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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 ATCQO’s monitoring performance

» Discussions and Conclusion
> Q&A
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Application of NASA-TLX to
Evaluate ATCOs’ Perceived
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University

Workload

orkload 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: instruction and annotate strip with right frequency (10-18 s)
Pushback, taxi and departure s is clear (2-3 s)

-back instruction (3-5s)
from Runway 26 or read-back (3-5s)
A" Interact with strip “PUSH” button (1-2 S)
5. Populate strip with correct frequency (1-3 s)
2. Issue taxing instruction (9-15s)

1. Check for conflicting traffic (3-5s)

Scenario 1: Pushback, taxi and departure from Runway 26

s | 2. Issue taxi instruction (3-5 s)
= 3. Monitor read-back (3-5 s)
ﬁ (mpara | [ 3. Monitor taxing progress and A/C approaching holding point (6-10 s)
L [T et | | Mo [ — 1. Monitor aircraft taxiing (3-5 s)
|| 2 Vo [T e |7 i 2. Ensure A/C turn and stop at correct holding point (3-5 s)
(=) =N 4. Scan ATM and final approach (8-15 s)
. - 1. Scan ATM for traffic (2-3 s)
oy | iy =] 2. Look out window for traffic and other risks (5-10 s)
it | i || it [| | 3. Interact with strip “REL” button (1-2 s)

ind stop at cormect int (-10 \
[ point (6-105) .
w5 | \ { ;‘r;l;;pm ‘ }—o—{ mlu(mm

5. Deselect correct stop-bar and issue line-up clearance (8-15s)

i) Ermy 1. Interact with “AGL” panel by pressing correct stop-bar (2-3 s)
o | f 2. Issue line up clearance and obtain correct read-back (5-10s)
a1 | _ N — 3. Move strip to runway bay (1-2 s)
s | 1 g | [ o 6. Ensure release obtained (11-22 s)
"': e 1. Ensure “REL” button turn green (1-2 S)
(=il r— — 2. Recognize and issue any amended clearance (5-10 s)
AT ==l 3. Obtain read back from 1.7.2 (5-10s)
S [t 7. Scan runway and runway strip bay (4-7 s)
| et [ 1. Scan runway for hazards (3-5)
| Y\ 2. Scan runway strip bay (1-2 s)
8. Issue take-off clearance (16-30 s)
=y 1. Issue take-off clearance (2-3 s)

The task performance consisted with 2. Obtain read back (2-3 s)

8 sub-goals and 26 operational steps 3. Select “TO” button on strip (1-2 3)
4
5

in need of 132 seconds to complete the . Monitor take-off run (10-20 s)
overall task . Press “ATD” button on strip (1-2 S)



T-test of ATCOs’ Perceived Workload
between Remote Tower and Local
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Tower Operations

T-Test

SD

Mean

Towers t df p SE Cohen’s d

Remote tower 52.045 17.297
Mental demand 3363 21 0.003 3.042 0.717
Physical tower  41.818 15.472

i Remote tower 27.955 17.839
Physical demand 0251 21 0.805  3.722 0.051
Physical tower  27.045 19.002

Remote tower 50.227 13.756
Temporal demand 4491 21 0.000  2.986 0.957
Physical tower  36.818 17.151

Remote tower 67.045 18.104
Performance 2.776 21 0.011 3.520 -0.592
Physical tower  76.818 21.852

Remote tower 43.864 19.082
Effort 1.714 21 0.101 4.906 0.365
Physical tower  35.455 18.575

. Remote tower 37.045 20.099
Frustration 4.356 21 0.000 2.765 0.929
Physical tower  25.000 17.252

Remote tower  46.212 0.473
NASA-TLX _ 2935 21 0.008  1.949 0.626
Total Score Physical tower 40.492  11.012




Frequentis SAAB

» 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 ATCQO’s perceived workloads and fatigue

7 © Cranfield University



Application of SART-10D to SakSE

Assess ATCQOs’ Situation

Awareness

Domains

Construct

Definition

Instabkility of situation

Likeliness of situation to change
suddenhy

Wariability of situation

Mumber of variables that require
attention

Complexity of situation

Degree of complication of situation

Attentional supply

Arousal

Degree that one is ready for activity

Spare mental capacity

Amount of mental ability available for
new variables

Concentration

Degree that one’s thoughts are brought
to bear on the situation

Division of attention

Amount of division of attention in the
situation

Understanding

Information gquantity

Amount of knowledge received and
understood

Information quality

Degree of goodness of value of
knowledge communicated

Familiarity

Degree of acquaintance with situation
experience

SA = Understanding - (Demand - Supply)

» 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




ATCOs’ Situation Awareness between .ﬁ?ﬁ
Physical Tower and Remote Tower =R B
Operations by T-Test

Design

n t df p Cohen’s d

Remote Tower 7.73 1.98
Demand 15 3.60 14 0.003 0.93
Physical Tower  5.93 1.53

Remote Tower 23.80 1.37
Supply 15 269 14 0.018 0.69
Physical Tower 21.80 2.34

Remote Tower 17.47 0.99
Understanding 15 345 14 0.004 -0.89
Physical Tower  18.80 1.42

Remote Tower 33.53 3.04
Situation Awareness 15
Physical Tower 34.67  4.17

9 © Cranfield University
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Results of SART
SA = Understanding - (Demand - Supply)
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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

40 - new challenges in the operational environment

i Physical Tower

i Remote Tower

Demand Supply Understanding Situation Awareness
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ATCQO’s Visual Parameters
on HCI with RTM

ATCOs’ projection of atfention distribution among 7 AQIs  Descriptive statistics of average fixation duration Descriptive statistics of average saccade amplitude

AOIID  AOI Mean(SD) AOI Mean(SD) AOI Mean(SD)
1 Lighting panel 4.77(2.96) Lighting panel 455.93(203.61) Lighting panel 8.91(3.19)
2 Schmid voiceswitch  5.00(2.88) Schmid voice switch 809.55(303.30) Schmid voice switch ~ 11.87(17.03)
3 Flight strip 13.14(5.83) Flight strip 444.96(158.90) Flight strip 10.16(3.83)
4 ATM radar display 15.68(7.74) ATM radar display 744.74(160.87) ATM radar display 6.46(1.62)
5 AWOS 6.27(3.21) AWOS 661.73(269.81) AWOS 5.80(2.15)
6 PTZ control panel 10.32(8.28) PTZ control panel 577.14(156.34) PTZ control panel 8.16(3.04)
7 Out of Window 45.18(17.53) Out of window 720.15(194.73) Out of window 6.67(1.26)
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Percentage of Attention
Distribution: OTW is the

Crucial Interface
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Increasing AICO’s SA

PTZ controls need to he
on the OTW view rather
than being out of main
field of view.

PTZ presets need to be
agreed. PTZ needs to be
easytoslavetoa
position of interest.

Need more camera
windows on PTZ. Need
to know more about
operations of PTZ.

Operating PTZ will
involve a lot of head
down time, not looking
out the window.

The PTZ requires too
much effort and
attention to look for
aircraft

PTZ screen too remote +
removed from OTW
main screen.

Label Tracking, PTZ,
Integrated Labels.

[ What revision needed to be

made on CWP

PTZ presets need to be
better configured.

difficult to monitor
downwind with PTZ.

PTZ should be in front,
VCS on right of strips,
AWOS further right and
behind.

PTZ screen is a bit
‘behind’ us.

PTZ position to look at,
too much of a stretch.

Movement tracking on
PTZ would make a
positive improvement.

PTZ not intuitive to use
and too slow to update.

Joystick would be useful
for PTZ.

Mice need to be labelled
Names of PTZ better
identified on screen and
screen needs to be more
in front of ATCO.
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Workload Intervention:
Psychophysical Coherence increasing

Attention, SA and Decision-making
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» ATCOQO’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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