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INTRODUCTION:

Stereopsis is usually required in military aviators and may become increasingly important with reliance on newer

technologies such as binocular Helmet-Mounted Displays (HMDs) and stereo displays. The current stereo test used to
qualify UK military aircrew (TNO test) has many limitations. To address these limitations, two computer-based digital

versions of a random dot stereogram (RDS) were developed: a static version (dRDS-S), and a version in which the dots
appear to move dynamically within the depth plane (dRDS-D), both capable of measuring stereo acuity to threshold.

METHODS: There were 41 participants who performed all 3 stereo tests, TNO and both digital dRDS tests, on two separate

occasions.

RESULTS: The best (lowest) mean stereo acuity threshold was measured with dRDS-S (33.79 arcseconds, range 12.64-173) and the
worst mean stereo acuity thresholds were measured with the TNO test (91 arcseconds, range 60-240). Both dRDS tests
were strongly correlated, but neither correlated with the TNO test. Both dRDS tests were more reliable, as indicated with

tighter limits of agreement.

piscussioN: With a large floor effect at 60 arcseconds, the TNO test was unable to characterize any finer degree of stereo acuity. Both
dRDS tests demonstrated better test-retest reliability and addressed many of the limitations seen with the TNO test.
The dRDS tests were not correlated with the TNO test, which suggests that the TNO test does not provide the accuracy
or reliability for use as a meaningful aeromedical screening test. The dRDS tests will enable research to investigate the
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ince the dawn of powered flight, adequate vision has been

considered vital in aviators, and numerous vision stan-

dards exist to qualify aircrew to fly. However, some vision
tests used by aeromedical examiners today could be considered
outdated and crude, with many limitations. There is a need to
evaluate vision tests used for military aviators to assess whether
they are fit for the purpose or if newer test methods could be
more effective and appropriate.*!

Stereopsis, in particular, is desired in military aviators for its
link with binocular vision and depth perception, which, in turn,
are thought to benefit flying performance.>**> As stereopsis is
largely exercised for closer visual ranges, but up to 18 m,?
adequate stereo acuity is most advantageous in situations
operating in close proximity to other aircraft such as air-to-air
refueling, taxiing, and formation flying. However, stereopsis may
become increasingly important with the advent of newer visu-
ally demanding technologies such as binocular Helmet Mounted

Displays (HMDs) and stereo displays.?* In essence, stereopsis is
the ability to perceive precise depth based on the difference in
position of an image between the left and right retinas due
to the slightly different perspective of each eye (binocular
disparity). Stereo acuity is the smallest disparity that can be per-
ceived in depth and is one way to measure binocular function.
Stereo acuity varies significantly among individuals and in the
general population ranges from a few arcseconds to more than
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hundreds of arcseconds,!! with a proportion of people (5-30%)
lacking stereopsis altogether.*?” For those with measurable ste-
reo acuity, there is a bimodal peak in the general population at
96 and 699 arcseconds'! which does not appear to be affected
by age according to some studies,'' but found to deteriorate
over 50 yr of age in others.'? A further 32% of people are stereo
anomalous despite otherwise normal vision.!!

As demonstrated by the significant proportion of people
with deficient stereo acuity, stereopsis is not essential to daily
life. One can rely solely on monocular cues, also known as
pictorial or object-centered cues, to perceive depth. Such
monocular cues are: relative size, interposition, linear per-
spective, aerial perspective, textural gradient, atmospheric
shading, luminance, height in visual field, and motion
parallax.® It is also possible to successfully pilot an aircraft
without stereopsis, as evidenced by a few monocular pilots,
and monocular vision is allowed in trained civilian pilots of all
classes following a 6-mo adaptation period.> Despite this, it is
generally thought that while not absolutely necessary, stereopsis
complements and enhances flying abilities.*"*> For example,
landings performed monocularly are altered with steeper and
higher descents® and, in some cases, aviation mishaps have
been attributed to a lack of stereopsis.?!

Across all three UK military services, aircrew must meet the
required entry stereo acuity vision standards set out in
AP1269A.%° These standards and test methods are summarized
in Table I and compared with U.S. military and civilian stereo
acuity vision standards. Among the Five Eyes Air Force
Interoperability Council (AFIC), all but Australia test their air-
crew population for stereo acuity, while Canada tests for stereo
acuity but does not enforce any stereopsis standard.

As shown, a number of different stereo tests are employed and
not all are necessarily comparable.'*?**® The Howard-Dolman,
Verhoeft, and Frisby tests use real life depth stimuli. The Titmus,
Randot, and Armed Forces Vision Tester (AFVT) use circle con-
tours, all of which by their nature have monocular cues. Random
Dot Stereograms (RDS), as the name suggests, are comprised of
small random dots whose positions differ between the two eyes
and are the only stereo tests to isolate disparity without the use of
contours or monocular cues. Because the stimulus can only exist
as binocular disparity, RDS tests are often considered the best
measure of pure stereopsis.'®

A DIGITALTNO ALTERNATIVE—Posselt et al.

Tests used to qualify military aircrew, listed in Table I, were all
developed for clinical settings and largely for screening purposes.
A thorough review of U.S. Air Force stereo test methods is pro-
vided by Winterbottom et al.* While some of the stereo tests
listed use the ‘gold standard’ RDS method, none of the tests pro-
vides a true threshold measure of stereo acuity. Instead, these ste-
reo tests rely only on the ability to detect a disparity with respect
to zero and most do not asses the person’s ability to differentiate
between crossed and uncrossed disparities. Thus, it is eminently
possible to score well on one test yet fail another.!*** The
Operational Based Vision Assessment (OBVA) Laboratory aims
to improve test methods to counter the shortfalls in paper-based
analog tests, measure vision more reliably, and investigate rela-
tionships between vision and operational performance so that
decisions regarding vision standards are rooted in evidence.
Indeed, newer computer-based tests are continuously being
developed and tested both by the OBVA Laboratory and
others.!*!¢2¥ The two digital stereo tests investigated here are
digital versions of an RDS (dRDS), which is compared against
the Toegepast Natuurwetenschappelijk Onderzoek (TNO) test
(Fig. 1) used to qualify UK military aircrew.

The TNO test is a seven-page booklet of randomly paired
red and green dots which should be viewed at 40 cm using
red-green colored glasses. The individual must identify the
image and the orientation of the missing segment of the cir-
cle, which might be in one of four positions. TNO test stimuli
are presented with crossed disparity and thus appear in front
of the reference plane. There are two circles for each level of
stereo acuity and a subject must identify both correctly to
progress to the next level. The binocular disparity of targets is
480, 240, 120, 60, 30, and 15 arcseconds, although the UK
military employs a version of the TNO test with only six
pages, which means the best score that can be achieved is 60
arcseconds. Unless directly specified, the TNO test referred
to in this work is the six-page version used by the UK
military. The subjects” scores are then recorded manually by
the examiner. The TNO test uses RDS stimuli, so monocular
cues should not play a part in interpreting the orientation of
the missing segment of circle. As an RDS test, with minimal
monocular cues, it is not unexpected that subjects have
higher (worse) thresholds on the TNO test compared to a ste-
reo test which is contour based.” However, even taking this

Tablel. Stereopsis Vision Standards Across UK and U.S. Militaries, as Well as Civilian Organizations.

UNITED
KINGDOM U.S. AIR FORCE U.S. NAVY U.S. ARMY FAA CAA
CLASS |, Il (EXCEPT FIXED
WING), CLASS Il (INCL. UAV PILOT CLASS 1
OPERATORS & CRITICAL (COMMERCIAL) CLASS
PILOT WSO FCI/I FCIII FLIGHT DECK PERSONNEL) AND 2 (PRIVATE) 1/2/3/4
Stereo acuity 120 N/A 40 waivable N/A 25 (VTA-ND) or 40 (Randot/ Normal binocular 40 No standard
(arcseconds) to 120 on Titmus/AFVT) or 8/8 Verhoeff; vision
AO-V no waiver
Test method TNO AFVT N/A As above AFVT; Randot; None
Titmus specified

FAA = Federal Aviation Authority, CAA = Civil Aviation Authority (UK), AFVT = Armed Forces Vision Test, AO-V = AO-Vectograph, VTA-DP = Vision Test Apparatus-Near and Distant,
WSO =Weapon System Operator, FC = Flying Class.®
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Fig. 1. Left: TNO test booklet with anaglyph glasses on an inclined stand. Right: Set up for dRDS-S and dRDS-D tests. Photograph taken by OBVA personnel.

difference into consideration, performance on the TNO test
can be up to 25% worse than with any other stereo test.?**” A
possible reason why the TNO test results in higher stereo
thresholds than even other RDS tests could be that the differ-
ent color filters in the glasses cause an imbalance in lumi-
nance transmittance and contrast.”” This could be exacerbated
further if lighting conditions are suboptimal. Another reason
why stereo acuity thresholds are higher using the TNO test is
that it is a more complex two-stage process; the user must
first identify the circular shape and then indicate the orienta-
tion of the missing segment.’ In comparison, simple detec-
tion tests such as the Randot test merely requires the sole
stimuli in depth to be identified as the ‘odd one out’’

In addition to the TNO test yielding higher stereo acuity
thresholds, there are other concerns with using the TNO test
to assess stereo acuity. The TNO test has poor test-retest reli-
ability, answers can be easily memorized, and there can be an
unacceptable degree of variation between different test edi-
tions due to flaws in the printing process.’> Van Doorn et al.
demonstrated a statistically significant difference in stereo
acuity results obtained using two separate editions of the
seven-page TNO test, with mean measured stereo acuities of 30
arcseconds using one edition and 60 arcseconds using a differ-
ent edition (P < 0.001). These differences were likely due to
inconsistent image quality resulting from differences in the
printing process.” Such profound limitations could result in
human-machine technology mismatch with equipment such
as stereo displays, which require users to have a minimum
level of stereo acuity in order to be perceived and interpreted
correctly. Furthermore, crude groups for stereo acuity scores
make it impossible to closely track stereo acuity in an individ-
ual, as a marker of underlying pathology or effects of clinical
treatment, or to monitor recovery to enable a return to flying
duties. For example, traumatic brain injury and dementia are
associated with worsening stereo acuity,'®!* and could poten-
tially be detected earlier and appropriately monitored with an
accurate and reliable stereo acuity test.

To address some of the limitations of a paper TNO test, two
digital RDS tests were developed. This research aims to assess

whether computer based RDS tests could offer a fairer, more
accurate, more reliable, and repeatable alternative stereo test to
qualify military aircrew. Additionally, having the same tests or
even comparable tests employed by different countries would
improve interoperability with regard to human resources,
allowing each country to accept aircrew from allied partner
nations without further vision testing. For this experiment,
results obtained using three different stereo acuity tests were
analyzed.

METHODS

Three stereo tests were used to measure stereo acuity: the TNO
test (six-page version) currently used by the UK military to
qualify aircrew, and two digital RDS tests: a version in which
the dots appear to move dynamically within the depth plane
(dRDS-D) and a static version (dRDS-S). All three stereo tests
were taken together and repeated a second time on a separate
day. Test order was randomized using Microsoft Excel soft-
ware (Microsoft, Redmond, WA, USA). Participants wore their
habitual visual correction for all stereo tests.

Subjects

Recruited from the OBVA subject database were 45 partici-
pants. Volunteers were provided with a written information
sheet. All participants were required to sign informed consent,
indicating permission for their unidentifiable data to be stored
and used within the OBVA laboratory. This study was approved
by the US. Air Force (USAF) Air Force Research Laboratory
Institutional Review Board (FWR20170095H).

Equipment

The TNO test is a six-page version with stimuli composed of
random dot stereograms viewed at 40 cm using red-green col-
ored glasses (Fig. 1). Reflective luminance of the booklet pages
under a broadband reading light (incandescent bulb) was 197
to 306 cd - m % measured with a handheld Konica Minolta
LS-110 (Konica Minolta Sensing America, Ramsey, NJ, USA).
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Luminance decreased when viewed through the colored lenses
to 13-23 cd - m™2 through the red lens and to 3-8 cd - m™
through the green lens. Verbal instructions were given for the
TNO test and responses were recorded by the examiner.

Both digital tests use an RDS stimulus similar to the TNO
test, a circle with a missing segment, displayed ona 53 x 23-cm
3D computer monitor and viewed through Nvidia 3D active
shutter glasses (ASUS, Taiwan) synchronized via an infrared
transmitter. The shutter glasses synch with the refresh rate of
the screen to ensure that the two disparate images, displayed
one after the other, are presented to each eye separately to cre-
ate a stereoscopic image. The test is performed in a darkened
room with the participants’ head fixed at 1 m using a chin rest
(Fig. 1). The stimulus is presented with crossed disparity,
appearing to be forward in depth compared to the plane of the
computer screen. The perceived orientation of the missing
segment of the circle is entered directly by the subject using
the directional arrows on a keypad. The two different versions
of the digital RDS test are: 1) dRDS-S and 2) dRDS-D. In the
dRDS-S, all dots remain stationary, presented for 8 s. In the
dRDS-D, the position of each dot was randomized with each
frame refresh to give the dots a dynamic moving appearance
(in the x- and y-planes), completely eliminating any monocu-
lar cues, also presented for 8 s. The square box measured
14 x 14 cm and the diameter of the stimulus was 7 cm. The
mean background luminance of the stimulus was 149 cd - m™>
measured with 100% monitor brightness using a Konica
Minolta Luminance Meter LS-110. The temporal resolution
was 120 Hz (60 Hz to each eye) and spatial resolution 1920 x
1080 pixels. The test was programmed in C# in visualbasic.net
using Direct X and a 2.2 gamma correction applied to improve
accuracy for subpixel shift. Each dot was defined by a Gaussian
function with a sigma of 3.75 pixels and there were 4000 dots
randomly placed within the box.

To create the disparate image, three regions were designated
within the box: A, B, and C (Fig. 2). Region A was the shape of
the stimulus at its origin and all dots within it were shifted hor-
izontally to region B and duplicated in region C. The dots in
region B are presented only to the right eye and the dots in
region C are presented only to the left eye, thereby creating a
stereoscopic image. Simply shifting dots from region A to
regions B and C creates both gaps between dots and an overlap
of dots when regions B and C are viewed binocularly relative to
the background dots in the area outside of region A, which
could create monocular cues. To correct for this, excess back-
ground dots (checked regions) were moved to fill the void areas
(striped region) for the opposite eye (Fig. 2).

For both the dRDS tests, instructions were given on
the screen. Using the four alternative forced choice method,
participants were instructed to choose up/down/right/left
orientation of the stimulus. The forced choice model is a
more effective way of measuring a detection threshold than
relying on signal detection by a subject, which is biased by
individual decision criterion.*® Using four choices is more
efficient than using two, reducing the guess rate to 25% with
fewer trials needed to reach the detection threshold.*® Each

A DIGITALTNO ALTERNATIVE—Posselt et al.

Region B Region A Region C

Right eye

Left eye

Fig. 2. Top: Region A outlines the original stimulus area. To create the
disparate stereo image, the dots in region A are shifted horizontally leftwards
to region B, viewed only by the right eye. The dots of region A are shifted an
equal distance horizontally rightward to region C, viewed only by the left
eye. Bottom: Shifting dots from region A to B, as viewed by the right eye,

and to region C, as viewed by the left eye, will result in areas with an excess
of dots (checkered area) overlapped onto the background dots, and a void
of dots (striped area), creating monocular cues. To correct for this, excess
background dots (checkered regions) are moved to fill the void areas (striped
regions) in the opposite eye. Image created by OBVA personnel.

stimulus was presented for a maximum of 8 s; if no response
was given within that time it was logged as an incorrect
response. Each participant had a 10-trial practice session
using stimuli with disparities of 300 to 2000 arcseconds prior
to the formal test to ensure that participants understood the
test and to reduce practice effects. Each dRDS test consisted
of 45 trials with stereo acuity threshold, standard error, and
slope estimate results displayed in an Excel spreadsheet
(Microsoft). The Psi paradigm * is an adaptive procedure
that was used to fit the psychometric function and estimate
detection threshold."? Disparity of the test stimuli was
altered in 0.1 log arcsecond step sizes, based on the partici-
pant’s previous prior responses (i.e., the test generally got
easier if the participant answered incorrectly, but more diffi-
cult if the participant responded correctly). The design and
thresholding method of the dRDS test enabled each partici-
pants’ stereo acuity threshold to be measured from 5 to 8000
arcseconds. The lapse rate of the psychometric function was
fixed at 2.5%, but the slope was allowed to vary to allow for
greater accuracy of the threshold estimate.” The lapse rate,
which is sometimes called the finger-error rate, accounts for
psychophysical errors not directly related to the observer’s
perception of the stimulus, such as accidentally pressing the
wrong response button on the keypad.

RESULTS

Using the OBVA subject database, 45 participants were
recruited. One participant did not complete both sessions and
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Table Il. Mean, Median, Range, and Standard Deviation (SD) of the Three Stereo Acuity Tests.

dRDS-S dRDS-D TNO
Mean - Log arcseconds 1.53(33.79) 1.78 (59.6) 1.96 (91.56)
Median - Log arcseconds 1.51(32.63) 1.78 (60.9) 1.78 (60)
Range - Log arcseconds 1.10-2.24 (12.64-173.78) 1.38-2.41(23.87-197.83) 1.78-2.38 (60-240)
SD (arcseconds) +0.25 +0.24 +0.22

another participant’s data file was corrupted. A further two par-
ticipants were essentially stereo blind, with scores of 4 and 3.8
log arcseconds as measured with the dRDS-S test. These scores
are at the uppermost limit of the tests’ capability and are likely
unreliable. The final sample size was N = 41 (24 men; 37.5 mean
age, SD + 10.1 yr, range 21-70). Analyses were conducted using
IBM SPSS Version 26 (IBM Corp., Armonk, NY, USA).

Recruitment was targeted to ensure participants with a
wide spread of stereo acuities were included; thus, the sample
population is broader than traditional military aircrew popu-
lations, who are required to meet the stereo acuity selection
standard of 120 arcseconds as measured with the TNO stereo
test in the UK and 40 arcseconds as measured by the AFVT
for the USAF. Mean and median stereo acuity values are given
in Table II with a histogram illustrating frequency of results
in Fig. 3.

Statistical Analysis

A Friedman two-way analysis of variance (ANOVA) by ranks
test showed there was a statistically significant difference
in the distribution of stereo acuity scores for the three tests
[x*=53.12,df (2), P< 0.01]. A post hoc Wilcoxon signed-rank
test was performed to determine if there was a median differ-
ence between each pair of the different stereo acuity tests.
Using a Bonferroni-corrected P-value of 0.012, all test pairs
differed significantly (Table III).

Bland-Altman plots were used to quantify the reliability of a
repeated test, or agreement between two measures, by compar-
ing mean differences and calculating limits of agreement. The
closer the mean difference is to zero, the better the agreement
between two measures, and the smaller the standard deviation,
the more repeatable and reliable a test is. It is considered a bet-
ter way to understand comparability between two measures
than simple correlation analyses, which evaluate only linear
association and used on their own could be misleading.” It
should be noted that while the Bland-Altman method calcu-
lates limits of agreement, it is unable to determine whether
these are acceptable or not. That is a separate task entirely
depending on the user’s appetite for risk and need for reliability.

On both attempts of the TNO test, 27 participants achieved
the same score (66%), with some participants able to simply
remember their answers from the previous session. With
Bland-Altman analysis the mean difference between first and
second sessions was 0.03 log arcseconds (95% CI = + 0.05)
with limits of agreement + 0.34 log arcseconds, a combined
total of 0.69 log arcseconds (Fig. 4A). These limits of agree-
ment are artificially narrowed, since there are only four possi-
ble stereo acuity values for the RAF six-page version of the
TNO test; thus, a large degree of variance has already been
removed. When translated into a real-life example, subjects
scoring 120 arcseconds with the TNO may actually have a true
stereo acuity varying anywhere between 70.6 to 203.8
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Fig. 3. Histogram of stereo acuity score (log arcseconds) frequencies measured with dRDS-D, dRDS-S, and TNO.
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Table Ill. Wilcoxon Signed Rank Test Between Pairs.

COMPARISON z-SCORE SIGNIFICANCE
dRDS-S vs. dRDS-D -5.18 P <0.001
dRDS-S vs. TNO -540 P <0.001
dRDS-D vs. TNO —-3.58 P <0.001

Significance level: P < 0.012.

arcseconds. These results indicate better test-retest reliabil-
ity than previous reports of a difference of 0.06 log arcseconds
and 95% limits of agreement of 1.53 log arcseconds.®® It is
noted that in their test-retest reliability analysis of the TNO
test, Tittes et al.*? used the seven-page version, which incor-
porated an additional two levels, able to measure stereo acuity
down to 15 arcseconds. In our subsequent analyses, the first
stereo acuity score was used.

With Bland-Altman analysis the mean difference between
first and second dRDS-S sessions was 0.04 log arcseconds (95%
CI = £0.04) with limits of agreement +0.25 log arcseconds, a
combined total of 0.50 log arcseconds (Fig. 4B). With Bland-
Altman analysis the mean difference between first and second
dRDS-D sessions was 0.05 log arcseconds (95% CI = +0.04)
with limits of agreement +0.23 log arcseconds, a combined total
of 0.47 log arcseconds (Fig. 4C).

A DIGITALTNO ALTERNATIVE—Posselt et al.

Each stereo test assesses stereopsis using a different method,
giving significantly different results. It is important to compare
levels of agreement between these tests to aid interpretation and
relatability. A simple scatter plot between the two dRDS tests
show that they correlate strongly (r = 0.73, P < 0.001) (Fig. 4D).
The results of Bland-Altman analysis for stereo acuity scores
measured with the two dRDS tests are shown in Fig. 4G. The
mean difference between them is 0.24 log arcseconds (95% CI
= +0.05), with limits of agreement +0.35 log arcseconds. There
is no significant relationship between the TNO test and either
dRDS test (Fig. 4E and Fig. 4F). With Bland-Altman analysis,
the mean difference between the TNO test and dRDS-S is 0.43
log arcseconds (95% CI = +0.08), with limits of agreement
+0.55 log arcseconds (Fig. 4H). With Bland-Altman analysis,
the mean difference between the TNO test and dRDS-D is 0.11
log arcseconds (95% CI = +0.14), with limits of agreement
+0.56 log arcseconds (Fig. 4I).

DISCUSSION

With a large floor effect at 60 arcseconds, the six-page paper
TNO test was unable to characterize any finer degree of stereo
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Fig. 4. A-C) Bland-Altman plots assessing agreement between first and second attempts of each test; D-F) correlation analyses between tests; and G-I)
Bland-Altman plots of agreement between the three different stereo tests. The thick black line is the mean difference (bias), with the dashed lines indicating
the upper and lower limits of agreements. Dotted lines show 95% confidence intervals.
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acuity, which, by comparison, was possible using both the
dRDS-S and dRDS-D tests. The lowest thresholds (best stereo
acuity) were measured using the static version of the RDS
(dRDS-S), while the worst scores were reported using the
TNO test. Both digital RDS tests were more reliable than the
TNO test, as demonstrated with tighter limits of agreement
for Bland-Altman analyses. The tightest limits of agreement
and, thus, the most reliable stereo test, were seen with the
dynamic RDS version (dRDS-D) of the digital tests. With
regard to the significant difference in results between the dig-
ital tests, a reason why the higher thresholds were recorded
using the dynamic version of the dRDS when compared to the
static dRDS could be that the dRDS-D is least likely to have
any monocular cues and participants found it more difficult.
It has been suggested that static and dynamic disparities are
processed in a different manner, giving different results when
measuring individual stereo acuity,>>** and as such these tests
may not be directly comparable. However, the dynamic
motion applied to the dots in the dRDS-D test is confined to
the same plane of presentation and is not a dynamic change in
depth. Notably, there was no significant correlation between
either of the dRDS tests and the TNO test. An individual scor-
ing 60 arcseconds on the TNO could obtain a score ranging
anywhere from approximately 30 to 160 arcseconds on the
dRDS-S. This suggests that the TNO test does not reliably
measure stereo acuity.

Both computer-based threshold tests eliminated many of
the limitations identified with the TNO test. Crucially, the
random order of stimulus presentation makes it impossible
to cheat or memorize answers, reducing the incidence of
false positive results. Furthermore, there is no chromatic
imbalance using active shutter glasses, and printing or illu-
mination discrepancies are removed using a standardized
computer screen. In addition, examiner interference is min-
imized, removing the possibility of transcription errors or
human bias when giving instructions or recording results.
The chief disadvantage of computer-based tests is that they
require more expensive hardware resources, in the form of
a computer, 3D monitor, and active shutter glasses, to operate.
The value of evidence-based medical standards is difficult
to quantify. However, given that the estimated cost to fully
train a pilot on a 5 generation fast jet aircraft, in which a
binocular HMD is critical, is over $10 million,"> using an
operationally relevant stereo test to accurately identify
pilot candidates as either medically fit/unfit could signifi-
cantly reduce the number of pilots unable to complete the
intensive training programs, resulting in significant cost
savings.

Furthermore, as the computer-based tests are more precise
and repeatable, they would be better able to identify more reli-
ably any relationship to operational performance if one exists.
Such research is crucial in providing evidence to support air-
crew vision standards. Another benefit of more precise vision
screening tests is their ability to detect smaller changes in stereo
acuity; thus, they are better able to identify medical situations
that warrant further investigation at an earlier stage. Currently,

no accurate baseline data exist to either better diagnose disease
or injury requiring treatment, or to quantify recovery to sup-
port return to flying decisions.

There is no clear answer as to which test is the best and most
appropriate to use. Such a decision will depend on the tests’
ability to predict operational performance and further research
is needed in this area. Measuring stereo acuity more accurately
could enhance the effectiveness of qualifying standards and our
understanding of human performance, as indicated by findings
that lower stereo acuity thresholds predict superior perfor-
mance in an aerial refueling task,>***? depth related surgical
tasks,"*” and object placement tasks mediated by stereo dis-
plays.!” Notably, a computer-based stereo acuity test was pre-
dictive of simulated air refueling performance in previous
research while the AFVT stereo test was not.*” Further research
should also be conducted into stereo acuity measured using
frontal dynamic motion-in-depth as this may be a better indi-
cator of overall binocular vision because it includes a time and
spatial component.®

In addition to these benefits, more reliable threshold esti-
mation tests could support interservice and international
co-operation. Currently, the TNO test (UK six-page version) is
unable to measure stereo acuity to the vision standards required
by the USAF (40 arcseconds). As there are pilots from both the
RAF and USAF embedded in each other’s flying operations,
as part of the enduring exchange programs between allied
countries, it is important to have tests that are reliable and clear.
We would advocate for aligning aeromedical policy and vision
standards to further aid interoperability. Research such as this,
aimed at developing vision performance models that predict
operational performance, will assist in providing evidence to
set vision standards and drive aeromedical policy which can be
shared with allied nations.

The limitations of the paper TNO test have been clearly
highlighted, with computer-based threshold tests addressing
many of these and offering a feasible alternative solution.
Digital tests are able to measure individual stereo acuity to a
finer degree than the TNO test and do so in a manner that
reduces examiner interference or bias and eliminates the pos-
sibility of cheating (false positives). For the two versions of the
dRDS tests, the static version of the dRDS (dRDS-S) gave the
lowest stereo acuity thresholds, but the dynamic version
(dRDS-D) was more reliable with the tightest limits of agree-
ment. While the computer-based stereo acuity tests produce
significantly different scores, their results are strongly cor-
related. Neither of the computer-based tests correlates with
the TNO test, which suggests that the TNO test does not pro-
vide either the accuracy or reliability needed in aeromedical
screening for an increasingly digital cockpit environment.
The greater granularity achieved with digital tests will enable
us to investigate the relationship between stereo acuity and
operational performance, which in turn will inform stereo
acuity vision selection standards or display requirements.
This will be increasingly important for military aviators for
whom stereoscopic displays and HMDs are becoming more
prevalent and critical to flying operations.
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