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e [he brain’s ability to store and manipulate
short-term information (working memory)
IS Important for:
o Multi-tasking (context switching)
o Cognitive performance under load

e [he Multi-Attribute Task Battery (MATB),
designed by NASA, is a tool for testing
cognitive performance under load.
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e Limitations of current MATB research:
o Exclusively performed on human
participants
m Small sample sizes
m Fatigue, stress, anxiety sway results
m Months to complete a study
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e heural2 User Interface:
o Create a virtual brain model in

2D or 3D with:

m Modules (cerebral regions)
m Nodes (clusters of neurons)

e Lattice patterns to simulate

real neural layout
m Edges (neural pathways)
m Sensors (EEG electrodes)

e Import custom templates or
use common headcap layouts
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" Objective & Solution |

e Objective: Allow researchers the ability to
test countless runs of the MATB, to further
research into the brain’s working memory

e Solution: A biologically plausible neural
network visualization and simulation
software for neurology researchers that:

o Supports creation of highly
customizable neural architecture

o Simulates the MATB being performed

o Visualizes real-time neural activity via
configurable sensors on the brain model

Neural Network Design
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Input Thalamic

e Thalamic Layer used to model context switching by suppressing
winner’s associated inputs and boosting runners-up

e Recurrent Hidden Layer enables working memory: Neurons feed
back to themselves, maintaining task context across time

Hidden Output
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g Results

e Visualize a variety of simulated brain
activity metrics in real time;
o EEG Trace History
o Power Spectral Density
o EEG Heatmap

Simulated EEG Topography (3D -> 2D Projection)
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e EXxport post-simulation info:
o Neural Network information
MATB parameters

O
o Training results
o Simulation results

\ m Anomalies, Accuracy
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e User parameters can greatly vary model
results (as desired), but some models
were able to reach up to 80% accuracy

e As a result of context switching and ease
of task, the models perform the best on
the system monitoring subtask

e By giving users freedom in the model and
simulation’s structure and parameters, we
are able to control specific variables and
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Train the neural network:
o Select activation (e.g. tanh)

and loss (e.g. log loss)
functions

o Apply Hebbian learning to
update hidden—output

edge weights

e Simulate the brain
completing any combination
of three of these MATB'’s
subtasks:

o System Monitoring
o Tracking
o Communications

\ see how they affect task performance
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