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NOTICE

This document is disseminated under the sponsorship of the Department
of Transportation in the interest of information exchange. The United
States Govermuent assumes no )iability for its contents or use thereof.
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16. Ab stract

This stud y was designed to detertnine the visual characteristics of smoke-protective
devices for flight deck crews.

Visual measurements were made on five male subjects , who ranged in age from 35 to
54 , while they were wearing each of the 26 devices tested . These measurements
included (1) visual field , (2) visual acuity, (3) stereoscopic depth perception ,
(4) color vision , and (5) bifocal displacement .

Reduction in the temporal and inferior fields was found with some of the goggles-
mask combinations. The data indicate that 30.8 percent of the test items degraded
visual acuity below 20/20 at the O.4*m distance , 15.4 percent at 0.76 m , and 7.6
percent at 6.0 m . Mean values of depth perception ranged from 2.4 percent to
404 .4 percent over control . The three tinted goggles created no alterations in
color perception . Bifocals worn with the oxygen mask were displaced upward ; those
worn with the one-p iece test items were disp la ced downward .

Criteria for an acceptable smoke-protective device are discussed.
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VISUAL EVALUATION OF SMOKE-PROTECTIVE DEVICES

I Introduction the potential to pass minimum acceptable level
of gas protection as determined by investigators

r Federal Aviation Regulations, Part ~5.1439 h ~ in the Protection and Survival Laboratory at the
state that prote ctive eye equipiiwlit m a y  not cause FAA Civil Aeromedical Institute. The 26 items• any appreciable adver~&. ifect on vision and must consisted of five fuilface (one-piece ) and eight
al low for corrective lenses to be wont . A report combination (goggles and oxygen mask) units.
by Harper ’ indicates that pilot s with defective Five of the eight goggles were tested with two• v isual and oculomotor functions (excluding de- or m ore oxygen masks.• fective distant visual acuity that has been cor- The five male test subjects who participated in
rected by lenses) have a higher incidence of the study ranged in age from 35 to 54 years

• accidents than those with unimpaired % m s l O f l .  
(mean 43.2 years). Three had uncorrected visual

However , until aircraft accidents can be pOSi acuit y of 20/20 or better at 6.0 in , 0.76 in, and
tivelv correlated with specific visual deficiencies, 

0.4 in, and t he remaining two subjects wore cor-
all of the visual functions evaluated in th is study rect.ive lenses to attain these acuity levels. Either
should be considered equall y significant. The nonprescription or corrective lenses were worn
possibility exists that smoke-protect ive face masks with each test item by each subject throughout
might degrade vision to the point that  safety IS the experiment with the exception of the visual
com promised. This investigation was designed field measurements.
to test the visual r~roperties of such devices. 

To minimize experimental variability, all the
tests were conducted with the subject ’s head inII. Materials and Methods. 
the Frankfort Plane , a standard reference plane

Visual performance was evaluated for the 26 for head position. It is defined as the position
test items shown in Table 1. These test items of the head when the upper border of the audi-
were selected because they passed or indicated tory mneatus is horizontall y aligned with the

lowest point on the orbital margin of the n3axil- -
•

TAOi~~~I .  Ic.c Ic .oc  lary bone. The device for positioning the head
_____ _____ 

C, ,p in , t or in the Frankfort Plane is shown by Figure 1.
SI I p~~~~ 114120 01 It consists of a metal ear bar inserted about 1 5

cm into the auditory meatus and adjusted to ap-
ply slight pressure on the upper surface of the

0? R~~, r , o h . o 5 o 5 .~~ o ear canal. A curved bar in a horizontal plane
Inc A l i t ~ 2O2 Oft S 308 1Q3 0 with the ear bar is swiveled forward to touch

~ the lower orbital margin of the maxillary bone.
~: ~: ~ The pitch of the head was pivoted around the
H I. H I -n 193Q S1.rru 358-62
H . L.  IkroI,n 1q 70 S ,c r r  ~21~~1~ o ear bar by an adjustable chinrest to align the
~: ~: ~ o~~~~~~~~~~~~~~~~~ e~~tr tip of the curved bar with the lower orbital
~~~~~~ ~~~~ao ~~~ margin. The chinrest together with two cupped ,

~: ~:~: ~~~~~ adjustable occipital supports, formed a rigid
24 Sc o t t  l0100:2A 02 5 S 651-100-I  o-poinu cranios
OH Cobcrt ,Irnrc 100-100-042-07
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A . Per p hera l I~’,~e/d of l’is en . M easurements
- - welt ’  taken on a Ferree-Rand arc l)( ’r irll ete r de—

• 
.~~~~~ sigile(l to m easure the peripheral field 95.() arcI 

degrees oi~ each si de of a centra l fixation Point.
_________ Liiiulnunce across the art - of th e  perimeter was

6.45 mL (6.0 fL) .  The test sUl)j ect was instructed
to keep his gaze on t lii ’  central fixation point
wiii h ’ the observer s lowly  iiioved a ci rcular  white
test target (12 toni in diameter) from the pe-
r iph erv toward t lie fixation point, and to signal

~ when he becammu ’ aware of the moving target.
Ti l)(ripim(’rIml field was m easured bot h wit-h and
without  the test i te i ts along 12 equally spaced
meridians around ti m e subject ’s visual field.

—~~~ B. Visual Ae, i lf -r~. Tests welt ’ conducted at.
distances of 6.() iii , (1.76 in, and 0.4 in. The test
svmim bo l s were Landolt (‘“ fi gures that varied in
-ize to equate visual acuity levels of 20/40, 20/30.

- 2’) “25 . and 20/20 at the three (li stmtn ces. The
Sii!)j t’r t was asked to indicate the position of the

F0 ( I i c H .  I. ‘I •-~ t ~ i i t r j t .r~ ~, f~ hi’nti 1H ,— (?i t o - .  I ii t i e  -

E r ankfort  I ’Iane . break in the Landolt “( (eitb em~ left , right, up,
or down) beginning with the top row of figure~sThe wear angle of each test item is t h e  ang h’ (20/40) and to read from left to right, toward

between the frontal plane of the head and t ht i ’  the bottom row (20/20). Measurements were
transparent facepiece. This plane was reeor(le(l umade at an anhl ) i ent  lUm inance level of 53.8 niL
by marking two points along a p l umlmi ) i in ’—orIe (50 .0 f 14). Incorrect responses were i’ecorded at
on the tipper part and the other on ti m e lower o~~~acli of ti m e three distances. subj ects wearing
part of a card attached to the te st i tem , as -hio wn bifocal lenses were allowed to look through the
in Figure 2. The head could then be rt ’posit ioned i~istant portion of time lenses if the bifocal portion
in the Frankfort Plane by reali gning the two interfe red with tlistmim it. vision.
points on the card with the plumbhine. c. Stereoscop ic Dep th Pe rception .. Stereopsis

- 

,,
~
. 

• test item, each subject made. five rod ali gnments

L 

~~~~~~~~~~~~~~ 
°- - - - -

• was measured at- 6.0 in with the standard

- - . by pulling a looped cord attached to a movable
—

~~ - 
rod to ali gn the rod with a stationary rod. The
final separation between the two rods was read

- on a millimeter scale. Each subject-, as his own
control , macic two series of five ali gnments with-

• 
.• 

I 

- Howard-Dolman apparatus. After donning a

- . out the test items. Ambient luminance \o’its con-
- 

trolled at 53.8 mL (50.0 fL).

V D. Color l7z on. For test items with tinted
- facep ieces, Dvor ine Pseudo-Isochromatic Plates

- 
. were used to detect- changes in normal color vi-

sion. A Macbet Ii ease l la m p produced a lumi —
— nance of 23.7 tmmL (22 fL) on the plates. Four

of the subjects read nu m bers on the 14 test platesF’IerRE 2. .S I I ? j i ’ t ’t ,s-ca r ( nt~ ~‘ i rcglcs t r x t g . - t i  mn sk coot-
h i n n t l o n  ; wear , mt i~l r- ‘1 ima rk t ’d t r y  t w i t  points on a P1’(’seTltCd iii a random sequence . afl(l errors were
can t atta e lm.-tI i t t  h i t ’  ~ j r t r  I f  h i t .  goggim’s . recorded. One test si lij ect was found to h ave

2
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defective color vision and was not included in TI . 08
the sample.

SD.
E. Bifocal DLcp / iieemen t . Physical displace-

macnt of the spectacle frame by the test i t e r m i  was
quanti ta t ively determined. The subje cts  wore
zy lonite frames selected to fit - their  facial fea 

-

________

tui’i ’~-~~~A strip of paper tape (1 .0 x 35.0 1111 mm ) — — — — — —  -~

was placed on each spectacle len s 4.0 m m mi below — —
the center of the pupil.  Af t e r  the sub ject donned
the test item over the spectacles . h i s  h ead was
positioned in (lie Frankf ot -t  PliLne and a ful i face  e • - ‘ - - — —‘

p hotograph oo-as then taken with a Nikon 35-mum — —
carmi era at a distance of 1.0 m. Each photogra p h
was analyzed by measuring the distance froni the
center of the pupil to the edge of the tape with
an optical reticle. The displacement . either up
( ) or down ( ) was mult i p lied l v  a mnag-
ri i fi cation factor of 7.71 to represent real disp lace-

90m eat values.

HI. Results. F’ oII IH: 3. Mean values of the visual field for test item
ItS (N = 5 ) .  lir( kI’n lint ’s art ’ values with the testMean values of the visu al  field showed I h a t  iu n. Solid li t’s art ’ values without  the test item

the superior field remain ed norimial or oni 0- om itr ol I.
slightly reduced for all 20 test items. Time- teni-
poral on~ lateral field ~v;ts also normal when the

wot- t ’ the One—pie ce t asks or irogg les wi th
ransl)arc’nt s i t u ’ shi ieid s. Betl tm ct ion iii (lie ter n —

poral and infer ior  field wi th  two — lucr e te ’-t i t e t t i s
- . TABLE 2. Visual Acu itywas caused primarily by the opaque nia t em’mal

su rrounding the facep ieces of sonic of the goggles Test Distanci~
or by the upper l)ortions of the oxygen t asks. T s t  It,~ ~~~~ 0

The inferior f i e ld  was fu rther decreased by those oi -* -

oxygen masks wi th  pro m inent nasal cups that  
~~ 

I/ s”~
t ’k ’v at etl the goggles on the face. Time grap h of :t u e  mean visual field of test item 08. sho w-ri in 06 - -

Figure 3. is an exaimipic . of the inmpair mnent of ~ : : 115

both th e .  temporal and inferior field. One-piece 
~test items generally provided a large r inferior : :fiel d of vis i on than t l id time goggles-oxygen tmm ask 13 - -

combinations. Cormmpensat orv head mtio v emiwnt s
when wearing the test items would tend to en- : : :large the useful field of vision hu t- n imim v  be time ‘~ - - 2/5
consuming and disruptive to fli ght--deck duties. : : :

The data of Table 2 indicate that S of the 20 :
test items (30.5 percent) degraded visual acu i ty  ~
below 20/20 at the 0.4 -nm distance. Acuity was : 1/5 2/ 5somewhat less impaired at 0.76 ni (4 of 26 test
items, or 15.4 percent) and at. 6.0 m ( ‘2 of 26 * All  test sub)ect~ (N - 5) had 20(20 v ic uat ~c u t t - ,- .
test items, or 7.6 percent). In all other cases. ~~~~~~~~~~ ~~

,
f r~ c t th f l  l nd t ca te ~ nionb~r of sub jects  w i t h

3
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vr+ ial a c u mt v  was 2))~ 2)) (denoted by dash es in TABLE 4. Oitocal Di~ place~~nt

Table 2 ) . ‘Fime i m it  t+i l ikel y m l a u t  for  lt ’. ’m-at let I
Mc-av  Diap lacett * nt Standard Devia t ion

a c m m i t v  at t ime near position ( ( 1 .-I m m m )  ar id to semite Test Item ( si.) (t ~~t)

extent at the in te r m m u e d ia u t ’  d i s t a n ce (0.70 t i m )  WitS Di  ~5. 8b* 3 .63
- - 42  ÷8 .79 3.80

the distortion -rt- at t - t l  when (he gogg les were 
~~~ i ’.. 17 LbO

push ed upward by the oxygen m iask. This dis-
placement caused t i t ~ subject ’s line of sight to
pa+s throug h t i e  perip heral, i-at l i t - i -  t han  t hi roug h i
the centra l, Portion of ( l i e  facep it’ -e .

Results of the I lo w a rd -1 ) ohhmat tm It-s t  for d ept h m
pert-eptioni , show-n in ‘rab le 3, were i - a l r t m la t ed  i t i

ternms of the pen-cemmtage i f  i - h ia t i ~~’ f m’o , t m t -onm tro i. lb +7 . 40 1.20
17 +7, 2/1 5. 48

Mean values m-ange4 l fromi i  2.- I h t t ’ mt - t - tmt  for I t - s t  +8 .79 3.38
- . . 19 +7.25 3.24
item 17 (a goggles .— ox vgt-n im u ask -ot im bi mma tion ) to - 20 +6.71 4.52

-104.4 percent for test item 23 ( a  i)ol y ur t - thmImni t
hood). A (-lost relationship wa~ rioted h a t  we t- n :~:~
test items that ci-eated h i gh a h i gt m im t ’ t i t  disparit  ~and those tha t  (legi’a(le(l v i s a? ae t i i ty  (cotopare
test items 02, 03 04. (IS . anti 23). t h  r e f e r e n c e  to the cen te r  of th e p u p I l  2 + )  i n d s c a t es

an 2 , •~~rd d i s p l a c e m e n t  and I - )  i n d i c a t e s  a doenward

~~ t . 2.. t l . :~~~~.~~t l :  
sistently downward (Figure 4b) when the five

_ _  _ _ _ _ _ _  -~~~~~
- —~ fuilface devices were worn (mean —7.66 m m ,

2 1 5  range — 509 to —12 18 mm)

03 _ 9 . t  :.s .t 5 t .2  3 2 .5

IV. Discussion.
55 ‘.8.5 ~ . . .t  28 24 .2 5,1 The near-vision portion of an opthalmic lens
CS 20,2 14. 7 9 lEt 22. 2, 

- 
should correct visual acuity in the 40.6- to 50.8-cm

08 7 . -~ 92 . 2 22 I L l  ‘.~~., (16- to 20-in) range. Bifocal elevations greater
2E3 • t . 72 5 . 2  than ‘2 to 3 mm above the centers of the pupils

“ ‘  (about half the diameter of the normal pupil)
- . would create a loss of visual acuity in the distant

2 22 ,7 2J .S 25 144 20.5

3 7 .1 9. 2  36 .8 1 9 .2  range (6.0 m) and perhaps also in time inter-
m ediate range (0.5 to 1.0 m).  To avoid bifocal

Results of the color vision e-va lt iation indk-ated interference, the individual must drop his ch in
that the three goggles with tinted facep ieccs (test or lean forward and look upward to retain vision
items 06, 09— 18) and the tinted fullface hood in ti me distant portion of time lens. However ,
(test item 26) caused no alteration in color pet - - th is mimaneuver m a y  not be effective because the
cept ion for the four test subjects wit h ni ot -t ual supraorbital ridges lim it the superior field of
color vision, vision when the head is depressed. The sup-

Bifocal disp lacement for t he 26 test items is port-ive structure surrounding t h e, face-piece of
shown in Table 4. TIme ex a m mm p les in Fi gures 4a the test . item may li m it vision in the same way.
and 4h illustrate time finding t h at bifocal displace- When the tops of the bifocals nI ce elevated about
ment was upward (Fi gure 4a) with time 2 1 gog- 6 to 8 mm above the center of time pupils, any
gles/oxygen m ask combinations (mean + 6.62 head manuever to see at. a distance- would be
mm , range + 2.20 to +10.33m m) but was con- difficult , if not impossible to pem-fornm successfully.

4
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Experiments with pilots have demonstrated
- -. - 

that binocular vision is not necessan-y for pro-
- , ficient handing performance. Lewis i -f al.z re-

- - - ported that nmnonocu iar occlusion of how-time
- pilots (luring the approach ph ase has no effect

- 
“ on landing perf ormmmanc e . Landing p erfor imiami ce

- was measured by the proximity of the touch-
down point to a fl,xed target on ti me runway. The

- authors confirmed simnilar re,sults comnp iled by
- Lewis and Krier ,3 who studied NA SA pilots and

2 Whether mon ocular occlusi on can be equated to07 5 — E the alteration in stereopsis caused by the . char-
acteristics of the facepiece of a smoke-protective
device is not known.

- 

~ 
The data from this evaluation suggest that an

I — acceptable smoke-protective device should :
t t Gl’R8i  4a. i~iioo)gruiph of test subject wearing goggles/ 1. Create rio impairment- in distant or near

oxygen mask ( ‘) nm bir ma t ion svi (t i spectuemes displaced visual acumt .y wh en worn by a normal-sighted
upward . presbyopic individual wearing bifocal lenses.

2. Allow mini m al reduction in the wearer’s
peri pheral field of vision. The device should pro-
vide a peripheral vision envelope of at least 12() ~

— (60° on each side of the central point. ) in the
- horizontal meridian , and 80° (40° above and be-

- 
- - low the central point) in the vertical nn ieridian.

3. Create no significant stress and/or change
- - ‘ . in the integrity of the binocular system. Sig-

( 

- nificant alterations include diplopia , suppression
- - 

‘ of vision in one eye, or a marked degradation of
o stereoscopic depth perception.

- 
4. Cause no changes in color perception , in-

cluding the addition of color to a neutra l surface
- 

- 
- (white or gray) by a tinted facepiece or the re-

- 
- duction in normal color perception by selective

075 
, 

5 B d ~~~~~ d and constructed to fit snug lyE 7 9 but also allow adequate space for corrective
- lenses to be worn without. being displaced up-

Fm at-az 4h, Photograph of test subject wearing fuilface ward or downward when used in combination
device with spectacles displaced downward . with an oxygen mask.
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