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Study Purpose

* Improve Workload Assessment
* Precision — capture dynamics of work
* Automated
* Non-intrusive on human behavior and performance
* Limited need for special equipment

* for application in
* Operators’ simulator training
* Control room validation
* Adaptive operator support and human-machine control systems




Background: Estimation of cognitive workload

* Promising results from highly controlled experiments studying simple tasks

* A few examples:

* Speech: Simple individual tasks such as Stroop test, Three levels of workload were
classified from speech features with an accuracy of 78.9% (Yin et al, 2007) and 84.4%
(Yap et al, 2010).

» System variables and User interaction: Workload measured by air traffic controllers'
flight clearances (Tobaruela et al., 2014).

* Eye Behavior: Pupil size and blink duration correlated positively with the level of mental
workload (Ahlstrom & Friedman-Berg, 2006).

* Physiological data: Brain activity (Wilson & Russell, 2003)

* Unknown: Realistic settings - such as full scope training simulators
* Where operators decide strategy and timing of actions, move, utilize the interface and

apply procedures realistically, communicate according to normal procedures and
according to the given work status




Workload Assessment in realistic settings
Most popular technique is

Operator(‘évg_rlliﬁd Rating subjective rating — often post
Every 2nd minute sessions Post-Scenario, low
2min |[2min|........... | 2 min / precision, utility?
HAMMLAB Simulation Operator
Operator Mental Workload P%:zsété.

h During work,

Hypothesized high
precision and high
utility

Speech, eye  Navigation,  Process events,
behaviour Commands  alarm conditions




Simulator Experiment - Overview of Method

* 6 crews — 18 operators
e Supervisor, Reactor Operator, Turbine Operator

* 12 scenarios (varying from about 15 to 45 minutes)
* 4 Sub system testing

* 4 Targeted integrated testing
* 4 Full scale integrated testing (ISV)

* 2 Expert Observers

* HAMBO Boiling Water Reactor Simulator
* Simulates Forsmark 3




Operator Rating Scale applied during scenarios

* Operator’s rating of mental workload during scenario used for

* Training @ machine learning algorithm
* Reference to check the accuracy of algorithm’s estimation
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Features for WL prediction extracted from data

e Simulator logs
* Incoming Alarms
* Alarms acknowledged
* Operator Interface Navigation
* Operator Commands

* Speech (Operator’s communication) recording during work
* Fundamental frequency (“f0”)- average and peak
* Intensity, amplitude average and peak
* Pauses
* Articulation rate




Analysis:

* Machine Learning Classification (e.g., Random Forest - Tree Model)
* Random split data: Training set — 80%, Test set 20%

* Train a model the training data set, Repeated cross-validation (10-fold, 5 times)
 Predicted Workload for the test data using the best model.
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Accuracy of test data estimation for seven commonly
applied machine learning algorithms

Model performance for work load estimation, all datasets
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“Confusion” Matrix - Random Forest Algorithm

* Accuracy: 0.67

Operators Rating during scenarios

Estimated by
ML from
Speech and
System logs
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Variable (feature) importance
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Conclusion

* Both Features from operators communication and features from
simulator logs related to workload rating

* Promising - for further research and development
* Future work can include other data, e.g., Eye Behavior Features

* Workload is a “test case”, A number of other human performance
phenomena can be addressed by similar approach
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