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➢ New Issues of HP on Digital Tower Operations

➢ Assessing Monitoring Performance and Workload

1. NASA-TLX to Evaluate ATCOs’ Perceived Workload

2. SART for Situation Awareness

3. Apply Eye Tracking to evaluate ATCO’s monitoring performance

➢ Discussions and Conclusion

➢ Q & A

Overview
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Application of NASA-TLX to 

Evaluate ATCOs’ Perceived 

Workload

➢ Workload can negatively affect ATCOs’ task performance and increase the

error of operations, how to measure it?

➢ The NASA Task Load Index (TLX) is a popular technique for measuring

subjective workload related to task performance

➢ The dependent variables consisted by mental demand, physical demand,

temporal demand, performance, effort and frustration

➢ ATCOs were required to evaluate their perceived workload between local

tower operations and remote tower operations (Pushback, taxi and departure from Runway 26)
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Overall Goal of Task: 
Pushback, taxi and departure 

from Runway 26 

1. Issue push-back instruction and annotate strip with right frequency (10-18 s)
1. Check areas is clear (2-3 s)
2. Issue push-back instruction (3-5 s) 
3. Monitor read-back (3-5 s)
4. Interact with strip “PUSH” button (1-2 s)
5. Populate strip with correct frequency (1-3 s)

2. Issue taxing instruction (9-15 s)
1. Check for conflicting traffic (3-5 s)
2. Issue taxi instruction (3-5 s)
3. Monitor read-back (3-5 s)

3. Monitor taxing progress and A/C approaching holding point (6-10 s)
1. Monitor aircraft taxiing (3-5 s)
2. Ensure A/C turn and stop at correct holding point (3-5 s)

4. Scan ATM and final approach (8-15 s)
1. Scan ATM for traffic (2-3 s)
2. Look out window for traffic and other risks (5-10 s)
3. Interact with strip “REL” button (1-2 s)

5. Deselect correct stop-bar and issue line-up clearance (8-15 s)
1. Interact with “AGL” panel by pressing correct stop-bar (2-3 s)
2. Issue line up clearance and obtain correct read-back (5-10 s)
3. Move strip to runway bay (1-2 s)

6. Ensure release obtained (11-22 s)
1. Ensure “REL” button turn green (1-2 s)
2. Recognize and issue any amended clearance (5-10 s)
3. Obtain read back from 1.7.2 (5-10 s)

7. Scan runway and runway strip bay (4-7 s)
1. Scan runway for hazards (3-5)
2. Scan runway strip bay (1-2 s)

8. Issue take-off clearance (16-30 s)
1. Issue take-off clearance (2-3 s)
2. Obtain read back (2-3 s)
3. Select “TO” button on strip (1-2 s)
4. Monitor take-off run (10-20 s)
5. Press “ATD” button on strip (1-2 s)

The task performance consisted with 

8 sub-goals and 26 operational steps 

in need of 132 seconds to complete the 

overall task
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T-test of ATCOs’ Perceived Workload 

between Remote Tower and Local 

Tower Operations

Dimension Towers Mean SD
T-Test

t df p SE Cohen’s d

Mental demand
Remote tower 52.045 17.297

3.363 21 0.003 3.042 0.717
Physical tower 41.818 15.472

Physical demand
Remote tower 27.955 17.839

0.251 21 0.805 3.722 0.051
Physical tower 27.045 19.002

Temporal demand
Remote tower 50.227 13.756

4.491 21 0.000 2.986 0.957
Physical tower 36.818 17.151

Performance
Remote tower 67.045 18.104

2.776 21 0.011 3.520 -0.592
Physical tower 76.818 21.852

Effort
Remote tower 43.864 19.082

1.714 21 0.101 4.906 0.365
Physical tower 35.455 18.575

Frustration
Remote tower 37.045 20.099

4.356 21 0.000 2.765 0.929
Physical tower 25.000 17.252

NASA-TLX        

Total Score

Remote tower 46.212 9.473
2.935 21 0.008 1.949 0.626

Physical tower 40.492 11.012
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Perceived Workload 

between RTO and Local 

Tower Operations

➢ ATCO has perceived significantly higher on mental demand, temporal

demand, frustration and lower performance on the remote tower operation

➢ To maintain safe level of Performance ATCOs experienced higher

workload which induced fatigue quicker

➢ However, different tasks, interface design and operating systems may have

impacts to operators’ perceived workload and SA (SAAB vs Frequentis)

➢ Furthermore, workload may induce fatigue and decrease SA, ANSPs have

to find a solution to mitigate ATCO’s perceived workloads and fatigue

Frequentis SAAB
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➢ ATCO’s SA including Attentional Demands, Supply and 

Understanding which affecting the safety of operations

➢ The situation awareness rating technique (SART) is a 

simplistic post-trial subjective rating technique

➢ SART allows operators to rate his/her SA by practical 

experiences on monitoring performance

➢ The main advantages of SART are easy to use and low cost

Application of SART-10D to 

Assess ATCOs’ Situation 

Awareness

SA = Understanding - (Demand - Supply)
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ATCOs’ Situation Awareness between 

Physical Tower and Remote Tower 

Operations by T-Test

Variables Design
Mea

n
SD N

T-Test

t df p Cohen’s d

Demand

Remote Tower 7.73 1.98

15 3.60 14 0.003 0.93

Physical Tower 5.93 1.53

Supply

Remote Tower 23.80 1.37

15 2.69 14 0.018 0.69

Physical Tower 21.80 2.34

Understanding

Remote Tower 17.47 0.99

15 -3.45 14 0.004 -0.89

Physical Tower 18.80 1.42

Situation Awareness

Remote Tower 33.53 3.04

15 -1.18 14 0.258 -0.30

Physical Tower 34.67 4.17
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Results of SART

SA = Understanding - (Demand - Supply)

➢ Remote tower requires more attention distributions to different
AOIs compared with Local Tower

➢ Remote tower provide more information to ATCOs which is good
but increasing cognitive loads as well

➢ Significant differences on Understanding

➢ Human operator can adapt and adjust himself/herself to fit the
new challenges in the operational environment
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ATCO‘s Monitoring 

Performance and HCI issues on 

Remote Tower Operations

https://cranfield-my.sharepoint.com/personal/wenchin_li_cranfield_ac_uk/Documents/1.%20Cranfield/Cranfield%20Papers/Conference%20papers/2020/2020206%20DATS/F-16%20Air%20to%20Surface.wmv
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Target Identifications between 55 inches and 

43 inches of Screens

ATCO’s Visual Parameters 

on HCI with RTM 

Jersey OTW.mp4
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Percentage of Attention 

Distribution: OTW is the 

Crucial Interface
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The Integration of OTW and 

PTZ may Facilitate ATCO‘s 

Task Performance

PTZ Parachute.mp4
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Workload Intervention: 
Psychophysical Coherence increasing 

Attention, SA and Decision-making

M=3.2, SD=5.9 vs M=5.8, SD= 7.4 

file:///D:/OneDrive - Cranfield University/My video/G-lock.wmv
FRMS Participant 01.pdf
../../../../../My Vedio/G-lock.wmv
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Target Identifications between 55 inches and 

43 inches of Screens

General Discussion

➢ ATCO’s attention, situation awareness and performance can be

affected by subjective perceived workload and emotional response

➢ Be aware of the new technology may induce new HCI issues and

increasing perceived workload (senior vs junior)

➢ The findings are valuable for both ATCO’s training, certification,

and system design on RTM

➢ ATCO’s perceived workload, monitoring performance, SA and

fatigue needed further research for future RTO

➢ Further thought, technology shall increase not only human

performance but also wellbeing
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Q and A

Wen-Chin Li PhD.  FCIEHF C.ErgHF. 

Senior Lecturer

Safety and Accident Investigation Centre,

Cranfield University, U.K.

E-mail: wenchin.li@cranfield.ac.uk

Human Factors in Aviation Safety
9 November - 10 November


