one measure.
The researchers use the ANNs to do this.
The selection of measures must be done in
a systematic fashion rather than taking a
shot gun approach and recording every-
thing.

The researchers have developed meth-
ods for on-line assessment of OFS using
psychophysiological measures.  Their
NuWAM software collects physiological
data, reduces these data (i.e., deriving
heart rate from the ECG, etc.) and uses it to
make estimates of the OFS in real time.

This opens up many possibilities for real-
time assessment of such things as mental
workload and also makes possible adap-
tive aiding in real-time.

In the future, the researchers expect on-
line assessment of OFS using psychophys-
iological and performance measures to
expand and be incorporated into opera-
tional systems.  Knowledge of the rela-
tionships between cognition and psy-
chophysiology in the work place will rap-
idly expand.  Technology for collecting the
psychophysiological data is rapidly evolv-
ing as are new techniques for reducing
these data and using them to determine
OFS.  Rapid application sensors and off-
body sensors will be developed that will
permit the collection of psychophysiologi-
cal data. Hardware improvements will
provide miniature biological amplifiers
and telemetry units.  Faster and smaller
computer processors will provide the
needed speed to permit the more intensive
OFS assessment and artifact algorithms.
This will lead to acceptance by system
designers and operators.  The overall
result will be to improve operator per-
formance to achieve mission success.

Part of this new technology will include
the capability to predict performance
break down.  With this knowledge,
researchers will be able to stop problems
before they occur.  They will not be only
reacting to cognitive overload situations
but will be able to prevent them since they
will recognize the signs of the impending
break down.  This will greatly reduce
errors and improve system performance.

Another area that will show improve-
ments will be the detection and correction
of artifacts in operational data.
Operational environments are prone to
cause artifacts in psychophysiological data
because the operators must move about,
talk and do things that cause the artifacts.
New procedures for the detection and cor-
rection of these artifacts will be developed.
This means that data will not be lost
because of the artifacts.  Unfortunately,
artifacts usually occur at the times that
data is needed most.  By being able to
‘save’ the data one will be able to study
many more situations in operational set-
tings and also provide more accurate
assessments of OFS.



BEHIND THE SCENES
DR. ROY STRIPLING,
STRATEGIC

ANALYSIS, INC.

Dr. Roy Stripling,
an employee of
Strategic Analysis

Inc., has been supporting
Augmented Cognition
efforts through his
activities at the Naval

Research Laboratory in Washington, DC
for almost two years.  At NRL, Roy
works with LT Joseph Cohn on AugCog
endeavors that cover the range from
basic research to program support.  His
research efforts include the development
of real-time gauges for cognitive state
detection (carried out in partnership
with the University of Pittsburgh under
both the DaimlerChrysler and Lockheed
Martin industry teams).  These cognitive
state gauges are based on a person’s
automatic behavioral responses to the
tasks at hand as well as to the general
environment in which the task takes
place.  “These include postural adjust-
ments, facial expressions, and – in mov-
ing work environments – efforts made to
maintain balance,” Roy explained.  “The
timing and amplitude of these kinds of
behavioral responses are inherently
modified by a person’s mental load and
focus of concentration.”  Another of
Roy’s AugCog research efforts includes
the investigation of the practical utility
of EEG sensors/gauges in mobile task
environments (where Roy is collaborat-
ing with Carnegie Mellon University
and the Honeywell industry team).
Here, Roy is helping to incorporate EEG
sensors and AugCog gauges into CMU’s
virtual environment laboratory, so that
the EEG technology can be tested on
mobile subjects during simulated real-
world tasks.  His work at a more pro-
grammatic level includes assisting in the
development of DARPA and ONR
SBIR/STTR topics, IRB support at
NRL, and serving as an extra set of arms
and legs at many of the AugCog PI
meetings.  “There is no problem with
monotony in this job,” Roy said.  “If
you’re not excited by the task you’re
doing now, just wait ten minutes, and

another one will pop up that requires a
whole new set of skills.”  

Prior to joining Strategic Analysis and
the AugCog team, Roy spent ten years at
the Beckman Institute at the University
of Illinois where he received his Ph.D. in
Neuroscience and worked as a post-doc
for his final three and a half years.  At
Illinois, Roy studied the molecular and
electrophysiological correlates of learn-
ing and memory in animal models.
“Even in that more focused environ-
ment, I made an effort to diversify my
research activities,” Roy said.  “My ini-
tial project focused strictly on electro-
physiological correlates to molecular
events that had been discovered in our
lab.  The catch, however, was that our
lab lacked any expertise or physical
capabilities in this area.  To fill that
need, I received appropriate training
from a lab at another University,
acquired more lab space, and brought in
money for the necessary equipment.  By
the time I was done, I had not only
added electrophysiological capabilities
to our lab, but also behavioral and phar-
macological competences as well.”

Roy looks forward to applying that
kind of resourcefulness to the needs of
the AugCog team.  “While basic
research was intellectually very satisfy-
ing, there’s just another whole level of
satisfaction that comes from pursuing
research that holds the clear promise of
improving lives and making the world a
safer place,” he concluded.  

BRAIN TEASER ANSWER:

The man was on a bridge.

AugCog
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They first met at one of the inaugu-
ral AugCog meetings, and though
he was working in Farnborough
and she from San Diego, a connec-
tion was made. After collaborating
for many months, he finally made
the permanent trip to the West
Coast of the US, and on November
22, 2003 in Las Vegas, Nevada,
they were married. Congratulations
to JAMES WEATHERHEAD &
CASSIE DAVIS - wish them an aug-
mented marriage!
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DARPATech
9-11 March 2004

Anaheim, CA
(http://www.darpa.mil/DARPAtech2004)

1st International Conference on Augmented Cognition
22-27 July 2005
Las Vegas, NV

IJHCI Special Issue on Augmented Cognition
July 2004

International Journal of Augmented Cognition
Coming 2005

SCHEDULE OF EVENTS
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