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Figure 32. CATS File Selection Window 
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Figure 33. CATS Data Integrity Window 

 
  
 Data integrity is monitored by CATS by assessing the IOS recorded files and 

checking for gaps in the data.  Data is then permitted or denied into the CATS analysis 

depending on user definition within the interface.  Compromised data points can either be 

permitted to exist as gaps in the data set analysis or ignored altogether.   
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Figure 34. CATS Data Query Window 

 
 

 

 Data sets within CATS can be further broken down by querying the data in 

several ways.  Depending on the tags associated with the data set, CATS can be 

programmed to split the data depending on these tags and perform analysis strictly on that 

particular section of data as specified by the user.  This is very beneficial in eye tracking 

analysis that discriminates between phases of flight and task specific operations and their 

associated workloads.   
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Figure 35. CATS World Viewer Window 

 
 
 
  
 CATS incorporates a world viewer that is created using aircraft state information 

embedded in the IOS output files.  This is particularly useful when selecting particular 

sections of flight and performing analysis strictly on the data points associated with the 

region selected.  Aircraft state is further visible by tracking the flight path and color 

designating particular aspects of flight, such as roll (shown in Figure 35. CATS World 

Viewer Window), altitude, speed, reported workload, or any of the user specified query-

able tasks specified in the data set.   
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Figure 36. CATS Eye Tracking Histogram Window 

 

 

 Specific to eye tracking, heat mapping of fixation maps is also performed within 

CATS to aid in identifying scan patterns and particular areas of interest over a scaled 

amount of time specified in CATS user interface.  With implementation of empirical data 

analysis specific to eye gaze fixations and scan pattern, quantitative analysis will be an 

available output from the CATS software.  

Algorithm Implementation 

 

 To fuel CATS’ ability to perform analysis on each of its physiological inputs, 

groundwork must be completed to determine what forms of analysis should be made and 

what metrics are usable for meaningful analysis.  This thesis provides CATS with useful 
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information pertaining to the eye tracking facet of CATS’ physiological analysis suite.  

Acquisition and analysis of empirical data creates algorithms for each metric, and 

ultimately one metric to assess workload based upon the pertinent eye tracking metrics.   

 

Real-Time Workload Estimation 

 

 CATS currently utilizes neural analysis, eye tracking, heart rate (ECG), and flight 

performance as general metrics that feed an overall workload estimation of the subject 

being analyzed.  Development of regression models in eye tracking is utilized in CATS 

from this research, derived from empirical data collected in this study.  For real time 

assessment of the pilots’ fixation behavior, the average duration of fixations can be 

calculated for a window of 15 seconds, which typically includes a series of 10 to 20 

fixations sufficient enough to provide a statistically significant average.  The real time 

fixation behavior variables are then assessed based upon empirical analysis following the 

results of this research initiative with coefficients dependent on relativity to the 

normalization of these behaviors.  

 

Utility of Algorithm for Real-Time Classification 

 

The regression models developed based upon the composite results of this study is 

statistically significant and can be utilized as a classifier algorithm to be validated in real-

time assessment tests in future studies.  See Error! Reference source not found.Figure 

26. Subject 2 Waypoint Regression Analysis, Error! Reference source not 

found.Figure 27.  Subject 7 Waypoint Regression Analysis and Error! Reference 

source not found.Figure 31. Fixation Frequency Composite Regression.  The 
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coefficients relating each metric analyzed are the important components to generating a 

general real-time classification algorithm.   

For analysis of real-time classification, it is recommended to use a window of 

time to perform general statistics of the various metrics that make sense.  Average 

fixation duration was calculated over a moving time frame of 15 seconds to be able to 

capture enough fixations to produce a significant average of the metric.  Entropy was 

calculated with a moving time frame of 30 seconds, since it is a metric assessing the 

variability that exists in a scan pattern or the spread of fixations.  Shorter time frames for 

this metric will not provide enough time for a pattern to be recognizable, yielding no 

significance to the standard deviation values, but too long of a time frame will not be 

capable of observing the short term changes in fixations that occur in flight deck 

operations.   
 

Industry Utilization of Operator State Classification Information 

 
 There are several applications that are capable of utilizing real-time operator state 

classification.  Training of pilots can be enhanced by importing knowledge of the 

student’s workload, allowing the instructor to increase or decrease the pace of the training 

to maximize the efficiency of the training for the student based upon their cognitive 

capacity.  Allowing the avionics of flight decks to be aware of the pilot’s cognitive state 

provides an entirely new avenue for avionics to follow; adaptive automation systems, 

enhanced visual ergonomics that adapt to rare situations such as unusual attitude, pilot 

attention retention systems, sleep mitigation systems, etc.   
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CHAPTER 6.  

FUTURE RESEARCH 

 

Further Initiatives to Be Pursued 

  

Analysis of potentially useful metrics, such as eye blinks should be pursued.  Eye 

blinks were not analyzed due to eye tracker outputs not transmitting the correct data to be 

recorded in the data set.  Unfortunately this was unrecoverable for any of the subjects in 

this study, and it still holds strict interest due to eye blink as a metric being a very rich 

source of operator state information in previous studies.   

Continued research of the present data set could be pursued to further the 

interaction effects of the various areas of interest.  Further preprocessing of the data must 

be completed to fully fill the data set so balanced ANOVAs can be performed to gain full 

insight of variance across subjects for all eye tracking metrics.  A stepwise regression 

would also be beneficial in determining which metrics yield the greatest impact on the 

regression model against workload.  Validation of the data set regression models should 

also be completed to determine the overall effectiveness of a developed model based 

upon this data set. 

 A similar study could be performed with a new method to induce workload and 

collect the subjective baseline results at a higher resolution than was done with the 

Bedford workload ratings collected in this study (1 data point / 2 min).  A possible 

approach would include shorter test runs with a precisely induced workload enforced 
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upon the pilot. A post run subjective response would be sufficient to produce a subjective 

baseline to regress against.  This is necessary to attain increasingly accurate real-time 

analysis algorithms for any physiological response system such as an eye tracker.  A 

bottom up approach study could be done that induces workload in a situation by situation 

manner that requires pilots to react and that reaction could tag a set of data and their 

associative metrics.  Bottom line requires a closing of the gap between data collection 

rates and subjective workload response rates to limit the error brought about by 

regression interpolation of real-time metrics.   

 This study provides a simple insight into the trends of eye movement metrics as 

they respond to induced workload in a cockpit performing an approach task.  Further 

studies to determine which metrics are useful in classifying workload during specific 

tasks and which metrics classify workload generically can still be completed.   Further 

research initiatives can also be done to assess the connection between standard eye 

movement behaviors in a flight deck as they pertain to individual tasks versus workload.  

It is believed that certain tasks performed on the flight deck induce specific eye 

movement behaviors.  If this is the case, it is theoretically possible to assume that 

changes in expected eye tracking behavior may occur depending on the flight task, such 

as cruising and performing an approach.   
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Figure A1. Mean Fixation Duration vs. Workload Boxplot 
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Figure A2. Global Fixation Frequency vs. Workload Boxplot 
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Figure A3. Mean Saccade Length vs. Workload Boxplot 
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Figure A4. Max Saccade Length vs. Workload Boxplot 
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Figure A5. Mean Airspeed Fixation Duration vs. Workload Boxplot 
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Figure A6. Max Airspeed Fixation Duration vs. Worklaod Boxplot 
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Figure A7. Airspeed Fixation Frequency vs. Workload Boxplot 
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Figure A8. Mean Altitude Fixation Duration vs. Workload Boxplot 
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Figure A9. Max Altitude Fixation Duration vs. Workload Boxplot 
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Figure A10. Altitude Fixation Frequency vs. Workload Boxplot 
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Figure A11. Mean Heading Fixation Duration vs. Workload Boxplot 
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Figure A12. Heading Fixation Frequency vs. Workload Boxplot 
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Figure A13. Mean OTW Fixation Duration vs. Workload Boxplot 



88 
 

 
 

Workload

M
a
x
 O
T
W
 F
ix
a
ti
o
n
 D
u
ra
ti
o
n

*87654321

2.5

2.0

1.5

1.0

0.5

0.0

Boxplot of Max OTW Fixation Duration vs Workload

 
Figure A14. Max OTW Fixation Duration vs. Workload Boxplot 
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Figure A15. Mean MCP Fixation Duration vs. Workload Boxplot 
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Figure A16. Max MCP Fixation Duration vs. Workload Boxplot 
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Figure A17. MCP Fixation Frequency vs. Workload Boxplot 
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Figure A18. Mean MFD Fixation Duration vs. Workload Boxplot 
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Figure A19. Max MFD Fixation Duration vs. Workload Boxplot 
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Figure A20. MFD Fixation Frequency vs. Workload Boxplot 
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Figure A21. Mean Y StdDev vs. Workload Boxplot 
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Figure A22. Mean X StdDev vs Workload Boxplot 

 
 
 

 
Figure A23. NASA-TLX vs. Bedford Regression 
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Figure A24. SART vs. Bedford Regression 
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Figure A25.  Global Composite Metric Repeated Measures ANOVA 
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Figure A26. ET Metric vs. Workload Regression 
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Figure A27. ET Metrics vs. Workload Repeated Measures ANOVA 
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Figure A28. Task + ET Metrics vs. Workload Regression 
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Figure A29. Task + ET Metrics vs. Workload Repeated Measures ANOVA 

 



99 
 

 
 

 
Figure A30. Task (including land decision) vs. Workload ANOVA 
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Figure A31. Task (incl. land decision) vs. Workload Repeated Measures ANOVA 
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