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ABSTRACT

\:khe study discussed in this report is exploratory. It was under-
taken to (1) determine the effects which ag;. lightiﬁg and the
duration of near vision tasks have on visual accommodation; and
"(2) obtain vision data which could be applied %o improve aircrew
utilization and crew station design, The results iadicateI the
abllity to focus the eyes at infinisy f&llcwing the perforiance
of near vision tasks decreases iith ege; and eye‘tocussing tize
is related to the duration of the near vision %task, and with "
scme exceptions, increases with lacrease in aear visinn task time,
Further study, utilizing larger sadple sizes, is rejuired to
verify thesé>preliminary conclusions and expand their usefulness

to crev station desigrers,
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1.0 SUMMARY AlD RE&OMHERDATIONS

Insulficient émphasis has been given to the effects of

age on the visual and operational perfdrmance of aircraft pilots.

-

Vision researchers and aircraft designers have béen, to some
extent; avare of the depreciating clarity of near vision wi<th
advancing age, but have not thoroﬁghly determined its effects on
a pilot?s cperational performance.

Uhetae} operating'under instruznent or visual rules of
flight, pilots spend much of their time moaitoring flight deck
instrumnents whicn are in a near vision range. The similari®;
;nd inseparableness of manyvnedr and distant visucl tasxs per-
fofned during flight undefline the need for undérstanding the
interrelatedness of near and distant fision capabiliﬁies. The

near-distance vision relationshins discovered as a result of this

study suggest re-appraical of some accepted crew utilizat.on con~

USE FOR TYPEWRITTEN MATERIAL ONLY

cepts and crev systems lesign philoscophies.

This study was undertaken to (1) investigate the
effect of age oa.ti:e required to change the focus of the eyes
in acquiring an achievable quality of vision at ytéual 1zf;ni;y
following performance gf near vision tasks, and (2) obtain visicn
data which could be applied to improve airc:ew utilization and
crew station design. The kéy parameters investigated are t:a:e-
able tc aircrefs piiots‘ in-?l{ight habits for interaitient
acnitoring of fligﬁt deck {nstrumentation under varying amblent

{illuminationr levels and time durations.
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The test equipment and experimental plan used during
the stucy were carefully structured to ensure cbtaining valid

and operati:nally useful data.

Figure 1 illﬁstrutes the experimental approach. . The
selected paraneters were kept as close as possible to real life
operatiohal ccnditions including varying pilot ages,.gxternal

anblient lighting levels, near vision ranges, and near vision

taskx tines.

In the study, seven groups, each consisting of five
sublects, were used; group ages ranged frea 20 to 55 yéars. Two
aébien: illumination condisions approximated levels of solar and
lu;at jllumination incideﬁt at sea level. Near vision ranges
within the flight deck‘were sinulated b} 13- and 25-inch near
vision distances.: Piléts' intra-21light deck near visi;n tasks
were reprasented by racdcmly presented task times of 30, 60, 122,
and 240 seconds. |

The sensitiviﬁy required to obtain accurate measurements
ctf éye tccussing'tine was provided.by a2 LASZR Cptometer which
consisted of *he reflected imagze of a low powered gas LASEE onto
a slovwly rotating drun. Suﬁ;-ct view of the LASER‘image provided
sublective avarensess of ths accuracy of the focus of his’e}es;
the LASER image appeared %o sca:ter‘randomly when it wasg in
focus, orbflcw in a definable directicn when i+ was out of facus.

Using the LASER Ootometer according to the approach

gure 1, 2ata collection wvas conpleted in accord

described in Fi
wizh %he following Instructions given %o each suljext:
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(a) Look at the LASER and indicate when accurate focus
is obtained;

(b) Read the printed material aloud at near;

(¢) At the end of the reading period, lock inme&iatély '
st the LASER image;

(a) ~Press a button when the LASER image appeafs
focussed (button stopped a time clock’whicg-wa;
started at the end of the reading).

(e) Look at a screen beycnd the LASER continuously

until instructed to repeat (a) above.

Analysis of the data collected according to the afore-
mentioned procgdures revealed the following:
"o The ability to focus the eyes at infinity following
near use decreases with age.v Decresse in focussing

capability becomes apparent after age 35 and centinues

- USE FOR TYPEWRITTEN MATERIAL ONLY

Iuntil later life; a 50-year o0ld requires approximately
thre; times more time tc focus ﬁhan a 25-year old.

o Regardless of the illuzmination level, eye focussing
timevis related to the length of the near task tinme
and, with some excep§ions, increases with 1nc;ease
ér near task tim?. This relationship is most nﬁtice—
able undar low ambienﬁ illumination.

o Illumination level affects eye focussing pime. Gener-

ally, longer eye focussing times were required under

SHEET &
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low ambient-illumination levels, being especially

pronounced for age groups‘older than 35 years.

These results are operationally significant to crew
station design #nd utilizaticn of rlighﬁ personngl because they
indicafe older pilots, needing =zore ﬁime go achieve 'adequate
focus at dis£ancc, would have a disadvantage in perforuing tasks
requiring rapid, accurate vision., This factor ray céqtribute
té-reducing the probability of success in some tactical missions
ard could redﬁce the safety of normal flisht operations. The
results indicated, following near poin%t use, soae subjects' eyes
vere out of focus by a;‘ﬁuch as 0.37 diopter fer varying pericds
of time. This could zmean during scme critical flight periods, a
pillot's vision may be temporafily redu:ed‘frc:} for instance,
norzal vision of 20/20 to 20/25 {slight nearsightedness).

In additicn to the aforementioned conclﬁsibns, this
Study‘verified the excellince of the LASER Optometer as a tool‘
for evaluating visual 5ehavior. The LASEZR technique offers, with
some imprcvemern~s, a methcd for defining degradation of crew
menbers' vision resulting frem trﬁnsparency and instrumeﬁt
characteristics in dioptric and/or distance torms.

Using the results of this study as‘a basis, the follcw-
ing uses of the LASER Cptcmeter tech&ique are recommenaed: .
o ' Initiate studies to define t@e extent to whizh flight

deck transparencies {windshields and canopies) and

7s affaent the extent and dura-

<
bae

instrument characteris

tion of visual focus.
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Improvise means to defize the operational significance

of visual focus time za performance,
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2.0 INTRODUCTION

The objective of this study was to emphasize and define

to some extent the impcrtance of an airéraft pilot's age on his
visual cagability. Sihce the ages of nilitary ;nd commercial
pilotrs vary from the early twenties to the sixties, s better
understan@ing of the dependence of visual perforzance on age caz

.increase the overall effectiveness of operational aircraft sys<cens

through improved selecticn and utilization of flying persorzel and

by providing engineering design criteria to ccopensate for vizual

inadequacies,

Optometrists, ophthal=slogists, fndustrial safet;
A »

persocnel, vision resevarchers, and most persons past fortyr are

avare of decreases in the eye's focuséing ability with advancing

age. The physiological process of adjusting fccus to maintain
clear and/or ccmfor<table vision is called accommodaticn. A

decrease Ia focussirg ability (loss of accormodation) can make it g

difficult to quizkly and comfortably obtain and sustain a desired

quality of vision. The considered significance of this cornditicn

v f
v

to safe, successful flight operations resulted in ini%tiaticn of.

this 3tudy to investigate the effect of age on tizme reguired to

achieve ccular focus at visual infinity following use of the

eyes for near vision tasks.

SHEET 131
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3.0 EZTHOD '

The experimental approach used during tﬁis study 1is
shown in Figuréll. The approach reguired a systematic evaluaéicn
of the effects of age on time réquired to change the focus of the
eyes by :ompafing results obtained for each of seven different
age groups under identical test conditions ¢2: (1) two ambient
iliumination_levels; {2) two aear poiﬁt reading distancés; and
(3) four near point reading times.

Prior to implemeﬁting the details of the plan,ltvo
sets cof criteria which 2ould affgct the fidelity of the results
aad to be satisfied. These criteria pertained to:

o Tegt equipmentl -

6 Subjects
3.1 TEST =ZQUIPMIIT

Test equipment used in this ﬁtudy ccnsisted of (1) a
lew-powered gzas LASEIR and accessory eéuiﬁ:ent; {2) near‘point
stizulus naterial; (3) two time clocks; (4) sublect control bootli
and accesscries; {(5) trial fraze an& trial lens sets; and (8) ex-

perimenter's control staticn (Figure 2).
All the equipment, except *he LASER and accessories,
were ginmple and routine,

The use of LASE®s az opicmetars [inatruments for

measuring the refractive state of the eye) did not originate with

SHEET 12
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this study, even though the agrplication %o study aécommcdation
as expressed in this report is urijue., Objectives of earlier
studies were to investigate the use of the LASER Cptometer ac a
technique fcr deter:ininé the extent cf azetroria (ﬁearsigh:ed-

ness, farsightedness, astigmatism) and as an aid in the fit:i:g

of eyeglasses. Knoll(a'l)

LASER inmage when used as an optcmeter, adequately suxmmarized

’ ~ (8.2) (€.32)
descriptionz given by Rigdon and Gordon » 8nd QOliver .

s 12 explaining the appearancg of <he

as well as his own with the following statement which offers, for
purposes of this report, a2s good a description c¢f the appearance

of the LASEZR izage as any.

"Rigdon and‘Gordonl and Oliverzlhave explained
the appearance of the pattern. ‘When coheren<t light
from the LASZR hits a surface, It becomes scattered
anda prcduces real images »2 randcaly changing
interference patterns in front cf the scattering
surface ar: sinilar virtual images behind the sur-
face, The particular rattern seen is determined
by the point in space that is conjuigete to the

observer's pretina., Moreover, whez the cbserver , J
moves his head laterally, the pattern appears to
move in the same direction as his head if the v .

retinal conjugate lies vehind “he scattering sur-
face, and opposite to his head movement {5 the
conjugate is in frcnt cof the surface. Lenses
placed before the obsarver's eye can elimina‘te
this apparent movement of +the LASER pattern and
can thereby neutralize any ametrcpia of “he eye
with respect to the scattering surface,

"Scme observers hav

s difficulty seeing the
motion of the pattern whils zoviag their heads,
I have foynd trav this mosion 2an he ware egsily
Seen if <he neaj | itationgry and tne surlace,
upon whisa %ha AT:E svot is rrafected, i3 slswly
moved., With a sicwly rotating cylindrical dru~
a3 the surface, the random interference patiern
sweeps past the eve and <hae clservers can reajiily
see Ehehiire:'i::':f M arparant monioh B f.

head must be heid very stiii,

herwise the motions
will be compounded and <he resul+

s confused."”

[ =]
o
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The LASZ2 Optcmeter used in this study consisted of a
diverged veam of a low-powered gas LASZIR reflected frcam two plano
mirrors onto a rotating drunm.

Speed of the drur and size of the image were fixed to
allow eaéy vieving. Tﬁe ncst satisfactory drum speed and izage
size were determined through preliminary tes<ing.

When vieved frca a distance, “he LASZR izage was easy

to observe. It scattered randozly 1 the eyes were adejuately

f
'

focussed; or floved in scae definite directiorn {left, right, usz,
down, cr dilagzsnally) 1f the viewer's eyes were inadequately
focussed., The characteristics of the LASZ? {mage could be clear’ly

idenztified and resgornded to with confidence.
3.2 : SUBJECTS

The thirty-five subjects used in this study demonstirated
the ability to easily discern (1) the "random scattering”
appéarance o* the LACER i:age wher, with cr withous correcti;e
leases, the eyes were adequately focussed as required, and (2} <he
"flowing or séreaming" rovement when the eyes were inadequately
focu;sed. The thirty-five sublects were}seleéted from amoug tle
xzore than 50 screened.

Cligical optemetric procedures were uiilized during
the 3ubjeét selectjion process to identify +he subjects' ametropia

(ocular refractive state) and ease of binsecular cocrdination, and

to minimire tne exten:t ¢f their inrluence cn visuali perroraance.
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Table 1.

® Subject's Age

Lens Corrections Obtained for Besrt Vision
Conventional and LASER Optometer Refractions

by

Best lens Correction - Hight Eye

Best lLens Correction - Let!

Fye

Conventional

LASER

Conventionnl:

LA R

Sub j=ects ' Refraction Refraction Refraction Refra-tion
u.Ammv- - Plano Plano Plano - .25 x 180 | Plano = .25 x 180
2.(22) 40.25 - .27 x 130}40.37 = .25 x 130{40.25 - .37 x 160 | 40.75 - .25 x 160
3.(2h) 40.50 - .37 x 100{+0.25 = .25 x 100 {+C.50 - .37 x 7TO | +0.37 - .25 x 70
h.(2bh) -0.7% - .50 x 90}-0.87 - .50 x 90}-0.75 - .25 x 102} -1.00 - .25 x 99
5.(25) -1.37 -1.37. -1.37 ~1.37
6.{(26) Plano - .75 x 95]|rlano - .75 x 95 {Plano -~ .75 x 95| Flano - .75 x 95
7.(27) -1.00 - .37 ¥ 18B0|-0.75 - .25 x 180}-1.50 - .37 x 165 | -1.25 - .25 x 165
8.(28) Plano - .37 x 90}lPlano - .25 x 90|Plano : Plana
9.(29) -2.50 = .37 x B85}-2.50 - .25 x 95}-2.50 ~ .37 x 120} -2.25 - .25 x 125

10.(30) Plano - .12 x 90 Plano Mano Plano i

11.(31) Plano - .75 x B8olpPlano - .75 x B80}lPlano - .75 x 95| -0.37 - .50 x 95

12.(31) -3.75% = .37 x 165}-3.00 - .25 x 165}-3.50 -3.37

13.(31) Flano - .12 x 65|Flano - .25 x 65{Plano - .37 x 110} Plano - .25 x 110

14.(32) Plano - .37 x 75}=-0.37 - .25 x 75}-0.25 ~ .62 x 125| -0.27 ~ .50 x 125

15.(32) Piano - .75 x 90}Plano - .25 x 90jPlanc - .37 x 90} -0.25 - .25 x 90

15.(38) -1.75 -2.75 x 38}/-1.75 -2.50 x 35)-2.25 -2.00 x 175 | -1.87 -2.60 x 175

17.(39) +0.25 — .50 x 172[+40.50 - .50 x 175|Pleno - .37 x 10} +0.12 - .25 x 10

18.(39) +0.75 . +0.7% - .25 x 651+40.50 - .62 x 162 | +0.50 - .50 x 165

19.(k0) +0.87 - .37 x 90l+u.75 - .25 x 90}+0.87 - .37 x 90} +0.75 - .75 x 90

20.(ho) -0.25 - .37 x 150|-0.25 - .25 x 150}|~1.50 . -1.50

21.(h1) +0,50 +0.672 +0.50 +0.€2

22.(k1) -3.50 = .37 x 15/-3.50 - .75 x 15}-3.50 - .87 x 165| -3.50 - .75 x 165

23.(hbk) -0.75 - .62 x 130/-0.75 = .75 x 180{-0.75 -1.62 x 1k5] -0.50 -1.50 x 145

2h.(hs) -5.00 - .25 « 10/-5.00 - .25 x 10:-5.00 - .37 x 175} -b.75 - .37 x 175

25.(Ls) . -0.50 - .50 x 135]-0.25 - .50 x 135}/-0.25 -1.00 x 37} -n.S50 -1.00 x kS

26.(uT) 40.25 -1.12 x 95/+0.25 -1.00 x 95|{Plaro - .37 x 75} Plano - .75 x 75

27.(L49) Plano - .T% x 10/+0.12 = .75 x 10|+0.25 -1.00 x 170}] +0.25 -1.00 x 170

28.(50) +1.75 +1.75 +1.75 - .37 x 160} +1.75 - .25 x 1nn

29.{50) +0.75 - .62 x 170{40.75 - .50 x 170|+0.75 - .25 x 135] +0.75 ~ .25 x 135

30.(590) -1.50 - .37 x 165|-1.62 - .25 x 165|-1.75 - .B7 x 0S| -1.87 - .75 x 05

o
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Table 1 (Contd)
Lens Corrections Obtained for Best Visjon by Conventional’
and LASER Cptometer Refract!ons

Best Lens Correction - Right Eye Best Lens Correction - Left Eye
+ Conventional LASER Conventional LASE R

Subjects Refraction Refraction Refraction Refre~tion
31.(51) -0.25 =1.37 x 105}rlano -1.2S 105 |Plano -1.37 x 75| -0.37 -1.25 x 75
32.(51) -0.12 - .37 x 75(-0.12 - .25 T01-0.87 - .50 x 170 { -0.62 - .50 x 170
"33.(52) 40.50 - .62 x 125]| 0.50 ~ .50 x 125| 0.75 - .37 x 95| _0.75 - .”5 x 95
34.(53) Plano Plano -0.37 -0.37
35.(53) 40.50 - .50 x T0}+0.50 - .50 70 {+0.12 +0.12"
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Subjects were screened optémetrically %0 deteraine the (1) nature
and magnitude of the refractive srror, (2) amplitude of accommo-
dation, and kB) quality of binocular 2oordiraticn. Prospective
Qubjects aanifesting mnore tﬁsn 3.0 diopters of astigmatism
(regardless of axis) or gross binocular coordination difficulties
{over conve?gence, underlconvergence, vertical unparallel{;m.
;uppressicn) were elizinatcd because of the possible unwanted
v%nfiuences these conditicns may have on eye focussing time.
Only three subjects menifested astignatism in excess of 1.25%5
diopters,

The.thirtyative subjects were divided into seven
equal groups. Group ages varied from the youngés: of 20-25
years of age to the oldest, S50 to 55. All sutjects were.male.

Since it is a gene?ally a:cgpted fact that eye focus-
sing ability declines with age, selecting groups by age was
ejquatel to selecting groups according to.e}e focussing adilisy.
Figure 3 demonstrates how eye focussigg ability declined with
advancing age for cthe subjects‘used. . Table 1 lists the le:s_
corrections required for bdest visdal acuity and for obtaining
randonly scattersed non-directional LASER image movement

(adequate focus of the eyes).
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3.3 EXPELIMENTAL PROCER'RE

With the equipmént and sutject criterisa satisfied, the
procedures listed below were used to sfudy the conditions described
in Fiéure 1.
1) The purpose of the study wvas expldineg to each
?ubject before éhe start of the gest.

2) Each subject was seated ir the subject control booth
‘with chin in chin rest and fitted with an Ame;ican
Optical Trial Frame and the corrective léns»s
required to cbzain sdquate fcocus of the LASER
image located 201feet (visuai infinity) avay;véd;o
quate focus vas'obtainéd for monoculﬁr and binocular
conditions. |

3) . Subjects were instructed in thre aﬁpearance of

various i{inadequately focussed LASER izmages. This
wvas done by adding at different times at least each
of four lenses (+O.23, -0.25, +O;37, -0.37) to :hé
lens corrections of the lef*t and right eye during
monocular and binoccular abservance of the LASER
image.

4) While wearing the lers correction which proviied

adequate focus, further ingtructiohs were;
a) Observe the LA3ZR image unt}l ordared to read
gloﬁd pre-selected trinted materials nresentad

at the near point and continue until sdvised <>

"stop".
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5)

6)

Fub

o
e
O
»

o]
15
O
rey

5
v

b) At the command "stop”, look again conéinuously
at the LASZIR image as long as any of the
ina#equéte‘focus appearances illustrated wiﬁh
lenses in 3) above persist.

¢) Press & hand-held button as soon as the LASER
im;ge appears adegu;tely focussed.

d) Look immediately at a homoéeneous scree;
located behind the LASER image and maintain this

point of gaze until instructed to look again at

the LASER.

‘e) Maintain adequate focus until ordered to read.

T¥o time clocks were used; the starting and s*opping

of one was under the exclusive control of the experi-

menter and was used to measure the duration of sub-

- Ject's near point reading periods. The second clock

was controlled by both experimenter and subJect{ it
vas sfarted by the ‘experimenter at tﬁe end of the
subjJect's reading time (start of LASER image observa-
tion) and stopped by the subject when the LASER 1&&59
first appeared adeduately focussed.
The'elapsed‘time.betveen thé start of the second
¢lock bty the experimenter and ifs stopping by the
subjeét provided a ﬁeasure of the time reguired *o

focus the eyes follewing near point usage.

These procedures were [ollaowed for each of the sevaen

pacts and cenditizng sioawn in Figure 1 which {nzluded

LR IEYEEIFEY] l!\’l.l-l‘!
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two ambient illuminaticn levels, two near point reading dis-.ances

(13", 26") and four near point reading times (30 'sec., 60 sec.,

¢

120 sec., 240 sec.).

[
Lad
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Tab;es 2 and 3 are tabulations of raw data collected

during the study. Results of statistical analysis of the raw data
are shown in Tables 4, 5, 6, Qnd 7. ©See Appendix, Paragraphs 9.1

and 9.2. The data plots illustrated in Figlres 4 through 11
express, almost in ail cases, a large degree of variabili;y Wwhich,
to some extent, was expected because of (1) the small sﬁmple size
and (2) the human vision parameter tested. |

The general. value and sigAificance of the study can be

easily assessed through a detmailed discussion of the data plotted

in the figures. Even without nore sophisticated tests of

statistical significance, plots of the means and standard deviations
as Zllustrated in Figures 4 through 11 and Tables 4 through 7 .
allow self-explanatory reader assessment of the significance of o

the findings. The figures allow the following salient compsarisons:

USE FOR TYPEWRIYTTEN MATERIAL ONLY

© .The effects of the duration of aear vision task

time on eye focussing time under low illumina<icn.

Variables include seven different agé groups at near fb é
work distances of 13 and 26 inches (Figures U and 5).
| . n The effects of thg length of near vision taskvtimg
on eye focussing time under high illuminasien.
Variables include seven aifferent age groﬁps at ’ ' ?

near work dlstances of 13 and 26 inches (Figures §

and 7). = - :
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The effects of age on eye focussing tize at two
illunination levels for near vision task distances
of 13 and 26 inches (Figures 3 eaad 9).

The effects of age on eye focussing time at two
illumination levels fir an averaged (13 and 26
fnches) near vision tesk distance (Figure 10%4.

The effects of age on eye focussing tixe (or near‘
vision task distances of 13 and 26 iaches at an

averaged illumination level (Figure 11).

Uy 4002 tassngy,
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5.0 DISCUSSICY

Obviously, the rawv data shmmarized in Tables 2 and 3
permitted many other treatments in addition to the cnes listed
in Section 4.0. However, the sumzary included in this section

expresses the significance of the key study findings.

TION OF NETAR VISION TASK TIME ON EYE FOCUSSING

ZFrrC78 CT TUT DURA
TIMZ UN3ZR LOw ILLUMILATION

Time required to focus the eyes follcwing near task timea
of 30 sec., %50 sec., 120 sec., and 240 sec. were averaged for each
of the seven age groups at near vision task distances of 13 (Figure
4) and 26 inches (Figure 5) under a low illumination setting.
Figures 4 and 5 show eye focuséing'time increases with increace in

near vision task time. This was true for all near vision task

USE FOR TYPEWRITTEN MATERIAL ONLY

tines except the 60-second one. A comparison of eye focussing times

for the 30-second and 6G-second near vicicn tasks for each of the

seven differentlage groups indicated that in only three cases were
eye focussing times for the 60-second near vision task higher than
that for the 3C-sedcond one. However,'eye focussing tiies for the
120-second and 2hc;second near work times ware higher than the
30-second time for all éases in the seven groups ccmpared except
twvo. These rindings indicate an almost direct relationship
between near visjon task time and eye focussing time; in general,
the eyes raej4ire mora Lime to fco2uz :cll:winé near wecrk of 2

minutes or more than for necar work time increments less than a
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ainute.

Since closer near vision task distances and longer near
vision task times were expected to tax acccmmodation more than
shorter near vision task distances and times under identical test
conditions, longer eye focussing times'vexe expectéd fcr the near
vision tasks which were closer and of longer durations. Longer
eye fccussing times were expected for the 13-inch, 60-5;;ond near
vision task than for the 1l2-inch, 30-second‘task. Likewise, longer
eye focussing times were expeéted for the 26-inch, 60-second task
than for the 26-inch, 30-second task. Howevéf, tbesé expéctations
were not substantiated by comparisons of eye focussing times Zfor

the low illuhination 13-inch, 30-second and 60-second tasks

(Figure L) and 26-inch, 30-second and 60-second tasks (Figure 5).

Conmpare results in Figures b and 5. It is interesting to note

the 13-inch, 60-second and the 26-inch, 60-second eye foéussing

times for the 46-50 and 51-55 age groups were consistently
longerlthan the 13-inch, 30-second and 26-inch, 30-sécond tasks
for the same groups. The opposite was almost totaliy t-ue'for the
two youngest age groups (20-25, 26-30). |

The variability of the data in Figures L and S suggests

(1) near vision task distances and times affect eye focussing tinmes

least for the 20-30 year olds‘and (2)'particularly, near vision

task times less than 1 minute affect eye focussing times less for
the 20-25 and‘26—30 year'age‘gtoups'than for the LS-50 and 51-55

age groups.
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EFFICTS OF THE JUSATICY OF YFPAR VISTION TASK TIME ON ESYE FOCUSSINg
TIME UNDER HIGH TLLUNINAT U '

The duration of near vision tasks has a direct effect on
eye focussing times at High'ievels of illumination (Figures 6 and
7). This is truer for the 20-25 and 26-30 year age groups than
all the others at both the 13-inch and 26-inch near visien task
distances. For both of these groups increasg in eye focussing
tiﬁe is directly relaﬁed to the duration of the near vision.task.
time. Greater variability is.expfessed for the older groups (31
and above). Eye focussing time for all age groups is lorger for
the 13-inch, 240-second near vision task time than the 13-inch,
30—5econ§ period, except one. However, for the 26—incb diétance,

eye focussing time for the 240-gsecond near vision task is longer:

than the 30-second period five out of seven times.

USE FOR TYPEWRIT-TEN MATERIAL ONLY

EFFECTS OF ASE ON EYE FOCUSSING TIME AT TWO ILLUMINATICON LEVELS
FOR 13-INCH AND 2h=-I:CH HTAR VISICN TASX DI3TANCES

Figures 8 and 9'illus;rate the effects of age on efe
focussing tire fer- 13- and 26-inch near vision task distances.
The data are‘plCTCed for high and low ambiert iliuﬁinati&n set-
tings. The plotslrepresent the mean of the focussing times obtained
for all (30 sec., 60 sec., 120 sec., and 240 sec.) near vision
task times for the five subjlects in each grougp.

Figures 8 and 9 indicate eye focussing time i3 directly:

Lars

e’ fected Ty age. Th Iy

[¢:]
&

2¢cts of age are nmore prancuncad at the
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lov ambient 1llumination setting for the lﬁ—inch and 26-inch near
visionltask distances. Zye focuésing times at the low amtient
Zllumination setting were appreciaoly shorter than eye focussing
times at the high illumination setting for the 26-30, 31-35, and
4b1-L45 year age groups (Fiéures 8 and 9). TIllumination level

affected eye focussing times most for age groups older than 35

years. Eye focussing times were especially higher at the low

illumination level for the 4o-5C and 51-55 year age groups.

EFFECTS 2F AGE QN EYT FOCUSSINS TIME AT TWO ILLUMINATION LEVELS
FOR AN AVEIRASED 3aR VISIIH TA3K DI3TANCE

Each gqoup's perforzance at the l1l3-inch and 26-incﬁ

near vision task distances were combined %o obtain the plots shown

in Figure 10. The plots repr.sent mean performance for the low

and high ambient {llumina*ion conditions.

As expected, shane of the curves for higzh and low ambient

illumination ccnditions are fuite similar to those 1n'Figures 8 and

9.
EFFICTS OF AGI oY EZVE FOCUSSING TIMT FOR. 13- AMD 26-TUCH YTAR
VISZod TASK LISTANCEIZ TOUR AN AVIRAGED ILLUMINATIOCN LEIVIEL

Figure 11 shows the effect of age on eye focussing tine
for 13- and 26-inch near vision task distances. Zach plot ca the
curve wag obtained by averaging the mean performance for the low

aad nigh iliunmination levels.

SHEET 37

US 4002 t434-98 7, 0.0

B
H
E




NUMBER D162-10378-11N

hal 3 aaflﬂﬂ COMMANY . REV LTR :
- [
At both near vision task distances, eye focussing time
increases from a?p‘oximately 4.0 seconds for the 20-25 year
age group to above 13 seconds for the 50-55 year age group.
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This study verified the excellence §r the LASER Cpto-
meter as a sensitive toél for studying visual accoum;dation. ,
Variability expressed in the data is considered a reflection of
the paraceter studied (visual accommodaticn) and the sample
size rather than the technique used. Throughout the study,
almost withcut exéeﬁtiqn, the response of each subject to the
LASER Optometer technique was one of écéprehensicn and certsiaty.

Beside the verification of <the usefulness cof the LASER
Cptometer techanlgue to study human visuel tehavier, other salient
coﬁclusions which can affect crew utilizaticr in aircraft systexs

were reached,

ct

The objective of the study surmarized in this repar ard
reflected in the conclusions wss to acquire vision data which
éould be useful in improving aircrew utilizatioen. Consegquerntly,
the key parameters investigated are traceadle to aircraft pilct's
inflight habits for moaitcring flight deck insfrumentation under
varving ambient illumination levels arnd tire duraticu§. |

The follcwing 3eneral ccnclusions were reached:

o The}dbility to focus the eyes at infirity fcllowirg
prear work decresses with ege. Decrease in focussing
capability becomes apparent after age 35 and continues
until iater life; 2 50-year oid regquires approxi-
mately three times longer to fccus than s 2S-yerr

cid.
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0 Regardless of the {lluminatica level, eye fccussin
tine is related to the durs;:on of the near vision
task which, with scme exceptions, increases with
inc{ease of near vision task tinme. This reilation-
ship {s most ncticeabdlie under low scbient illumirna-
tion.

o Illuminaticn level affécts eye fﬁcussing tI;e. '
Generally, longer eye focussing tizes were reguired
ﬁnder low ambient illumination ievels, being
esrecially pronounced for age groups older than 35
years.

.Because the results and ccnclusions of this study a;é

stated in terms o ccmparastive eye fccussing tizes, an exrlena-

tion of tke operaticnal sigaificance of the. ccnciusions is

USE FOR TYPEWRITTEN MATERIAL ONLY

oresented within tkhe context of the toliowing juesticn:

What is the operational significance c¢cf a 50-year
old pilot requiring, when cozpered t5 a 25-year
0id, three times lcrnger %o focus at distanc
following four =izutes or less of near wvisicn
tasks (intra-flight deck)?

To determine the creraticnal sigaificance cf “he eye
focuésing time ﬁeasure, it i{s importart to kaow ;he peirt cf A
focus bHefore adequate focus is cbtained. This regquires a dicptric
neasure of ocular refractive state, or a ditctarce reasure ot the

point of inadequate focus (pcint other than LASER image)}. How- ; f

sver, from the teginning, nc plans were mace to cttain digpiriz ¥ s

"
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or distance neasures of inadequate focus. 'Fortunately, dioptrie
value estinates can be obtained from the results of a sub-study
vhich was undertaken to determine whether a subject's domipant
eye was more sen?itive'than the non-dominan£ eye to poéitive

and nega;ivé stimulations to accommodation during binocular viéw-
ing. This sub-study was an extension ofvthe subject's LASER
'inage familiarization training (See Section 3.3).

The role of eye dczinance in ocular response to lens
stimulﬁ tq accommodation was determined fér each subject wearing
his correction which provided adequate focus of the LASER image
(Tables 8 through 1b4). See Appgndix, Paragraph 9.3. With the
correction for best viewing (adequate focus) of the LASZER image‘
in place, low power plus and minus spherical lenses (+0.25, +0.37)
were alternately prese;ted before the dcmin#nt and qon-dominant
eye to deternine the minimum lens power required to elicit
lsubJect awareness of inadequate focus.

The lens power required to elicit Just notiggable
inedequate focus varied from +0.25 to *0.37 of’# diopter in most
sut Jects (See Tables 8 through 14). Operstionallj, these values
suggest éhe sublect's eyes, depeﬁding on age, Were out of focué
.by as much as .3f of a diopter following near vision use. OClder
pilots, needing more time to achieve adequate focus at distanze,
would be greatly disadvantaged in perfornming tasks requiring
rapid, acute sight.

The extent to which this factor ?as been ;esponsible in

nilitary aviaticon for scruvbed cr unsuccessful tactical missicnas

.13 unknovn,
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7.0 RECOMMEIDATIONS

To a large extent, thie sﬁudy verified:
©' The usefulness of the LASéR Optometer as a tool for
studying human visual behavior; and
0 The stated hypothesis: The time required to focus
to visual infiuity following near vision tasks of
tfour minutes or less is generally longer for persoans
older‘than 35 years of ;ge‘than those foudger,
especially at low illumination levels;.
The LASER technique offers, with some improvisatién,
a method for defining maximum levels of inadequate focus resﬁita
ing from transparency (wvindshields and canopies) and instrument

characteristics in dioptric and/or distance teras.

With the confidencg gained from this study, the follow-
ing uses of the LASER Optometer technique are recommended:

0 Initiste studies to define the extent to which
flight deck transparerncies {vindshields and
.canopies) affect crew performance, particularly
during the target acquisition and attack portions
of missions.

¢ Iamprovise means to define the operational signifi-
cance of visuel focus time on crew performance.

o Establisﬁ degign criteria to {morove 2rew visuel

efficiency.
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g 8”5’”5 COMPAre? ) ' REV er
9.0 APPEIDIX
9.1 RAW DATA -~ PRIMARY STUDY

Tables 2 and 3 are compilations of raw data obtained for

each subject for the 13- and 26-inch near vision task dis?ances.
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9.2 SUMMARY OF STATISTICAL RESULTS

Tables 4, 5, 6 qnd 7 are summaries of statistical resuits

obtained for the condi;ions identified.

It will be noted in this summary of data on accomm&da:ion
time that the standard deviation is sometimes larger'chan the méan.
This i{s apparent as accommodation time increases with age. The
feason for this is that the disttibutions-ére not normal, but
posi;ively skewed with some very long accommodation times for the
older subjects. 1In this.situation, the mean will be an inflated
estinate of the central tendency. However, several potential
subjects were dropped from the upper age levels because of advanced
presbvopia which prevented them from perférming the near task.

(Ic was not practical to provide special bichél lenses for subjects.
Those that were dropped might be expected to take longer to change
accommodation. In auy case, if some other measure of central

tendency 1is desired (e.g., median or harmonic mean), this can be

computed from the raw data provided in a separate appendix.
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e LBLDLEINE < oueans REV LTR

U 4852 14ve 3LV .9.489

-&able L
Hi Illumination Lo Illumination Both
Subject Aze X a X a Iy 1x2
1 22 | 2.82 0.24 4.06 2.43 25.92 102.81
2 22 | 2.67 0.69 4.09 2.29 27.03 | 108.25
3 24 | 2.u5 0.57 2.20 0.46 18.61 LY. 62
4 2b | 5.17 2.07 6.51 1.19 L6.73 | 289.37
5 25 5.26 1.25 L.65 0.85 33.65 202.42
157.94- ThT .46
X = 3.95
g = 1.80
6 26 | 3.10 0.32 3.47 1.1k 26.29 39.81
7 27 | 3.68 1.22 5.41 1.17 36.38 177.79
» 8 28 | 2.27 1.19 3.91 0.68 24,72 |  85.98
8 9 29 | 3.9 1.47 6.06 . 39.85 261.38
5 10 30 |a.17 0.67 2.90 0.95 20.28 55.51
§ ' AR'S A 670.47
z X = 3.69
é' o 1.82
g 11 31 | 7.00 1.93 5.90 1.21 51.60 346.90
i 12 31 | 2.61 2.09 2.65 Q.79 21.03 66.53
< 13 31 [9.86. 3.54 6.71 7.0 | 66.30 | 708.97
3 14, 32 [3.08 0.52 3.60 0.27 | 26.74 90.69
15 32 | 1.54 0.51 1.85 1.25 | _13.58 27.35
179.25 | 1240.L4
X = L.u8
g = 3.329
16 38 | 2.03 0.40 2.69 1.07 | 18.89 43,42
17 39 | 2.719 1.92 3.28 1.12 2k .28 85.25
18 39 16.50 L.41 6.23 " 2.67 50.93 38L.12
19 Lo j19.bs 11.45 3L.78 11.78 216.94 6960.49
20 Lo | 3.33 59 2.82 1.13 2L.57 £9.62
335.61 | 7557.92
X = 8.309
J o= PP
Summary of Statistical Regsults for the 13-inch lNear Vision Task
Digtance, Two Different [llumination Levels and an Averaged
Illuminiting T eval
SHEET g
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Table 4 {Contd)

Ei Illumination Lo ‘Il;'.um:';nation . Both

Subject Age X q X g X £X2
21 b1 | 2.24 1 o.u3 | 2.30 0.59 18.13 L1.59
22 b1 3.38 0.70 6.19 3.53 38.30| 228.33
23 Lk 8.8 2.59 6.83° 0.94 60.43| 480.33
24 55 9.7 ! L.36 18.96 11.88 | 11L.83] 2178.96
25 Ls 21.66 21.69 6.35 L.91 112.031] 21Lo.77
' 343.72| 6078.98
X = 8.59
g = 9.C7T
26 ¥7 | 1.35 0.21 1.85 0.71 14.80 28.62
27 L9 2.47 1.47 2.21 1.25 18.73 52.36
28 so | .16 0.47 | 10.40 11.41 58.24| 795.19
29 50 23.67 T.07 22.L49 13.b42 18L4.61] L780.47
30 50 ji2.13 6.31 50.00 Ls.0o 248.53115023%.35
| 524,51 |20696.59
X = 13.12
. g = 19.05
31 51 9.26 L.87 13.65 13.87 91.64] 1574.25
32 51 k.98 1.86 10.33 7.60 61.2L| 663.87
33 s2 | 8.53 7.51 | ‘41.96 14.25 | 201.94| 7915.26
34 53 7.81 2.94 24,13 8.10° 127.75) 2732.98
35 53 3.21 0.61 10.19 T.52 53.611 53L.35
536.18|13479.212
A= 13.ke
g = 12,26
TOTALS '2225.13|50465.L5
X = T.95
g = 10.86

US 48C2 1434 R v, 8-6Y
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e BOEING coumans REV LIR '
Table §
Hf Illumination Lo Illumination Both‘
Sublect age | ¥ g X o IX rx? <
: 22 | 2.23 0.22 3,46 2.16 22.78 73.52 P
2 22 | 3.44 1.16 4.20 | | 1.83 30.56 | 128.43
3 24 | 3.11 0.86 2.45 0.50 22.25 64.98
4 24 | s5.01 1.62 5.42 2.13 S B1.T1 [ 233.97
5 25 | 6.15 2.59 k.30 1.65 L1.80 | 246.52
| 159720 | 752.87 3
X = 3.98 X
g = 1.77 1
6 26 | u.62 0.73 3.99 0.9% 3L,u4 | 152.22 1
7 27 | 3.86 0.5k b.21 1.61 32.70 | 1L0.56 E
> 8 28 |.3.26 ©1.28 3.09 0.39 25.41 8L.78
8 9 | 29 | 3.3% | 1.6 6.87 3.50 40.85 | 2614.0k
: 10 30 | 1.74 0.13 1.69 0.29 13.75 23.87
F | 17,15 | 665.47
& X = 3.68 4
% o = 1.81 ;
2 11 1 5.88 2.26 5.30 2.49 L6.T4 | 298.52 )
= 12 "1 | 2.18 0.36 2.03 - 0.30 16.81 | 35.86 :
w 13 31 |11.62 3.69 113.29 11.75 99.65 [ 1588.12 :
> 14 32 | 3.52 1.38 3.62 0.5k 28.58 | 107.07 :
15 | 32 | 1.26 0.22 |  1.33 0.45 | _11.27 |_ 16.29
202.95 | 2045.87
’ X = 5.07
c = 5.17
15 38 l'2.07 0.59 2.59 1.09 18.64 §7.40
17 39 | 1.7% 0.70" 2.10 1.06 15.37 | 33.k2
18 39 |10.17 8.43 8.42 4.09 TL.37 | 89c.11
19 Lo f10.73 .| 2.90 31,44 5.36 168.67 | 4497.383
20 bo | 2.98 0.36 b, L k.19 29.65 | 153.0y
o 306.70 [5527.30
T = 7.67
! . 7 o= 3,03 i
Summary of Stdtistical Resulss for the . desr Vision lasx
Distance, Two Differen- %%l::::?“ and an Averaged

P semE e n o
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NUMBER p162-10378-1Ty

U3 4802 tava oty ,  8-89

REV LIR ‘
Taole 5 (Contd)
Hi Illumination Zo Illumination Both
Sublect Aze , X o X o] X T 2
21 L1 ] 2. 40 0.6k 2.84 2.22 20.97|  67.k0
22 L1 €.78 1.30 3.38 1.53 @ Lko.631 228,48
23 s 7.90 3.21 5.23 1.49 52.52| 387.09
2k ks i 5.68 2.11 T.91 L.08 sL.36{ L26.8%
25 Ls 2L.86 20.57 3.93 c.70 115.14 3LBS.56
' 283.62] €06.37
X = 7.09
4 ¢ = ‘8.26
26 L7 1.63 0.4 | 1.90 0.32 1b.12 25 €7
27 L9 1.54 0.3k § 2.67 1.84 "16.8L L5.89
28 50 5.80 1.77 6.86 . 1.80 50.60] 336.63
29 50 29.72 11.72 30.80 6.51 2hz.0k| TT729.€9
3c so ! 1%.35 | 13.01 33.87 7.35 | 192.87| s91u.31
516.&7 1kes52.19
X = 12.91
g = 13.93
31 51 7.54 4.59 15.10 18.04 90.56| 1519.06
32 51 9.k5 6.76 8.99 7.58 73.76] $12.76
33 52 7.64 0.66 57.86 45,71 | 262.03]18328.43
34 53 9.93 3.81 30.15 . 17.33 160.30] L738.25
35 53 3.21 0.61 5.26 1.12 33.85 155,30
620.50} 26052.8¢
T = 15.51
X g = 20.79_
TOTALS 2236.L49}53803.47
X = 7.99
¢ = 11.37
SHEET o4
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e BLEING couean REV LIR .
Table 6
Hi‘Illumination Lo Illumination
Suby. #Age! zx - rx? X g rx £x? X_,

1 ! 22| 18.611 43.60 z.33§ 0.22 | 30.09 : 137.72 3.76i 2.00 ;
2 | 22| 2843 79.901 3.05] 0.93 | 33.16| 156.83 | u.15! 1.7
300 an| 2225 €s.an| 2.78) 0.73) 18.61| ub.u6 !t 2.33] 0. Lk
“ 0 oeb) L0.73) 223.03| s.09| 1.60 u7.71] 300.31 I 5.96 | 1.5 i
5 | 25| 15677 29039 s.7ail 1.3:| 35.73 | 162.05 bostloios

151.69 | 692.55| 3.79| 1.76 | 265.35 | 807.387 L.13 E 1.30

' |

6 | 26| 3c.89. x25.28| 3.86( 0.59 ! 25.8% ! 116.75 | 3.73 0.5k

7 27| 30.20 | 118.07! 3.78] 0.81] 38.88 | 20c0.23 | u.e6| 1.3¢

8 28 | z22.14 70.¢9| 2.771 1.20 ] 27.99 | :0c.67 g 3.5¢ | 0.67

9 29 ) 29.00 113.65 3.63) 1.18 31.79 L11.77 + 6.6} 2,56

10 30 _15.67 32.12! 1.96f 0.48 ] 13,136 L7.26 ! 2.39 | c.9:

127.90 | u459.21 ) z2.20| 1.15 | 1€5.77 876.73 ' L.i7 ] 2.1%3

11 31) 51.52 ) 354%.16| 6.LL} 1.91 ] L€.52 291.26 | 5.85]1.¢2

iz 311 19.1% 56.29 | 2.391 1.31] 18.7 k6.1 2.2L4 ) 0.8z

13 31| 85.96 | 988.70 | 15.75]'3.26 | 79.99 [ 1308.39 "10.00] 9.1z

1k 321 26.431 92.61 3.30 0.931 223.89 | 105.15; 3.61 1) 0.3"

1s 32 _211.23 16.61] 1.40} 0.27 | i3.52 27.04 .€9 1.5z

194.28 | 1508.37 | 4.86 3.85 [ 187.92 | 1777.5L | & 7oi k.95

16 38| 16.L1 34.801 2.05] 0.k3| z21.12 61.02 2.6h‘ 0.33

17 ' 39} 18.12 52.62| 2.27! 1.3 21.53 66,66 | 2.69! 1.12

18 39| 66.70 786.71 1 8.34) 6.14 | s8.60 | Lga2.52 ., 7.33 3.2

13 401 120.72 | 2287.62) 15.09| 8.72 | 264.99 | 3170.25 33118000

20 | 40| '25.22 50.811 3.15] 0.4 z9.0 152.8c | 3.3 2.73

2LT.17 | 32L2.56 6.:18] 6. 395.14% | 95L2.8% §.38 li2.35¢

1
Summary 9f Statistical Resules for an Averaged Work Distance
at Twe Diffar T Illaminatlion Levels

US 4272 'ava TEY. 9.8
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- NUMBER D16

-

10378-1T:

e BLEING . ueany REV LR
Table € (Zontd)
Ki Illumination Lo Illumization
Suty. Aze| tx rx? X o £x rx? i 5
21 k1| 18.56 LL 46| 2.32] 0.48 '2c.sh; r6h.53! 2.571 1.39
22 b1 u0.6%1 234.39] s5.c81 2.1k 38.29' 232.%21 .79l 2.83
23 L4} 65.49 ) STL.98 | 6.19] 2.52] L7T.46] 292.%k| 5.937-1.33
24 kS| 61.70| S561.66| 7.711 3.75| 107.:90 20uh.1k| 13.k4] 9.30
25 L5 | 186.05) €357.3L4 | 22.26}18.21 hl.lE! 278.407 5.14) 3.3
| 372.84 | 7773.33 | 9.3210.6: | 25L.50) 2siz.c2| 6.37] 5.22
)

25 s7| 13.92 24.79 ] 1.78] 2.30! 15.00 29.%0] 1.88] c.i7
27 , 49} 16.06 39.09 | 2.c1f 1.06] 119.51 $9.16] 2.kk| 1.37
23 | sol 39.821 211.09 4.98( 1.45| 6s.c2] 920.73| E.€3f T.27
29 50| 213.53, 5194.06 | 26.49, £.539| z13.12] £31€6.10) 26.44l1c.21
30 504 195.92 | 183z.40 13.2hl §.85( 335 L&n:?céé.eé! 11.94128.57
389.25 8351.1;3‘i 9.73{10.96 £32.1 325391.755 1€.30122.3%

31 ‘ 51| 67.22| 67i.uc | 8.ko} L.17 11%.98 25;1.91i 1b.37]13.82
32 si1l s7.73| sé7.32 | 7.22| L.36| ~T.27 :oc9.;1i 9.65 6.55
23 52 4.63 | 652.u2 | 8.09] L4.60] 299.25125592.27; 49.92]3c.u]
34 s3| 7o.9u| 69c.20 ! 8.87| 3.16] 217.11 6788.03! 27.:u]1z.00
35 53| 25.67 84,04 | 2.21] 0.5 2,79 6gss.1:1| 7.72] s.ucC
286.2b4 | 2665.38 | T.16f 4.c2| S7TC.ui{368€67.63) 21.7éf21.7L

) - ——
TOTALS 1768.57 [24€92.83  6.32 6.97 |2£32.65 79576.10  9.62 13.9¢
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Tadble 7
Sum All Conditicns
13" 26" ¥y Subect
Sudbj. Aze X c X TLx rrx? X

1 22 3.24 1.75 | 2.85[ 1.49 ] L8.70| 181.33[ 3.0 1.53
2 22 | 3.38 1.66 | 3.82) 1.38| s7.s59| 236.73] 3.60] 1.5
3 2L 2.33 0.47 | 2.781 0.71| Lc.86] 109.60| 2.55| 0.61
L 24 5.8L 1.6% | s.21| 1.6k ) 38.44| 523.3L] 5.53} 1.57
5 25| 4.96 0.98 | s5.23] 2.14 | 81.u5] u48.03] s.cof 1.5%
23.% 317.04} 1499.93 | 3.96( 1.77

5 . 2§ 3.29 0.75 | 4.31} 0.80] 60.73| 2k2.03} 3.80) 0.9:
7 27 L.55 1.2 | 4.09} 1.06| 69.08| 318.35( 4.32| 1.29
8 28 3.09 1.25 | 3.15] 0.32| s$0.13| 170.76 | 3.13| C.%¢%
9 29 4.98 3.20 | 5.11] 3.01| 8o0. 525.42 | s5.0u| 2.5¢
12 30 | 2.54 0.82 | 1.72] 0.20 | _3k.03 79.28{ 2.13} 0.7z
28.0 ‘ 294.67| 1335.95 | 3.68( 1.73

11 31 6.45 1.52 84| 2.04 98.34 €us. k2 6.15) 1.72
12 31 2.63 1.36 | 2.10| 0.3¢ | 37.84| 102.39| 2.37| 0.9¢
13 31} 8.29 5.10 {12.%6 ] 7.53 | 165.95] 2297.09 | 10.37] 6.LC
14 32 3.34 0.46 .57l o0.90| ss5.32| 197.76| 3.46} c.8¢
15 32 | L.70 0.84 Lacl 0.3k 24,75 L3.65 | _1.55} 2.6z
31,4 332.20 3286.31 | &4.781{ ..3:2

15 38 2.36 0.79 2.334 6.3¢ 37.53 95.82 2.35| c.7b
17 39 3.0b 1.37 | 1.92| 0.80| 33.65| 118.68} 2.u8]| 1.2:
18 39 6.37 3.13 | 9.30) 5.77 | 125.30] 1279.23 | 7.33| u.5.
19 Lo 27.12 13.26 [21.08(12.Lkn | 2385.61{11457.87 | cLk.10]12.542
20 Lo f 3.07 0.32 | 3.71) 2.68| _sk.22| 223.61| _3.37| 1.3%
33.2 642,31 (13135.2. 8.03410.1%
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 Table 7 (Conta)

Suz All Conditions

U 21%32 ta3emPv, o488

3" 26" by Subject
Subi. Age X g X o TIx rrx2
21 L1 2.27 0.29] 2.62) 1.42] 39.10] 108.99 0
22 b1 L.79 2.71| s5.08| 2.29| 78.93] 1466.81] 2.
23 Ly 7.55 1.97| 6.57) 2.63] 112.95] B867.k2 2.
24 ks {1k.35 9.31| 6.80}) 3.06| 169.19] 2605.30 T.
25 . 45 Jis.o0 16.07 | 14.39]17.28] 227.17| _6636.33 c.
k3.2 627.34] 10635.35 g.
26 | 7 1.85 0.45 | 1.77| 0.35] =28.92 54.29 9.
27 g 2.3L 1.18} 2.11} 1.3:] 3s.57] 98.25 .22 1.17
28 50 7.28 7.78 | 6.33| 1.65| 128.8L 1131.82 .80 5.28
29 50 [23.08 9.22 | 30.26| 8.15} 426.65] 12510.1€ A7 8.93
' 30 50 _j31.07 3b.55 | 2b.11 1k 37 kL1, kel 20948.58 .59 124,33
‘ - k9.2 1041.38] 3L4743.18 .02.{16.43
31 51 |11.%6 9.25 | 11.32|12.08] 182.20] 3L93.31 3 |10.
32 | s1 ] 7.66 5.64 ] 9.22| 6.16| 135.20] 1576.63 a5,
33 52 25.24 21.k45 ] 32.75(29.89] 463.97| 2624k .69 .00 |30.
3L 53 15.97 10.69 | 20.0b 79] 2383.05] Tu78.23 .00 i2.
35 53 | 6.70 6.07| 4.23] 1.80]_ B7.46| 7%0.15 Ltk
 52.0 1156.68] 39533.01 | 14.46
TOTALS LL61.62|04268.93 .97
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9.3

RAd DATA
FOCUS

Tables 8 through 14 illustrate levels of subjective

- SUBJECTIVE SZINSITIVITY TO CHANGES IN CCULAR

focus for different age groups.

avareness to low power spherical lens induced changes in ocular
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9.4 LASER OPTOMETER

Although the laser had been used to measure the refractive
state of the eye befﬁre, the speéific lompetus for its applicacion
to the preseant problem stemmed from a visic of the second author
to the iabqratoty of R.'T. Hennessy and H. W. Leibowitz at
Pennsylvanié State University (see references below). -

| The laser used in this study was a helium—ﬁ;on (HeYe)
gas laser w;ih a power rating of one millivatt. HelNe l;sers emit
‘light in a very narrow spectral band (633 n;nome:ers). - It was
expected that ﬁonochroﬁaticnlight from one end or the visible
spectrum might be associated with.a refractive state which wquid
differ from that evidenced in white light. However, fesults‘of
tests with the laser optometer were no greater than one eighth
Aiopter different from the results obtained (by the genior author
who is a qualified optométfist)‘ﬁith standard clinical refraction
techniques.

Subjects were provided any correction needed, spherical or
cylindrical, to permiE them to perceive random, non-direttional
motion in the laser optometer located 20 feet from the subject.
There was no attempt to assure preéise accoemmodation for the near
task or to measure it., However; the subject did 5ave‘to accommodare
sufflciently to read the prinCéd =aterial used for the near -~isk.

The small (1 cm) beém of light was di;ergvd by % lens in
front of the lagser and cast on‘a drum which rotated at approximacely

one-3ixth cvele per hour. The laser scintillation pattern is due

to the reflecred laser light from the curved surface of the drum.
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In no instant did the subject look directly at the light as it came
from the laser. The laser optometer was constructed so that no
direct viewing of the lasef vas pogsible.

It is important to note that the laser scintillation
pattern is not a stimulus to accommodation. The light granules {in
the sciniillation paf:etn'are distinct whether one is accommodated
for the drum or for some other distance. There is some unidirgq-
tional flow wﬁen the drum is revolving 1if the eye 13 accommodated
for some ocher‘distance. Because the laser scintillation pattern is
not a siimulus to accommodation, the drum was framed by a high
contrast target of alternating white and black bar; oriented
obliquely. This‘accommodatign target was given its own indepénden;
illumination.

Another aspect of the appearancé of the laser scintillation
pattern deserves genfion. The granules appear la;ger when seeﬁ
through a small aperture. Thus, uﬁder high ambient lightnwhere the
pupil of the eye is more constricted, the granules apéear larger
than under low ambient light where the pupil is la;ger. Subjectively
the task of reporting when the direcﬁional Qotion of the granules
has changed tola random motion i3 easier when the granules are
larger. Therefore, deciding when this change occurs could be more
difficult under low illgminaﬁion, with a corresponding increase ia

reported accommodation time.
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