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PROBLEM STATEMENT

Virtual Environments (VEs) are excellent tools to train people in the execution of complex skills
in many applications including but not limited to flight training, ship operations, orbital
mechanics, driver education, weapons training, infantry skills, surgical skills, etc. The question of
minimum required simulator fidelity has been raised ever since simulators and VEs have been
used in training applications. The fidelity of VEs is closely associated with their cost and
complexity, but not necessarily with the quality of transfer of training.

An additional problem is training devices are not typically individualized for categories of users
or even individual users. Trainers do not have access to quantitative cognitive and physiological
data of their trainees in real-time and they have to subjectively judge cognitive loading through
observation. For optimal training effectiveness, it is imperative trainees are exposed to scenarios
with optimal intensity. In some cases, this means pushing the trainee to the edge of cognitive
capacity. Advanced Infoneering’s solution, Quality of Training Effectiveness Assessment
(QTEA) tool can quantify this edge by providing the trainer with real-time knowledge of trainee
attention and cognitive bandwidth. Ultimately, QTEA will automatically adjust the scenarios in
real-time to achieve maximum transfer of training.
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While this concern crosses many training areas, we have focused our current effort on fixed wing
naval aviation applications including close air support, and tactical strike missions. However, the
methodologies developed under the proposed effort will easily adapt to other VEs, such as
turboprop aviation, medical simulators, and emergency responders.

WHO CAN BENEFIT?

The entire aviation training community could benefit from quantitative tools that measure the
effectiveness of training based on human performance data. QTEA can determine the effects
simulator fidelity has on the behavioral performance of trainees. Some tasks may require high
fidelity simulations, while other tasks may not. Quantitative knowledge of the effects of simulator
fidelity will allow the Navy to derive simulator functional specifications based on quantitative
performance data. Additionally, by objectively evaluating the training gains against the particular
VE, trainers can more closely match the specific training platform (laptop, simulator, and actual
aircraft) to the task requirements. Offloading tasks that are suitable for PC-based simulators
allows larger simulator devices or flight training assets to be more effectively scheduled and
deployed. In addition, if the student gains the same training value on a laptop versus a more
expensive simulator/aircraft, then one can save valuable training funds. This is particularly
important as time at sea, when simulators are unavailable, increases with numerous deployments.

Additionally since QTEA characterizes behavioral data, it also portrays the learning curve of a
trainee. Using this real-time data, training scenarios can optimally adapt their intensity to
maximize the effectiveness of learning and the fidelity of training systems can be tuned to
optimize cost-effectiveness trade-offs. For example, the eye-tracking sensor shows the trainer
how the trainee is acquiring visual information, allowing for immediate intervention and
remediation if the trainer detects poor scan techniques. This prevents formation of bad habits in
visual scanning. QTEA can tell the trainer if the trainee is cognitively overtaxed by certain tasks,
thus providing instant feedback about workload optimization. This will likely save money in
terms of shorter training times, less time spent on actual airborne training assets, and higher
operational success levels. QTEA is expected to improve training effectiveness and reduce
training costs with a goal of 15-20%. Finally, while the focus of this project is aviation based,
QTEA is adaptable to any training simulator system, including armor and medical training.

BASELINE TECHNOLOGY

Currently, no quantitative tools exist that allow the design of VEs and training systems to closely
match required fidelity to operational requirements. VE builders presently use expert evaluators
during the design stages to determine if a training system “feels” realistic enough to mimic the
real-world application. This non-quantitative, iterative design methodology may lead to situations
where the training system is “over-designed” for the desired function, as designers do not know
what system components truly govern the quality of the transfer of training experience. Also, if a
training system requires certification by an agency, the agency will bring in their expert
evaluators to determine if it has sufficient fidelity to qualify for certification. This post-hoc
evaluation can be a costly proposition for a builder of VE training systems because arbitrary
design changes may be very expensive, if not impossible, to implement at such late a stage.

Trainers today use both objective measures of task performance and estimated, subjective data to
assess the cognitive workload and situation awareness of trainees. This data is very useful in
training assessment; but trainees can succeed at performing a task purely by accident (referred to
as “miserable success”).
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Additionally the trainee can be in a less than optimal for learning cognitive state when the
instructor operator applies brute force training tasks and methods with little regard to learning
curve that can result in the training being too easy or more often too difficult thereby inducing
negative learning. By using physiologically based measures to corroborate objective and
subjective measures, trainers will be much more able to diagnose training effectiveness.

TECHNOLOGY DESCRIPTION

Advanced Infoneering developed the Quality of Training Effectiveness Assessment (QTEA) tool
as a physiologically based sensor system that can measure human physiological and cognitive
states to characterize the quality of training. We conceived QTEA as a system that allows the
trainer to assess a trainee in real-time using sensors to quantify the cognitive and physiological
workload of a trainee. Experts can establish patterns of cognitive and physiological behavior to
provide a learning benchmark for new trainees. Using QTEA, the trainer can quantify the
student’s workload level in real-time so the training scenarios can be adjusted to an optimal
intensity. The cognitive and physiological measures also serve as a quantitative manifestation of a
student’s learning curve and it will be possible for the trainer to detect plateaus in learning. Using
QTEA, the trainer will be able to assess the needs for further training in a student. The basic idea
of QTEA is to give the trainer a real-time picture of the trainee’s performance based on human
physiological and cognitive data, flight technical, and mission specific data.

Experts can analyze each test subject's learning curves as they are “trained” across the spectrum
of learning environments, laptop simulation, flight simulators, and actual aircraft. An analysis
will show which learning environment is most effective for each training element based upon
training time required, cost and availability of each environment. This allows trainers to select
the most effective and efficient environment saving valuable dollars in both design specifications,
software requirements, and scheduling of existing assets.

) 1

Physiological state
Attention (Eye Tracking)
Alrcraft state
Mission state
Battle space state
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In addition, QTEA consists of software that interfaces with the sensors, synchronizes the data
with mission specific performance data, characterizes operator state, and exports data throughout
High Level Architecture (HLA) for consumption in scenario management tools such as the
Navy’s Common Distributed Mission Training Station (CDMTS). The software will furthermore
include a component that serves as a plug-in into client applications where it will integrate the
operator state data with other performance data to express the quality of training effectiveness.
QTEA will be able to connect to any HLA capable application that requires operator state data.
QTEA itself will consist of sensors installed in the training environment and/or deployed on the
trainee to monitor neurophysiological and physiological measures. A processor, a normal PC-
based computer, can perform the computational functions such as sensor interfacing, signal
processing, operator state classification, and interfacing with client applications.

Feature Advantage Benefit

Can be added on to various
simulators as a plug-in
allowing various trainers to
use the software regardless
of type of simulator

Trainers can easily and cost
effectively transfer program to
new/existing trainers

Simulator independent

Unlimited sensors

Can customize sensor suite
to individual training
environments; easily
accommodates sensor
upgrades

Do not have to continually re-write
software for new or changing
sensors, saves time and
development funds

User friendly GUI

Does not require intense
training to use the program

Trainers can quickly learn QTEA
saving instructor time and funds

Quantified results on
learning environments

Hard facts versus subjective
views of effectiveness of
training tools

Data can be used to determine type,
number, and usage of training tools;
Increases efficiency and cost of
training by selecting “best fit” tool
for mission training elements

Performance quantification

Rapid assessment of
student’s cognitive level

Student training optimized thereby
saving student time, reducing the
number of instructors, and allow
more efficient scheduling of limited
simulator assets

Automated scenario
adjustment

keeps student at peak
learning curve with no/little
instructor involvement

Maximized training in minimal time
means enhanced war fighters
performance on actual missions

CURRENT STATE OF DEVELOPMENT

QTEA builds on operator state classification technology developed and flight-tested at the
University of lowa’s Operator Performance Laboratory (OPL). Advanced Infoneering, Inc. (AI2)
based the engineering framework of QTEA on the Cognitive Avionics Tool Set (CATS) and an
interconnection with the virtual environment (VE). In the use case developed under this STTR,
the VE is the Advanced Tactical Aircraft Simulator (ATAS) and the Common Distributed
Mission Training Station (CDMTS). CATS enables multi-sensory operator state classification.
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Applications of CATS include quantitative feedback in flight training applications and operator
state classification to make avionics aware of real-time capabilities and limitations of the pilot or
crew. The chosen architecture is mature and tested in an operational environment.

The numerous test flights already conducted using CATS in various learning environments
include laptops, simulators, and actual aircraft (L-29 and Bell-412). Our Bell-412 data indicated
very clearly we could differentiate levels of cognitive performance in experienced and novice
pilots based on EEG and flight technical data in a technically challenging environment. Future
tests will include other sensors.

QTEA does not care how many sensors are attached to it. The QTEA sensor fusion module takes
care of integrating multi-sensory data into a unified physiological state record. Additional sensors
increase the redundancy of the operator state classification and make it more reliable. The
integration plan is to deploy sensors with high TRL first and develop other sensors to an
acceptable TRL. We anticipate bringing the following sensors that are between TRL 5 to TRL 7+
during our current Phase II: eye and head tracking, electrocardiogram (ECG), respiration, and
electroencephalogram (EEG).

REFERENCES

Office of Naval Research, Human Performance Training & Education, Program Manager
(703)696-0364

WHEN THE TECHNOLOGY WILL BE READY FOR USE

Currently, we have matured the QTEA sensor and algorithm package to TRL 6 with work
progressing to a TRL 7-8 prototype for commercialization in Phase III. We are currently
improving and ruggedizing the sensor suite for integration into the aircraft platform. Our team
has generated detailed naval aviation mission scenario packages as test cases used to
systematically explore transfer of training as a function of VE fidelity. We will manipulate
fidelity of the VE in two fundamental ways. First, by manipulating the level of physical realism
from a desktop-based simulation to a full flight deck simulation (OPL Boeing 737) to a real-
world airborne scenario performed in the jet aircraft operated by OPL. This will allow for the
gradual introduction of cues such as a cockpit, visuals, motion, acceleration, and noise. Second,
we will most likely manipulate realism of the scenarios themselves by various levels of
parameters that the trainee will need to control. For example, initial scenarios may include only
the control of a targeting pod, whereas more advanced scenarios would involve the control of
multiple systems along with maintaining flight. Our experts will use this empirical data to create a
calibrated model for predicting transfer of training as a function of VE fidelity and to monitor
trainee progress in the interaction with the VE. Our program is currently finalizing details needed
to conduct the human factors study described.

Under Phase II, Option 1 (9 months), we will implement and test an automated scenario
adjustment capability so QTEA can automatically drive the scenario difficulty level to the point
where the student's learning is optimized. Once students reach higher levels of performance, it
may take more and more automatically generated loading tasks to reach this optimum level of
scenario intensity. Thus, the scenario intensity level of a student becomes a mark of his/her
quality of training at each stage of skill maturation.
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The technical goal of Option 2 (12 months) is to validate QTEA in an operational flight-training
environment and to refine the QTEA system to a TRL 7-8, ready for transition in Phase III. The
validation will consist of an evaluation of technical feasibility and fiscal effectiveness. Technical
feasibility means compliance of QTEA with the user requirements. Fiscal effectiveness means
QTEA will be able to reduce training costs by a target of about 15-20%.

ABOUT THE COMPANY

Advanced Infoneering Inc (Al2) was founded in 2005 as a small software and information
technology company. Our mission is to develop systems that manage and enhance information in
a human compatible form. We focus on developing superior user interfaces by leveraging
knowledge from the science and technology community. Recent work concentrates on the
aviation and space arenas with an emphasis on training and simulations. Current contracts include
both research and development and commercialization work with the US Navy and other
government entities.

Our focus areas include improving the quality of simulator training for students; evaluation of the

fidelity of various types of simulated training; and creating software, which continually changes

traini ng scenarios based upon the traineesd input
the tasks presented.

Our current research and commercialization partners include Operator Performance Laboratory at

The University of lowa, Rockwell Collins Inc, Alion Science and Technology Corp, Renaissance
Science Corporation and Don Selvy Enterprises.
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