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e Enable aircraft to reach destination in time
= ATCOs Perform various tasks that drive the mental workload
e Taskload: measures objective demands of the ATCO’s monitoring task
¢ \Workload: measures subjective, mentally experienced stress during a task
e All factors external to human operator = stress
= Results in individual workload (depending on different properties of the human operator)
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Assessing workload:
e Different scales

e Adapted Cooper-Harper scale (CHS)

Rating Evaluation Question for Evaluation
1 No problems, desirable [s the situation solvable
2 Simple, desirable without major
3 Adequate, desirable Disturbance?

1 Small, but disruptive “delays™
5 Medium loss of capacity, Is the situation solvable by
which can be improved capacity-reducing
6 Very disruptive, measures’?
but tolerable difficulties
7 Problems to predict
development of traffic situation [s the situation solvable
8 Problems in if the ATCO works
information processing with a reduced
9 Problems in situational
9 information reception awareness?
10 Impossible
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¢ |nstantaneous Self Assessment (ISA) scale

Rating Workload Spare Capacity Description
1 Underutilized Very much Little or nothing to do. Rather boring.
2 Relaxed Ample More time than necessary to complete
the tasks. Time passes slowly.
3 Comfortable Some The controller has enough work to keep him/her
stimulated. All tasks under control.
4 High Very little Certain nonessential tasks are postponed.
Could not work at this level very long. Controller
is working at the limit. Time passes quickly.
5 Excessive None Some tasks and not completed. The
controller is overloaded and does not feel in control.
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e Abnormal situation: An abnormal situation induces
several other situations, hence, we count these.

¢ Departure

e Secondary Task
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e Both might indicate an increase in workload:
1. Individual call related to AT1 takes up more time than those for AT2
» Caused by longer phraseology or increased need for callbacks for AT
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2. Total time spent for communication related to AT1 longer than for AT2
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® Probe questions during experimental studies: measure situational awareness

e Situation Present Assessment Method (SPAM):
- Measure ATCO reaction times to questions related to the current scenario
- Proper SA: low latency + high accuracy
- Possible question: “*What is the actual wind speed for Sundsvall/Ornskéldsvik (S/O)7?"
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* Snow sweeping with a convoy of 10-14 communication; reaction time to SPAM
vehicles queries

e #Movements/h: 4, 5, 9, 27
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Communication Split: Weights for ATs

LINKOPING
UNIVERSITY

Arrival Clearance | Comm Taxi Departure Ground Total
Average (in s) 10.94348 20.34783 11.2 12.7 11.44118 13.48 1]}
Sum (in 5) 231 368 113 321 389 674 2531
Percentage 0.13% | 1849% | 17.70% | 12.68% | 15.37% | 26.63% | 100%
Range (in s) 6-16 6-357 472 5-28 5-27 3-37
Sum of all radio call durations for each AT type
Percentage of sum of all radio call durations for each AT type
_Arrival, 9.13%
Ground,
26.63%
_Clearance,
~ 18.49%
Departure, _ »_
15.37%
- Comm,
17.70%

Taxi, 12.68%
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On average longer: clearance initiated by one party, reply by the other party, and for airborne

operations the second party awaits repetition to conform proper reception < other call types
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Percentage of sum of all radio call durations for each AT type

_Arrival, 9.13%
Ground,

26.63%__

- Clearance,
- 18.49%
Departure,
15.37%
- Comm,
17.70%

Taxi, 12.68%
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party awaits repetition to conform proper reception « other call types

operations the second
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Sum of all radio call durations for each AT type
Percentage of sum of all radio call durations for each AT type

Communication to ground
vehicles takes up most time
(snow cleaning clearly
represented here)

Arrival, 9.13%

Ground,
26.63%

__Clearance,
- 18.49%

Departure, _ _.
15.37%

- Comm,

: 17.70%
Taxi, 12.68%

Total time spend: clearances
with average value
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Conjecture: Increase in always accompanied by an increase in the
ATs weighted with the percentage of the total communication time in current or
previous time period.

Conjecture holds!
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BUT: Increase in at least on of the two criteria is not a sufficient condition for an
INncrease In workload.
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BUT: Increase in at least on of the two criteria is not a sufficient condition for an
Increase In workload.
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A brief note:
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A brief note:
Average workload rating was higher in the first three hours, during which snow
sweeping occurred,
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A brief note:

Average workload rating was higher in the first three hours, during which snow
sweeping occurred,

than in the final hour with peak traffic (27 movements opposed to 4, 5, and 9
movements in the prior hours).
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A brief note:

Average workload rating was higher in the first three hours, during which snow
sweeping occurred,

than in the final hour with peak traffic (27 movements opposed to 4, 5, and 9
movements in the prior hours).

More data is needed to study the influence of weather in detail.
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Results Simulation Study
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Communication Split: Weights for ATs

h.u
ATCO 1 ATCO 1 ATCO 2 | ATCO2 | ATCO 3 | ATCO 3 average average
single multiple single multiple single multiple single multiple
Arrival 10.83 11.5 28.5 13.67 24 0.2 21.11 11.46
Clearance 13 22.17 13.17 13.5 12.71 25.8 12.96 20.49
Comm 8.63 13.69 10.62 11.5 0.11 12.47 0.45 12.55
Taxi 12.6 8.5 8.75 5.33 20 18.2 13.78 12.04
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e Only communication shows significant higher communication duration in multiple than
in single mode (one-sided U-test, p-value 1.65%)




Communication Split: Weights for ATs

LINKOPING
v
ATCO1 | ATCO1 | ATCO2 | ATCO2 | ATCO 3 | ATCO 3 || average | average
single multiple single multiple single multiple single multiple

Arrival 10.83 11.5 28.5 13.67 24 9.2 21.11 11.46
Clearance 13 22.17 13.17 13.5 12.71 25.8 12.96 20.49
Comm 8.63 13.69 10.62 1.5 9.11 12.47 9.45 12.55

Taxi 12.6 8.5 8.75 5.33 20 18.2 13.78 12.04

e Only communication shows significant higher communication duration in multiple than
in single mode (one-sided U-test, p-value 1.65%)
e Other increases not significant:

ICRAT 2020, Validation of Controller Workload Predictors at Conventional and Remote Towers



Communication Split: Weights for ATs

LINKOPING
v
ATCO1 | ATCO1 | ATCO2 | ATCO2 | ATCO 3 | ATCO 3 || average | average
single multiple single multiple single multiple single multiple

Arrival 10.83 11.5 28.5 13.67 24 9.2 21.11 11.46
Clearance 13 22.17 13.17 13.5 12.71 25.8 12.96 20.49
Comm 8.63 13.69 10.62 1.5 9.11 12.47 9.45 12.55

Taxi 12.6 8.5 8.75 5.33 20 18.2 13.78 12.04

e Only communication shows significant higher communication duration in multiple than
in single mode (one-sided U-test, p-value 1.65%)

e Other increases not significant:

e |[ncrease in average communication times related to arrivals nearly significant (one-sided U-test, p-
value 7.57%)

ICRAT 2020, Validation of Controller Workload Predictors at Conventional and Remote Towers



Communication Split: Weights for ATs

LINKOPING
v
ATCO1 | ATCO1 | ATCO2 | ATCO2 | ATCO 3 | ATCO 3 || average | average
single multiple single multiple single multiple single multiple

Arrival 10.83 11.5 28.5 13.67 24 9.2 21.11 11.46
Clearance 13 22.17 13.17 13.5 12.71 25.8 12.96 20.49
Comm 8.63 13.69 10.62 1.5 9.11 12.47 9.45 12.55

Taxi 12.6 8.5 8.75 5.33 20 18.2 13.78 12.04

e Only communication shows significant higher communication duration in multiple than
in single mode (one-sided U-test, p-value 1.65%)

e Other increases not significant:

e |[ncrease in average communication times related to arrivals nearly significant (one-sided U-test, p-
value 7.57%)

e |[ncrease in average communication times related to clearances nearly significant (one-sided U-test,
p-value 6.7%)

ICRAT 2020, Validation of Controller Workload Predictors at Conventional and Remote Towers



Communication Split: Weights for ATs

LINKOPING
v
ATCO1 | ATCO1 | ATCO2 | ATCO2 | ATCO 3 | ATCO 3 || average | average
single multiple single multiple single multiple single multiple

Arrival 10.83 11.5 28.5 13.67 24 9.2 21.11 11.46
Clearance 13 22.17 13.17 13.5 12.71 25.8 12.96 20.49
Comm 8.63 13.69 10.62 1.5 9.11 12.47 9.45 12.55

Taxi 12.6 8.5 8.75 5.33 20 18.2 13.78 12.04

e Only communication shows significant higher communication duration in multiple than
in single mode (one-sided U-test, p-value 1.65%)

e Other increases not significant:

e |[ncrease in average communication times related to arrivals nearly significant (one-sided U-test, p-
value 7.57%)

e |[ncrease in average communication times related to clearances nearly significant (one-sided U-test,
p-value 6.7%)

e ¥ Due to risk compensation behaviour by operator: avoid risk at expense of time?

ICRAT 2020, Validation of Controller Workload Predictors at Conventional and Remote Towers



Communication Split: Weights for ATs

LINKOPING
v
ATCO1 | ATCO1 | ATCO2 | ATCO2 | ATCO 3 | ATCO 3 || average | average
single multiple single multiple single multiple single multiple

Arrival 10.83 11.5 28.5 13.67 24 9.2 21.11 11.46
Clearance 13 22.17 13.17 13.5 12.71 25.8 12.96 20.49
Comm 8.63 13.69 10.62 1.5 9.11 12.47 9.45 12.55

Taxi 12.6 8.5 8.75 5.33 20 18.2 13.78 12.04

e Only communication shows significant higher communication duration in multiple than
in single mode (one-sided U-test, p-value 1.65%)

e Other increases not significant:

e |[ncrease in average communication times related to arrivals nearly significant (one-sided U-test, p-
value 7.57%)

e |[ncrease in average communication times related to clearances nearly significant (one-sided U-test,
p-value 6.7%)

e ¥ Due to risk compensation behaviour by operator: avoid risk at expense of time?

e \We normalised weights

ICRAT 2020, Validation of Controller Workload Predictors at Conventional and Remote Towers



Communication Split: Weights for ATs

LINKOPING
v
ATCO1 | ATCO1 | ATCO2 | ATCO2 | ATCO 3 | ATCO 3 || average | average
single multiple single multiple single multiple single multiple

Arrival 10.83 11.5 28.5 13.67 24 9.2 21.11 11.46
Clearance 13 22.17 13.17 13.5 12.71 25.8 12.96 20.49
Comm 8.63 13.69 10.62 11.5 0.11 12.47 9.45 12.55

Taxi 12.6 8.5 8.75 5.33 20 18.2 13.78 12.04

e Only communication shows significant higher communication duration in multiple than
in single mode (one-sided U-test, p-value 1.65%)

e Other increases not significant:

e |[ncrease in average communication times related to arrivals nearly significant (one-sided U-test, p-
value 7.57%)

e |[ncrease in average communication times related to clearances nearly significant (one-sided U-test,
p-value 6.7%)

e ¥ Due to risk compensation behaviour by operator: avoid risk at expense of time?

e \We normalised weights
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e For most queries: Reaction time by an ATCO in multiple mode increases vs. single mode

ICRAT 2020, Validation of Controller Workload Predictors at Conventional and Remote Towers



Reaction Times: Multiple vs. Single II." LINKOPING

UNIVERSITY

Clearance Wind speed Wind direction Alttude Postion Track

25

BMATCO 1 (sing) MATCO 1 (muit) mATCO 2 (sing) MATCO 2 (mult) mATCO 3 (sing) mATCO 3 (mult)

e For most queries: Reaction time by an ATCO in multiple mode increases vs. single mode
e Multiple mode: ATCO confronted with more tasks

ICRAT 2020, Validation of Controller Workload Predictors at Conventional and Remote Towers



Reaction Times: Multiple vs. Single II." LINKOPING

UNIVERSITY

Clearance Wind speed Wind direction Alttude Postion Track

25

BMATCO 1 (sing) MATCO 1 (muit) mATCO 2 (sing) MATCO 2 (mult) mATCO 3 (sing) mATCO 3 (mult)

e For most queries: Reaction time by an ATCO in multiple mode increases vs. single mode
e Multiple mode: ATCO confronted with more tasks
= He/she might be less responsive—exhibit risk compensation behavior

ICRAT 2020, Validation of Controller Workload Predictors at Conventional and Remote Towers



Reaction Times: Multiple vs. Single II." LINKOPING

UNIVERSITY

Clearance Wind speed Wind direction Alttude Postion Track

25

BMATCO 1 (sing) MATCO 1 (muit) mATCO 2 (sing) MATCO 2 (mult) mATCO 3 (sing) mATCO 3 (mult)

e For most queries: Reaction time by an ATCO in multiple mode increases vs. single mode
e Multiple mode: ATCO confronted with more tasks

= He/she might be less responsive—exhibit risk compensation behavior

® |nsecurity

ICRAT 2020, Validation of Controller Workload Predictors at Conventional and Remote Towers



Reaction Times: Multiple vs. Single II." LINKOPING

UNIVERSITY

Clearance Wind speed Wind direction Alttude Postion Track

25

WATCO 1 (sing) WATCO 1 (muft) mATCO 2 (sing) WATCO 2 (mult) mATCO 3 (sing) m ATCO 3 (mutt)

e For most queries: Reaction time by an ATCO in multiple mode increases vs. single mode
e Multiple mode: ATCO confronted with more tasks
= He/she might be less responsive—exhibit risk compensation behavior

® |nsecurity
= ATCO double checks to avoid mistakes

ICRAT 2020, Validation of Controller Workload Predictors at Conventional and Remote Towers



Reaction Times: Multiple vs. Single

25

Clearance Wind speed Wind direction Alttude Postion Track

WATCO 1 (sing) WATCO 1 (muft) mATCO 2 (sing) WATCO 2 (mult) mATCO 3 (sing) m ATCO 3 (mutt)

e For most queries: Reaction time by an ATCO in multiple mode increases vs. single mode
e Multiple mode: ATCO confronted with more tasks
= He/she might be less responsive—exhibit risk compensation behavior

® |nsecurity
= ATCO double checks to avoid mistakes

= Slowdown

LINKOPING

UNIVERSITY

ICRAT 2020, Validation of Controller Workload Predictors at Conventional and Remote Towers



Reaction Times: Multiple vs. Single II." LINKOPING

UNIVERSITY

Clearance Wind speed Wind direction Alttude Postion Track

25

BMATCO 1 (sing) MATCO 1 (muit) mATCO 2 (sing) MATCO 2 (mult) mATCO 3 (sing) mATCO 3 (mult)

e For most queries: Reaction time by an ATCO in multiple mode increases vs. single mode
e Multiple mode: ATCO confronted with more tasks

= He/she might be less responsive—exhibit risk compensation behavior

® |nsecurity
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= Can be an indicator for uncertainty [2]

U_ [ 1 [2]H. Rastegary and F. J. Landy. The Interactions among Time
———  Urgency, Uncertainty, and Time Pressure, pages 217-239.

(| p— Springer US, 1993.
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e Smaller variations of workload on levels without reduced SA cannot be reflected equally well
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= May just name a reasonable number
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= Necessity for instrument that is able to register variability on lower workload levels

Future:

e Integrate measurements of other factors (e.g., runway friction)

e Possibly: identify physical measurement (e.g., pupil diameter) with high correlation to workload

= Goal: Quantative empiric measurements with high power of predicting this physical
measurement
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Each increase in the IS accompanied by an increase in at least one of:
e ATs weighted with the percentage of the total communication time

Duration of communication during that time interval
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