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Assessing workload:
• Different scales
• Adapted Cooper-Harper scale (CHS)

• Instantaneous Self Assessment (ISA) scale

• Different study setups → Different scales used 
→ Approximate way of transferring ISA to CHS

Neither of our studies was planned as a stress  

test at the boundaries of capabilities 

→ Lower ratings present



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

ATCO Tasks (ATs)

6



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

ATCO Tasks (ATs)

6

• Arrival



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

ATCO Tasks (ATs)

6

• Arrival
• Clearance



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

ATCO Tasks (ATs)

6

• Arrival
• Clearance
• Communication



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

ATCO Tasks (ATs)

6

• Arrival
• Clearance
• Communication
• Abnormal situation: An abnormal situation induces 

several other situations, hence, we count these.



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

ATCO Tasks (ATs)

6

• Arrival
• Clearance
• Communication
• Abnormal situation: An abnormal situation induces 

several other situations, hence, we count these.
• Departure



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

ATCO Tasks (ATs)

6

• Arrival
• Clearance
• Communication
• Abnormal situation: An abnormal situation induces 

several other situations, hence, we count these.
• Departure
• Secondary Task



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

ATCO Tasks (ATs)

6

• Arrival
• Clearance
• Communication
• Abnormal situation: An abnormal situation induces 

several other situations, hence, we count these.
• Departure
• Secondary Task
• Taxi
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• Communication: basic tasks (audio-acoustic channel)
•⬆communication→⬆taskload
➡ Integrate length of communication related to AT types (as weights)

1. Average communication times for AT types
2. Percentage of the total communication time for AT types

• 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 AT1
‣ Longer time of attention for these calls

2. Total time spent for communication related to AT1 longer than for AT2
‣ We assume sheer number of call leads to higher attention for these calls
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• Probe questions during experimental studies: measure situational awareness
• 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/Örnsköldsvik (S/Ö)?’'
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• Goal: validate quantitative indicators on power to predict ATCO workload
• Goal: predict increases and decreases of ATCO workload
• Workload is accumulated metric
➡ Identify influencing factors
• Classical way: look at correlation
• Here also: other criteria that enable us to explain increases and decreases
➡ We borrow classical mathematical notation: 
• A measure constitutes a necessary condition for workload increase, if every workload 

rating increase is accompanied by an increase in the measure. 
• A measure constitutes a sufficient condition for workload increase, if every increase in 

the measure also yields an increase in the workload rating.
• Analogously: necessary and sufficient condition for workload decrease
• Sufficient measure for workload increase
➡ We can observe only the measure: each increase will yield an increase in workload 

rating
➡ Predict increase in workload rating
• IF: measure is sufficient condition for workload increases and decreases
➡ The measure would yield a perfect predictor for workload changes
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• ATCO’s mean age: 52
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• Multiple mode: 6 movements
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• ISA scale used
• ATCO WL rating assessed every 3 mins
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• Also measured: length and purpose of 
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We observed: 
• Snow sweeping with a convoy of 10-14 

vehicles 
• #Movements/h: 4, 5, 9, 27
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Conjecture: Increase in workload rating always accompanied by an increase in the 
number of ATs in current or previous time period.
Why two consecutive points in time? 
More ATs may accumulate and result in increased WL rating at following query.
Conjecture holds!
BUT converse is not true, that is: 
Not every increase in the number of ATs leads to an increased workload rating 
➡Increase in the number of ATs can be a necessary, but not a sufficient indicator 

for increased workload
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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 

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

Total time spend: clearances 
with average value

Communication to ground 
vehicles takes up most time 
(snow cleaning clearly 
represented here)
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Conjecture: Increase in workload rating 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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Increase in workload rating always accompanied by an increase in at least one of:
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➡Necessary condition

BUT: Increase in at least on of the two criteria is not a sufficient condition for an 
increase in workload.

Necessary condition on its own!
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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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in single mode (one-sided U-test, p-value 1.65%)

• Other increases not significant:
• Increase in average communication times related to arrivals nearly significant (one-sided U-test, p-

value 7.57%)
• Increase in average communication times related to clearances nearly significant (one-sided U-test, 
p-value 6.7%)

• ⬆Due to risk compensation behaviour by operator: avoid risk at expense of time?

• We normalised weights
• Used     for single mode,      for multiple mode
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• All ATCOs hold endorsement for Sundsvall 
• ATCO3 larger WL variations: 9yrs ATCO, for 1 

and 2: 30 and 41 years, resp.
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• ATCO3 stressed because of problems with 
simulation equipment → start at 9:09 (instead of 
9:00)

• ATCO1 longest RTC experience, but 
endorsement only for Sundsvall → confronted 
with unknown working environment

• ATCO2 and ATCO3 endorsements for both 
airports

➡ Generally higher level and higher variations in 
workload rating for ATCO1

ATCO1

ATCO2

ATCO3
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We can observe a necessary condition:
Increase in workload rating always 
accompanied by an increase in at least one 
of:
• Duration of communication during that 

time interval 
• Sum of the average-communication-

duration weighted ATs for two 
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• Comparable to the necessary condition 
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• Average-communication-duration weighted ATs 
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• Sum of average-communication-duration 
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• Again: Number of ATs not a necessary 

condition for increase in workload rating

How exactly? 
One of those or a combined measure?
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• For most queries: Reaction time by an ATCO in multiple mode increases vs. single mode
• Multiple mode: ATCO confronted with more tasks 
➡He/she might be less responsive—exhibit risk compensation behavior
• Insecurity 
➡ ATCO double checks to avoid mistakes
➡Slowdown
➡Can be an indicator for uncertainty [2]
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• BUT: trend not true for all queries and ATCOs!

• Reaction time ATCO2, SPAM track + clearance: multiple lower than single 
• Reaction time ATCO3, SPAM position + wind speed + wind direction: multiple lower than single 

• ATCO1 RTC experience, but endorsement only for Sundsvall
➡Confronted with new environment in multiple mode

[2] H. Rastegary and F. J. Landy. The Interactions among Time 
Urgency, Uncertainty, and Time Pressure, pages 217–239. 
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➡He/she might be less responsive—exhibit risk compensation behavior
• Insecurity 
➡ ATCO double checks to avoid mistakes
➡Slowdown
➡Can be an indicator for uncertainty [2]
• Uncertainty is one of main stressors (apart from time pressure)
• BUT: trend not true for all queries and ATCOs!

• Reaction time ATCO2, SPAM track + clearance: multiple lower than single 
• Reaction time ATCO3, SPAM position + wind speed + wind direction: multiple lower than single 
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Each increase in the ATCO workload rating is accompanied by an increase in at least one of: 
• ATs weighted with the percentage of the total communication time
• Average-communication-duration weighted ATs in the previous, current or following time period
• Sum of the average-communication-duration weighted ATs for two consecutive time periods
• Duration of communication during that time interval 

Thanks.

Questions? christiane.schmidt@liu.se 
Slides: http://webstaff.itn.liu.se/~chrsc91/
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