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FOREWORD

This investigation was performed by members of the Physical-Physiological Optics
Section of the Ophthalmology Branch, and Biometrics Branch, under task No. 775509,
“Ophthalmological Aspects of Aerospace Flight."

The paper was submitted for pubheation on 2 June 1966, The data were collected
and analyzed during the period from 1 November 1965 through 15 April 1966.

The authors express appreciation to the 96 basic airmen who volunteered to
participate in this study, to Airman Third Cless William E. Alley for technical
assistance in performing the experiments, to Hans Bartholomew of the SAM Instru-
ment Section for constructing the SAM-V, and to the staff at the Lackland Air Force
Base Medical Processing Center for their cooperat:on in arranging for the tests.

This report has heen 1eviewed and 1= approved.

JAMES B. NUTTALL
Colonel, USAF, MC
Commuander

) Jrmiar 75 D fuutlatt



pilot and obseruer

depth perception tests for
(VTA-NDI), Verhoeff

Near and Distant
The stereoscopie angle (01 Tor the VTAND ax 25 seconds of are, 32 seconds for

An eolarged Verhoeff (SAM-V) was utihized at equivalent caleulated distances to
compare with the chree mstraments under their individual parallactie angle conditions.

(1 Employment of the standard critens
for flving qualification resulted 1 the Verhooff passing the greatest number, followed
Neither the Verheeft nor H-Doresalts staustically
(2) The SAM-V grencrally passed fewer sub-

the standavd Aty Foree tests are not o full measure of
A test concopt is deserihed which would mearporate

ABSTRACT
The three standard Air Foree
quahfication are the Vision Test Apparatus
Stereopter (DPA-VY, and Howard-Dolman apparatus (H-1)).
the DPAV, and 11 sceonds for the H-D,
Data analysis showed the following:
by the VTA-ND, and the H-D,
differed from those of the VTA-ND.
jects than the corresponding standard tests.
i The results found with
depth diserimination capabihty.,
a dynamie component into depth judgments.
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THE STEREOSCOPIC ANGLE AHD !TS RELATIONSHIP TO THE
STANDARD AIR FORCE TESTS FOR DEPTH PERCEPTION

I. INTRODUCTION

An applicant for Air Force training as a
pilot or observer is required to demonstrate
depth appreciation during his physical ex-
amination. 1t he can show u stereoscopic acuity
of 25 seconds (9) or better on the Vision Test
Apparatus—Near and Distant (VTA-ND) (1),
he is qualified in this attribute.

Failure in the above test transfers the
candidate to trial with the Verhoeff Stereopter
(DPA-V). Depth judrments at 1-m. distance
subtending @« stereoscopic angle () of 32 sec-
onds (22) must be accomplished for eight con-
secutive presentations for initial test success,

Fa lure of one or more presentations re-
quires 16 subsequent exposures, from which
one or more incorrect responses direct the
candidate to a Howa:d-Dolman (H-D) trial
utilizing a 20-foot tes' distance. This test re-
quires that the mean displacement of the mov-
able rod must not vary in depth localization by
more than 30 mm., cerresponding to an 11-
seconds (2) stereoscopic angle, in attempted
alignment with the fixed rod.

The tests in this investigation were ad-
ministered in accordance with the standard
procedures cutlined in Air Force Manual 160-1,
“Medical Examination and Medical Standards”
(3), with one exception: a headrest was used
with the Howard-Dolman apparatus.

The VTA-ND utilizes a stercoscopic prin-
ciple. T s an artificial test situation.  Some
indivicr s who fail may actually have good
depth appreciation, but  are unsophisticated
users of  this optical device.  Those who

demonstrate a pure stereopsis capability do not
necessarily  operate effectively in o natural
three-dimensional environment.

Hofstetter (8) reports on a study in which
a stereoscopic-type device was used, and the
group with the fewer minor accidents scored
higher in stereopsis. However, there wuas no
statistically significant difference between the
average scores in i serious-injury group and
an accident-free group.

From a review of the hterature (13, 19, 20)
it is apparent that factors additional to stereop-
sis are in play during the DPA-V and H-D

tests,

The Verhoeff device at the 1-m. test
distance requires the employment of a I-m.
angle of convergence and 1 diopter of accom-
modation, for the test distance, hy all subjects
in this study.

Since the DPA-V testing is performed a!
the 1-m. distance, it does not necessarily follow
that qualification in this instance can be
transferved to the more distant requirements
of the pilot. The pilot and aireraft observer
would be restricted to an operating distance of
a meter or less onlv when instrumentation
reference or preoccupation with charts and
writing so confined them.

Important extia-cockpit depth judgmenis
must be made by the pilot during landing and
takeolf, formation flving, and aerial refueling,
in order to take corrective action to prevent
collisions,

A principal objection by the authors in the
use of the Howard-Dolman apparatus as the
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best index for depth testing at a distance, is
the requirement that the two rods be posi-
tioned so that no difference in proximity to the
observer s apparent.  Stereoscopic acuity is
determined by the just-noticeable-difference
(J.N D) in relative depth that a normal
binocular individual can diseriminate between
targets  The fact that an observer can place
the movable rod at o mean variation of 30 mm.
closer or further than the fixed rod provides
latitude about double that implied by the mean
of 1l-seconds stereoscopic angle, over the five
determinations yiven for the test.  The full
range of deviation may be 60 nin which would

allon o 22-seconds stereoscopie angle spread.

To this point, the stereoscopic angle has
been the only factor considered for the Ver-
hoeff :omd  the Howard-Dolman tests.  The
parer b Sloan and Altman (20) explored the
effect of conilicting size cues in the sterecopter,
and compared the test results with the stand-
ard Verhoeff and a special Verhoeff device
where the bars were uniform in width,  Statis-
ticaldly, they found a significant improvement
it depth apprecintion with the modified Ver-
hoeft, making it evident that the standard
\erhoeff instrument renders depth judgments
muore difficult.

The Howard-Dolman possesses the follow-
ing  attributes which may  be additional to
stereopsiz in rod localization.  In moving the
pesr closer 1o the testee, the angular subtense
ix inereased, and the rod may appear larger
than the fixed one. Retinal image size will
decrease when the rod is moved farther from
the observer than the position of the stable
COMParison pey.

Howard (10) and Hirsch et al. (7) in-
vestigated the significance of this size change,
and concluded that this factor was inconze-
quential - for threshold  (1.N.D.)  detection,
However, Hirseh et all found « sigmificant of-
fect upon the position of subjective equality,

Kinesthetic (hand-eve coordimation) contri-
butions to depth judegment have also been ad-
vineed, as osecondary factors, in testing with
the H D apparatus. Sloan and Altman (20)

used a  pulley arrangement to offset  the
kinesthetic cue.  Their results indicated that
kinesthetic input was a neghigible deternsinant
in J-D) results,

Motion parallax is produced by noving
one's head laterally, and assessing the spatial
locatization of one object with respect o an-
other by the resultant speed and direction of
relative retinal imapre movements.  Monocular
motion parallax is a strong cue m depth judg-
ment.  Hewever, binocular motion  parallax
may be an even greater diseriminator (4, 20).

The standard Al Foree method of adminis-
tering the H-D test does not mechanieally
restrict the head movements of the examinee,
but relies on the examiner to detect gross head
movements, and to caution the violator when
this occurs. Laboritory protocol with the H-1)
confines the subject’s head in u chin-headrest
combination (20).

In summary, the factors which individually
are considered insignificant with the H-D, may
in totality ~till influence the acute depth dis-
crimination exhibited.

Of the three standard An rorce depth dis-
crimination tests, the Verhoeff principle ap-
pears 1o be the least objectionable for natural
binocular depth perception.  Verhoeff (22) in-
dicated that an expansion of b “csign would
vield essentially the same resu. < when tested
over the =ame parallactic »ngle at the ap-
propriate distance,

A model of the Verhceft  Stercopter
(SAM-V), constructed at the USAFEF Schoaol of
Aerospace  Medicine,  allows o A2-seconds
stereoscopic angle to he subtended at a 3.14-m.

placement from the observer,

Accommodation convergence was changed
by this test procedure from the ° diopter
(DPT) 1 meter-angle (M.AL) (uscd in Virkooft
fest), toless than Ty DIPT Uy MUAL respectively,
The use of these functions for depth localiza-
tion is considered to be negpligible ot the ex-
panded test distance (6). Graham (6) stated
that, “Convergence cues cennat be differential-
Ivoeffective for obieets at distanees greater
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than about 20 yards.” Ludvigh (14) com-
mented that since the subject cannot report on
his condition of convergence, the converger-e
mechanism is not a cue to space judgment.
Maisubavashi (15) reported that convergence
1w an influencing variable. Glezer’s (5) results
faii to show evidence of depth perception aris-
ing from changes in convergence. Ittelson
(11) discounts convergence as a clue to ap-
parent distance.

The use of the SAM-V was considered as
a vehicle for studying depth judgments on all
three standard tests, with the SAM-V being
positioned at the equivalent distances for
matching parallactic angles: 3.14 m. cor-
responding to the Verhoeff, 3.66 m. for the
VTA-ND (group D), and 543 m. for the H-D
apparatus.

II. METHODS

The 96 volunteer subjects who participated
were basic airmen in the physical processing
stage of induction into the U. S. Air Force at
Lackland Air Force Base. The only criteria
used in selection were based on VTA-ND
measurements of visual acuity and phorias (1)
which were required to be within limits for
pilot and aerial observer training (3), and a
high basic intelligence level. Al mea were
betvreen the ages of 17 and 22 years.

The subjects were divided into order 1 and
order 2, and 48 members were in each clas-
sification. Order 1 was tested through the
usual order of instrumentation as given to a
subject who experienced difficulty in qualify-
ing: VTA-ND, DPA-V, and H-D. Following
this sequence, the SAM-V was employed at
3.14, 3.66, and 5.43 m. These three distances
were randomized tor each order, with 8 sub-
jects being utilized in each of the six possible
permutations of the three distances,

Order 2 was established {o rule out the
possible effects of learning due to previous
exposure to the hand-held Verhoeff. The
sequence for order 2 was the VTA-ND, SAM-V,
H-D, and the DPA-V. Once again, all per-
mutations  of the SAM-V distances were
emploved.

The VTA-ND and Verhoeff testing were
conducted in an examining room with ap-
proximately 20 ft.-c. (220 lux) of illumination
at the working level. The other tests were
accomplished in a stancard Air Force eyelane
with about 3 ft.-c. (33 lux) of lighting.

Pictorial illustrations of the devices and
targets are shown in figures 1 to 5.

Each subject was given identical instruc-
tion by the same examiner for each of the
devices. VTA-ND qualification required the
identification of the ring which was stereo-
scopically displaced closer to the observer than
the other four in each line, for al. targets
through group D. The testee was requested to
select the deviant circle for all lines through
group F. Group D corresponds to the standard
25-seconds parallactic angle, group E to 20-sec-
onds, and group F to 15-seconds (9).

The DPA-V was administered at the 1-m.
distance by the examiner, who hand-held the
device, and imposed no hea? restraints upon
the testee. The Verhoeff was transformer-
powered to provide a consistent test luminance
for all candidates. The brightness values in
this instrument and in the H-D were not
measured. The authors concur with the Ver-
hoeff (22) statement that in stereoscopic judg-
ments, “The character and the intensity »f the
light are unimportant within wide limits, even
more so than for tests of the visual acuity.”

Identification of the bar which was closer
or farther than the other two from the ob-
server, for eight presentations given, estab-
lished depth discrimination for 32 seconds of
stereoscopic angle if all were correctly named
in the DPA-V.

A headrest was used in testing with the
H-D, since the authors believed that motion
parallax would be a major factor in depth
judgment (18). The test distance was 20 feet
(6 m.), and the subject was required to align
the mevable rod with the fixed one. A mean
separation of 30 mm. or better, which has been
historically given as 11 seconds of parallactic
angle (2, 10, 20, 22) was necessary to pass
this test.




cron plate are shown in tront

FIGURE 1

Instant (VTAND . Storcoscopic shide and ustrw

and

Near

Tester

Vision

Forors

Arme o



E——

FIGURE ¢

Vierhoeff Steveopter (DPAV ) hand held in testing posttion.

In order to discount the effect of pretest
rod position upon the end-point judgment for
alignment (23), the movable rod was set at
some arbitrary distance behind the fixed rod
in three of the trials, and in front, for the
other two.

The examinee manipulated the string-pulley

arrangement for rod alignment, and was re-
quired to completely release the cord after

making his judgment.

If the subject fatled on any of the standard
testx, there was no opportanity given for re-
peating it, as is the usual procedure provided
for in AFM 160-1 (3).

The SAM-V waus used {or comnparative pur-
poses with the three standard instruments
The headrest was used i this test.,  The
SAM-V was placed on o stand with casters,
and the test distances (3 11366, 00 D500 )
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FIGURK 3

Howard Dolovaw cpporarus (H-D oy Hand-manipidated

atrings, amd gradiatod sealc are show .

were marked on the evelane floor,  As sug-
sested in the report by Niven et al. (16), this
established o fived, nonrotating base, so that
the bars were exhibited in the frontai plane.
The hand-held Verhoeft does no. offer this
ruridioy of position,

1. RESUL'TS

I7ipst, statistical testing was done on the
SAM-V data to determine whether the passing
cesults were affected by the different permuta-
tion< (xix) of the three test distances.  Each
order was tested separately. On order 1 the
subjects were tested on the SAM-V apparatus
last (all three test distances), and on order 2
the SAM-V pparatus was used second (after
VTA-ND). The passing results are given in

table I for each permutation and order. Re-
member, eight different subjects were ob-
served for each permutation on each order.
Chi-square testing  (21) on  each order
separately showed that the different permuta-
tions of the three SAM distances did not statis-
tically affect the pass or fail results.

Since the permutations of the SAM-V dis-
tances did not affect the pass-tfuail results with-
in each order, the total pass-fail results were
compared between the two orders. See the
bottom line for eacn order in table 1. Chi-
square testing showed that statistically more
subjeets passed the SAM-V tests for order 2
than for order 1 (P < .01). Thus, it appears
thut «f there was a learning effect for order 1,
it was offset by a greater fatigue effect. In
subsequent testing the data for the different
orders on SAM-V are tested separately.

The pass-fail results were also comparad
between the two orders on each of the three
standard methods of testing stereopsis. The
results are shown in table 11, The chi-square
testing showed that the pass-fail results were
within statistical fluctuation betweer the two
orders on each of the VTA-ND and H-D
metlods.  However, for the Verhoeff method
there was some indication that more subjects
passed the test for order 2 than for order 1
(P < .10).

The Verhoeff result appears to contradict
the SAM-V results.  Remember the DPA-V
method was used second in order 1 and last
in order 2. If the fatigue explanation given
for the SAM-V method was correct, then one
would have expected order 2 for Verheeff to
show fewor passing the test rather than more.

Both SAM-V and DPA-V methods show
more subjects passing order 2 than for order 1.
One can attribute this to chi nce or perhaps to
d learning factor gained by using the SAM-V
earlier in the order which offsets the fatigue
effect generated by repetition at the three
test distances.

The pass-fail results for the combined orders
ace given in table 11 in three different 2 x 2
arrangements on the three stardard methods.

[
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FIGURE 4

USAFSAM apparatus (SAM-V), an enlarged Verhoeff

Ntereopter,

Each 2 x 2 arrangement was {ested separately,
although the testing results are not complete-
I, independent of each other. Since each
method was used on each of the same 96 sub-
jects, the testing between methods is somewhat
different from the previous testing between
orders where different subjects were involved
(21). The experimenters were interestad in
knowing whether the proportion of subjects
passing was the same for each of the two

methods being considered. The only figures
involved in the testing are figures from the
cells where the methods do not agree on the
passing or failing.  Since the total number of
disagrecments  between the methods  was
small, an exact test was performed on these
data using the binomial distribution. Results
showed thuat the proportion of subjects passing
the VTA-ND (group D, »,  25”) was essential-
lv not different frormn the proportion of subjects
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Cohowot oo

po~ o the Verhoef? o, 327y or the H-D

peetboaond 117 There was <ome indication

S more <ntboeets passed the Verbhoeff than
I DI A LD

The pass-fmal vesults are given in 2 x 2
arrangement~ forocach SAM-V distanee with
cach of the three stiandard methods on vach
order <cparitely oo table IV, The proportion
of  subjects passing SAMAT (LD m) o was
~stpmifieantdy e than the proportion of sub-
Jects passigr en oany ol the three methods for
order 1 (P - aly.
of suhrects passany SOM-D was essentially the

On order 2, the proportion

~ame as o the proportion for the  standard
methods,

[l proportion of subrects pasange SANM 2

Cnd ) was bess thee the proporton of sube

et s onany of the three trethods for

comporent parts of SAMN apparatus,

any order.  All tests were statistically signif-
icant at the .001 level except VTA-ND order 2
(P < .08 and H-D order 2 (not significant).

The proportion of subjects passing SAM-3
(543 my) was statistically less than the pro-
portion of subjects passing on any of the three
methods for any order (P < 001). Only 4 of
the 96 subjects passed SAM-3.

On each order in table V, the proportion of
subjects  passing SAM-1 was  significantly
yreater than the proportion passing SAM-2
(P < .01). Of course, each of these SAM-V
test distances passed significantly more sub-
jects than the SAM-3 distance (P .001).
Thus, ax the s decreased on the SAM-V test-
myg, the proportion of subjects passing, de-

creased.

[U———
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TABLE 1

Passing results on the three distances of SAM-V for caeh
permutation within order

| Pwssings results
| T
tirder Pormutatbon | All et hi Elhin ,
LT
I three 1 anl 2 I ar 2
1 S [ 1 1 [ i
132 | 1l 1 W :
-3 i T “ [
2H1 1l ) o1 o
i I | L | 2 2
H AL | n s Tl 1
Taitul o 14 I 114
& IR ] 3 3 I
132 0 Y 0 | 0
213 1} { o 1
231 0 7 ! [ 0
o2 I { ! 1 -
LB ‘ 0 6 ' 1 ‘ 1
Total 2 32 9 ] 5
I |

*Few pussed 2 wathout passing |
-4 m
2066 m

d- 541 m,

TABLE 11

Pass-fail results for each order on each methods
standard method of testing stereopsis
-  Verhoeff
VTA - Pass Fail
Results
Method Order & = Pass 8O 3
Pass Fail L . .
Fail 7 6
VTA 1 A1 g T~__un ’ o
o 6 Verhooff e R bl
H-D 1 40 8 Pss B 10
2 I 40 8 Fail 3 6
Verhoeff 1 41 7 il Pass Fail
9 46 9 VTA \ ass al
Puss L, i
Fail 4 m
A
9
— — = =7 —— l NN

TABLE 111

Pass-fail resulls (orders combined) in three
22 arrangements of the three standard
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TABLE 1V

Pass-fuil yesults for cach SAM distanee with coch standard method
per order

SAM ! (1Y 314 m. 2y 366 m, (3)y H4lm.
Order ) L . .
Mothod ™ Pass Fail | Pass Fail Pass Fail
§ T
1 Verhoeff i ‘
Pass 20 10 18 oy D 349
Fal ] 0 7 0 7
l
VTA |
Pass all 12 16 25 A i
Fil 1 2] 5 i n
HD
Pass Ra 12 17 23 A AR
ail 2 2 n 0 N
T
2 \'l‘rhl)i'ff
Pass 43 34 12 2 44
Fail 0 0 2 0 2]
1
VTA
Pass 40 38 Y 4 10
il K 1 H 0 0
D
Puss 39 32 bl e i
Fail Bl 4 t ( X

TABLE V

Pass-fail comparisons betweon the SAM distanecs per ovder

i ! R
| qu\ .\L:l ‘ 1 SAM , SAM-3
Order “ D Y | Pass | Fal | Pass | Fail
SAMo T SAM-1 | SAM-2
A ) | !
1 . Pas 16 14 I Pass 2 2N ,; Pass R4 16
Fail ] 16 1 Fail 3 I Faii o | o
!
s " Pass 3 4 ’ Pass 2 41 Pass 2 5
Fan L 5ol Fail 0 D Fail [t} 14
A I | i |

Table VI shows the pass-fail results of H-D
atd Verhoeff (both orders) tor the subjeets
who passed the VTA-ND and also for the sub-
jects who failed VIASND. From this, one can
~ee that the three methods agereed on oo total
of T 4T o 05) or 8290 of the subjects tested.
Following the conventional AF order of testing
only I subjects would have taken the Verhoeff
after tmling the VITA-ND.  Of these, only 6
would have taken the H-D test. However,
there was some indication that the H-D method
passed fewer sabjects than the Verhoeft, and

10

also the proportion passing was essentially the
same for the Verhoetf and VTA-ND methods.
So, under the condittons of the experiment, the
conventional sequenrce of  testing is not too
meaningful,

A reason for including: order 2 in the ex-
perinient was to see what the results would
lool Tike for SAM-V if it were to follow the
VIEA-NDL Sinee the SAM-V O test distances
venerally passed o smaller proportion of the
subjects than the Verhoeft snd H-D methods

. ol M . eiimmie




did, 1t s felt that in the long rmn SAM-V would
qualify very few additional subjects over the
VITA-ND.

All of the results given above are dependent
on the puass or fail eriteria for the different
methaods,

The proportion of subjects passing  the
VTA-ND through at least group € was com-
pared with the Verhoeff results since the ,)'s
were quite comvarable () 307 and 4 B2,
respectively ) Statistical results showed no
significant difference m proportion of  “passes”
between these two outcomes,  However, there
wits some indication (P . 10) that the propor-
fion of subjects passing VITA-ND  through
group Fowas smaller than the proportion pass-
ing the H-D () 15" and 117, respective-
{v). The results are shown in table V11

TABLE VI

Pass-fail results on H-D and Verhoeff methods
(hoth orders) on subjects who passed and
failed VTA separately

[T~ 1D f

VTA li|'|'r'F'm|'Fr\ sz Fual

['wss | T i i
Fail ] 1
ol Pass 4 i
Fail 1 H]

TABLE VII

Pass-tadl rosults (orders combined) ina 2 0 2
arrangement of VTAC (through group )
and Vierhoo/f and also of VTA-F awd HH-D

A total of RO subjects passed the VTA

through group () 307y, B3 through
group D, 257y, Rl through group E
{y 2007), and 72 through proup F (,, 15").

Nine subjects failed the Verhoeff by hav-
ingr o wrong response on one or more of the
cight trials.  The following shows o distribu-
tion of the number of trials that were missed:

Nwmber of

. . Frequency
frials missed { !

1 1 (Subj. No. 24,
order 11
" o
} 0
4 !
] 3
6 1
7 1
X 0

Considering that the H-D mean distance
variation allows an alisnment error of double
the resultant, the following comparisons are
made: (1) The ™, for a 35 mm. mean variation
in the H-D test is computed to be 13 seconds of
are,  Assuming that the spread from the fixed
bar can vary over 70 mm., this would really
represent 26 seconds of are. This comparison
is made with the VTA-ND in table VIIL. A
similar anadysis is made for the 45 mm. mean

TABLLE VIII

Dass-fail results corders combived ) inva 2 n 2

arvangement of VT (thraungh group 1))

and DY 045 . mecan variation ) also, of
Vierhoory and -1V 035 mm. M. V)

Verhoeff ADEH mm) 267 !

VTAC Pass Fail VTA-DY 257 Pass Faul
TR (.34 4 Piss ( s | q
ol 5 n [ anl B | K

t : - t !

N L-D IS mm,) 3387

VALK =3 Pass Fail DPA-v o2 Pass Il
Pass 06 6 Pass B 3
IFail 15 10 Fail | ) 4

eI .
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varndton (M V) By deabhinge the 160 seconds
of are. who b thes distamee represents, the
Sh-~econdds vesultant o~ compared with the Ver-
hoett m table NTH The proportion of subjects
posstnge was essentidlv the sione tor the tao

miethoas compared moeich tible

The above resualrs ate ~upport of the
Statenent ool Onle and  Llhaneson and
Hoavatoh o2y that the
dependent ot distance, provided all monocalay

reoscopie angle s
cries toadepth o are ehnnated

he bao gergph o higure 6 shows o cong-
parisot ot the pesalts o the four methods,
Fhe cleqn ond ~haoded soreies revead the nombiees
ot passe~ and Labures) respectively s Tor each
ot the method~ Where mualtiple s iore shown
swithin o b, the line s tsed to separate
peosses and whies  The s represent The

Sterenscopie angles i seconds of are,

Fable IN Shows oo trequency distrthuton of
the averave o the absolute devitens from
thynment Yor the HD method on the 06 <ub-

clear separation between the <ulgects who
pitssed the test and those who did not

A hsting of the pass-finl resulte for each
method on v b subject 1< prven e tables N
and N <ample stereop<as datac sheet s
<hownr m hpnre 7

IV, CONCLUSIONS

Testing with the standard Ay Foree depth
anparatus  produced  results that were nat
<tatistieally it ferent,

Stnee the VPACND bieorporates other
vistal sereening testsoan ats battery, continued
t~c ol the device 1= recommended as the prime
method of the three for ~tercopsis quadifica-
tian, Some mdividuals, however, experience
ditficulty waith ~stereoscopic-viewing  devices;
theretore, the Verhoeft is offered as the back-
tup depth test,
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TABLE X

Listing of puss-fail results for order 1. (1 Pass; 0 Fail)
) . i‘lv_thni. . o HD av dev.
Subject T i i
VTA® VEK non SAM 1 SAM2  SAM 3 (inm )
g’ | T i i
1 0 i 0 0 0 i 0 15.80
2 0R 0 0 0 0 i [ a0 Lo
B 1 1 1 1 il | 0 21 %0
4 ¥ 1 ! 1 | 1 0 240
N E ’ 1 1 1 i 1 ! 1 T.60
6 0 0K 1 1 i} 0 0 27 60
T b F | 0 0 0 0 54 00
IS | OB 1 0 1 §] 1l | {0 19,80
U U i ool 0 100
in 1+ | i I 0 1 0 RO
11 IR ! 1 0 0" 0 T80
1 1¥ ! 1 1 0 J 0 1l 17 20
14 1F 0 0 0 0 0 44.20
14 1% 1 1 ' 1 ‘ 0 15.00
1 15 1 ! 1 1 1 i 1 0 25.80
16 1 i 1 1 0 ’ 0 9 60
17 0 ‘ 1 4 ' 0 0 | ) 6H2.80
18 0c T R S I T A 1300
19 F R R [ o 1 12.20
20 1 1 o0 16.00
D)) 1F 1 o i 0 0 4.00
Ry 1F 1 ' 1 1 1 0 11.00
23 1K 1 ; I 1 0 0 2820
24 IE o 1 o o 1 190
r%‘ 25 1E 1 1 l 1 1 y 0 20.00
F 26 iF 1 0o 1 0 | 0 a8 A0
| 27 1D 1 1 | 0 0 i} 1620
28 1IF 1 1 1 1 ' 0 2280
29 1F 1 1 | 0 0 o i 12.40
30 IF I ‘ 1 1 1 0 6.40
3 1IF i 1 1 1 0| 0 22.20
32 1F 1 1 1 1 0 4.60
33 1F L 0 1 0 28.00
34 OB 0 ! 0 0 0 0 56.60
15 ir 1 1 1 1 0 14.20
3% | IF 1 i 1 1 1 26.20
17 10 1 1 1 1 0 18.60
38 | 1F ( 1 1 1 0 0 18.60
~ 39 1E 1 1 1 0 0 1.80
| - 10 | F 1 1 0 0 0 12.40
i o 1 1 1 1 o | 15.40
42 ¥ 1 1 1 0 0o 11.40
13 ‘ 1E 1 | 0 0 0 20.40
44 | R 1 1 1 0 0 24.40
4 %L aF ! ! 1 o 21.80
3 46 0 1 1 0 1 0 24.60
47 1 | 1 1 0 0 12.40
48 \F | 1 1 1| 0 19.40
|

*Letters indicate the highent group passed by the nubject on VTACND.
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TABLE XI
Listing of pass-faii results for order 2. (1 Pass: 0 Fail)
. ———— ; I\rlpth()»d - - H-D av. dev.
Subject] ypae | VER I wp | %ﬂ SAM 2 : (mm.)
l R D | SAM-I SAM 2 | SAM 3 {mm.
1 ¥ 1 ) ‘ 0 0 0 75.20 3
2 ¥ 1 1 1 0 0 26.40
, 3 ¥ 1 1| 1 1 1 7.40 i
1 F ] 1 | 1 0 0 13.80 |
5 i 1 i 1 1 0 12.60
[ 6 5 i 1 | 1 TR B 21.40
! 7 1F 1 1 1 1 0 27.00
| % i 1 v 1 0 0 11,60
4 ¥ 1 1 1 | 0 16.80
t 10 1 1 1 1 1 0 4.20
1 1F 1 1 1 1 0 98 .50
12 ¥ 1 1 1 ! 0 12.60
‘ 1o IF 1 1 1 0 18.80
| 14 | IF 1 [ 1 1 1 0 4.20
15 IF 1 1 1 1 0 11.60
16 D . & & 0 ¢ | 1 0 6.20
17 1F 1 | 1 | by ! 0 18.40
18 IF 1 | 1 1 0 0 11.80
19 IF 1 0 | 1 1 0 78.40
20 i 1 |t 1 0 26.80
21 1F 1 1 ' 1 0 0 16.00
o0 | F 1 R 1 0 12.60
a8 IF 1 1 0 0 0 9.00
24 ¥ 1 1 | 1 0 0 14.80
25 1 1 1 | 1 i 0 15.60
26 | IF 1 1 N 0 14.60
27 iE 1 T | 1 0 26.80
R \ o 1 Lo | 1 0 17.40
20 | IF ok o B 0 \ 14.20
30| 1F \ 1 | 1+ ! 1 o | 13.00
31 IF ol S T T 1 0 27.20
32 0— Lo [0 ! 1 0 0 ' 45.40
a1 0C ‘ o | o P A 0 47.20
BB} ¥ 1 [ |1 1 0 ; 5 00
O S T T S T | « | o | 18w
a0 o0— 0 [ o ) I | 0| 35.20
37 ‘ 0C Lo | 0o | o ) 105.80
| W fmp Lon opow § ] 1 | o 11.00
39 ¥ | ‘ o ' 480
W IF I 1 1 1 0| 7.80
1 ‘ 1k \ 1 0 lx 1 1 0o 25.40
4 ¥ 1 S 1 T %.00
| F Lo 1 oo 0 8.40
44 1F 1 o L0 1 o ) 22,60
45 ¥ | 1 e 0 12.00
s 1R 1 1 S 0o 26.00
45 | F 1 o 1 1 0 10.20
OB 1 0 0 0 0 32,00
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oletters indieate the highest group passed by the aubject on VITA-ND.
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The Howard-Dolman qualified fewer sub-
jects than either of the other two standard

methods. It is therefore r2commended that
this instrument be eliminated us a terminal
requirement.

Contrary to Verhoeff's (22) expectation,

the SAM-V at an equivalent stereoscopic angle
passed w smaller number of subjects than the

DPA-V. The examinees were restricted by a
headrest with the SAM-V, and this was not
required with the DPA-V. Additionally, the

DPA-V was hand-held, while the SAM-V was
positioned on a stable platform (16). It is
believed that these differences in  test

procedures might account in part for the dif-
ferences in the results.

The stereopsis tests presently employed are
static. True depth judgments, particularly by
the pilot, are almost alwavs of a dynamic
nature, [t is considered that a dyvnamic test
for stercopsis be devised which 1volves, for
example, the alignment of a target and a probe,
in motion, in tri-dimensional space. The con-
cept is similar to the operation of an air-to-air
refueling system. The stereoscopic angular
() subtense recommended for the ta:get would
be 32 seconds of arc, comparable to that in the
Verhoeff test (22).
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