





Figure 8. Trial Lenses and Frame

Four VHF Omnidirectional Range / Distance Measuring Equipment (VOR/DME) approaches
were selected from Volume 3 of the NAV Canada CF Instrument Procedures for Alberta,
Manitoba and Saskatchewan valid 13 Apr 2006 — 8 June 2006. These approaches were selected
based on their required use to land the aircraft and similarity to each other with the guidance of
two experienced GBTS instructors who had a military background. The approach plates were cut
out of the approach plate book and were mounted on cardboard to help ensure consistency in the
placement of the approach plate in the clip during the task (Figure 9).

Figure 9. Example Approach Plates

2221 Near Acuity Testing and Degraded Acuity Induction.

The same apparatus as described above for far acuity was used to measure presenting monocular
near acuity, measured to the nearest two lines for the left and right eyes using custom high-
contrast (.86) Landolt-C acuity charts at 70 cm. The monocular prescriptions for the best and
degraded high contrast acuity conditions (i.e., 6/9, 6/12, and 6/15) were determined using the
same apparatus as described above for far acuity. A negative-sphere was used to correct
participants to best-corrected acuity and to degrade acuity. A custom low contrast (.20) Landolt-
C acuity chart at a viewing distance of 70cm was also used. Presenting and best acuities were
defined as the last full line identified correctly plus an interpolated added score for any targets
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identified correctly on the next lower line. Acuities and optical prescriptions for the best and
degraded near and far acuity levels were determined by a licensed optometrist.

2222 Audio and Visual Equipment

Three video cameras were used to capture the near task testing sessions. One camera was set up
in the simulator room to film the participant during each trial. The second camera was used to
capture the flight status display (Figure 10) and the third was used to record the ground situation
display (Figure 11). The audio feed was captured by attaching a headset to the microphone on the
video camera that was used to film the participant.

Figure 10. Flight status display.
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Figure 11. Ground situation display.

2.2.3 Procedure

2.2.31 Acuity Testing and Determination of Degraded Acuity Levels

Upon completion of all far acuity testing at the University of Calgary, the presenting, best, and
degraded high-contrast acuity as well as best low-contrast acuity were determined for the near
visual acuity task using a procedure similar to that stated above in the Far Task Experiment. The
only difference was that a test distance of 70 cm was used and that acuity was degraded to each
acuity level using negative sphere blur (i.e., hyperopia simulation) reduced from -3.5 D.

2.2.3.2 Identification of Approach Plate Information Elements

When the participants arrived at the near task session they were asked to read a briefing note
(Annex D) regarding the testing procedure and were given the opportunity to review the consent
form that they had signed prior to the far task in Calgary. In addition, the GBTS instructor
provided details regarding simulator set up and the type of approach they would be flying.
Following the briefing, the participants set up in the simulator and the room lights were dimmed
to help the participant adapt to the lower ambient light conditions that would be used during
testing. Prior to the conduct of the first session, the induced acuity levels that were determined at
the University of Calgary (described in section 2.2.4.1) were validated in the simulator by placing
a custom Landolt-C acuity chart in the approach plate clip and having the participants read the
appropriate line for each of the 3 induced acuity levels (6/9, 6/12, 6/15) while wearing the
respective prescribed refraction lenses (Figure 12). If the prescribed blur was inaccurate the
refraction lenses were used to establish the necessary lens correction. Immediately prior to each
session, the acuity level was reconfirmed to minimize any visual adaptation to the lenses that
might occur over time.
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Figure 12. Acuity validation using a custom Landolt C acuity chart in the approach plate clip.

At each acuity level (best, 6/9, 6/12, 6/15) the participants were instructed to fly a “hockey stick”
holding pattern for a given approach (Lynn Lake VOR/DME RWY 17, Peace River VOR/DME
RWY 04, Prince Albert VOR/DME RWY 08, La Ronge VOR/DME RWY 36). The acuity and
the approach testing order were randomized across participants. To begin each session the GTBS
instructor set up the approach in the simulator control room (Figure 13) using identical
parameters for each trial: no weather, altitude of 15 000 ft and a distance of 10 NM from the
airport. While the simulator was set up, one experimenter fitted the pilot with the trial lenses.
When the set up was complete, the GBTS instructor gave the pilot the required information to
begin the simulation, which included the approach they would be flying and instructions to relay
the approach plate information following the WRAMORTS procedure (weather, radios, altimeter,
minimums, overshoot, RRR, times, sectors). The participant was then given control of the
simulator. The participant’s first task was to find the appropriate approach plate. When the
approach plate was found an experimenter placed a copy of the approach plate mounted on
cardboard in the approach plate clip and the participant was instructed to lock their shoulder
harness. While flying the holding pattern, the participants verbalized the approach plate
information and the experimenter recorded whether the information was correct or incorrect. If
the pilot missed any information the experimenter or GBTS instructor prompted the pilot for that
piece of information. If the pilot was unable to read any of the information or had made any
mistakes, the experimenter instructed the participant to unlock their shoulder harness which
allowed them to lean forward closer to the approach plate. This distance was measured to be
between 35 and 45 cm across all participants. The experimenter then prompted the pilot for all
incorrect information. The simulation was ended once the participant had attempted to identify
all of the required information in the unlocked state.
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Figure 13. Harvard Il Simulator control room
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3. Results

This section contains the analysis of the results of the Far Task Experiment and Near Task
Experiment.

An alpha level of .05 was adopted for all tests of significance. Where post-hoc multiple pairwise
comparisons were carried out, Bonferroni corrections (i.e., p < .05/k) were applied to control the
error rate for comparison family size (k). All reported correlations were computed using the
Pearson product moment correlation test. The Fisher z transformation was used to derive p values
to assess the significance of the correlation. Unless otherwise indicated, the error bars on the
graphs reflect standard error data.

3.1 Far Task Experiment Results

3.11 Age Differences on Measured Acuity

Independent samples #-tests were used to compare the younger and older pilots’ best-corrected
binocular acuity. No age-related differences were found to be significant on either the high #(12)
=-.3006, p > .05, or low contrast measure, #(12) = -.393, p > .05.

3.1.2 Hazard Detection

An initial Age (2) by Acuity (4) by Hazard Contrast (2) split-plot Analysis of Variance (ANOVA)
revealed no age effect on detection thresholds, F(1,12) = 827, p > .05, 77° = .064. An Acuity (4)
by Contrast (2) repeated measures ANOVA was carried out on the detection data after collapsing
across the age variable. It demonstrated that detection thresholds (minarc) increased markedly
with both degradation of acuity, F(3,11) = 15.316, p < .05, 772 = .807, and decreased hazard
contrast, F(1,13) =47.196, p < .05, 772 = .784. Both effects, however, were embedded in a higher
order Acuity by Hazard Contrast interaction, F(3,11) = 11.036, p < .05, 7" = .751. As can be seen
in Figure 14, the detection threshold (minarc) of high contrast hazards increased gradually as
acuity was degraded from its best level to 6/15. In the best acuity condition, all 14 observers were
able to detect the hazard at its smallest possible size (i.e., 1 pixel or .685 minarc), and 13 could do
so in the 6/9 condition. This “floor effect” largely explains the modest deterioration in detection
that was observed as acuity was degraded from its Best level to 6/15. Fewer observers (n = 7)
were able to detect the smallest size low contrast hazards with their best acuity, and only two
were able to do so at 6/9. As a result, detection of low contrast hazards fell off dramatically as
acuity was reduced from its best level to 6/12, followed by a plateau to 6/15.
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Figure 14. Detection thresholds (minarc) for high and low contrast hazards
as a function of induced acuity levels.

Paired sample #-tests were used to evaluate the differences between acuity levels on the detection
of both high and low contrast hazards (see Table 1 below). For high-contrast hazards, detection
thresholds were elevated in the 6/15 condition relative to Best, 6/9, and 6/12 acuity; no other
inter-acuity pairwise differences were significant. The effects of acuity degradation on detection
were considerably more robust for low than high contrast hazards. As acuity was degraded
progressively from Best to 6/12, detection performance was reduced significantly.

Table 1: Pairwise follow-up t-tests (df =13) on the differences between acuity levels on the
detection of high and low contrast hazards

Acuity Level Pairs

(":'aza"’ Best - 6/9 Best — 6/12 Best - 6/15 6/9 — 6/12 6/9 - 6/15 612 - 6/15
ontrast

High 1.000 2110 5.079" 1.749 4373 3.122*
Low 3.789" 5.836" 6.423" 4.163" 4.946" 0.000

*p <.05

Paired sample #-tests were carried out to compare the magnitude of the difference between the
detection of high and low contrast hazards for each acuity degradation step (i.e., for adjacent
levels of induced acuity). As shown in Table 2, the difference in detection threshold between high
and low contrast hazards increased significantly with acuity degradation from Best to 6/9 and
from 6/9 to 6/12. The magnitude of the difference in detection thresholds between high and low
contrast hazards decreased significantly from 6/12 to 6/15 because the detection threshold
plateaus for the low contrast hazards.
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Table 2: Pairwise t-tests (df =13) on the difference between high and low contrast hazard
detection for adjacent acuity steps

High/Low Contrast

Threshold Difference T
Best vs. 6/9 -3.378*
6/9 vs. 6/12 -3.377*
6/12 vs. 6/15 3.124*
*p<.05

To estimate the effects of acuity and contrast on real-world hazard detection, the mean and range
of the visual angle thresholds for the 2.75 m simulated hazard were converted to equivalent
detection distances using the formula: Estimated Distance = (2.75 / Tan Threshold Angle) — see
Table 3 and Figure 15. As can be seen in Table 3, changing acuity from its Best level to 6/15
lowered the detection distance for high and low contrast hazards by factors of about 1.8 (13,801
m to 7,724 m) and 2.3 (8,397 m to 3,714 m), respectively. The minimum detection distance (2
observers) was 1971 meters in the 6/12 low-contrast condition

Table 3: Estimated equivalent detection distances (m) for a simulated 2.75m
hazard as a function of target contrast and observer acuity

High Contrast Low Contrast
Acuity Level Mean Range Mean Range
Best 13,801.2m 13,801.2t0 13,801.2 m 8,397.0 m 4,598.31t0 13,801.2 m
6/9 12,879.8 m 6,895.6 to 13,801.2m 5,364.5m 3,449.0t0 13,801.2 m
6/12 10,166.1 m 4,598.2t0 13,801.2 m 3,714.1m 1,970.8 t0 13,801.2 m
6/15 7,724.1m 4,598.3t0 13,801.2m 3,714.1m 2,299.1t0 13,801.2 m
*p < .05
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Figure 15. Estimated mean detection distances (m) for simulated 2.75m hazards

3.1.21 Correlations Between Pilot Age and Hazard Detection

Increased pilot age was associated with worse detection of high contrast hazards in the 6/9 acuity
viewing condition (r = .81, p < .05). However, this correlation was based on a single older
observer who did not detect the hazard at its smallest size. Increased age was also predictive of
worse detection of low contrast hazards in the Best acuity condition (r = .66, p < .05).

3.1.2.2 Correlations Between Experience and Hazard Detection

Flying experience and total flight hours were not found to significantly predict detection of high
or low contrast hazards in any acuity condition.

3.1.3 Hazard Identification

An initial Age (2) by Acuity (4) by Hazard Contrast (2) split-plot ANOVA revealed no effect of
pilot age on identification thresholds, F(1,12) = 1.77, p > .05, 7 = .129 nor any significant
interactions with age. A follow-up Acuity (4) by Hazard Contrast (2) repeated-measures ANOVA
carried out on the data collapsed across the age variable demonstrated that the identification
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thresholds (minarc) were significantly higher (worse) for low contrast hazards compared to high
contrast hazards, F(1,13) =29.910, p < .05, 17 = .696, and that identification thresholds increased
steadily as acuity was degraded, F(3,11) = 13.002, p < .05, 7" = .780. Indicative of differential
acuity effects on high versus low contrast hazards, both main effects were embedded in an acuity
by contrast interaction, F(3,11) =4.902, p < .05, 77° = .572. As can be seen in Fig. 16, the effect of
contrast, least evident in the best acuity condition, became more marked as acuity was degraded.
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Figure 16. Identification thresholds (minarc) for high and low contrast hazards
as a function of induced acuity levels.

Paired sample r-tests were used to evaluate the differences between each acuity level on the
identification of high and low contrast hazards. As shown in Table 4, except for the difference
between 6/12 and 6/15 for low contrast hazards, successive degradations of acuity from its best
level increased identification thresholds for both high and low contrast hazards.

Table 4: Pairwise follow-up t-tests (df =13) on the differences between acuity levels
on the identification of high and low contrast hazards

Acuity Level Pairs

(I-‘,Ica;lzt‘::st Best - 6/9 Best — 6/12 Best - 6/15 6/9 — 6/12 6/9 — 6/15 6/12 - 6/15
High 5.688" 5.408" 7.001* 2.895 5.434* 4.051*
Low 4.052 5.362" 5.423" 2.511 4.098* 1.469
*p <.05

Paired sample #-tests used to compare the difference in identification threshold for high versus
low contrast hazards between adjacent acuity levels (Table 5), indicated that the difference in the
detection of high versus low contrast hazards increased significantly from Best to 6/9.
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Table 5: Pairwise t-tests (df =13) on the difference between high and low contrast hazard
identification for adjacent acuity steps

High/Low Contrast

Threshold Difference T
Best vs. 6/9 -2.430
6/9 vs. 6/12 -1.090
6/12 vs. 6/15 1.446
*p<.05

Estimates of the effects of acuity and contrast on hazard identification distance, derived from
visual angle thresholds for the 2.75 m simulated hazard, are provided in Table 6. It shows that
degrading acuity from its Best level to 6/15 reduced the identification distance for high contrast
and low contrast hazards by factors of about 2.5 and 2.3, respectively. Minimum identification
distances for high contrast hazards exceeded 862 meters, whereas those for low contrast hazards
fell short of this distance from the 6/9 condition and beyond.

Table 6: Estimated Equivalent Identification Distances (m) for a Simulated 2.75m Hazard as a
Function of Hazard Contrast and Observer Acuity

High Contrast Low Contrast
Acuity Level Mean Range Mean Range
Best 3,714.1m 2,758.6 10 4,598.2 m 2,682.2m 2,299.110 3,449.0 m
6/9 2,4446m 1,970.8 to 3,449.0 m 1,582.9 m 862.2t02,758.6 m
6/12 2,054.5m 1,254.0 to 3,449.0 m 1,322.8 m 726.0t0 2,758.6 m
6/15 1,508.8 m 862.2 10 2,758.6 m 1,184.8 m 656.9 t0 2,758.6 m

*p <.05
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Figure 17. Estimated mean identification distances (m) for simulated 2.75m hazards

3.1.31 Correlations Between Pilot Age and Hazard Identification

Pilot age was not related to identification performance for any acuity condition.

3.1.3.2 Correlations Between Experience and Hazard Identification

Flying experience and total flight hours were not found to significantly predict identification of
high or low contrast hazards in any acuity condition.

314 Correlations Between Detection and Identification

The relationships between detection and identification performance, hazard contrast and acuity
were examined using Pearson correlations. As shown in Table 7, detection and identification of
high contrast hazards were significantly related only in the 6/15 acuity condition. The two
measures were most strongly related when acuity was degraded and the hazards were of low
contrast.
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Table 7. Pearson correlations between detection and identification thresholds
as a function of induced acuity and hazard contrast

Hazard Contrast
Acuity High Low
Best - 0.23
6/9 0.32 0.71*
6/12 0.46 0.66*
6/15 0.59* 0.63*

*p < .05

3.1.5 Self-Reported Visual Problems During Flying

The number and percentage of participants who reported problems on the Visual Problems
During Flying Questionnaire (Annex A) are summarized in Table 8 as a function of their
frequency (Never = 1, Rarely = 2, Sometimes = 3 and Often = 4). Where two different responses
were given for an item (or two items), half of the rating (i.e., .5) was assigned to each frequency.
The items on the questionnaire were associated with participant use of optical corrections
(questionnaire items 1 to 5) as well as seeing in adverse visual conditions while flying (items 6 to
10).

Neither of the two pilots who wore spectacles reported any difficulty with their glasses becoming
dislodged. One pilot reported that eyeglass fogging was a “rare” problem during flying, the other
reported it as occurring “often”. Neither of the two pilots reported visual problems related to lens
misalignment or lens irritation; both pilots took part in both the Near Task Experiment and Far
Task Experiments. None of the participants in the study reported wearing contact lenses.

Table 8. Reported frequency of eyeglass and visual problems

Number of Participants (n = 14)
Item Never | Rarely Sometimes Often | Mean Rating
No. Item (=1) (=2) (=3) (=4) (/4) NIA
. 2 0 0 0 12
1 Eyeglasses Dislodge (14.3%) | (0.0%) (0.0%) (0.0%) 0 (85.7%)
0 1 0 1 12
2 Eyeglasses Fog 0.0%) | (7.1%) (0.0%) (7.1%) 30 (85.7%)
3 Lenses Dislodge Oo 00 Oo 0o - iy 0,
(0.0%) | (0.0%) (0.0%) (0.0%) (100.0%)
4 Lens Irritation Oo 00 00 0o - iy 0
(0.0%) | (0.0%) (0.0%) (0.0%) (100.0%)
5 Lens Misalignment Oo Oo 00 Oo B o 9
(0.0%) | (0.0%) (0.0%) (0.0%) (100.0%)
0 6.5 6.5 0 1
6 Glare (0.0%) | (46.4%) (46.4%) (0.0%) 2.50 (7.1%)
4 75 15 0 1
7 Glare Recovery (28.6%) | (53.6%) |  (10.7%) | (0.0%) 18 (7.1%)
. . 4 6 3 1 0
8 Dim Cockpit (28.6%) | (42.9%) |  (214%) | (7.1%) 207 (0.0%)
. 2 7 4 1 0
9 Low Light (14.3%) | (50.0%) (28.6%) (7.1%) 229 (0.0%)
1 5 7 1 0
10 Poor Contrast (7.1%) | (35.7%) (50.0%) (7.1%) 257 (0.0%)
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As shown in Table 8, at least 64% (9 of the 14) participants reported at least some experience
(“rarely”, “sometimes”, “often”) with visual problems associated with lighting conditions during
flying. The problems included seeing in glare, seeing in poor outside contrast conditions such as
occurs during falling snow or in fog, dim outside lighting, dim cockpit lighting, and recovery of
vision after exposure to strong glare. Pearson correlations did not show a relationship between

age and frequency for any of the lighting condition problems.

3.1.51 Correlations Between Visual Problems & Best-Corrected Visual Acuity

The relationships between acuity and visual problems due to lighting conditions while flying were
examined using Pearson correlations (see Table 9). The results demonstrated that best-corrected
high contrast acuity was not predictive of any self-reported visual problem, but best-corrected low
contrast far acuity was associated with the frequency of self-reported difficulties due to dim
cockpit lighting. An r-to-t transformation for dependent samples indicated that low contrast acuity
was a significantly better predictor of pilot’s visual problems in dim illumination than was high
contrast acuity. None of the other possible relationships between best-corrected acuity and visual
problems during flying were significant.

Table 9. Pearson correlations between visual problems and best-corrected
high and low contrast binocular acuity

High-Contrast Low-Contrast Difference
Item Acuity Acuity (r-to-t)
Glare Presence .38 .20 n.s.
Glare Recovery -.02 -.15 n.s.
Dim Cockpit .18 .58* p<.05
Low-Light .18 13 n.s.
Poor Contrast .38 13 n.s.

n.s. = not significant

3.1.5.2 Correlations between Visual Problems and Hazard Detection.

Pearson correlations were used to explore the possible relationships between the frequency of
self-reported visual problems due to lighting conditions and detection of high and low contrast
hazards as a function of acuity level. Because the detection of high contrast hazards was a
constant in the best acuity condition (i.e., all observers detected the hazard at the smallest size
presented), no correlations involving this variable could be calculated. The detection of high
contrast hazards when acuity was degraded to 6/9 (Table 10) was found to be related to problems
while carrying out near tasks due to dim cockpit lighting and to completing far tasks due to poor
outside contrast. The detection of low contrast hazards was also related to problems carrying out
near tasks due to dim cockpit lighting, but only when acuity was degraded to 6/12 (Table 11).
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Table 10. Correlations between visual problems and detection
of high contrast hazards as a function of acuity

Acuity Level
Item 6/9 6/12 6/15
Glare -0.11 0.35 0.16
Glare Recovery -0.25 -0.06 -0.17
Dim Cockpit 0.61* 0.35 0.32
Low Light -0.45 -0.21 -0.18
Poor Contrast -0.60* -0.30 -0.40
*p < .05
Table 11. Correlations between visual problems and detection
of low contrast hazards as a function of acuity
Acuity Level
Item Best 6/9 6/12 6/15
Glare -0.05 0.09 0.24 0.30
Glare Recovery -0.35 -0.31 -0.25 -0.17
Dim Cockpit 0.49 0.22 0.58* 0.52
Low Light 0.18 -0.13 -0.54 0.08
Poor Contrast -0.02 -0.17 -0.19 -0.06
*p <.05

3.1.5.3 Correlations between Visual Problems and Hazard Identification.

The relationships between visual problems due to lighting conditions and the identification of
high and low contrast hazards as a function of acuity were assessed using Pearson correlations.
As shown in Table 12, the identification of high contrast hazards with Best acuity was related to
difficulties in carrying out far tasks due to poor contrast. The identification of low contrast
hazards when acuity was degraded to 6/9 was related to difficulty seeing due to the need to
recover from exposure to glare (Table 13).

Table 12. Correlations between visual problems and identification
of high contrast hazards as a function of acuity

Acuity Level
Item Best 6/9 6/12 6/15
Glare 0.43 0.24 0.30 0.18
Glare Recovery 0.20 -0.17 -0.17 -0.43
Dim Cockpit -0.37 0.23 0.39 0.29
Low Light 0.33 -0.12 -0.18 -0.12
Poor Contrast 0.55* -0.18 -0.35 -0.29

*n <.05
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Table 13. Correlations between visual problems and identification
of low contrast hazards as a function of acuity

Acuity Level
Item Best 6/9 6/12 6/15
Glare -0.02 -0.05 0.11 0.10
Glare Recovery -0.37 -0.63* -0.35 -0.37
Dim Cockpit -0.23 0.30 0.43 0.13
Low Light -0.07 -0.29 -0.40 -0.33
Poor Contrast 0.25 -0.34 -0.38 -0.38

*n<.05
3.2 Near Task Experiment Results

3.21 Age Differences on Measured Acuity

Nine pilots that took part in the far task experiment also participated in the near task experiment.
Independent samples #-tests were used to compare the younger and older pilots’ best-corrected
binocular acuity. No age-related differences were found to be significant on either the high #9) =
-0.220, p > .05, or low contrast measure, #(9) =-1.265, p > .05.

3.2.2 Approach Plate Element Identification

Approach plate viewing distance was determined by measuring the distance from the pilot’s eyes
to the approach plate. The viewing distance of 70 cm was measured when the seat harness was in
the locked position and was consistent across the participants. The 35 — 45 cm viewing distance
was measured when the seat harness was unlocked and the pilot was allowed to lean forward to
read the approach plate. When the harness was unlocked the viewing distance for all participants
fell in the 35 — 45 cm range.

The thirteen approach plate elements were categorized according to size. Two elements
(minimum decent altitude (MDA) and safe altitude at 100 NM) were categorized as large size and
bold and measured 21.48 minarc at 40 cm and 12.28 minarc at 70 cm, four elements (altitude you
can descend to once established inbound, minimum altitude on procedure turn outbound, inbound
track, and outbound track) were categorized as large size non-bold and measured 18.91 minarc at
40 cm and 10.80 minarc at 70 cm, one element (frequency for the approach) was categorized as
small size and bold and measured 14.61 minarc at 40 cm and 8.35 minarc at 70 cm, and five
elements (overshoot, hockey stick heading inbound and outbound, minimum quadrant altitudes,
height above ground of the MDA, and published visibility) were categorized as small size non-
bold and the measurements ranged from 12.03 minarc to 14.61 minarc at 40 cm and 6.86 to 8.35
minarc at 70 cm.

Critical and non-critical approach plate information was determined by surveying several CF
flight instructors and GBTS instructors. Critical information was defined as elements on the
approach plate that were absolutely required to safely land the aircraft. Non-critical information
was characterized as information that was good to have, but was not essential to land. The
consensus amongst the respondents identified six elements as critical (MDA, altitude you can
descend to once established inbound, inbound track, outbound track, frequency for the approach,
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and overshoot) and seven elements as non-critical (hockey stick headings inbound and outbound,
minimum quadrant altitudes, height above ground of the MDA, published visibility for the
approach, safe altitude at 100 NM, and minimum altitude on procedure turn outbound).

An example of an approach plate with a key to the size and critical information categories is
provided in Annex E.

3.2.21 Viewing Distance to Approach Plates

An acuity (4) by position (2) ANOVA on the near task data revealed a significant main effect for
acuity, F(3,24) = 28.526, p < 0.001, and position, F(1,8) = 30.997, p = 0.001, and both effects
were embedded in a higher order interaction, F(3,24) = 5.857, p = 0.004 using a Greenhouse-
Geisser correction. As evident in Figure 18, for both the 35-45 cm and 70 cm distances, the
percentage of approach plate elements correctly identified decreased as acuity was blurred. In
addition, the percentage of correctly identified elements was greater at the 35-45 cm viewing
distance.
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Figure 18. Percentage of approach plate elements correctly identified as a function of induced
acuity at a viewing distance of 35-45 cm and 70 cm.

Post hoc pairwise comparisons were carried out to determine significant differences between the
acuity levels on the percentage of correctly identified elements of approach plate information at
each viewing distance (70 cm and 35-45 cm). As shown in Table 14, at the 70 cm locked harness
position, the post hoc comparisons revealed significant differences between best acuity and the
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6/9, 6/12 and 6/15 induced acuity corrections. As well, significant differences were also
identified between the 6/9 and 6/15 acuity levels and the 6/12 and 6/15 acuity levels. No other
pairwise comparisons were found to be significant. At the 35-45 cm unlocked harness position,
the only significant difference identified was between best acuity and 6/15. In addition,
significant differences were identified between the percentage of correctly identified approach
plate elements at each distance for the 6/9, 6/12 and 6/15 induced acuity conditions.

Table 14: Pairwise follow-up t-tests (df = 8) on the differences between acuity levels on the
number of correctly identified approach plate elements at 70 cm and 35-45 cm.

Best — 6/9 Best — 6/12 Best — 6/15 6/9 — 6/12 6/9 - 6/15 6/12 - 6/15
70 cm 7.009* 7.753* 11.258* 2.500 5.946* 3.656*
35-45 cm 2.425 2.911 4.447* 2.294 2.878 2.305
*p<0.05

Post hoc pairwise comparisons were also conducted to determine significant differences between
the 70cm and 35 — 45 cm viewing positions at each acuity level. As shown in Table 15,
significant differences in the number of correctly identified approach plate elements between the
two viewing distances were identified with 6/9, 6/12 and 6/15 induced acuity.

Table 15: Pairwise follow-up t-tests (df = 8) on the differences between the number of correctly
identified approach plate elements at 70 cm and 35-45 cm

T
Best 70 cm — Best 35-45 cm n/a

6/9 70 cm — 6/9 35-45 cm 10.00*
6/12 70 cm — 6/12 35-45 cm 3.592*¢
6/15 70 cm — 6/15 35-45 cm 3.135*

*p<0.05

3.2.2.2 Pilot Age and Identification of Approach Plate Elements

As evident in Figure 19, as acuity was blurred, the percentage of approach plate elements
correctly identified decreased for both the young and old age groups at a viewing distance of 70
cm. In addition, the young age group correctly identified a greater percentage of approach plate
elements in relation to the older age group.

Paired sample t-tests were carried out to identify any significant differences between the induced
acuity levels in the number of correctly identified approach plate elements. As shown in Table
16, at a viewing distance of 70 cm, significant differences were seen been best and 6/12 and best
and 6/15 induced acuity for the younger aged pilots and significant differences were seen between
all acuity levels except 6/9 and 6/12 for the older age pilots viewing from this distance.
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Table 16: Paired sample t-tests on the differences between acuity levels on the number of
correctly identified approach plate elements at 70 cm for young and old pilots.

Best — 6/9 Best — 6/12 Best — 6/15 6/9 — 6/12 6/9 — 6/15 6/12 - 6/15
Young —df =3 2.711 4.020* 27.000* -0.450 0.403 1.633
Old -df =4 6.194* 7.856* 14.165* 2.092 4.061* 3.479*
*0 < 0.05
100
90 \
RN
80 \ N
\
© 70 \\ \\
2 M
6 60 \
o [ \§
() N I
% 50 S Y
= ~
S 40 1 h
1
K N
30 - N
N
) N
20 |
—&—Young 70 cm
10
=8 +0OId 70 cm
0
Best 6/9 6/12 6/15
Acuity

Figure 19. Percentage of approach plate elements correctly identified as a function of induced
acuity for young and old participant at a viewing distance of 70 cm.

As can be seen in Figure 20, as acuity was blurred, the percentage of approach plate elements
correctly identified markedly decreased for the older participants at a viewing distance of 35 — 45
cm. In contrast, very little difference was seen in the percentage of approach plate elements
identified by the younger participants as acuity was blurred from best to 6/12. However, a
marked difference was seen as acuity was blurred to 6/15.

For the younger pilots at a viewing distance of 35 — 45 cm, there were no significant differences
between the induced acuity levels in the percentage of correctly identified approach plate
information, whereas significant differences were seen between best and 6/9, best and 6/12, best
and 6/15 and 6/9 and 6/12 for the older participants (Table 17).
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Table 17: Paired sample t-tests on the differences between acuity levels on the number of
correctly identified approach plate elements at 35 — 45 cm for young and old pilots.

Best - 6/9 Best - 6/12 Best - 6/15 6/9 — 6/12 6/9 - 6/15 6/12 - 6/15
Young —df=3 1.000 1.000 2.324 0.000 2.200 1.842
Old -df=4 2.888* 4.951* 5.275* 3.651* 2.170 1.470

*p <0.05
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Figure 20. Percentage of correctly identified approach plate elements as a function of induced
acuity for young and old participants at a viewing distance of 35 — 45 cm.

3.2.23 Size of Approach Plate Elements

An acuity (4) by element size (4) by position (2) ANOVA on the near task data revealed
significant main effects for acuity, F(3,24) = 19.422, p < 0.001, position, F(1,8) = 20.984, p =
0.002, and size F(3, 24) = 34.004, p < 0.001. Further significance testing using the Greenhouse-
Giesser correction demonstrated an effect between size and acuity, F(9,72) = 5.736, p = 0.005,
size and position, F(3, 24) = 4.924, p = 0.008, and acuity and position, F(3, 24) = 5.879, p =
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0.004. A three way interaction between position, size and acuity was not significant, F(9,72) =
1.912, p=0.64.

As can be seen in Figure 21, as acuity was blurred, the percentage of approach plate elements
correctly identified decreased for each element size (large bold, large, small bold and small) at the
70 cm viewing distance. Furthermore, the percentage of correctly identified approach plate
information decreased more noticeably for the small approach plate elements in comparison to the
large bold approach plate elements. Figure 22, illustrates that at a viewing distance of 35 — 45 cm
the percentage of correctly identified large bold, large and small bold approach plate elements did
not decrease considerably as acuity was blurred from best to 6/15. A more linear decrease in the
percentage of correctly identified small elements was observed.
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Figure 21. Percentage of correctly identified approach plate elements with respect to element
size as a function of induced acuity at a viewing distance of 70 cm.
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Figure 22. Percentage of correctly identified approach plate elements with respect to element
size as a function of induced acuity at a viewing distance of 35 — 45 cm.

Post hoc pairwise comparisons were also carried out to determine significant differences between
acuity levels on the percentage of correctly identified approach plate information for each
approach plate element size for each of the two positions, 70 cm and 35-45 cm. As shown in
Table 18, at the 70 cm viewing position, no significant differences were identified between acuity
levels for the large bold size approach plate elements. Significant differences were identified
between best and 6/15 acuity and 6/9 and 6/15 acuity for the large size approach plate elements.
For the small bold approach plate elements the only significant difference was between best and
6/15 acuity and for the small approach plate elements significant differences were identified
between best and 6/9 acuity, best and 6/12 acuity, best and 6/15 acuity and 6/9 and 6/15 acuity.
As shown in Table 19, at the 35-45 cm viewing position, no significant differences were
identified between acuity levels for the large bold, large and small bold approach plate elements.
The only significant difference seen at the 35-45 cm viewing distance was between best and 6/15
acuity.
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Table 18: Pairwise follow-up t-tests (df =8) on the differences between acuity levels on the

element size at 70 cm viewing distance

number of correctly identified approach plate element as a function of approach plate

Best — 6/9 Best—6/12 | Best-6/15 6/9 — 6/12 6/9 — 6/15 6/12 - 6/15
Large Bold 1.512 - 1.000 1.512 0.000 1.000
Large 1.512 2.449 3.730* 1.673 3.795* 2.234
Small Bold 1.000 2.000 4.000* 1.000 3.162 2.000
Small 10.000* 11.011* 39.308* 2.101 4.154* 2.268
*p <0.05

Table 19: Pairwise follow-up t-tests (df =8) on the differences between acuity levels on the
number of correctly identified approach plate element as a function of approach plate
element size at 35-45 cm viewing distance

Best — 6/9 Best — 6/12 Best — 6/15 6/9 — 6/12 6/9 — 6/15 6/12 - 6/15
Large Bold 1.000 - - 1.000 1.000 -
Large 1.000 1.315 2.443 0.894 2.112 1.417
Small Bold 1.000 - 2.000 1.000 1.512 2.000
Small 2.667 3.212 5.754* 2.683 3.419 1.985
*p < 0.05

A further post hoc pairwise comparison was carried out to determine if there were significant
differences between the percentages of correctly identified approach plate elements with respect
to approach plate element size across acuity levels. Figures 23 and 24 depict these relationships.
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Figure 23. Percentage of correctly identified approach plate elements with respect to induced
acuity as a function element size at a viewing distance of 70 cm.
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Figure 24. Percentage of correctly identified approach plate elements with respect to induced
acuity as a function element size at a viewing distance of 35 — 45 cm.

As illustrated in Table 20, there were no significant differences at the 70 cm viewing distance in
correctly identifying the approach plate elements for each element size at best acuity as all
participants were able to read all of the approach plate information. At 6/9 induced acuity,
significant differences were seen in correctly identifying large bold and small size approach plate
elements, large and small size elements and small bold and small elements. At 6/12 induced
acuity, significant differences in the identification of approach plate elements were seen between
large bold and small size approach plate elements and large and small size approach plate
elements. The only significant relationship at 6/15 induced acuity was between the large bold and
small size approach plate elements.
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Table 20: Pairwise follow-up t-tests (df =8) on the differences between the number of correctly

viewing distance

identified approach plate element for each element size as a function of acuity at 70 cm

Large bold - | Large bold — Large bold - Large — Large — Small bold -
large small bold small small bold small small
Best - - - - - -
6/9 0.800 0.000 11.600* 0.450 9.214* 5.029*
6/12 2.449 2.000 11.011* 0.392 7.554* 2.911
6/15 2.984 3.162 7.803* 0.567 2.662 1.809
*p < 0.05

As shown in Table 21, at the 35-45 cm viewing distance, no significant differences were seen in
correctly identifying the different sizes of approach plate elements with best, 6/9 and 6/12
induced acuity. The only significant difference at this viewing distance was between the
percentage of correctly identified large bold and small approach plate elements at 6/15.

Table 21: Pairwise follow-up t-tests (df =8) on the differences between the number of correctly
identified approach plate element for each element size as a function of acuity at 35-45
cm viewing distance

Large bold — | Large bold — Large bold - Large — Large — Small bold -

large small bold small small bold small small
Best - - - - - -
6/9 0.426 1.000 2.121 0.707 2.858 1.033
6/12 1.315 - 3.212 1.315 2.697 3.212
6/15 2.443 2.000 5.574* 0.197 2.887 2.204
*p < 0.05
3.2.24 Criticality of Approach Plate Elements

An acuity (4) by element criticality (2) by position (2) ANOVA on the near task data revealed
significant main effects for acuity, F(3,24) = 34.880, p < 0.001, position, F(1,8) = 23.904, p =
0.001, and criticality, F(1, 8) = 115.072, p < 0.001, and significant relations between position and
acuity, F(3, 24) = 4.756, p = 0.023, using Greenhouse-Geisser correction, and criticality and
acuity, F(3, 24) = 22.445, p < 0.001. The interactions between position, criticality and acuity,
F(9,72) = 1.927, p = 0.152, and position and criticality, F(1, 8) = 3.804, p = 0.087, were not
significant. As can be seen in Figure 25, as acuity blur was increased, the percentage of correctly
identified critical and non-critical approach plate information decreased at a viewing distance of
70 cm. However, a greater decrease in the percentage of correctly identified elements was
observed for the non-critical information in relation to the critical information. As well, a drastic
decrease in the percentage of correctly identified non-critical information was seen when going
from best acuity to 6/9, whereas this decrease was much smaller for the critical information.
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Figure 25. Percentage of correctly identified critical and non-critical approach plate
information as a function of acuity at a viewing distance of 70 cm.

Figure 25 illustrates that at a viewing distance of 35 — 45 cm, the percentage of correctly
identified critical and non-critical approach plate elements also decreased as acuity was blurred.
The decrease was more notable for the non-critical information in relation to the critical

information.
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Figure 26. Percentage of correctly identified critical and non-critical approach plate
information as a function of acuity at a viewing distance of 35 — 45 cm.

Post hoc pairwise comparisons were carried out to determine significant differences in the
percentage of correctly identified approach plate information between acuity levels as a function
of approach plate element criticality at both the 70 cm and 35 — 45 cm viewing distances. As
shown in Table 22, at a viewing distance of 70 cm, a significant difference was seen between best
and 6/15 acuity, 6/9 and 6/15 acuity and 6/12 and 6/15 acuity in the percentage of correctly
identified critical approach plate information. For the non-critical approach plate information,
significant differences were seen between best and 6/9, 6/12 and 6/15 induced acuities and 6/9
and 6/15 acuity. As shown in Table 23, at a viewing distance of 35 — 45 cm, a significant
difference was identified between best and 6/15 induced acuity in the percentage of correctly
identified critical approach plate information. For non-critical information at a viewing distance
of 35 — 45 cm, significant differences were seen between best and 6/9, 6/12 and 6/15 induced
acuities.
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Table 22: Pairwise follow-up t-tests (df =8) on the differences between critical and non-critical
information in the number of correctly identified approach plate elements for each

element size as a function of acuity at 70 cm viewing distance

Best — 6/9 Best—6/12 | Best-6/15 6/9 - 6/12 6/9 — 6/15 6/12 - 6/15
Critical 2.101 3.350 5.657* 1.897 4.912* 4.122*
Non-critical 12.095* 13.034* 24.407* 2.000 4.000* 2.000
*p <0.05

Table 23: Pairwise follow-up t-tests (df =8) on the differences between critical and non-critical
information in the number of correctly identified approach plate elements for each
element size as a function of acuity at 35 — 45 cm viewing distance

Best — 6/9 Best—6/12 | Best—6/15 6/9 — 6/12 6/9 - 6/15 6/12 - 6/15
Critical 1.512 1.793 3.846* 1.155 2.800 2.619
Non-critical 5.121* 4.992* 6.656* 2.401 2.775 1.549
*p <0.05

A further post hoc pairwise comparison was conducted to investigate any significant differences
between correctly identifying critical and non-critical approach plate information at each level of
acuity. At a both the 70 cm and 35 — 45 cm viewing distances, with 6/9, 6/12 and 6/15 induced
acuity a significant difference was seen between the percentages of correctly identified critical
and non-critical approach plate elements (Table 24).

Table 24: Pairwise follow-up t-tests (df =8) on the differences in correctly identifying critical and
non-critical approach plate information for each level of acuity at a viewing distance
of 70 cm and 35 — 45 c¢cm

42

Critical — Non-critical approach plate information
70 cm
Best -
6/9 8.443*
6/12 6.890*
6/15 2.519*
35-45 cm
Best -
6/9 6.400*
9/12 5.121*
6/15 4.400*
*p < 0.05
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4. Discussion

This section contains the discussion of the results of the Far Task Experiment and Near Task
Experiment.

4.1 Far Task Experiment Discussion

411 Hazard Detection

Estimated mean detection distance thresholds were elevated by both acuity degradation and low
target contrast. Although degrading acuity from its Best level to 6/9 reduced detection distance
for a high contrast hazard from 13,801 m to 12,879 m, the difference was not significant.
Detection distances for high contrast targets were elevated significantly only in the 6/15 condition
relative to Best, 6/9, and 6/12 acuity. The effects of acuity degradation on detection of low
contrast targets were more robust. The degradation of acuity from Best to 6/9 lowered mean
detection distance for low contrast hazards significantly (from 8,397 m to 5,365 m). In fact, every
acuity degradation except that between 6/12 and 6/15 was associated with a significant decrement
on detection distance for low contrast hazards. The apparent interaction of acuity and contrast,
however, was due at least in part to a simulation artifact — namely, that all participants were able
to detect high contrast hazards at their smallest size (i.e., 1 pixel = 41 arcsec at 2m) in the Best
acuity viewing condition; most were also able do so when acuity was degraded to 6/9. Thresholds
this low reflect the fact that the detection task is not a measure of resolution acuity but of
“visibility” - the minimum size of a target that can be seen in a homogeneous field.

High contrast acuity was not a significant predictor of the detection of high or low contrast
hazards in any acuity condition. Low contrast acuity, however, was associated with the detection
of low contrast hazards when observers performed the task with their best acuity. This finding is
consistent with the general principle that visual tests will better predict performance when they
are matched to the luminance, contrast, and spatial domain of the task.

Among the 14 pilot participants, the lowest detection distance threshold observed was 1,970 m
for a low contrast hazard viewed with 6/12 acuity. Considering that this is almost equal to the
entire 2,134 m (7,000 ft) length of the test runway, and that it occurred in dawn lighting
conditions, suggests that even 6/12 acuity would provide the pilot with adequate perception
response time with a significant margin of perception reaction time (PRT) for hazards 2.75 m
across or larger. However, consultation with subject matter experts and appropriate field research
would be required to verify this suggestion. The “hazard detection acuity calculator” (described in
the next paragraph) which uses interpolation within the detection data to estimate the acuity
cutoffs for a low or a high contrast hazard of any assumed size could help to inform the initial
steps in this process.

An estimate of the acuity demands for detecting a low or high contrast hazard can be derived
from the mean, low, or high threshold value for a hazard of predetermined size by first scaling it
in relation to the 2.75m target used here. Then linear interpolation can be used to derive an
estimate of the corresponding acuity cutoff value. For example, the acuity needed by the average
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pilot to detect a 2-m low-contrast hazard on approach at 3000m would be equivalent to the
detection of a 2.75m hazard at 2.75/2.0 * 3000 = 4125 m. In Table 3, that distance lies within the
range of low-contrast hazard distances for acuities of 6/9 (1.5 minarc and 6/12 (2.0 minarc). By
linear interpolation, the acuity cutoff for the average pilot would be [(5364.5 —4125.0) / (5364.5 -
3714.1) * (2.0 minarc — 1.5 minarc)] + 1.5 minarc = 1.8375 minarc or an acuity of 6/11. By
scaling hazard size against 2.75 m and desired detection distance against those in Table 3, the
same general approach could also be used to estimate appropriate acuity levels for hazards and
distances outside the range of those in the Table 3. A determination of the appropriate hazard size
as the basis for such an estimate would have to be determined in consultation with CF subject
matter experts.

4.1.2 Hazard Identification

Hazard detection thresholds increased with acuity degradation, and not surprisingly given the
contrast reducing effects of optical blur, the acuity-induced decline was greater for low than high
contrast targets. Consistent with their dependence on the resolution of spatial detail, hazard
identification thresholds were three to four times higher than those for detection (see Table 6).
This may also explain why thresholds on the two tasks were positively but not strongly related.

Estimated identification distances ranged from a mean of 3,714 m for high contrast targets in the
Best acuity condition to 1,184 m for low contrast targets with 6/15 acuity (7able §8). Blurring
visual acuity to 6/9 from its best level significantly decreased pilots’ ability to identify a 2.75m
high-contrast hazard from 3,714 m to 2,445 m, and the minimum identification distance dropped
from 2,759 m to 1,971 m. For low contrast hazards, degradation of visual acuity from the best
corrected level to 6/9 reduced the estimated mean identification distance from 2,682 m to 1,583
m. With 6/9 acuity, the minimum identification distance fell from 2,299 m to 862 m, a distance
that corresponds to about 40 per cent of the length of the test runway (2,134 m). It is also is
similar to the minimum identification distance at which a high contrast hazard could be identified
with 6/15 acuity. The respective minimum identification distances for low contrast hazards in the
6/12 and 6/15 acuity conditions of 726 and 657 m were only about one-third the length of the test
runway (2,133 m). CF subject matter experts, however, would have to determine if such
identification distances provide pilots flying different aircraft types with an adequate margin of
PRT for hazards of different size and location. The interpolation-based “hazard identification
acuity calculator” exemplified in the following paragraph provides a basis for estimating an
appropriate acuity limit for varied hazard identification scenarios.

To estimate the acuity needed to identify a hazard of given size and distance, first scale it in
relation to the 2.75m hazard tested in this study. Then use linear interpolation to find the
corresponding acuity value from Table 6. For example, if it was determined that the average pilot
should be able to identify a 2-m low-contrast hazard on approach at 2000 m, that would be
equivalent to the identification of a 2.75m hazard at 2.75/2.0 * 1000 = 1375 m. That distance lies
within the range of low-contrast hazard distances for acuities of 6/9 (1.5 minarc) and 6/12 (2.0
minarc). By linear interpolation, the acuity cutoff for the average pilot would be [(1582.9 —
1375.0) / (1582.9 — 1322.8) * (2.0 minarc — 1.5 minarc)] + 1.5 minarc = 1.9 minarc or an acuity
of 6/11.4. As for detection, the same basic approach could also be used to estimate appropriate
acuity levels for hazards and distances identified by CF subject matter experts that are outside the
range of those in the Table 6.
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41.3 Pilot Age and Experience

Pilot age, flying experience and total flight hours were not found to significantly predict
identification of high or low contrast hazards in any acuity condition.

414 Pilots’ Self-Reported Visual Problems

None of the 14 pilots who participated in this study reported the use of contact lenses for flying
tasks, and only two used a spectacle correction for flying tasks. Consequently, very few problems
associated with the use of corrective lenses were reported. However, both of the pilots who wore
spectacles did report problems due to “eyeglass fogging”.

Difficulty carrying out far visual tasks due to poor outside contrast was reported with the highest
mean frequency, followed by problems seeing in the presence of glare (e.g., bright lights,
sunlight), carrying out far tasks due to low light levels, completing near tasks because of dim
cockpit lighting, and finally, difficulty seeing due to the need to recover from exposure to a strong
glare source. No age differences were seen on reported visual problems during flying, but that is
to be expected considering the visually select nature of the participants and their limited age range
(25 to 49 years).

Pearson correlations were used to explore the possible relationships between the frequency of
self-reported visual problems due to lighting conditions and detection and identification of high
and low contrast hazards as a function of acuity level. None of the visual problems that the pilots
reported were related to the traditional high-contrast measure of acuity. Difficulty carrying out
near flying tasks due to dim cockpit lighting was, however, related to the low contrast (.20) acuity
measure. These findings suggest the benefit of including pilot self-report information in any
research directed at understanding the constellation of visual factors and abilities that contribute
to the performance of different aircrew tasks.

4.1.5 Far Task Experiment Limitations

For several reasons, lab based simulation measurements of aircrew detection and identification
thresholds may not adequately represent pilot performance in the natural environment. Due to
constraints on screen size, resolution and viewing distance, computer simulations are likely to
underestimate detection distances. The static hazards tested here were also predictable as to
number, size, shape and general location, and did not encompass all realistic combinations of
luminance and contrast. The computer-presented scenes also lacked the depth information
normally available in real world flying. The acuities tested in this study were induced using
optical blur on a one-time basis. Thus, participants had little opportunity to develop the sort of
compensatory strategies that might normally accompany gradual visual change. And since
performance testing was done binocularly, the present findings do not provide any information on
task appropriate monocular acuity levels. Further, all the participants in the study were highly
trained pilots whose results may not be representative of those for less experienced aircrew or
trainees. Finally, while runway hazard detection and identification were chosen for this study
because they are common to all aircrew missions, CF aircrew carry out numerous other tasks
under a wide range of mission-specific operational conditions, the visual demands of which were
not assessed here.
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4.2 Near Task Experiment Discussion

421 Approach Plate Identification

To safely land any CF aircraft during IFR flying, Canadian Air Force pilots must be able to
correctly read printed information on an approach plate. Under normal IFR conditions, the
approach plate is briefed while flying in a holding pattern prior to beginning the approach. The
near task experiment was designed to represent this task and was conducted in a Harvard II flight
simulator in simulated night flying conditions requiring IFR flight. The participants were
required to fly a holding pattern at four induced acuity levels (best, 6/9, 6/12 and 6/15) while
briefing an approach plate. Currently, the CF assesses near visual acuity at a reading distance of
30 — 50 cm and at 100 cm. In this study, visual acuity was assessed with the seat harness in a
locked position measuring 70 cm and in an unlocked position measuring between 35 and 45 cm to
correspond to the current assessment distances.

At the 70 cm viewing distance, the results showed that blurring acuity from best to 6/9
significantly decreased the percentage of correctly identified approach plate information.
However, with the seat harness unlocked which allowed the pilot to move to within 35 — 45 cm of
the approach plate; blurring acuity from best to 6/9 or 6/12 did not statistically reduce pilot
identification of the approach plate elements. Furthermore, blurring acuity from best to 6/9 and
6/12 at both the 70 cm and 35 — 45 cm viewing distances did not statistically reduce pilot
identification of critical approach plate information. Critical information is defined as approach
plate information that is essential to safely land the aircraft and in this study was determined by
surveying several CF flight instructors and GBTS instructors.

The percentage of correctly identified approach plate elements was also considered when the
participant group was divided into two age categories: younger pilots (27 — 32 years) and older
pilots (33 — 49 years). At 70 cm, reducing acuity from best to 6/12 significantly decreased the
percentage of correctly identified approach plate information for the young pilots and blurring
acuity from best to 6/9 decreased performance for the older pilots. However, when the pilots
were allowed to unlock their seat harness and lean forward to read the approach plate (viewing
distance between 35 and 45 cm), there were no statistically significant differences in performance
between the different acuity levels for the younger pilots. On the other hand, moving closer to the
approach plate did not benefit the older pilots to the same extent. When acuity was blurred from
best to 6/9 acuity a significant reduction in the percentage of correctly identified approach plate
elements was seen. With that said, it should be pointed out that the sample size of the groups (4
in the young group and 5 in the old group) was quite small thus reducing the statistical power of
the analysis.

The considerable difference between the young and old pilots in the unlocked position may be
explained by age-related near vision degradation referred to as presbyopia. As individuals age,
the eye’s lens begins to stiffen making it more difficult to focus when viewing objects and text up
close (Spierer & Shalev, 2003). As illustrated in Figure 27, when the younger pilots moved
closer to the approach plate to read the information, the percentage of correctly identified
information increased from 75% to 98.1% at 6/9 induced acuity and from 63.5% to 98.1% at 6/12
induced acuity. Although an increase in performance was seen for the older pilots, this change
was less considerable and the percentage of correctly identified information was much less in
comparison to the younger pilots.
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Figure 27: Percentage of correctly identified approach plate elements at 70 cm and 35 — 45 cm
for young and old pilots

The above mentioned findings suggest that the CF entrance standard for pilot requirement should
reflect a minimum binocular near visual acuity requirement of 6/12. Moreover, this suggests that
the current near acuity entrance standard of N5 (6/9 far acuity equivalent) in the better eye and N6
(6/12 far acuity equivalent) in the other eye at a reading distance of (35.5 cm) could be relaxed to
reflect a binocular requirement of 6/12 for near visual acuity. This is consistent with results from
Welsh et al. and Mann et al. indicating that the near visual acuity standard should be between
20/32 and 20/40 (Reduced Snellen) to ensure that pilots can read approach plates.

4.2.2 Near Task Experiment Limitations
The acuities tested in this study were induced using optical blur on a one-time basis, giving

participants scant opportunity to develop compensatory strategies such as might normally
accompany long-term visual loss or change.
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5. Conclusions and Recommendations

The detection and identification of runway hazards on landing is a routine but critical far vision
task common to all Canadian Forces pilots and aircraft types. The present simulation based study
estimated that with 6/9 binocular acuity, the mean identification distance for a low-contrast 2.75
m hazard in dawn lighting was 862 m. This suggests the possibility that the present V1 minimum
uncorrected acuity entry standard (6/6 in the better eye, 6/9 in the other) might be relaxed to 6/9
in each eye, or even to the current uncorrected V2 standard for senior pilots (6/12 in one eye, 6/30
in the other) providing, in either case, that acuity is also correctable to the V2 standard (i.e., 6/6 in
one eye, 6/9 in the other). The advisability of such a change, however, is dependent on the
importance to the CF of having recruits be able to meet the acuity standard without correction
versus with, the hazard size and contrast that the CF would hold to be operationally critical, and
the acuity demands that could occur on aircrew visual tasks other than hazard identification. The
“hazard identification acuity calculator” described in section 4.1.2 could be a useful starting point
for such decisions.

With respect to near visual acuity, a critical routine task is identifying printed information on an
approach plate. Evidence obtained in the simulator-based near task experiment indicated that the
near standard should reflect a minimum requirement of 6/12 binocular near visual acuity. It is
recommended that the current standard be changed (relaxed) to reflect a binocular requirement of
6/12 for near visual acuity.

These conclusions and recommendations are discussed in further detail below, along with
promising directions for future research.

5.1 Far Task Experiment Conclusions

Reduced far visual acuity significantly degrades the detection and identification of hazards on a
simulated runway at dawn for an approach task, especially if they are low in contrast relative to
the runway. When acuity was degraded optically from its best level (a mean of 6/3.9) to 6/15,
detection distances for both high and low contrast targets were reduced by about a factor of two
and identification distances by a factor of about 2.5. These findings are generally consistent with
prior studies of acuity effects on detection and identification. For example, acuity reductions have
been reported to impair the detection of a life raft in daylight search and rescue operations (e.g.,
Donderi, 1994), the detection of a simulated man-over-board and the detection of ship-to-ship
signals (Casson, Gibbs & Cameron, 1999), the detection and identification of navigation lights
(Casson, 1995), and the identification of marker buoys (Donderi, Kawaja, Smiley, Henderson, &
Zadra, 1994). A reduction of acuity below 6/6 (20/20) has also been found to degrade the ability
to fly and land a military aircraft simulator (Draeger, Brandl, Wirt, & Burchard, 1989).

511 Uncorrected Far Visual Acuity Standard Recommendation
The present estimates for identifying a low-contrast runway hazard in dim light suggest that the

present V1 minimum acuity entry might be lowered to 6/9 or better in each eye, or possibly, to
the current uncorrected V2 standard (6/12 in one eye, 6/30 in the other), if acuity is also
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correctable to V2 status (6/6 and 6/9) in either case. Further research to determine if a minimum
identification distance of 862 m provides pilots of all aircraft types adequate time to act. Such a
change would bring the CF uncorrected acuity standard generally into line with those for air force
pilots in several other nations. This would include New Zealand where the standard is 6/9 in each
eye (correctable to 6/6), Australia (6/12 in each eye, correctable to 6/6) and the U.S. (6/21 in each
eye, correctable to 6/6).

5.2 Near Task Experiment Conclusions

The near acuity standard for CF aircrew is specified in N-notation form for both reading distance
(30-50 cm) and 100 cm. The entrance standard for near visual acuity is currently N5 (6/9.7 far
acuity equivalent) in the better eye and N6 (6/11.6 far acuity equivalent) in the other eye at a
reading distance of (35.5 cm). At a distance of 100 cm, the standard is N14 (6/10.9) in the better
eye and N18 (6/13.9) in the other eye. Results indicated that blurring visual acuity from best
acuity to 6/9 or 6/12 does not statistically reduce pilot identification of critical approach plate
information. However, blurring visual acuity to 6/15 statistically reduces pilot identification of
critical approach plate information. This indicated that the standard should reflect a minimum
binocular requirement of 6/12.

5.21 Uncorrected Near Visual Acuity Standard Recommendation

The evidence from the experiments suggests that the current near acuity entrance standard of N5
(6/9.7 far acuity equivalent) in the better eye and N6 (6/11.6 far acuity equivalent) in the other
eye at a reading distance of (35.5 cm) could be relaxed to reflect a binocular requirement of 6/12
for near visual acuity.

5.3 Future Research

The lab and flight simulator based estimates of far and near acuity effects suggest the possibility
of lowering the current V1 acuity limits for entry into pilot training. The precise extent to which
different monocular or binocular acuity levels would affect performance under actual flight
conditions, however, would have to be determined in a systematic field research program based
on the task-specific needs and issues of CF aircrew. For example, it is conceivable that the visual
acuity standards might be further reduced (relaxed) if field research were able to show that a
suitable margin of safety would still be provided. Such work would need the guidance of CF
subject matter experts in regard to the impact of not being able to detect, or identify hazards on
task performance and safety, and these, presumably, would vary as a function of mission, aircraft
types, approach speeds hazard location, and hazard size.

Traditionally, high contrast acuity has been used as the spatial vision screening measure for
pilots. In this study, however, low contrast acuity appeared to be a more useful predictor than
high contrast acuity of hazard detection and identification. None of the visual problems that the
pilots self-reported with regards to task lighting were related to high-contrast acuity, whereas
difficulty carrying out near flying tasks due to dim cockpit lighting was associated with low
contrast acuity. Pilot age and flying experience were also associated with problems of low
contrast. Such findings, in combination with the recognition that relatively few targets in the
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natural world are high in contrast relative to the background, suggest that low contrast visual
acuity might be a useful addition to the visual screening regimen for pilots. Previous research has
been directed to the evaluation of contrast based measures for aircrew screening (e.g., Gray &
McFadden, 1987; McFadden & Kaufmann, 1993; Grimson, Schallhorn, & Kaupp, 2002; Swamy,
Joseph, Aravind, & Vevai, 2002), with some studies finding contrast sensitivity and low contrast
acuity measures to be related to performance on a range of aircrew tasks (e.g., Ginsburg &
Easterly, 1983; Ginsburg, Evans, Sekuler & Harp, 1982; Rabin, 1995). A large scale study
showing that the Small Letter Contrast Test (SLCT) can discriminate between naval pilots and
other aviation and non-aviation personnel (Grimson, Schallhorn, & Kaupp, 2002) suggests it may
be a promising tool for aircrew selection and/or routine testing.

This study provides useful information regarding the importance of acuity for hazard detection
and identification, but it does not address any of the other visual abilities that would comprise a
comprehensive task-based CF aircrew vision standard. The role and task-specific weighting of
such visual functions as contrast sensitivity, color vision, visual fields, useful field of view, glare
susceptibility, and glare recovery remain largely unexplored, as do their potential interactions
with task lighting conditions, pilot age, visual health, and flying experience. Future research could
also consider the use of refractive surgery for achieving compliance with corrected and/or
uncorrected acuity standards. A visual screening system derived from such a systematic research
program could yield flexible mission-specific screening standards that are effective, fair, and
efficient for both targeted personnel recruiting while assuring aircrew visual proficiency.
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7.

List of Abbreviations

CF Canadian Forces

DRDC Defence Research and Development Canada
NFTC NATO flight Test Centre

ASCC Air Standardization Coordination Committee
SME Subject Matter Expert

CFB Canadian Forces Base

GBTS Ground Based Training Systems

DME Distance Measuring Equipment

VOR VHF omnidirectional range

WRAMORTS | Weather, runway, altimeter, minimums, overshoot, radios, times, sectors
ANOVA Analysis of Variance

MDA Minimum decent altitude

NM

Nautical miles

DRDC Toronto CR 2006-255

55




56

This page intentionally left blank

DRDC Toronto CR 2006-255



8. Glossary

Approach Plate

Binocular Vision

Contrast sensitivity

Detection

Far-visual acuity

Flight Simulator

Holding pattern

Identification
Induced acuity
Lensmeter
Luminance
Monocular vision

Near-visual acuity

Ophthalmoscopic exam

Phoroptor

Photometer

Printed procedures that pilots use to fly aircraft approaches during
IFR operations.

Vision in which both eyes are used together.

Contrast sensitivity is a measure of an observer’s ability to detect
light-dark luminance differences in targets of varied size (i.e., spatial
frequency). It provides a more comprehensive measure of spatial
vision than does acuity.

The ability to determine the presence of a visual target.

Far acuity is a measure of the finest feature and/or gap size that an
observer can resolve in far targets. It is usually measured at 6 m or 20
ft, using high-contrast (i.e., black and white) targets.

A system designed to replicate the experience of flying an aircraft.
A holding pattern is used to delay an aircraft in flight. The hold is
usually a predetermined racetrack pattern that the pilot must follow
until they are cleared to continue.

The process of naming or determining the nature of a stimulus.

An acuity level predetermined by the use corrective lenses.

A device used to the optical prescription of eye glasses.

A measure of the visually effective (photometric) intensity of light.
Vision measured with only one eye.

Near acuity is a measure of an observer’s ability to discern detail in
close (36 to 40 cm) visual stimuli. It relates to such tasks reading
(e.g., maps, checklists, charts or instrument panels).

An exam used to determine the health of the inner component of eye.

An instrument used to measure an individual’s refractive error and to
determine an observer’s optical prescription.

An instrument used to measure the visually effective intensity of light
(or luminance).
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Refraction

WRAMORTS
procedure

58

Refraction refers to the process of determining and optically
correcting an observer’s r ( e.g., myopia, hyperopia, and/or
astigmatism).

Method used to brief approach plate information prior to landing.

DRDC Toronto CR 2006-255



Annex A: Visual Problems During Flying Questionnaire

I. Biographical Information:

Participant ID No.: PV, Rank:
Years of flying experience: Total flying hours:
Date of Birth: Year Month Day Age:

Sex (circle one): M / F

II. General & Visual Health

Do you have any chronic non-visual illnesses (circle one)?: Yes / No

If “Yes” please identify the illness or illnesses:

What medications (if any) do you take for your non-visual chronic illness(es)?:

Do you have any chronic vision or eye illnesses (circle one)?: Yes / No

If “Yes” please identify the illness or illnesses:

What medications (if any) do you take for your visual chronic illness(es)?:

Is there any history of chronic vision or eye illness in your family?
(Circle one)?: Yes / No

If “Yes” please identify the illness or illnesses:

What is this family member’s relationship to you (e.g., father, mother)?
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II1. Optical Correction(s) Used

1.) Do you usually wear corrective lenses for near non-flying tasks (e.g., reading or
computer work): Yes / No
If “Yes”, please circle all that apply:

Single-Vision Glasses Contact Lenses Bifocals Trifocals Progressive Lenses

2.) Do you usually wear corrective lenses for near flying tasks (e.g., reading approach plates
or instruments): Yes / No
If “Yes”, please circle all that apply:

Single-Vision Glasses Contact Lenses Bifocals Trifocals Progressive Lenses

3.) Do you usually wear corrective lenses for far non-flying tasks (e.g., driving, watching
TV): Yes / No
If “Yes”, please circle all that apply:

Single-Vision Glasses Contact Lenses Bifocals Trifocals Progressive Lenses

4.) Do you usually wear corrective lenses for far flying tasks (e.g., landing, surveillance
tasks): Yes / No
If “Yes”, please circle all that apply:

Single-Vision Glasses Contact Lenses Bifocals Trifocals Progressive Lenses

IV. Visual Problems During Flying

1.) How frequently have your eyeglasses become dislodged during flying?

Never Rarely Sometimes Often Not Applicable

2.) How frequently have your eyeglasses become “fogged up” during flying?

Never Rarely Sometimes Often Not Applicable

3.) How frequently has one or both of your contact lenses become dislodged during flying?

Never Rarely Sometimes Often Not Applicable

4.) How frequently do your contact lenses irritate your eyes during flying?

Never Rarely Sometimes Often Not Applicable
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5.) If you wear toric contact lenses lenses (for astigmatism), how frequently has one or both
of them become misaligned causing intermittent blurring during flying?

Never Rarely Sometimes Often Not Applicable

6.) How frequently does the presence of glare (e.g., bright lights, sun light) make it difficult
for you to carry out visual tasks when flying?

Never Rarely Sometimes Often Not Applicable

7.) How frequently does the need to recover after exposure to a bright glare source (e.g.,
bright lights, sun light) make it difficult for you to see when flying?

Never Rarely Sometimes Often Not Applicable

8.) How frequently does dim cockpit lighting make it difficult for you to carry out near
visual tasks (e.g., read approach plates or instruments) when flying?

Never Rarely Sometimes Often Not Applicable

9.) How frequently do low outside light conditions (e.g., at dusk or night) make it difficult
for you to carry out far visual tasks (e.g., detect targets, hazards or other aircraft) when
flying?

Never Rarely Sometimes Often Not Applicable

10.) How frequently does poor outside contrast (e.g., falling snow or fog) make it difficult
for you to carry out far visual tasks (e.g., detect targets, hazards or other aircraft)
when flying?

Never Rarely Sometimes Often Not Applicable
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Annex B: Landolt Acuity Charts
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Annex C: Information Sheet

Protocol # L531

Title: Vision Standards for Aircrew: Visual Acuity for Pilots

Investigators:

Principal Investigator: Jason K. Kumagai, Greenley & Associates

Co-Investigators: Jana Lee Tryan, Greenley & Associates and Dr. Donald Kline, University of
Calgary Department of Psychology

Principal DRDC Investigator: Sharon McFadden

Background

Changes in human rights legislation and court challenges have helped to
promote increased efforts to develop and validate selection standards that are
occupationally and medically relevant (Swamy, Joseph, Aravind & Veval,
2002). Vision selection standards are critical to the effective and safe conduct
of tasks involved in flight operations. The level of visual functioning necessary
to effectively conduct essential flight task functions is the only appropriate
basis for a professionally appropriate vision standard.

A fair and effective vision standard must be based on the Bona Fide
Occupational Requirements for visual acuity. Subject Matter Expert (SME)
discussions and a vision questionnaire preceding the current investigation
revealed that reading and understanding approach plates in order to land an
aircraft is a common critical near visual acuity task and target identification is a
common critical far acuity task that all CF pilots must perform regardless of
aircraft type (Kumagai, Williams & Kline, 2005).

The Canadian Forces (CF) requires justification for the current visual acuity
recruitment standard for the CF aircrew community.

Purpose and
Relevance

No studies or other evaluations support or explain the origin of any of the
present CF vision standards. The purpose of the present investigation is to
collect data to be used in the development, validation and implementation of a
task-oriented, performance-based visual acuity standard for CF pilot
recruitment purposes. The systematic and comprehensive approach proposed
will help to ensure that the resulting vision standard for CF aircrew will be
both reasonable and acceptable. The standard will ensure competent and safe
performance of tasks required by CF pilots and it will be fair, by not
unnecessarily excluding qualified candidates.

Protocol and
Locations

As a participant in this study, you will be requested to attend 3 testing sessions.
Session 1: Vision Questionnaire and Testing — University of Calgary

A vision questionnaire will be administered to determine your use of glasses
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and/or contact lenses while on duty and any visual problems you have
encountered in flying.

You will be tested for both high- and low-contrast far and near acuity and
positive and negative refraction levels will be determined.

The vision testing will be conducted at the Vision and Aging Lab at the
University of Calgary by a licensed optometrist.

Refractions for best and degraded acuity: Refractions for best acuity will be
determined using a Canon R-22 Autorefractor and refined manually with an
AO Master Phoroptor; the Phoroptor will be employed to determine the
dioptric power of negative (near task) or positive sphere (far task) optical blur
needed to induce the different levels of degraded acuity (i.e., 6/15, 6/12 and
6/9).

Near high- and low-contrast acuity: Near acuity will be measured to the
nearest two Snellen equivalent lines (e.g., 20/24, 20/22, 20/20=1.2, 1.2 and
1.0 arcmin, respectively) at the mean measured eye-to-approach-plate distance
for the CT-156 Harvard Il simulator (about 70 cm), using custom high- (black
on white) and low-contrast (5%, grey-on-grey) Landolt C acuity charts
generated using the Vision and Aging Lab Acuity Tester software application.
Each chart is composed of lines of five target “Cs”, descending in target size
from the top to bottom of the chart. Acuity level will determined as the
smallest (i.e., lowest) target line on which the observer can correctly identify
the orientation of all five targets. Mean chart luminance will be maintained at
100 cd/m’ for both the low- and high-contrast charts.

Far high- and low-contrast acuity: Far acuity will be measured to the nearest
two Snellen equivalent lines at the test distance for the far task (2m) using
custom high- and low-contrast (grey-on-grey) custom Landolt C acuity charts.
Each far chart is also composed of lines of five target “Cs”, descending in size
from the top to bottom of the chart. Acuity level will determined as the lowest
target line on which the observer can correctly identify the orientation of all
five targets. Mean chart luminance will be maintained at 100 cd/m” for both the
low- and high-contrast charts using a Minolta LS-110 spot photometer.

Contrast sensitivity: Contrast sensitivity, refers to an observer’s ability to
detect light-dark luminance differences in targets of varied size (i.e., spatial
frequency). By measuring sensitivity (1/contrast) to luminance differences
needed to detect bar gratings that vary widely in their spatial frequency, the
contrast sensitivity function (CSF) provides a more comprehensive measure of
spatial vision than does acuity.

Session 2: Far Visual Acuity Task — University of Calgary

Far-visual resolution acuity: Far acuity is a measure of the finest feature and/or
gap size that an observer can resolve in far targets (usually 6 m or 20 ft),

C2
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Usually measured using stationary high-contrast targets (e.g., black letters or
gratings on a white background, far acuity assesses an observer’s ability to
discern detail in distant targets (e.g., traffic signs, distant aircraft, ground
targets).

Detection and identification of hazard objects on a photograph of a runway
during a landing approach.

Session 3: Near Visual Acuity Task — Flight Simulator, 15 Wing Moose Jaw

Near resolution acuity: Resolution acuity refers to the smallest feature and/or
gap size that an observer can resolve in nearby targets and is conventionally
measured at 36 to 40 cm, using stationary high-contrast targets (e.g., black
letters or bar gratings on a white background). The near acuity measures an
observer’s ability to discern detail on close tasks such as reading (e.g., maps,
checklists, charts or instrument panels).

You will be tasked to run-through a landing approach scenario in a flight
simulator. During the approach you will be asked to verbalize pre-cued critical
information from an approach plate.

Approximate
time
involvement

Session 1: 1 hour
Session 2: 1.5 hours
Session 3: 2 hours

The time involvement for all 3 sessions will be approximately 4.5 hours.

Note: Travel time is not included in this estimate.

Your rights as
a participant

Your participation in this research study is completely voluntary. Please feel
welcome to ask questions of the researcher at any point during the sessions.
You may choose to withdraw from the study at any time.

Confidentiality

To ensure that your identity remains confidential, your vision questionnaire
and the results of your vision testing will have a unique identification number.
Neither your name nor your service number is part of the data file. The
questionnaires and vision test results as well as the session data will be stored
at Human Factors Research and Engineering Section DRDC Toronto. Only
authorized personnel will have access to the data and only group results will be
presented. Your individual information will not be released to commanding
officers, and will not be used for performance evaluation purposes. In the
unlikely event of an Access to Information request, please be advised that the
Access to Information Office is required, by law, to protect you identity under
the Privacy Act. Thus, no information may be released that will identify you
as an individual.

Benefits

The benefit of the present research is to collect data to be used in the
development, validation and implementation of a task-oriented, performance-
based visual acuity standard for CF pilot recruitment. The standard will ensure
competent and safe performance of tasks required by CF pilots and it will be
fair, by not unnecessarily excluding qualified candidates.

Risks

There are no unusual risks anticipated for the participants of this study. With
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that said, some subjects may experience visual fatigue, eyestrain or headache
as a result of the vision testing. In addition, some individuals may experience
sickness or stress during the simulation trials; however, the risks involved are
no different than those that would be experienced during a typical flight
simulator training exercise.

Contact Sharon McFadden Jason Kumagai, Manager,
Information Scientific Authority, DRDC — TO Greenley & Associates

Tel: 416-635-2189 403-260-5229

Email: sharon.mcfadden@drdc-rddc.gc.ca jason.kumagai@greenley.ca

Dr. Donald Kline Jana Lee Tryan, Consultant,

Vision & Aging Lab, University of Calgary Greenley & Associates

Tel: 403-220-4969 403-260-5229

Email: donkline@ucalgary.ca janalee.tryan(@greenley.ca
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Annex D: Briefing Note — Near Task

Good evening,

Thank you for agreeing to participate in the second session of the study “Vision Standards for
Aircrew: Visual Acuity for Pilots”.

In this session we will be examining near visual acuity as you fly the flight simulator. Near visual
acuity refers to the smallest feature and/or gap size that an observer can resolve in nearby targets
and is conventionally measured at 36 to 40 cm, using stationary high-contrast targets (e.g., black
letters or bar gratings on a white background). Near acuity measures an observer’s ability to
discern detail on close tasks such as reading (e.g., maps, checklists, charts or instrument panels).
In this study we will measure visual acuity as you read information from an approach plate while
you fly the flight simulator. Similar to the session in Calgary, we will be degrading your vision
using refraction lenses.

We would like you to fly the simulator as you normally would during a typical training exercise.
However, to satisfy the scientific requirements of the study we would like you to keep the
following points in mind as you are flying:

e Please follow the WRAMORTS procedure when relaying information to the GBTS
instructor. The information we require includes:

Weather minimums for approach
Runway
Altimeter
Approach
Minimums:
= Safe 100 NM
= MSA
= Minimums on the approach
e Inbound
e Outbound
e MDA (including height above ground and visibility)
o Overshoot — as published

0 O O O O

o VOR frequency

o Heading for hockey stick
= Inbound
*  QOutbound

o Track for the procedure turn
= Inbound and outbound

e Please verbalize all information you read off of the approach plate.

Please keep your shoulder harness locked unless instructed to do otherwise by the
experimenter.
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e Please make a concentrated effort not to lean forward to read the approach plate,
unless instructed to do so.

e The GBTS instructor will be assessing your flying performance. He will be
considering maintenance of altitude, speed and accurate timings.

At beginning of the session your near visual refractions will be determined by the experimenter.
We will also be verifying your refraction level after each scenario. At the beginning of each
scenario, the GBTS instructor will brief you on all pertinent information. The last piece of
information you will receive will be the approach that you have been cleared to hold for after
which you will be given control. At this point please find the required approach plate. Once you
have found the approach plate the experimenter will place a rigid approach plate in the approach
plate clip. At this point please ensure that your shoulder harness in locked. When the approach
plate is in place you will brief the approach following the WRAMORTS procedure while flying a
holding pattern. Please keep your shoulder harness locked. If you cannot read any of the
necessary approach plate information please make a guess or inform the experimenter that you
cannot see the information. If any of the information you briefed was incorrect or if you were
unable to see any of the information the experimenter will clear you to unlock your shoulder
harness. Please do not unlock the shoulder harness until you are cleared to do so by the
experimenter.

Please inform the experimenter if you are making flying decisions (i.e. changing course) as a
result of being unable to read the approach plate.

Before the first session in Calgary you signed an informed consent form. I have those forms with
me today for your review. When you signed this form it included the session which you are
going to participate in today. If you have any questions regarding this study please ask either
experimenter at any time.

Once again, thank you for your participation!

Jana Lee Tryan Jason Kumagai

Human Factors Consultant Project Manager/Human Factors Consultant
(403) 260-5229 (403) 260-5229

Sharon McFadden

Project DRDC Scientific Authority
(415) 635-2189
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Annex E: Approach Plate Information Key
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Symbol

Approach Plate Element Size

O
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Large Element
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Large Bold Element

** _ critical information to shoot an approach
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