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Dear Dr. Brimhall:

Attached 1s a report erntitlad The Effect of Trainipg on Acuity, by
Frank N. Low, sutmitted by ihe Committes on Selection and Training of Air-
craft Pilots with the recommendation that it be included in the series of
Tectmical Reports of the Division of Research Civil Aeronautica Admini-
atration,
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Earlier experiments conducted by the Committee suggested that peri-
pheral vision played a significaqt role in pilot performence, particularly’
during the approach end landing.'s therelfore seemed fitting to under-
take research directed townrds tne ROTe exact and reliable measurement of
individual differences in acuity of peripheral vision end towards investi-
gating the poasibility of improving peripheral vision through tralning.
The attached report is devoted to a discussion of the results of such ex-
periments., Of particular interest in this report are the findings con-
cerning the improvement of peripheral visgion with traiming. These suggest
the need of further experimentation deslgred especially to determine the
transfer of training of the type recommerdel in this report to the actual
flying situation,
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FOREYIORD

The course of systematic training reported here 1a an cutgrowth
of earlier research in perijhersl vislon conducted under grants-in-
ald from the Committee on Aviation ledicine. The present study, con-
ducted under the auspices of the Committee on Selection and Training
of Aireraft Pllots, represents an extended investigation to answer
certain questions posited by this earlier research.

Acknowledgment and thanks are due to Dr. R. C. Rogers, formerly
of the Editorial Staff of the Committee on Selection and Training of
Alircraft Pllots, for ald and advice in the design of the investiga-
tion, to the Navael Commands at Chapel Hill, Rorth Carolina, to the
administrative officesof the University of North Carolina, and to
. students and others for making possible the successful campletion
of this project.l . )

1the author is now connected with the Department of Anatomy,
Johns Hopkins Medical School, Baltimore, Maryland,
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This report is concerned with a course of systemsatic training of per-
1pheral vision carried out under the auspioes of the Hational Research

Council Committee on Seleotion and Training of Airoraft Pilots. Suoh train-

ing wap believed to be of value since problems encountersd in the landing
and take-off of airoraft suggssted that peripheral visuel aculty might at
times be a critical factor determining pllot performance.

The apparetus employed in the investigstlon was & hand-operated perim-
eter with a primary erm supported from the bass, which deterained the mer-
1dian along which the test objsct could be set, and a secondary arm sup-
ported by the primary arm which determined the angular deviation of the :
object from the line of vigion. The end of the secondary arm supported an
attachment with a shutter which provided for the rapid exposure of test ob-
Jects,

The test objecta consisted of Lendolt Broken Circles In fourtean sizes,
four types of airplane silhousttes ssch in five sisgea, and Isclated Forms
composed of four isclated mmall objects, three squares and one circle,
erranged on the circumference of an imsginary parent sirele.

In the training regime an initial test {aculty) was given with a check
test every fourth period thereafter. In the intervening perlods there was
practice with airplane siihouettes. ¥hen working with the airplane eil-
houettas the sublects ldentified the directior the plane was pointing ace
cording to the criterion of four congecutive correct answers before two
nissea. The identificmtions were begun 20 dagrees from the line of vision
and the plane moved out 10 degrees upon successful identifiestion., Thie
was repeated umtil the subjeet failed, The test chjest wes then moved 5
degrees inward to get a reading socurate to 5 degrees. The greatest angu-
lar deviation at/which the subject was successful was recorded. When the
procedura was completed for one eye the operator znd subject changed places.

Speclal teate included in the tralning regime were the Rotated Merid-
jens Test (the subject was tested with circles on meridians located halfway
between the meridians tested and trained), the Night Visual Acuity Test {in
which the circle test wae rur under scotopic conditioms), and the Rapid
Recognition Test {in which ths eircle test wss run with a shutter in the

line of peripheral vision -- exposures for all determinations being set at
1/5 sscond}, -

The tranafer technigues uzed in the trzining regime included 1) the
Isclated Forms described above, 2) ten tries at ldentifying the breek in
a'Ro. 10 circle at 90 degrees from the line of vision on the "out® and
"down and cut" meridisns im each oye, snd (2) the Non-perimetric Binccular
Test., In the lattser test the gubject fixsted a button 15 degrees to the
right and then 15 degrees to ths left. When fixating 15 degress above
apd then below, {cn tries were glver with a erize No, 5 alrcle.
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The subjecte were naval and oivilian studenis enrclled at the Univer-

AR sity of North Carolina in s course designed for the testing and tralning of

L peripheral vigual acuity. The 43 subjeots were divided imto two groups.

'Group II (K = 25) received one less perlod tham Group I (N = 18), A Rapid s
Recognition Test was given to Group II on Perlod 2, Certain of the trans-

fer tests given at the beginning and end of the course were allocated to

the two groups at different periods. OGroup II received a Non-perimetrio

Binecular Transfer T’eat' on the last period.

3
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Three types of scores were derived {(amoulty, millimeter variability,
and percentile steadiness soores), and the averages of thess scores for
the eight straight tests for the two groups (N = 43) were compared, The
ocurve for the acuity scores appesred to improve rapidly and then indicated
a tendency to level off, The curve for the millimeter variability scores
showed the same form as the aculty scores curve so that the ourve for the
percentile steadiness scores tended to be flat, Data for the specisl tests.
apnd transfer tests { Rapid Recognition Test, Night Visual Acuity Test,-
Rotated Meridians Test, Tests with No. 10 Circle st 90 degrees, Non-peri-

e S R TR T T MO, o T T

i setric Binocular Test, and the Monocular Trensfer Test) indicated that ime
g provement in peripheral vigual acuity under esch of thess test conditions
EIRE ocourred. . ‘

£ Correlations of acuity, millimeter variability, and percentile steadi-
% ness scores derived from the eight straight tests were obtained for the two
& ~ groups (K »43). The findinga indicated that:

oy 1, Correlations of the sculty scores of the first straight test with
e subssquent straight tests were all significant at the 1f level of
£ confidence, with the exception of the correlation of the eighth

i straight test with the first, where the r did not reach an accept-
3 able level of significenoce.

‘ 2, Correlations of the aculty scores with the mm. variabllity scores
- . on the same test were all aigrifisant, ranging from .,7 to .78. .
v These correlations showed 1ittle tendency to improve during the

: course of training, .

3. The r's of the acuity scores with the percentile steadiness scores
on . the sems test did mot reach an scosptabls level of algnifieance,

4. The mm. variability soores showed significant test-retest correla-
tions in 4 out of 6 cases, but none of the coeffiocients was high.

oahy et L) JERG -
R
" - EAR

; 5., The sm. variability soores ocorrelated with the percentile steadi-
A ness spcores on the same test with significant ocefficlents in all
cases, . B

g 6. The percentile steadineas soores falled to correlate with each
;w . other significantly, either on a test-retest basis or in terms
BN of the relationship of the initial score to those of any subse-
'E;;g;'; B quent test, C ,

we FT

L




The scores of the special tests conducted towvard the end of the train-

ing procedure were correlated with the scores of the 2th straigk (final)
test. Acuity with rotated meridisns correlated .85 with the acu ty of tho
3th test, vhile acuity with rapid recognition correlated with ac ity on tas
8th test with an r of ,74., It vas observed that acuity with rap 4 recogni-
tion correlatad .63 vith night visual acuity, sugpesting the pos 1bllity ~f
substltuting the easily acquired rapid recognition scores for tb . difficult.
to-obtain night visuel ascuilty measures.

|



, EFFECT OF TRAINING OR ACUITY OF PERIPRERAL VISIUN

INTRODUCTIOR

The fundamental pheromensa sssociated with the aouity of peripberal
vision were irvoatigated by workers of the German school during the lat-
ter half of the 19th century, The nucleus of their findings has been -
reviewed by Duke-Elder} in his reference Textbook of Ophthalmology.
Thelr work wee mainly qualjtative end very small numbers of subjoota
were uaod

The unusual demands ¢f modern aviation on pilot efficiency has re-
vived interest in peripheral visusi function. Problems ercountered in the
landing and take-off of alroraft have suggested that peripheral visual
acuity may at timsp be a critical fsotor determining pilot performance.
This new interest led to the development of a standerdized measure of per-
ipheral acuiiy. The results of these studies have been reported in two
groups of 100 subjects each, the first measured with photopid illumina-
tion< and the seccnd with scotopic illumination.3 These tests established
the normal distribution of scores to be expected in an unselected group of
subjecim, and have served, with occasgional modification, as the measures
of our subjects’ peripheral scuity in the present atudy.

An intereatling feature of practical lmportance diacovered by the ear-

lier workers was the tendency for peripheral acuity to improve through
“practice, Dotrowolsky end Galne® raported lmprovement up to the end of
the gixth week through ceily practlice periods. Would this increased
acvity be sufficient to improve performance? Could a satisfactory tech-
nique for this be devised! The writer undertook the treining of a amall
group of five subjsola under the sponsorship of the Committee on Aviation
Medioine (CMR-OSRO) . Tha improvement proved to be quantitatively great
but unfortunately siow, the ursocess being unfinished after seventeen
dally one~hour sessiuns of- pracvice. Could the technique be adapted for
the training of Jarge groves of indivlduals? I'o the results of the train-
ing transfer to othar situstiounr, both ia and out of the laboratory, to

night viwaed ssuity, bo srectncal conditiona in outside 1ife? This report
deals with an investigetlion conducted under tie ausplces of the Nationai
Resgearch Coungll Committas on Selectlon and Tralning of Alroraft Pllots

to anawer these questlions with pariicular reference to the posgible use-
Pulness of 1t Iin the training ol vilots,

sy

j'DuIm-l‘IILn:‘ler‘rL Sir %, ¥, Terlook of gohthslmology. St. Louiss C. V.,
Masty Co., 1944,

> 12Lﬂ',§zé Né‘ TE;Lperipﬁeraj vienal peuity of 100 subjlects. Am. J.
MGu ] 'I*"zi E"u

3Luw” F. N. Tthe peripberal visusl souity of 100 subjects under sco-
topic conditions. Am. J Thralol., 145, 21, 1246,
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The apparatus used in earlier resserch hes besn described in a pre-
vious report.? It consisted of & 25 centimeter periméter with an attach-
ment for constant 1llumination. Teetc were run in a black booth, the opera-
tor wearing black gown and gloves. In the investigation reported here, an
improved design of this equipment wes employed since the nature of the
problem and pravious experiences with teclmnique made ¢lear the nsed for an
instrument which would facilitate the changes in tergets and test cbjects,

The .improved perimeter was hand operated and so canstructed that 1t
included attachments consisting of e shutter for the rapld expoaure of test
'~ objects. The machine consiszted esseniially of a primary sra mounted on a
bearing which was tiited downward and forward at an angle of 10 degrees,
The primary arm was roughly circular and supported & secondery arm at a
bearing which was directly above the subject's head whan the inatrument
was in zerc position. The secondary srm supported the test object 25 centi-
meters from the subject's sye. A blind was loceted betwsen the test object
and the subjedt's sye, The secondery arm rotated around the bearing which
connected it with the primary arm in such a manner as to describe a merigd-
ian, The meridian was altered by rotsting the primary arm which was fitted
with a dial indicating its position. The seccndary erm would then rotate
in whatever meridian specified by ibis "set" end the angular deviation of
the test object from the line of vision was .indicated by a dial mounted
high on the primary arm, The portion of the secondary arm holding the
teat object was a0 conatructed that when a test object was inserted into
the holder it could be placed in any of the four possible positions by the
operator'a hand, which waa concealed from the subject by a large shield.
The blind which either obeoured or revealed thes test object could alsc be
operated from behind the shisld., During the setiing of a test object it
was not necessary for the operstor to reach in front of the test object
or to interfere with the line of the subject's vision. The test cbject
wap illuminated by a 60-watt Mazds lamp, which waa mounted on the secondary
arm which moved with it, thus insuring an abaolutely constant scurce of il-
lumination throughout the test. Both arms wsre counter-weighted.

. The end of the secondary.arm was constructed to hold e rod, which sup-
ported a photographic shutter in such s manner that the slmtter was always
in the line of peripheral vision. This attachment provided for controlling.
time of exposure of objects used in the speed of recognition tesats.

Teats objects employed wers as follows:
' 1. Circles. Each unit of apparatus was squipped with & set of Lan-

dolt Broken Circles (rings) of fourteen sizes (sse Table 1), photographi~-
cally printed in black on white paper. TYThe photographs were 75 millimeteras

o7 a: 1 € ,qc‘ g ond-I- S L .
iraining of periphersel visual ecuity. 1943. Design in the files of the
Committee on Selection and Training of Aircraft Pilots.
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TABLE 1
DATA ON BROKEN CIRCLES USED IN TESTING

Equivslent ¥idth of Dianster
fimad in Bresk in Circle of Clrele

g L13% .25 1.25

40 .53 2.7%
1 .73 .90 4s5
ik 1.2 1.4 7.0
2 1.7 1.9 9.5
2% 2.2 2.4 12.0
3 2.6 2.8 14.0
A 2.5 4.1 20.5
5 4.5 4.8 240
6 5.3 5.7 28.5
7 6.2 6.7 33.5
8 7.2 7.6 38,0
9 8.3 8.9 A5
10 9.3 9.7 48,5

10x 10.4 '

*For exampie, .13 represents the value midway between zerc and 253
40 the wvalue pidway betwsen .25 mnd .55, etc,

square, with the circle in the center, and.paatad on & metal target which
fittéd into the target holder om the and of the secondary arm,

2. & e O uettes. @A gzet of four types of airplane silhousttes
sach in five sizes %50 mm., 25 Wr., 10 mm,; 5 nm., and 24 mm.) accompanisd
a unit of equipment., The four 3 of planas, selected arbitrarily, dif-
fered considerably in general fdrm. They were selected with reference to
the greatest poesible range of 4ifficulty, as revealed by prelininary ex~
parimentation. .

N
3. lsolated Forms. Each dnit of apparatus was equipped with a special
sat of test objacte for transfey studius $§§§ Pigure 1). The test object
solected for these transfer studies consisted of four isoleted small objects,
three squares and one circle, which wer¢ arranged on the circumference of an
imaginary parent clrele. The oritarion of diserimination wae s signaling of
the position of the small circle as distingulshed from the small squaras of
the same diemeter. This dipcrimination imvolved an snalysis of isolated
forms and a daistinction between their respective shapes. In the prasant
investigation test objects of this type srrangsd sround imaginary perent
eirclas of 25 millimeters and 10 miliimsters in dlameter wers uvesd in the
maner described on poge 8, '
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ODther Ltew. "0 apperBin. weogsed 2 e aoneeliglton ward The Follows

ing:

i Fixetion Buftons. Theso consisted of a wlite circis 10 millimeters
in diemster with black center, with the domen uumerals I, I, I1I, and ITXT
arranged around the centsr point in posltions which gorresponded to the fours
positions of the fiest ohiect. For the axperimsntal work on night wvision, e
gpacial gelf-lumincug fixstion button of the same design was emgleyadﬁé The
active elerent was an orangs self-luainous raterial recently developed, be-
lieved to have e negligible effcet on dark udaptation, but bright enough
to stimlate central vision. -

2. Dark Adapiation Gopples  Curing the 30=mircte perded of dark adapi-
ation required bafore entering the darkensd room for nipght visual ascully tests,
the subjects wors Polarcid Derk ASsutor Lens {pon-polsrizing ZDABFAP).

3. Bputters. Ilex No. 4 Paiverszal shatters wers ewxployed. Short
cable releases were attachea and the s%gtters,coulé be timed for permansnt
axposure or for exposures »f i, /2. :./5, 1710, 1/25, 1/50, and 1/100 of &
sacond . '

L. Apparstus for Binoeular Tranefer Test. A cardboard carrler, 300
millimeters squars, was conatructod to bold m set of lLandolt cireles of the
same glzep ap used on the perimeter, When inserted the black circle appearsd
in the center o the carrler which was faced wiith white photographice paper .
The cerrier wae mounted so that it could be revolved, the break in the ocirecle
pointing up, down, right, or left. It was brighily illuminated and fimstion
buttons were placed above, below, to the right, and to the left so the test
objects would be 15 degreea from the line of vislon of a subject seated 175
centimeters distant,

The laboratory layout in which the testing and training were done wes
constructed with overhead supporte from which black cloth was draped from
a helght of 7 fest to 1 foot from the Ffloor. The draplag wes so compart-
mented 8e to provide & series of booths 46 inches wide and 4} inches deep.
In sach booth wrs a black table with a perioster. The test oblects on the
table were concealed from the view of the subject by blipis of sardboard
covered with black cloth, Efferte wore made to keep the visible portion of
the tsble top clear of objects whizh might provide non-homogepeous surrounds,
The subjects sat facing Into the booth, the operator standing in 1t. At times,
mfortunstely, this mede it difficulil for the inatructor to check [ixzation.

SUBJECTE

The subjects were paval and civiiisn students at the Unlvereity of
¥orth Carolina, enrolled in & course desigped for the testing and training

&Thsae gelf-luminous fization rttons were prepared by the U, 5. Radios
Corporation.
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of periphern) visual scuity. OGroup I, Including Subjects 1 to 19, waa
trained in twice-weskly laboratory periods from July to October, 1944.
Suhject 20 was & volunteer who was trained with Group T at the rate of

four laboratory periods weekly during July and August, 1944. No special
texts were taken by her. Group 1Y, including Bubjects 21 to 47, was
trained from November, 1944, o Fehruary, 1945. Late reglatration in the
second group nscesaltated "make~up™ leboratories. The sctual time in trein-
ing was aboul two weaks less for Subjescts <4 to 47 and for Subjecte 21 to 23,

who commenced .training at the begimning of the trimester. Of the 47 sub-

jecta cooprieing Groups 1 and II, 43 completed the course. The precise
difference batwsan the Lraining of the two groups 18 to be found in Apper-
dix B,

PROCEDURES

nm.mmm;m The testing procedurs has been de-
" scribed in an esriler eludy 7. An operstor's mabual describing the tasting

method is included in Appendix A, 1t contalns & description of the hand-
operated quantitative perimeter and ip sufficlently detailed tc make test
operation possibie; provided 2nm instrumant 1a aveilable for examination
during the reading of ths manpal.

Appendix B conteins the scors sheaete for the progreasive tagts and
training pericds as they wera used in *tke traluing course, as well as a
brisf description of the training techiniques. The regime provided for an
initial test (acuity) with & check teet every fourth pericd thereaftsr.
In the intervening periods thare wae practice with airplene silhouettes.
The type and size o! ths planes and the meridiens to be trained have been
epecified on the training shasts in Appandix 8.

When working with ths sirplene eiihousttas the pubjects identify the
dirsgtion the plane is pointing, mccorcing to the critericn of four con-
sacutive corract answers before twe alrsez. The ideptificetions ars begue

. at 20 degrees from the line of visicn and the plane is moved outward 1C de

grees upon succesglul identificaticn, This is repeated until ths subject
faila. The teat cbject is then moved 5 dsgresemr inward to get a reading
acourate to % degrees. The greatest angulsr devlation al which the subject
1s successful is recorded on the training sheat, 7This general procedurs is
followed until ali of the mpecifled opwretions have beon namglatad for one
eye. Operator and subjset then change placas.

Special testa® incluned in the traiaing rogine were as follows:

ted Meridisge The sublacts were tested with circles on mer-
idies 106& h&l? vay betwsen the meri&ians normally testsd and trained.
{(See Figure 2.. A 30 degres point on “he passl horigontal meridian

- e

?Lon, T. B, Qp, eit  (Sea footnete I of this veporit.)

SScora gheets for thasa tests ars found an Appendix H.
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was included. : '

R, Hight Visual Aculty. The usual circle test was run under scotople
conditions, The i{llumination was reduced to scotopic range and was set with
a photometer.

3. Ennid_ﬂ!gggniﬁigna The usual circle tast was run with a shutter
in the line of peripheral vision., Exposure for all determinations wae set
ﬂt’ 1/5 mondo "

The techniqus used for thess tosts was the same ma for a normal circle
test (acuity) except for the indiceted changes.

The following transfer studies? were included ia the training regime:

1. Iggla&gﬂ_&nfgg. Test objects consisting of three squeres and a
circls, (sae Figure 1) were arrangsd on four points of an imaginary parent
circle, This type of test object with parent cirole diameters of 25 mm.
aod 10 mm, wae used on the temporal horizontal meridians, The test object
wap started at 20 degrees and "pushed outward™ with tha technique desoribed
for tralning with airplane silhouettea, The subjects aignaled the position
of the circle, Thls was done with both sizes in sach aye.

2. Na, 10 Circle st 90 Degrees. Each subject was given ten tries at
1dentifying the position of the break in a No, 10 circle at 90 degrees from
the line of vision on the "out” and "down and out" (45 degrees) meridians
in each eye. The score for each point was the number of correct answers,

40 being a perfesct acors. '

3. Honvperimeiric Binoouler Tezt. The subject was seated 175 cm. from
8 300 mm, white aquars, wlth circle test objects in its center. Aculty was
neasurad by the ususl success criteria with the subjeot first fixating on
the button 15 degrees to his right and then 15 degrees to his left, WKhen
fixating 15 degrees above and then belcw, ten tries were given with a size

No. 5 circle. Twenty was a perfect nscore for thess two points.

Ihe Iraining Course. The training course used 1n thls experiment cone-
silsted essentially of an initial circle test on the firat period and a check
test every fourth period thersafter. On the intervening groups of three
pericds each the subjeots were trained with airplane silhouettes, Modi-
fications of this genersl pattern were necessary to accommodate transfer
tests., Differsnces in the mumber of poriods aveilable also necessitated
some differsnces between the two groups.

The two groups recelved the same general training but differed in de-
tail. Giroup II received one less periocd., A rapid recognition test was
given to Group II on Period 2, the remainder of the training and testing
pericds being displaced., Group II did not have perlods corresponding to

PScore ‘sheets for these taste are found in Appendix B,
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Porlods 24 or 25. Certalin of the transfer tests given at the ba

and snd of the courss were given to the two groups on differant periods.
Group II received a non-psrimetric binoculsr transfer test on the last per-
104, Thase distinotions between the training of the two groups are Indi-
cated in the schema {ses page 36) and on the training sheets in Appendix B,

The plane types, sigzes, and meridimns used om each period are specil-
fied on the score sheete in Appendix B, These were chosen with reference
to the ability of the groups trained, The first group of three training
periods are sc chosen that failure does not occur until the test object is
far removed from the line of wislon., Succesding groups, of three training
periods each, have plane types and sizes of such difficulty that the polnt
of fallure gredualiy approsches the line of wvielon. Periods 14 to 16 pra~
sent great difficulty, feilure ocourring near the line of vision. In other
words, the task of the average subject has been increased in diffieculty
more rapidly than his aculty improves. The result of this is that his point.
of fallure gradually approaches the line of vlsion. The cholce of plane type
and size has alsc been adjusted to the restriocted field on the "up,” "down,"
and "up and out” meridiene. Here smaller slzes are necessary to cause fali-
ure within the field, thus providing a sure tax on the subjsotts abllity,

In designing future applications of the training regime a thorough in=-
vestigation of plane type, aize, and meridisn should be undertaken. Too
large slzes for any stage of the training will csuse the subject to run the
test object out of his field, Too small sizes will cause fallure at the
least deviatlion possible (20 degrees). DBoth of these errors destroy the
effectivenean of the training, the aﬁm bsing to run the subject from sure
success to sure fallure,

A questionnaire (see Appendix C) on the subjective effects of the train-
ing was £1lled out by Group I near the middle of the course. The same gques-
tlonneire was filled ocut by Group II at the end of the coursse.

The laboratory periods were two hours long, Farly in the course when
the technique was unfariliar snd tranefer testa were included the technigue
took longer than two houra, Later in the course many subjects were finished
in less than the sllotted time. '

RESULTS

grlye 20rg8, The primary measure of the subject's
(bilizy to resclve éetail in the periphery is a summation of the eguivelents
of 14 individual msasures of this ability, tsken durlng a single test, In
the 100 subjects previously reportedl{ this score averaged 47.9 with ex-
tremas at 13,2 (best) and 111 {worat). The present group of 43 subjects,
testad before training when their scores were comparable to the original
group of 100, averaged 44.4 wlth extremes at 26,5 and 72.0 as-indlcated in

lQLon, F; . Qp, git. (See footnots 2 of this report.}
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* one-dimensional, The arsa of the smallest break
. 1dentified, being two dimeneional, 18 a truer index of the svbject's abil-

Table D-1, Appendix D. Similar tests were made every fourth period dur-
ing the training regime and are called "straight" teests to distinguish

‘"them from other Landolt circle tests made under differing conditions such

es rapid recognition, night visuel eculty, etc, The progress of the
trainees in developing better acuity is indicated in the concluding page
of Table D~1, Appendix D, The final acuity ascores averaged 13.3, repre-
santing 334% of the starting score. This measurs, however, 1s linear or
tor circle) that can be

ity eince it represents the retinal area atimulated by the test object.

On this basls of caloulation it is found that, after training, e subject
can identify simple form in a retinal ares ohly one=-eleventh tha size of
the minimm area nscespary for sucaessful stimulatlion before training,

Or, given atimulation of the same retinal ares necessary for perception
of simple form before training, the trained subject should be able to make
out eleven tlmes as much dotail. In the practical sense the trained sub-
ject should be aleven times ag efficlept in his responses to peripheral
stimmli, other conditions being the same, as &an untrained ind:l.vidunl.

The extremes of formenoe in aouity are represanted in subjeots
T-35 (best) end T-34 (worst). T-35 reached about 1200 psr cent of his own
starting scors lndicating an efficiency one hundred forty-four times as
great. T34 reached 159 per cemt of the starting score indicating an ef-
flciency barely 2% timee as great. Ths frequency distributions of these
aculity scores before and after training are presented in Figure 3. Thare
is only a slight overlap between the distributions of these scores before
and after tralning. The progress of the mean sculty scores during the
progress of the training regime is presented, along with other data, in
Figora 4. .

Derivation of Nillimeter Variabllity Scores. During the progress of
the testing, there was a noticeable fluctuation of the subject's effl-
clency between successive points tested. A subject would do very well on
one point and very poorly on another. This was 80 arresting that an at~
tempt to extract a messure of it was made, It was asswmed that the acuity
of any one point bore a constant relatlonship to the total score of the
subject. This was found to be true with the mean scores in several dif-
ferent groups of subjecta, Therefore, the numerical relation of the aver-
age socore on sach point to the average total score was calculated. The
total score was known to be tbe most rellable figurs., Therefore, when
the total score of any subject was multiplied by this numericsl relatiome.
ship for any point an estimate of the score thlt this subject should have
gotten on this partioular point was obtained. The subject would have gotten
this soore if it had not bean for the spontansous fluctuation which charaso~
terized his performsnoe, Therefore, the difference between the subject's
recorded score and the caloulsted acore (derived from e mean mmericsl re-
lationship as above)} is a measure of the degree of fluctuation during the
testing of that point. This measure of fluctuation has been caleulated for
each of the fourteen points oonatituting an acuity test. A summation of
these fourteen fluctuation scores has been called the "millimeter varia-
billity® of the subject and is an index of how much he wavsred during the
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*Teat 7 was taken by only 18 pubjects and is not included in the curve.

ACUITY, M. VARIABILITY, AND PERCENTILE STEADINESS SCORES OR EIGHT PROGRESSIVE TESTS

FIGURE 4
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test. The mm, varlstility ecores for each subject on each test are.pre-
gsented in Teble D=1, Appendix D, These scores averaged 10.3 mm. on the
first test and gradualiy decressed as the scuity improved (Figure 4).

The Peroent oadinessy Score, Since the mm, variability scores
znd the asoulty ‘scores are both ma,med in millimeters they are compmar—
able to each other. For instance in teat No. 1 subjeot T-1 showed an

aculty of 44.5 mm, and fluctuated 14.) mm., during the testing of four-

teon points, The fluctuation was 32%F of the acuity., Subtraoting from -
100 the subject is then understood to have been 68% pteady. This meas-
ure, called the peroentile steadineas, has been caleulated for all sub-
Jects in a1l of the stralght tests and 1s presented in Table D=1, Appen~

dix D, It aversged 77% in the first test and sxactly the same in the
}aa -f-r-ad- fﬁ“-?ﬁss‘;-gs ?\

3 e ] -3 s of Scorag. A comparison of thesae
thrae typaz of score 1n our gmup of 43 subjects with the pame scores in
tha originel 100 subjfects is to bs found in a footunote to Table D-1, Ap~
pendix D, Both the mculty and mm, variasbility scores were slightly bet-
ter in the present group but the percentile steadiness measure waa ex-
actly the same.

The relstionship of these thras types of score to each other during
the progress of the training regine is presented in Figure /, Ths aculty
soores improved rapidly at first end then showed & tendency to ssymptote,
The mm, variability scores showed ao much the game behavior that the per~
centile ateadiness scores, which represent the relation between the two,
change . only 5% throughout the entire regime, The persistance of the mm,
variability scores throughout the regime reveals fluctuating efficlency
to be a fundamental of periphéral visual perforwence rather than a phen~
omenon traceable to the unpragticed nature of the per,iphml retins,

i 3 petg. Table D-2, Appendix D,
rspraﬁmta the resu}.ts cf @c:r*ta:m ageuia.}. tssta and transfer tests,

The - ; 3 In the rapid revognition teat, with
the time of mcposure limitod to 1 5 sacond, 25 subjects before training
showad a mean aguity of 76.7, a mean mm, varlabllity of 15.2, and an
average percentile stesdiness score of 80.4%, After traiaing thesa
same 25 subjectm, tested by the same tscbnigue showed an scuity of 41.3
and were 78,66 stesdy. The improvement in repid recognition of simple
form bad improved to 186% of its starting value but the steadiness re-
mained about the same, Bo training under conditions of rapid recogni-
tion was done in the interim and these results are intesrpreted to indi-
cate successful transfer of this abllity as a result of training with
tent objects presented for unlimited exposure.

2. Night Visusl Acuity Test. The night visual asculty of 42 trained
subjects averaged 37.4, with A meen mm. varimbility of 6,1. The average

percentile steadiness was 8,.2%, There are mo night visual scuity scorea ‘

g ARy

PR

. 1 B . 4 B - .
e s e S Ko i e T e e 7B

(Y XII

s ,.
Syl e

2
e

iy 1

- e
SR

M T Rt o e

a1

et

e &

Skttt 2!

‘ ‘
Skl e e, e VA

mwe Ko



ey F e

R A

. .‘.
X L L L it
£ S R T

for thess subjects before training because of the technical difficulty of
obtaining such measures in unpracticed operators. However, these acores
are indirectly comparable to our initial group of 100 untrained subjects
whose mean acuity was 70.1, mm, variability 11.2, and percentile steadin-
sss 83,85, On the basis bf comparison between 100 untrained subjects and
another group of 42 4rained subjects the trained subjects showad an im-
provement to 187% of normal, The closely similar percentile steadinsss
of these two groups resembles that encountered in other types of scores.
It is concluded that night visual acuity hss been improved by training
under photopio fllumination,

3. [DBotated Meridiaps Teat. The scores for the speclial test in which
the peridians tested were so rotated as to be half way between the merid-
ians used on the straight tests show a mean aculty score of 7,3 in 42
trained subjects, No Bscoras for this teat are available from untrained
eubjects but in difficulty the test is comparable to the usual acuity
test. On the basis of known isopters for all meridiana the difficulty
should be comparable, It ie balieved that the low ecuity scores here,
indicated that all areas of the peripheral retina have been improved by
the training regime. There has bean no restriction of improvement to
the meridians sctually vorked by the teohnique,

e mnwm_amm- Tabls D-2, Appendix D,
alao presents the resulte of tests with a No, 10 oircle at 90 degrees,
The subjects were given ten trles at identifying the position of a No,
10 circle at 90 degrees on two meridiane, "out" and "down and out," in
each eye, A perfect score was 40, Before training 42 subjects averaged
seventeen correct answers. After training the egame group averaged twenty-
oight correct anewers, an incrsase of nine. Thus it is concluded that the
improvement in peripheral scuity extanded to areas as far removed as 90
degress from the line of vision.

Pard ns 3inoc : - Table D-2, Appendix D,
also includea tha rasults of t.he non~porimatric binoculsr .»ranufer tast..,
Only 25 subjecte of Group II roceived this test. The resulta are cou-
parsble to an unealected group of twenty~two untrained subjecta who tcok
the same test, At 15 degrees to the left on the horizontal meridian tha
trained subjects showed a mean bitocular acuity of 2,8 mm. (measurement
of break in circle) as compared tc 7.2 mm, for the untrained group. At
15 degrees to the right on the horiszontal meridian the trained subjects
showed a mean binocular aculty of 2.5 mm. which compared with 4.5 mm. in
the untrained group, When given ten tries with a No, 5 circla at both
15 degrees above and 15 dsgrees below the line of vision, with a poasible
perfect scores of 20, the traided group averaged elghteen and the unirained
group averaged thirtean, I{ is coneluded that the effects of the train-

'ing transferred successfully to binocular aculty by virtue of the favor-

able comparison of scgres with thosa of an mtminad group.

6. Ww. Table D-3, Appmdix D presenta the re-~
sults of the monocular transfer test using two sizes of 1aolated forms
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consisting of three squares and one circle on the horizontal meridian.
These test objects were "pushed outward"™ until fallure both before and
after training, no practice with comparable test objects being undertaken
during the regime. In 42 subjecte in the left eys the 25 mm. size was
successfully i1dentified, on the average, 17 degrees farther from the
line of vision after tralning then before. In the right eye for the
same aige the average score was 18 degrees farther from the line of vi-
sion after training than before. For the 10 mm. size the left eye aver-
aged 9 degrees betier and the right eye 10 degrees better after training
than before. It 1s concluded that the improvement in simple form zcuity
transferred successfully to unfamiliar test objects used in a perimetric
laboratory situstion,

Statistical Analysis. Previous to the collection of the present
data from the subjects of the training regime the scores of the orig-
inal groupe of taat quiocta were corralated by means of the Pearscn
product~moment msthod.li Eyo-to-eye correlation of the acuity scores
in 100 day vieion subjects gave a reliability of .91, Similar correla-
tion of night visusl acuity scores gave a relimbllity of .8&4. 12 Corre-
lations of individuel point scorss with totsl acores in the photopic
aculty group yielded coefficients ranging from .60 to .77. The night
vision group ylelded pimilar coefficlents ranging from .44 to .78, These
figures point to an %ver present source of error in the determineilons, a
fact which led to the extraction of the mm. varlability and parcentile
ateadineas scoree which have been previously discussed. Eye~to-eye cor-

-relation of the mm. variebilitiy scores in the photopic group indicated

a rellability of .51 for this mezsure, This lowar coefficient was inter- °

preted to be due to an intrinsic tendency to change in thie measure, a
suppoeition which was borae out hy the correlations of the training
data reportad helow.

The acuity, mn. variability, and percentile steadiness scores of
the training group were subjected o & slmilar anelysis, The results
of thie work are presented ip Tabls 2. It sbould be noted that in a
sample of 43 cases y would have to exceed .30 to be signilicent at the
5% lavel and -39 to ba aignificant at tha 1% lavel.

The correl: tions of the aculty ecorss in consscutlive straighi %tesis
nay be interpreted ec test-rebtest reliability. DBetween the first and
second teste the =oefficiant of 62 contrasts markedly with the .91 ob-
talned from sye-to-ey0 correlatlon Lased an pravicus lest acnrea. This
contrast irmplics a dey-*o-dey change in the ability of the subjects in
grester quertltative degree then oceurs during the three-quarters of an
hour or 8¢ goroaliy taken to perforvm tho vest  However, this test-reo-
test coefiinlont rose to 8% tosird the and ol the regime szc thai 1

Y e, A e M L o - Ml B Lt - 4 e ——— DS

llLow, ¥. M. Some claracteristics of peripheral visual pertfcrmance.
Am, J. Fhysigl., 146, 573, 1946,
12

Low, ¥, H. 0o, eit. ifez festnete 4 of this report.)
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TABLE 2

CORRELATIONS OF ACUITY, MM, VARIABILITY, AND PER CENT STEADINESS GCURFS
DERIVED FROM THE EIGHT STRAIGHT TESTS

[

- (N = 43)
Acuity ) (HEG Variebili Pef Cent Sieadiness
e {Straight Teste - 1S%raight Tes Strajight Tests)
1 2 3 4 5 6 ™ g8 1 2 3 4L 5 6 7 88 1 2 3 4L 5 6 7 8
u62 63 l%’ 048 -39 028 -.55 . -um ‘ -
.80 .83 . - .29
477 nl&7 _132
.89 97 ~adl
T 86 70 .16
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puarly equaied the origlral aeye-to-eye corraiation, This Lpdicates that
the day~to day fluctuation in acuity haa ir“nished am a result »f the
training.

Correlations of the acuity scores of the firat test with subsequent
tests show significant correlations up te the 6th teat, the coefficient
.39 just reaching the 1% confiderce level. The correlation of the 8th
test with the 1st test is .28 mnd is not significent at the 5% level of
confldence, Thus ths initisl aculty score of any subject 18 not an index
of his eventual accomplishment.

The correlations of the aculty scores with the mm, variabllity scores
on the same test are all sipgnificant, ranging from .47 to .78. These cor~
reletions show little tendensy to improve durlng the course of the train-
ing regire.

Correlations of the nculty scores with the perceritile steadineas
scores in the same tests do not show aignificant correlations. This
lack of correlation emphwaizes the independence of the percentile stead-
iness acores from the aculty scores and indicates thet fluctuation of ef-
ficlency may be great or smal) in proportlon to eculty whether the latter
be large or small. :

The mm. variebility secorase show significent test-retest correlatiocns

in 4 out of 6 cases, put nore of-the coefficients are high. This is in
keeping with the low reliability of the mm. verlabllity scoree reported
above, which was interpretsi %o be cue to intrinsic changeability of
this function.

The mm. variabllity scorea correiate with the percentile ‘steadiness
scores in the same test with eigniflcant coefficiente ia all cases.

The percenii’e steadiness scores fall t5 correlate with each other
sipnificantly elther on a test-retesl basls or on the basis of the re-
lationship of the initliel score to thozae of any subsequent test.

Thus “he scuit, scores azs tan post relisble meesures, subject to
the least fluctuation. Tha stesdiuess of Lthe subjast 1s the least rell-
eble fsature of hie pacrormsnce. .U oaano® be predicted in lndividusls,
but for the groupe it changes 1itcle througrout the regime. The mm,
variability =cores, which are quaubitatively somewhat dependent on the
eculty measures correlsate siznificantly wlth . thace measures.

The orlginsl test scures (acuity) hevs beea correlated w'th axternal,
sircumatences sveh as 93, s5%, :ire of day, cperator, etc.l3 No signifi-
aent coefficlentis woare chtaland, This has led to.the conclusion that the
finctuations of efficiaucy n ticel 44 tne subjests during the teeting and
confirmed by later shotistiesy arelyule geoe both 1ntrinsie and spontaneous,
nct belng inflvencer by exrié~nal coaditiconn.

The scores ol inhwe speclal. tests conduicted tossrd the end of the re-
gime wave gorrelafed with {hs rroras of the Oth straighi (final) test
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fha " ditj with rotated meridianz correloted ,55 #1%h the scuity of the
84h test, which was comparsble tu the ~cofficlent of correlation of the
6tn and S¢h tests, Aculty with ropdd recognition correlated with aculty
on the 8th test with an r of .74 Tho aoulty with rapid recognition cor-
related .63 with night vlsusl acuity. Tne latter =crrelation suggested
a ready substituticn of the easily zcqulred rapid racopnition scores for -
the difficult-to~cbtain night visual acuity measurss, The coefficlent
is about the same as the test-~retest rellability in day vision, which is
.62. However, the coefficlent of correlation in untrained subjects be-
tween photoplc rapid recognition aund right visuel aculty may be less
than jghe figure obeerved 1n ‘trainsd subjechts, sinca the photeplic teat-
rotest reliability in these subjects et this stage is -86.

Correlations between the mm. variability and percentile steadiness
scoreg in the above group of special testem with the same types of score
in the Eth Btraight tent yielded coefficlents in the szsme range as cor-
relations of the ‘eame type of BeoYe reported above for the various
straight testa,

Subjective Effects. During the progresa cf the training regime the
subjects discussed differences in veripheral perception noticed in every-
day 1ife outside the laboratory. These discussions were spontaneous and
xore not solicited in any way- Midwey in the progress of the regime
{Group 1) these commsnts became so persistent that the questionnaire
found in Appendix C waa presanted. The same questionneire was presented
to Group II at the end of thelr regime. OChanges.in periphersl perception
outside of the laboratory were noticed by 41 out of 42 subjects. Thirty
subjects were sure that the new parceptual), experisnces were intrusive,
forcing themselves on awareress rether than cceurring ae a re-
sult of thinking about the training covrse or by self-tasting. Four
subjects were dcubtful about this and 7 were certain that the changesa
occurred only when thinking about the tralning. Among theee 42 aubjects,
31 noticed a differsnce when walking on the straest, 23 notlced a differ~
ence in sports, and 20 noticed s difference in resding. Varlous other
altuations in which changese were nntliced were mentioned by 29 sybjects.
Among thése were, marching in drill, seelng better at night, and driv-
ing an antomobile. In &ll, one hundred thres situations involving change
were reported. All but two of these were interpreted by the subjects
themaelves to be helpful rather than detrimental to their general welfare.

aiping. It wae occasionelly pos- 7

s8ible to check teat trainees IBOkB or months after the training regime
hed been completed. The results varied considerably in both time elapsed
end psrcentile retention. Too few caasg were recordsd to draw conclu-
sions but at least 50% of the improvement was ratained In all cases meas-
ured.

Effecte on Cantral Vision. The Snellen index of thirteen of the
trainees taken before and after the training showed no changes,that could

be attributed to the regime. Ten pubjects measured 20/20 or better both
before and after training. Two daclined and one improved.

BT ot



-,

«1G

DISCUSSION

The results of this investigstion can be summarized by the atatement
that the attempt to train peripheral visusl scuity hy a sourse of con~
trolled prectice has been very successful, By linsar measurensnt our £1-
nal measure of 334% of the starting scores’ 1s, in ileelf, an impressive
figure. FNevertheless, a two-dimensicnal mesasurement, dealing with the
area on the retina stimulated by the test object 1s a mors suitadle cori-
terion for judgment, aince the projsotion of the image on the retinal
mosale 1a the physical vause of the stimulation, Conaidered in this
truer two-dimenslonal aspect the results of the training are still more
impressive. After training it 1s necessary, in the gversge subject, to
stimlate 5 retinal ares only one-sleventh the size necessary for stimn-
lation before training. Or, if the same retinal area necessary for per-
ception of simple form befors training were stisulated, after training
the subject could peroeive sleven times as smoh detail,

The ghove figures 1n themselves indicate sn extensive quantitative
change. - They are further enhanced by the results of the tranafer testas.

Tests were made to check the transfer of improvement effects to (1) retinal

aress not worked by the tschnique, (2) night visual aculty, (3) rapid rec-
ognition of simple form, {4} unfamiliar test objects, (5) retinel areas
90 degrees from the line of vision, (6} non-perimetric binocular acuity,
and (7) conditiona of everyday life outajde the labor.tory. ALl of thess
transgfer studiee were successaful. In no case was there doubi that the
trained subjeocts excelled untreined onem in situations involving aculty
of peripheral visual perception.

The affects of the trainipg noticed by the subjects ocutelde the lab-
oratory are a strong recommendstica for the probable practical valus of
the technique, It 1a notsble here that in most subjects, the new per-
ceptual experiences were intrusive, cccurring witbout forethought. This
indicates atrongly that the subjects had become aware of peripheral vis-
ual stimull of which sreviously they had not bean aware, s fact srgulng
strongly in favor of the practical valus of the techpigue for pilots
whose peripheral percepticon Is lrequently taxed 1n the psriormancs of
routine dutlies, The wiiter sonplidsrs that the succesp of the laboratory
transfer tests, coupled with the encouraging evidence furmished by the
trainees’ exparience outsida ‘the laboratory, justiflies the conclusion
thet a general transfer of the observed incremse in efficiency to sll eit-
uations involving periphoral visual stimuli hss been accomplished to the
extant of producing a prectical lncreage in the efficiency of response
to such stimuld.

During the pregress of this investigation s motorized guantitative
perimeter was constructed to facllilate the teating of peripheral visual
aculty with moving test objects. ' It proved Iimpractical to oheck the
transfer of the laproveament 0 acvity with moving test objfects directly
with the irsining group here roportad. Since the completion of this ir-
veatigation the writer hes mecsured the peripheral motlon mcuity in 50
subjects with this spparatus, scqeirsd on loan from the Cammittee on
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Selection and Training of Alroraft Pilots. The results of this investi-
gationlé will appear s.ortly in the American Jourmsl of Phyelology.

The faillure to observe eye-to-sye lmprovement during the motion
aculty tests raised the question of tranafer of lmproverent of atationary
acuity, as reported in this study, to moving stimuli. St ecting that
the failure to improve depended on the limitation of time of exposure of
the stigulus inherent to its movement, the scores of the rspid recogni-
tion tests with stationary test objects were resxamined. It was found
that there was no sye=to-eye improvement here either. HNevertheless, there
was distinot improvesment 1n rapld recognition socres in the seme subjects
before and after treining, It was, therefore, conoluded that the limita-
tion of time of exposure inherent in both rapid recoguition and motion
acuity preventsd the subject from "working out® his impression of the test
object, However, it was cons’dered probable that practice with steticnary
test objects would transfer suscesefully to movin- lest objects in spite
of fallure of eye-to-eye improvement, just ss it did in the rapid recog-
nition tests. Further supporting evidence is the successful transfer to
condlitions of outaide 1ife where stimull sre more apt to be in movement
rather than stationary. An interesting lmplication of these observations
is the unlikelihood of success il moving test objeots had been used in the
present lnvestigationm,

A further point of interest is obeefved when one considers the Qus~

-tomary use of peripheral visiorn, Under photoplc oonditions the peripheral

retina 13 used for initial perception of stimuli only. Little or no at-
tompt 1s made to analyze detall. Inatead, the object perceived is fix-
ated with central vision for snalysia of deteil by a retinal area of in-
comparably greater acuity. The isportant thing is to become conasclous

of the peripheral -stimnlus, and it seems, from the subjective data, that
this ability bas been improved by the trasining regime. This, in turn, sug-
gests that the peripheral retina be interpreted as an unpraoticed sensory
area, In all probability, the besis reason for its unprastioed nature is
the greater and more useful aocuitiy to be found im central viaion, to the
use of which eye and hoad movements are well adapted.

In night vision, on the other hand, nc comparable central area of
great scuity exists. The fovea is blind snd the area of greatest acuity

14Bz-i.cu".ly, the resulta of the measursment of peripheral motion acuity
in 50 subjects are as follows: The test showsd a reliability of .82, Per-
ipheral moticn aculty was about 60F as strong as the acuity of comparable
retinal areas measured with stationary test objeots. Peripheral motion
ecuity showed little or no tendency toward eye-to-eye improvesent during
the test., There was very little difference between motion acuity measured
with inswinging test objeocts and that measured with outswinging test ob-
jecta, The imner 3 to 5 degrees of excursion is the critical ares for form
perception regardless of whether the test objeot is inswinging or outswing-
ing. The phepomena, such as mm, variabllity and percentile steadiness, -
observed in the measurement of motion aouity are sssentially the same as
thoss previously cbserved in the measurement of stationary acuity.



2 S

loocated 10 to 15 degreea from 1t is pot quantitatively very much greater
than outlying aress. Here, periphersl acuilty itself 1s the useful fumoc~
tion and any iporovesent {n 1it, such #s hez been observed in thls study,
should be much more usefml to the individusal thsan a comparsble increase
in photopic peripheral acuity.

Certain theoretical and oracticsl impliostions coneerning viaumsl
function have ariser indirectly from this study. Early in the prelim-~
ipary studlea the close similarity of day end night visual socuity, dif-
fering mnlz ag 7 to 5 in the presence of a 1 to 2,000,000 dlfferance in
brightnesa 5 was noticed, this being a corroborastion of deta alreedy
known for aimple scuity. Furthsr siwilarity becams evident in the sm,
variability end percentile steadineps scores under the two levaels of
11}jumination. Eassentially the samo phenomena seemed to apply to Woth
photopic and scotopic megpures, Still further and more lapresslive
sinilarity became evident in two dimtinct phenomena (]) the transfer of
improved photopic acuity to scotople aculty, and {2) the aignificant core
relation between photople rapid recognition meores and secotople seulty
scores, Much work has been done op night vlsion problems with a tendency
to regard the phencmens here as clesriy seperated from other visual
phenomena, It would seem that conmglierable economy might be achlaved if
peripheral perception were regerded nes a common perceptual phenomenocn,
regardless of brightness levels, but subject, of course, to the limita~
tions of well established phanomence of darh sdaptation. It hep beon
indlcated in this report that both the mazaureémert snd trainlag of night
visusl goulty could be accomplisbad without reverting to the awkward, time
oonsuming, and expensive condlitione of literally working im the dark.

In conecluslon 1t may be said that veripheral visual aculty has bhesn
succesafully tmined., It has boen dem~vatreied that the technigue, al--
though slow, ig applicable to large groupa of subjecte. The baalc festure
of the technique is the functiongl improvement of an unpracticed sensory
arsa through forced praciice, The fupdacentsl requiremsnts of the method
ere {1} the forcing of periphersl interpretation by perimetric apperstus
and {2) the expoesure of etatlonary stimull lonmg enough to give the sube
Ject an opportupity to work out his lmpression of the stimulus., The axw
tent of;the ieprovement is grsat ano its practioal valus to the subject
apparens. .

15Low, F. B. 0p, ¢it. {Ses footpote 3 of this report.)
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APPENDIX A
OPERATOR'S MANUAL OF THSTJHO PROCKDURES
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- training poriphonl visusl mudty. It oonsists esamntially of (1) a pris- 0

ﬂlrndoftheplpa.

. controle the position of the Lest object, and 1s construoted-

into the osatered hole in the target holder, Waile mm

7 APPﬂiDﬂ & .
| QPERANR'S MANUAL OF mwm
- ﬁ_g mtrmuxt ie use? ZcF W

ary arm supported from the buse which determines the maridian slong
the test object oan bw set, and (2) a peODdYy BTH  “the
rery arm which determines the angular devidtion of the test 5
rae line of vision. 4 primery dial rotatse ﬁththl mmm Y
secondary dis) rotates with the aoomuﬂ axm o )

Wnen the dlals are at ser, 'bothlmdim nv&wi_'
'Mchpum-muhhowmpimmnnttmm,
wize specified tha apperntus is desoribed in sero pasition.
dial is the lower one pear the base and ocan be wm
plied to 1t. rh.,louom;rydillioatth of the trumint

bauthzrmumu-dwth-mmqnmmﬁtm
best net., L

A counterwedght for the uoond-ry' arm, ooneisting olf
and iron weight, scrswe intc this amm mﬂ theé 1
bapd opermtion the cylindrical weight

[EN-

mmnm:tmﬂMMofmmm*ltwm -
presentatinn of the stisuli. A circular shidld cbadires ‘the sperstor's ‘.‘-_f-‘”
hand, Two small wheels are wounted behind the shield. The M

only four positions are possible. um.mmw;
target holder on the ite side of the shield, m.‘l.uﬂrﬂ:\-_ﬂm
trols a blind which ei covers or presents the tesd ohjm. ’ :

The targets ers squers sheets of metAl with two
beck. m-prmrypininlw,muoﬁtwdmﬁhc
get. - lmndlry pin ia short, u:d ott'-mt-ro R

A tu-‘.t 38 placed on the instrummmt by mmﬂ.

sure to the target the upper wiwel should be rotated wntil
phcotneﬁunthaurcimlmtnhmmhmtm he'
will then alip into position and rotate with the -whesl. - .
ing the target it position, the primaxy pin di a ‘
which is spring-presssd inte ths tube. mmmmmm
be sdjusted by turning a laterally piaced sorew. - This 18% is de-
nigndtoprmntauﬂitorywuamdbymumorﬂuwta
Sometines a target which 1s silent for one anguler deviation apd merid-
lan may make a clinking sound &t another. Inoreasing the pressyure on
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SOLY! CIRCLES REPEESENT rOINTS TESTED
ON TEMPOURAI V1SUAL FIBLLG
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Order of testing continued:
‘ Angular FPrimary Seqondary

- Opder . Meridlon Reviatdon _Bial _Ddal
i  Domn & out (45° below horlzontal)  60° 45° 60°
5 Down (varticel) 3° 90° 30°
6 Up (vertical) 300 900 30°
7  Up & out (45° mbove horizontal) 30° 45°

The left eye is nlwnya tensted first. The procvedure ie repeatad on
the right eyse,

When teating elther aye, the first point requires the primary dial
of the instrument to be 3sst at 0 degrees and the sacondary dial at 30
degrees, care being taken that the test object 1s In the temporesl field

{(as distinguished from napal fleld) of the eye being tested. Care

should be taken to avoid nasal placement.of the teat objsct. On polnts
5 and 6 the primery dial should be set so that the lamp 1s.on the side
of the blind eye. ,

The measure of acuity for sach point is derived by decreasing (or
increesing) the size of the test object presented., The technique is as
follows: a target {4 for 30 degrees, 7 for 60 degrses) is placed on the
instrument and covered with the blind. It is set randomly and presented
by turning the blind. The subject, with fixated eye, signals (verbelly
or by tapping with a pencil) the position of the break by matching it
with the numbers around the perimeter button. The target 1s covered,
rosct rundomly, and ro-preaentod The "auoooua" criterion 1s four

: - 80 - : - igoond wrong aone If succesaful,
ths next smallost tost object is triod and so on to failure. If the
original size tried is failed, the aizo 1ls progresaively increansd to
a "suosess” performance.

The sizes specified for starting are so chiosen as to be above. the
threshold of acuity for the majority of individuals. With experience
in the operation of this test, the cholce of ntarting size can be modi-
fied to fit the subject, However, i1t is demirable to keep the starting:
size wall sbove the expected threshold because of spontanecus fluctua~
tion in the subJeot's ablility to evaluute peripheral stimuli. When set-
ting the test cbject randomly it 1s best to turn 1t slowly with firm
grip as this avoids the auditory cues which result from too rapid revolu-
tion.

The amallest "puccass" aire 13 entered on the acors sheat in the
proper box. It is correocted to an equivalent as indicatad below:

Target Fo. 1+ % 1 1% 2 22 3 4 5
Bquivalent .13 o4 .2 1.2 1.7 2.2 2.6 3.5 4d5
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Target No. ) ? g 9 10 10x -
Equivalent 53 6,2 7.2 B.3 9.3 10.4

If aize No. 10 is failed, 10r Zs entersd in the score box awd trans-
lated to the arbitrery equivalent, 10.4.

The following instructlons may be given the mubjeots

"The inetrument used for this %test is a perimeter. It is designed
%o measure your ebiliiy to asss end recognize objects which appear
cutside of your direect line of visiom, 1.6., 1t 32 to test your
ability to recognize cbjecte which appear to the side withoul mov-
ing your eyes & look directly st them. You will sit fscing the
iperimeter bultton.!' Look straipght at 1t during the test. Closer
to you, in liune with the perimeter bution, sre an gve place and a

¢ Tho operator wilil arsist you in bringing your heed for-
ward go that the eye plece 1ightly touches the lower 1id of the
eye belng tested.

Now adjust the chin rest to help steady your head. Be sure to
keap your head facing directly forward and at an even kesl. lLock
directly at the perimeter bution and don't move your eye.

The cperator will put & broksn circls {which locks very much like
& capital C) in the target bolder. When this circle im revealed
to you it will be off fo one side, Without moving your gaze from
the porimeter button you will signily in what direction the bresk
in the circle is pointing. Notlee the numbers I, II, IIl, and III1I
arcund the perimeter bution. The bresk in the circle will corres~
pond to the peeition of cue of these numbers, If 1t points in the
ssme directlon sz I, itap once on the table with your pencil. If
1% corresponds to number IT, tap twlee, etec., If you are not cer-
tain you must guess, A wrong answer 1s better than none et all.
Don't move your ese, even after you have answered.

The operator »ill gredunlliy reduce the gizs of the circle until
you e¢an 't glvs correct answers sny nore. Then another point will
ba tected the zame way. Alter oue eye 13 issted un 7 points, the
other sye will be teslsd. lelax se much as poessible withoul mov-
Ang vour hesd end DON'T MOVE 0GR EYE."

1t hap been fcund that & verbal condsnsation of the above directions
by the operstor, deronatrating at ths porimeter, ls both shorter and more
satisfactory than heving the subfert read the instructlons. It ie edvise-
‘abia to check the subjiwct's comprahension of the matching of test object
positlon with fivstlmm button numbers. Thle cen be done by revealing
sampla positions tn hs identified 'y mrestricted binccular central vi-
gion bafore the tsol bazine. 4 shori rast Lotween eyss 1s permiesible.
Should %he subject wish %+ valsx Talwaen points this mey be permitted.
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The fixsaticon is best stressed bLafore the test. It is the cperator’s
duty to check fixatien during the test. If the subject's eys shows vol-
untary rovepent {(short, guick excursions} the test object should be
sovered and reset., The subject should he warned. Do wot score any re-
sponse in the presence of voluntary gye movement as selther .correct or
Incorrect. Discard it completaly. Most subjecis show satisfactory fix-
ation, Others have considerable trouble learning the techpique. Many
subjecte show a aslow, irreguler wandering of the aye, saslly distinguish- .
able from the rspid voluntary movement. Unless this is excessive it can
be ignored.

< Under no ciroumstances should a resding be discarded for any rsason
other than poor fixstion., No metter how illogleal or unexpeoted & wrong
angwer nay be, 1f must always be counted when given in the presence of
setinfactory fizetion.

Meny subjests tend to devalop the habit of glancing at the test ob-
Ject immediately after giving the reaponee, Thim should be discouraged,
as it induces a tandency to "guess apd then verify™ rather than promote

.an attempt to evaluate the peripheral stimulus. It 1s also unwise to

tell the subject whether he 12 right or wrong after each responss, since
this, too, encourages & guess with anticipated verification. In general, :
the better the flxstiocn, the better the sccore. This should be impressed

on the subject if fixation is poor.

The perimeter is po ocomstructed that the line of vision has & 10
degree downward tilt toward the operator. This permits a forward tilt
to the head which relieves neck fatigue, The side~to~side alignwent of
the head must be kept horigontel as any tilt rctates the ayebail and has
the eoffect of altering the meridian.

Many sybjects ars easily distracted by extraneous light around thﬁ
edges of the patch on the blind eye. It iz well to relieve then when
possible but this usually dows not produce a noticeable d1ffirsnce 1n
the aounity readipgs. The purpose of the patoh 1s primerily to prevent
binccular perception. Subjects who mre easily distracted temd to blane
this on any score they may suspsct ie poor. The real difficulty seems
to be intrinsio to the subject rather tuan external.

SCORE SHEET

The appanded score shest (see Figurs &) is designed for use during
the. test., The boxes in the lower half of the sheet are so arrvanged as
to provide a vertical column for sach point score snd its derivatives.
Horizontal lines provide for the same soors or derivative for emch of
the fourteen points. Above ths empty boxes are specifications for eys,
asridian, and angular dnviation* Below the boxes the order of teating
io indioated.
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Firat Eye (LEFT)

down up &
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30°] 60° | 20°|60° | 30° | 20°}30°

RAW SCORE 1

EQUIVALERT | 2
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During the testing the smallest "success® sise for eack point is
entered in horizontal line 1, and 15 known as the raw score. Later the
Taw scores are carrected to the equivolents ligted on pp. 28, 29 and are

' entersd in horizontal line 2. The sum of the equivalents for the seven

points of each eye is entered in the left hand columm of the nine-square
box near the top of the sheet. The sum of the fourteen equivelents is

~the total score, which is entered in the lower left hand box opposite the

l'ord ®Both,"

LMANAGEMENT OF APPARATUS

+ This is the bearing in which the primary arm 1is
supported by the base. The friction is so adjusted that 1t will hold
the primary arm in any positlon desired. If the beering lcosens, it can
be tightened with pressure applied by a wood press., Joms tightening can

-be achleved with the set-scrows in the besring,

Segondery Bearing. In this bearing the primary arm supports the
secondary arm and the secondery dial. TFriction is applied by a spring
brake pressing against the lower eurface of the secondary dial. This
pressure can be adjusted by turning the screw facing downward on the
uppsr part of the primary arm.

2

If the reading of the secondary cdial gets out of adjustwent, it can
be corrected by manipulating the aet~screws which control the relationship
of the sscondary arm to ths sscondary dial. Loosening the =crews and
asstting both dial and arm at gerc will give ,the proper set., The screws
ahould be tightened while the dlal end arm are being held in position.

Iargets. The photographic paper on which the test objects ere
printed is pasted oo the metal target with Duco Hounsehold Cement. The

.ipsinilar surfaces, paper and metal, react differently to temperature

and hmidity changes. A tendency to peel may be evident, especlally
after abrupt weather changes or in the presence of dry artificial heat,
The paper may he repested wholly or in part with the above cement. Pres-
sure after treatment is desirsble, '

ok
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APPXNDIX B
THE TRAINING TECHNIQUE

The technique of the test for peripheral visual acuity, with a desorip-~
tion of the apparatus used,is deecribed in Appendix A. The training tech-
nique described below 18 a modification of the testing techinique.

APPARATUS

The quantitative perimeter is employed. The teat objects are ajirplane
sllhouettes. Four types of plaie are represented, heing designated as 1,
2, 3, and 4, Five sligzes of sach plane are provided, The sizes represent
ths width of the wingepresd in millimeters and are designated 50, 25, 10,
59 ﬂ.ndzi'mm: '

TRAIEING

The Training Sheets in this Appendix include specifications as to
plane number, plane size, and mericisn to ce trained. There are ten var-
iations of the above variables which may be epeciflied for the training of
each eye. -

Beginning with the right eye, the plane speciflied on line one should
be set in the target holder.- The lnetrument should bes set at the speci-
fied meridian, by the method described under TESTING (see Appendix A),

The sscondary arm should be set at 20 degrees {the least angular devia-
tion practical). Tho same success criterion sz was used for the circles
.applies to the plane silhcuettes. The subject signals the directlon the
plane points. Upon repeated presentstion four consecutive correct answers
must precede the second wrong cne. When success is s¢hieved the secondary
arm ia set so ae to move the test objiect 10 degrees farther {rom the line
of vision, the meridisn remaining unchanged, and the procedure repeated
until fallure occurs, Then the angular deviation 1s reduced 5 degrees

and another eet of expomsures is rum. Tha sybiect's "score" is-the gredt-.
est angular deviation &t which he is suceassful, and ie entered on the
training sheet under "scora" ak the right end of the line specifylng the
procedura.

When the right eys of asny subject hLas been trained mccording to spe-
cificetione he becomes the operator and irains his former operator's
right eye. Following this the 1aft eys of each individual is treined
in the same mannei,

Occaslonally a large 2izs airplene atlhouette can be successfully
identified on the lorizontal wnd ithe "dowrn and out" meridlans es far
out as the visual field exterds. Tuils io uwzuelly 95 degreea. On other

neridians the eyebrow and cheek 1imit th: extent te which the test object
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B S

Y

Be g

Eeriod Bordod
1  1st Straight Test (isolated points 1 1st Streight Teat (1solated points
Ro. 10 Gircle Transzfar) No, 10 Circle Transfer)

2 2 %

3 Treining sizes 50, 25, & 10; all 3 Repid Ree?gni ion Test

4 |t meridians 4  Training { 8izes 50, 25, & 10;
5 2nd Straight Tast 5 all meridiane

6 © . 6 2nd Straight Test

9 Training IﬁizOB 25, 10, & 5; all Y 4 rai:g o8 -

8 ‘}meridiana 2 Ireining iaizes 25, 10, & 5;:
9  3rd Straight Test 9 6ll meridians

ig Training .eizes 10, 5, & 2%; all ig 3rd Straight Test

12 meridians * .12 Traini ?aizea 10, 5, & 2%;
13 4th Straignt Test 13 j 831 meridians
14

15

16
17

18

19

20

21

22

JYRERE

g B

can be disolaced to remain visible. In Bll cases whers this occurs the
greatest angulsr deviation at whlch cuccess has bwe, achleved should be
scored with the word "plus" added. Yhen working wi*h seall silhouettes
a subject sometimea cannot make & successful set o rasponsea of 20 de-
gress. In such 8 case the soors sheuld resd "20 winas,"

In general, the training technique iiffers from the testing tech-
nique. in that each plane silhouette s "pushed outward® along e meridian
while the circles are ddentified in decreasing sizes in one location,
Other rules of procedure, ianciwding those ccnuerning eye irovement, are
the same for both techniques.

For purposep of reduclng the necessity of peglng through the scors
sheets 1in order to identify the procedures eiministered at the various

periods to Groups 1 and 1I, tha following scheuws of the testing and train-

ing program is presented with a brisf deseription of the tachniques:

-

Group I {N = 18) | Group il (N = 25)

' 14  4th Straight Test
Training | #i%es 5 & 24y a1l 1e 8 .
meridians 16 Traiuing( sizes 5 & 2%; all
5th Straiéht Tanst 17 _j meridians

sizes 5, 2%, & 50; em~ 18 5th Straight Test

[
D

Training )} phasis on down, up, and

6th Stvaight Test 2
22  6th Straight Test

- meridians 24 Training g meridiane
Tth Straight Test _ 25 Rotated Weridian Test
Rotated lsridian Test = . 26 Nipght Visual Acuity Test
Hight Visual ‘cuity Test " 27 Rapid Recognition Test (isolated
. : ' points, No. 10 Circle Tranefer)
Rapid Recognition Test 28 8th Straight Test (Non-perimetric

. binocular transfer test)
8th Straight Test (isolated points, :
No. 10 Circle Transfer) )

sizes 5, 2%, & 50, em-

up and out meridlans 20 Training ; phasis on down, up, and
4 up and out meridianas



The tao grocpa  leted oo 1 vreautaag e, U o wiffaring in
verbadn detell. romeivied mg oenrly e ood toe piog U5 pessrtle unfer the
sircumatances of slighu dif wisnean in ths leagth of o acadenic quarters.
Group I receivesd 29 full pariecy »r training, “he geisrel pottern was that
of training with an aculty sasi =rery 41p ocoviod.  druup IT received 28
full periods with ths savo pensre! cattern,  iowever, at ta. request of

the Committee on Selsction wand Traiaing of Alrcrait Pilets a rapld recog-
nition tast wes inserted ip pariod 2 Ir uroup I Thon, besavas of the
loss nf this oae pericd and a femester one perilod shorter, it was ueces-
sary to omit in Group I1 the perlede .crrasponding to perlods 24 (train-
ing) and 25 (7tn atraightw test) of Group 2 The varicus transfer tests

are the same fcr each gioup #ith the exception ¢f a non=porimstric binocu-
lar tranafer test administered to Group 17 caly (poried 28). The short
transfer tests have been giver to ths two groupe &h slightly dlfferent
times, but in genera), stand at the oeglnning end ena of the training-

Both groupe received the same set o three special tests at the end of

the ;raining {rotated msridian, nignc visuul acuity, and rapid racogni-
tion}.
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SCORE SHEETS FOR TESTING AND TRAIKING REGIME
TESTIRG SHEE?
Date: Code Bo:
Hame: Ages JTime:
Identifization:
. TRANSFER TEST: - v v
Isolated Points: (3 squares and a cirslel First (1)
25 mm, L
) ’ Second {R)
R
10 mm.: L Both
R ‘ -
Teat Not 1 Igm I
Period Fos__] (ﬁ;gn,u
Operators
First Eye {LEFT} Second Eye {RIGHT) -
down up & ' down up &
. out & out |do ap | out out & out [down| up fout
20° | 60°] 300 | 60° 30J 30° | 20°|{ 20%| 60° | 30° ] 60% 30° | 0%} 20°
RAW SCORE 1 _
- EQUIVALERT 2
3
&
5
6 .
- : ! - ‘
7
8 - |
. ,
Order of Teatin 1 ]2 1415 D 7 89 10 111 1212 |14
g R E o ‘.:UJ._..,...._i»__m....mw:-u._..,,
fiemarkes




Date:

Haunme:

—39m

TESTING SHEET

Ages

Code ¥o:

Iderntification;

Time:

PRANSFER TEST:™*

RNo, 10 cirol=:

{10 “>ies)

- First

&,

(L)

(out, 90° Second (R)

(Down & Gut 90°

{out 90
(Down & Cut 90°

Both

Test Nos___z__(Group I)*

- . L i
N . T T B .-
R N L O '

- Perlod Fos__2 !gm]m I;!

Cperator:

irat Eye . { LEF .Second Eye (RIGHT)
down up & down up &
out & out dowmy up; out out & out down| up | out
|
. 20°) 62°) 30°] €0 50 | 30°| %°)) 209 60°] 20°| 609 30°] 20°] 2c°
T P
. RAW 3CORE ] | ’ ! ; l
i A
EQUIVALERT | o L ] 5
— R B -
K| 5
i : : ]
TTTTT -
& ! ; !
——— e __,_!,_ . o
' 5 17 i
- AU N D
H {4 | i H
. ] ¥
L [L _F-M.‘_,L___‘?M._;.H - S
i o : 1 : _! !
it o it N B Sl R TS RN S -~
T R
- ——— s e e e .h_.L: R S, e _-".l;_ - ,‘.4___ -1 -
| T i [
. : vl z X roiog Y : 2
Order of Testlng | & ',_;J....B_i .f..lrn,",,*-,,i-,!_.ﬁ..{..ii. S*LT__i 10 __ll 12 13_1_}:,;
Harerkey
o eremesparaing vevled in Group I
Friiani? oo ritlom test (0.2 ses  supowure)

P . v - - - Tl . ' M- -
Do s B s e R B s ST e s g

. . M
s B TN B
LI PSR D =R A

SN
- % -
t '.“r-‘n;z

-
Bl i

ot e L
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TRALIMING SHEET

Date:

Names

Tole Noo

Age: ‘ Sex:

last firat Tniddle

Identification;

PERIPHERAL TRAIHIH} «~ PLANE SILHOUETTES ‘
RIGHT EYE " Order Plane No,

Period Fo:_ 2, {gjgym 1)#

Size Neridian Soore

Lo { peraagi ] B0 fpo) i 1

| hJ
EJ«Joa~ﬂcr\n:~tn s

o
o
=]

L

LEFT EYE Order

Sise Meridian .  Score

29 Out

EN

™
wmepMHHE

waraa

]
20

Remarks:  TRANGFER TESTi##
¥o. 10 elrcle: (10 tries)

(out 90°
(Down & Out 90°

(Out 90°
(Down & Out  90°

L

R

*Period No. 3, Group II

Hiiven in Period 2 for
Group II

boar



Date:

TRAINING SHEET

Names

Uode Ho: - '
e Age: Sax:
1aat firan adddle
Identification: —
PERIPHERAL TRAINIRG - PLANL SiLHOUELUTE:S Pericd Nos s
RIGHT EYE Jrder Plane Ne. Elze Meridian Score
,’rm a.,,,:,m_,.l...,,._;t 53 1 Down & Out; —
) 35 ] "
m“mﬂ:?;m‘-"m’gf’“m“‘ "L 53 H n
T, T _-_;‘_"“Mr“ 2 n n
.aﬁm_g_:mmw me‘;lm:—r Eg n " mmj
Frriscrimns ol o e rmm T - —— g .
_ L 5 f L]
PR AL i S -
mjm Fn.“m-i:irm:-wn}— .--—,35 n n
UL TP SR
I SIS SR .
LEFT EYR Crder Plans K. Size Herldian Score _
1 1 5 Down % Qut K

Remarks:

nw n

P

,.:.:F_,-,.:.-m
‘ [ ¢
|

B iy ‘
.. . L _._..m_ﬁ,, -
9 E
L A

T

..o Ny SRR SN S

*Fariod Fo. x4,

4414

I

arean ik

3
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. TRAINING SHEET
Dates ode Nos
Namai - - __hge: Sex:
last first middle .
Identitication: -
PERIFHERAL TRAINIRG - PLANE SILHOUETTES Period Roi__ 4 (Growp I)*
RIGHT EYE Order __ Plane ¥o, fise Meridian __ Score
1. 1 25 Down
2. 1 25 Up
3 | Up & Out
b - 1 10 Dowm
5 s 10 Up
6 1 10 Up & Out
7 4 25 Down
g8 A ‘ 25 v gp
g 4 25 Up & Out
10 -
LEFT EYE Order " Plane No. Sise Meridian Seore
1 1 25 Down
2 1 25 Up
2 1 25 Up & Out .
e 1 _10 Down
2 1 10 Tp
6 1 10 Up & Out
7 A 25 Down
8 A 25 Up
9 . _25 Up & Out
10
Remarks;

*Period No. 5, Group 1l
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downy upl| out

(RIGHT)

nde No:

Times

First (L)

SHEEY
-bges

_11.3.,
\F

ESTIN

m

-

—-—

Identification:

Dates
TEia

3

(R}

Sacond
Both

_—

down
& out

Test Noi
Pariod Ros
Opsrator:

R

Second Eye
out

2°l| 309 60°} 30°60® | 30°) 30° 309|

¥

o
out

|

la]

}

¥

AV
r_.n—

£

L. .

|
|

M el

-1- — l"‘]:’—w-u '
t

309 30
~r
t
SRS YU
r
:
!

| domm

!
g_,-u...._

(IFFT)
13

ni

| 4.

1

604 309 |

4! dowia
& out

|

1

Firat Lya

out

x|

B v
;

[}

R ANRUT MU -

t
i
i
. ‘3-._,--'
;
tebin e
fm e

¢
!

¥
7 4 3179 [

e s = D e b

5

har e = 3o

m H‘/ ‘

L 1

' i
e e S _—

T ! -

e e i 4

|

RAN SCORE
EQUIVALET

o

'
——r ——— A e ST ¢ e et o

1

L N
: Jlllf;.!llrg
|I+| |
H Y
b u
1
t

T
!
i
!

Order of Tasting
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Date: ) Ccle No;

Name: _Age: Sex:

laat first widdle

Tdentifiostion:

PERIPHERAL TRATINING - PLANE SILAOUETIES Period No:_ 6 {Group I}*
v . RIGHT EYE Order  Plane No,  Size Meridian _ Score
s N SR “5 Out

] 2 )y 10 n
3 2 25 "

S P 40 "

- N — 25 a

S - S S 10 "
7 & 25 :

S - N £ 13

el

10

LEFT EYE Ordar Plane Ho. Size ¥eridian Score

T 1 25 i Out
2 1 0 L
2 2 <5 hd
Z 2 10 LB
5 3 25 L
6 3 10 LN
7 & 25 L
8 & 10 "

B 9
10 ;

Remarks:

#Period No, 7, Group JI



"TRAINING SHEET

Date:, |

© 3 LEwt v gome -

Rames __

Tast Firet  midale

Identification:

PERIPRERAL TRAINING ~ PLANE SILHOUETTES

Period ¥o:__7 gg:ggn I~

RIGHT EYE Order Plane No. Slze Meridian Saore
. 1 22 __._Down & Out ]
P2 1 g 1 o 1
e m}..nm-_ 2 25 n o
. 2 10 " " ]
oD 3 25 Ll 4
e [ 3 N VR B n
JRY AU S S 25 a0 v _-
TR AP SRS S il —

o non o 72--,-\-:1‘-' ‘1“_’) o - o —
o I e com s e e s e e
LEFT EYE ~ Order  Pla I Siae Meridian _ Score
S | i 2% |Down # Out & i
| - A A T S 1“6" yon " -
S I AR N BT W L
A 2 10 o T !
I.T_,.-‘ 'Sﬂmﬁ - F"r:-.“h“ — ".',.":5&“ TR L —_i
T S A T I e v ""
AN LN RN T N
i 4 i RN "
Ty - "
: .+ -
X

Remarke:

*Pariod No. 8, Group «J



TEAINING SWRET
i Rame: Agsi_ Sexs
: last first piddle
; : Identifications
: PERIPHERAL TRAINING - PLANY S1LHOUETTES Period No:_8 (Groyp I}*
: RIGHT EYE Order __ Plane Fo. $ize __ Weridlen _ Score
i 1 1 T 10 Down
X ‘ 2 [ pUy] >
g g T 10 Tp & out
” —% ; i
o “ Up_
6 I —t Up & Oul
Bt i 4 Do
g ' o Tp
2 4 10 Up & Out
i 10
N LEFT EIE Order Plane No. Slae Meridian Score
SN AR A0 i Dowp
“. 2 1 10 Up
K 3 39 1To & Out
: 5 1 % .....gi“
6 1 s Tp & Ouk
‘ * T 4 o
; .. i 0 "
i : TR E O
g B
7 *  Remarks:
i , #*Pariod No. 9, Group 11

ot
-




*Teav Ho 4, ierisd He. 10, Group II

. 7=
TESTING SHEET
Date; . Code No:
Name; _bge: Time: -
Identificetdons
T8
PMrat (L)
Sacond (R}
Both
Tost Not__ 2. (Growu I)*
Period Nos_9 (Growe I)
Operator:
First Eye (1"FT) | second Eye (RIGHT)
down ’ i up & down up &
out & out |down{ up | out oat & out down| wup, out
T
) 30° | 6001 20° 60°J 300{3001300 30°160° | 30° | 60% 30° 30'?i30°
RAW SCORE 1 } —] ~
EQUIVALENT | 2 P 1 ( i
| 5 l
i ]! i
IRBERERN |
) c T |
S e —d } !
T N
L & E | 1 :
t_ ,_%_ 1 iL K ,l___‘. i _} ]l H
! 7 3, } i 1 i T ! L I
— — - _— _‘nk,- —~— —— _....,-_r__n..,_.- —— et S TN —_—
NN |
- TT--+---+—~—--+~-—-~§“.~ - , i
Order of Testing i tiatsl ol stel»liat 9lio ity lus

S,

Wy
[RE

e T P e
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Ao .

b

A - g o

T Az gt

TRAINING SHRET

Dute:

Name:

last Lirat niddle
Identification:

Code Ko:

Age: _

Sexs

PERIPHERAL TRAIKIRG - PLAFE SILHOUETTES |

7}
Py
o
@

_RICHT EYE Order  Plane No,

1 . 10 Out
2 1 K .
2 Ao :
i’“ EN 30 -
| [ 3 5 2
Z b 10 o
E b 2 .

LEFT EYE Order Plans No.

1]
e
-}
[ ]

Neridian

Sqore

1
2

43,,.,5%

e f oo ol

uﬂ#wgwq&'&

3
—3%
-

Remarks:
#*Period Bo. 11, Group II
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TRAIRING SHEET

Date: *

Rame:

Code Yo

Ages Sex:

last Lirast

Identification:

middls

PERIPHERAL TRAINIRG - PLANE SILHOUETTES

RIGHT EIE Order

Plane Ku.

Period Nos_ 11 (Greup I

Neridian Seors

L]
e 3

10 Down & Out e

-

OhpOr- e O

5
n:##*::lr
=|a1 ﬂmaa

LEFT EYE

Merldian Soore

e

Down & Out _
]

i

4

*Tﬁﬁ';

!

2

2

5 -
2

JA

i

PR e

T

1=

Remarkes

*Pariod ¥o. 12,

Grovp 11

T -
b S
-r‘z_,r“}l"‘ (R gl

1 Tyt el g "

pat T

'y el el

.
il 1
IR R S

{11&_“:1 .

T
EAR T S
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Tl

Dates_

Name:

f !
© aer el Foupeta 0

LIS . R 4ET Tl

Tent n@m

. v N

TﬁAInING SEEET
Cod; Boi
. - Age: Sex:
last first niddle
Jdentificatlon:
PERIPHERAL TRAINING - PLANE SIIHOUETTES Period Fot_ ]2 (Group 1)*
RIGHT EYE Order __ Plane Ho, Size i Meridian . Score
. 1 DY 5 Pown
2 1 5 T
—3 i e b
i - Down
1 Op
3 | Up & Oyt
A 5 Dowmn
4 5 Up_ -
4 5 Tp & Ot ,

LEFT EYE

]

%
H

hnﬂm

Score

Ho.

Down

Up

 Up & Out

Down,

Up & Out
Lﬁh

TR

Bp

'b;bﬁﬁjﬁﬂw

& Out

T

Remarks:
#Period No, 13, Group II

L



TESTING SHEET
Dates_ L | Code No: _____
Kame:_ _Ages _Times o
Identification:
v EY
First (L)
Second (R)
Both i
Test Nos 4__{Groun 1)+
Period Ros__13 (Group I)_
Operator: ]
First Eye (LEFT) Second Eye (RIGHT)
B down up & down up &
cut & out [down| up| omt|| out & out jdowm| up | out
30°)60° { 30°160" j 30° | 30°[30° {|30° | 60°] 30°|60°| 30° 30°I 309 |
| |
RAW SCORE 1 -
EQUIVALENT | 2
|
: | | |
- | b
¥ 5 L] 1
J i T I 1 i !_
' i : |
6 | L , |
e eas
Ly i b ; l
A
, ; i IR I
I O S O
U IS VO L I I I I |2 |15 |
Order of Teetimg | x 12 " 31 4:6 ' 6 1 7 gl 9gliplnlae iy i

TTugh e 3. Poried Ho. 14, Group II

B I ¥ VR
ot R AR

P
PRl G

e

v, e



¥ ' .
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Ler - - v h ' )
= “5s

L=
5“ 1

H

TRAINING SHERY

N
S 0

Dete's | . Code No:

L= R AR

Kames ‘ - Age: Sext
last firat middle

i e
3

Tdentification:
PERPHERAL TRAINING - PLANE SILEOUSTTES Period Koi__14 (Group I}*
£ . RIGR? EXE Order  Plase No. Size  Meridlan  Score

i Ty 1 % Out |
v jod 3 3
H 3 5 g~ r
o 4 2 3 T
—— =
3 - g 4 % Bl
. & o
z —3
i0
LEPT EYE Order  Plane Fo. Sise . Meridlen  Score
: (T Out

m:zimnsux

-~ L»pmmwiw

- 2

e ) _g
-~

R

15

Bemarks:
*Perind ¥o. 15, Grouwp II
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=
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e
-
.
E
+
’
M
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S
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TRAINING SHEET
Date: —— Code No: .
Name: Ages Sexs
laat - flrst niddle
Identifications

PER [PHERAL TRAINING - PLANE SILAOUETTES

Period Nos_ 15 (Growp I)*

Score

RIGHT EYE Order _ Plane No., S!&g Meridian
- 1 5 Down & Out
2 p . 28 N W
3 2 5 ;: "
& 2 f .
E : . T LA
: ; ‘7% —
o k& v B
E.._ : A i "
! 10
LEFT EYE Order Flane lio. Size Meridisn Scors
1 1 5 Down & Out _F
2 1 2& n n i
] ] % e j " "
& ] 2 2% n 0
- NN 3. 5 " n
L _6 T 3. EE— n M
B i - 5 d "
%: g i g% " "
9 N
) . T ]
Famarkss

*Tarioldl Ko.

1%, Group T

o dalioe gt

R I
PO

[ T T
AT RN e

i

1 fon oen

Ly

r

o 1o
e f

-reta P Singea 5
nad b W

s

t .
Ma e
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TESTING SHEET oo

Datei_ : Code Ho: H
.

Neame:_ Ago: Time:_ . - ,

Identification: - ‘

Firat (L) ] E

Second (H)

Both [

14 v o

Test Ho: 5 _(Group I)}*
Period Kos__17 {Growp IJ_

Operator:

P Qe oty

PAret Eyes (IIF_'-F?} Seczond Eye . (RIGH?T)

.......... i —— e
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Date:

Name:

THETGING SHEMT
o Code Noj
R Ages Sexs
last firet riddle
Tdentifications o _
_PERIPHERAL TRAINING - PLZHE STLHOUETTES Period Ho: 18 (Groyp I}#
BIGET LYK Ordar 2lana No. Sise Yaridien 3gore
T ¥ L —
2 )
3 * 2 [ n
. 2 2. "
5 i 3 5 *
6 T 3 2 - -
; ;F 4 5 "
4 . i
g 1 ___Cut
10 1_ _}. Down & Out
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»Period Neo. 19, Group II



TRAINING SHEET
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Age:

Code YHo:

Sax:
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Identification:
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Period Ro:
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idoncificaticas__

i LR

el

|

+ Y - 1
. a5
EIRCENPIE = SRt

First (L)

Seaond (R)

R eed G e SR

Both |

Test No: & EQ‘}‘QER L
Period Noe__ 2l ,,{me_l)__

Operator:

) -
Flruh Eye {LEFT} Second Eye (RIGET)
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Date:

-63-

TESTING SHEET

Name:

Aget

Code Noi

Times

Identification:

First (L)

Second (R)

Both

Teat Nos 7 {Groyp I)*
Period No:__25 (nggn I)

Operator:

First Eye

(LEFT)

Seccond Eye

~ (RICHT)

down
out & out

dowm

8

up &
out
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" down
& out

down

up

30°|600 | 30° |60°

300
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20° | 60°
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300

RAW SCORE 1
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i  Dates
Name:

-r6.¢. '
TESTING SHEET
Code No:
Ages __Time: _

.. Jdentifieation:

" Firet

(L}

~ Second (R)

Both

' S

Test Nos____8 (Group IV*
Period Nos__36 (Q;gyp 1§,

Operators

Second Ex,

(R1gin)

. D&
22,5°
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5°
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22,5

U%0|.
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I
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300
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Remarks: Rotated meridians as noted sbove

#Test Ko, 8, Perlod Ko, 25, Group IX
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TESTIRG SHEET
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& down |
out & out |down| up | outff out & out |dowm| up
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#Test No, 9, Period No, 26, Group II
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T Names . __Aget Times
Iqenti:l‘ication
TBAHSFER'TESTS:“ : . - '] 18
" Imolated Polnts: No. 10 Circle: |
(2 squares and a circle) (10 triea) : Firet (1)
25 mm.1 L (Out %O Second R
R L (Down & out 90° cond  (R)
]
10 mm.: L (Ot 900 Both
- R (Down & Out 90° _
' Test No: 1Q_{Group n:
Perlod Nos__ 28 !Qm n
Operator:
Pirst Eye (LEFT) Second Eye (RIGHT)
down lup & down up &
out | & out |[down| up| outj{ out & out {4oWn| up | oyt |
30°] 60° | 20°| 60° | 20°| 20°} 30° ||30° | 60°| 30° | 60°|30° }30° | 20°
 RAWSCORE. | 1
. . EQUIVALENT | 2
3
FA
5
6
7
8
Order of Testing{ 1 | 2 (3] 4| 5| 6| 7|I8}]9 |10 {11}12 13|14

‘Remarks: Rapid recognition test (0.2 ses, exposure)

#Test No, 10, Period No. 27, Group II
#xTrangfer tests given to Group II only with this test
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Ko,
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Kurmel tast, with tranefer studies

Perlod No, 28, Group 1I

T I ,
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- it B ! :
§ ! y
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" APPERDIX C
THE SUBJECTIVE QUESTIONNAIRE

In this questionngire you will ansgwer certain questions about exper-
jences outside the laboratory which may have been the result of your vis.:
ual training., There are no "right" answers; please glve ag accurate an
account of your sxperiences as possible.

Dates Cods Ros

Rame:

I. Ino vhat eituations outside the laboratory have you noticed & difference
in your visual efficlency, such as:
' Check one

Change | No Change

A, Walking on street
B. Sports

C. Rsading

D. QOther situastions

IX. For those categoriee in which you hawve indicated a change describe
briefly what your experiences were:

A. Walking on street:
B, Sporta:

C. Reading:s

D, Other situations:

ITI. Do the changes you have noticed intrude thamselves on your consclous-
ness or are they noticeable only when you think sbout the eye training?

Explain.

IV, Describe any other experiences you mey have had which might be of as-
slatance to a person trying to evaluate the results of the sys tralining.

(nse other aide if necessary)
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Table D-1.

Table D-2,

Table D-~3.

APPENDIX D

Acuity, M¥m, Varlabllity, end Percentlle Steadiness
Scores of Progressive Landolt Ring Teats

Aculty, Mm, Varlabllity, and Percentlle Steadiness

 Scores of Special Tests (Monocular and Binocular

Transfer Tests)

Isolated Forms on Horizontsl Meridien (Monocular -
Tranafer Test).
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APPENDIX D

TABLE D1

ACUITY, MM, VARTABTLITY, AND PERCENTILE STEADINESS SCORES OF PROGRESSIVE LANDOLT RTNG TESTS

“ode Classifi-
w3 cghion

V=12

V=12

V=12

{‘-.

i
<
1
[
N

Twf ESIC

3

=7 ¥-12

1at 2nd 3rd 4th 5th 6th 7th 8th
Strelght OStraight Straight Stralght Straight Straigint Straight Straight
Sex Test Test Teat Teat Test Test Teat Test
Hox 43%) (W= 43%) (N a43%) (Fa43) (Faid®) (W43 (8 e 18) (W 43%:
heulty Al 5 17.9 33.1 20.5 18.6 29 .4 15.9 10 9
M @ Var VAN 7.7 8.8 9.9 6.8 9.9 4.9 1.7
I Steady 68, 57. 72, 52 . 65, 66, 69. 84.
Soully . .
Y mm., Var. MILITARY TRANSFER
% Steady
Aculty 32.9 23.6 23.0 23 4 23.9 ’
¥ m. Var. 9.2 3.1 4.0 5.8 4.3 MILITARY TRANSFER
% Steady 72, 37. 83. 75. 82.
heulty 38.7 20,1 16.7 15.7 15.2 13.2 11.0 10.2
¥ mm. Var. 7.5 4.0 3.7 3.7 4.6 L.l 2.1 3.2
% Steedy  83. 80. 78. Tl - 70. 69. 81, 69.
Acuity 40.3 24.0 2.9 20.8 17.8 16.1 13.5 134
¥ mm. Var. . 9.8 4.7 5.9 3.7 6.0 3.0 2.0 3.4
%" Steady 76, 80, T4 . 72, 67. 81. 85. 75.
Acuity 38,1 23.9 16.8 14.2 11.8 11.3 8.9 8.8
¥  mm. Var. 6.2 8.2 6.6 3.2 3.2 2.4 2.2 1.3
% Stoady 34:; &a 61. 73. 73:\ 'E_-D '?60 850
Aculty 643 3.5 7.8 33.7 35.8 34.6 2.1 31.4
¥ mw. Var. 18.0 3. 5.9 13.3 10.0 13.3 5.8 9.6
% S'baady 72(. 91: 88c . 614 72< 62‘. Soe 70'

L\}Lw

For e St



TABLE D-1 (Continued)

1et 2nd Ird 4th 5th 6th T gtp
Code Classifi- Straight Straight Straight Straight Straight Straight Stralght Straignt
Ho. gation  Sex rt:u_ T ‘ _(_T_qa&_‘_ ~last _
] N =) (Nad3*) (Nsi3*) (N=i3®) (Nai3*) (N=43%) (N - 187 (N - 43%)
Aculty  45.3 = 286 19,6 . 13.0 10,1 9.6 9.2 8.7
Tf"B m H HEn . va.rn 1.2;1 7:3 855 2i 1c9 ll"? 1:-‘; l::)
% Steady  74. 75. 57, 82. 82, 83. 85, ¥
Acuity  56.9  35.5 '23.9 18.1 17.2° 15.5 ' 15,0 1.3
T 9 =K ¥ mm. Ver, 15.1 9.3 5,6 49 6.7 3.1 1.3 1z
' % Steady 73. . 7L 77 73.- 61. 80, Q. o3,
Acutty 51.7 3.6 23 2 12.9 104 Q.U £ .3
T-10 V-12 M mm. Var. 12.0 7.9 5.0 4.8 4.0 2.7 & A
% S'baadj ’?7; 7?'. 795 63; 620 ,'?04 9’:" 9‘
: Aculty 72.0 i4.8 37:8 30,7 24,6 W37 in.4 Ll
T11 V=12 M mm. Var. 7.7 7.7 4.9 6.2 7.0 &.0 T LA .
% Steady 89, 83, £7. 8o, 7R 65RO e, ,
Acuity 34,4 11.1 Q.4 3.8 7.2 &.5 £ 2
12 USMC ¥ mm. Var. 8.6 3.5 1.1 3.3 .6 1.2 1.3 B
-~ % Steady  75. 69, 89, 63, 92, 73, £9. €7
Acuity 3906 19‘9 l-[.-5 1004 lD.E 3:,’" e DR
T~13 113) ¢ ¥ mm, Var. 15.2 5,8 2,R 1.7 0 1.1 ; -
4 Steady 62. 71. 71, 84, 92. 2. 2y ad
Acuity 47.4 23.1 23.7 17.9 19.2 17.1 1z.8 10. %
T“‘u vulz u m; var: -1-5-5 5:9 7-1 4:7 5:-8 l(d-'a-l:i-- 1 9 :-~9
% Steady  67. . 70, Tl 70. . 85 81,
Acuity 36.0 28 .4 22.1 18.2 25.0 20.6 19,0 16,1
T""ls mm M m: VB.I' . 7-:2 854 4;6 4:2 - 5;1 4‘_8 6,0 4,:.‘.'.
: 80. 70. 79, 7. 80 77. 68, 74,

% Stea.d;r

¥



TABLE D-1 {Contimued)

lat 2nd 3rd 4th - 5th 6th th Sth
voode Clesgifl- Straibht Straight Stralght Stratght Straight Straight Straight Ziraignt
o sabvion Sex ggg Test Test Test Test Test Test Test
= 43%) (N w43 (N w 43%) (5 2733 (0 2 43%) (N 2z 43%) (N = 18) (N = 43
et Ty 12.0 3.5 2.8 2L.% 10.7 15.3 175 i5.2
- ML R oTam o Yy R i 2.2 e 3.5 1.7 1.6 2
- Stagdy ) 3, 76. 34 79, 89, 43. Sk
ity 35.1 0.2 R -5 16.1 13.7 12.6 2.5 153
B 2 W I yar 7.5 70 2.3 5.1 2.2 2.6 3.7 <z
v oleanr M, h 6. &2 4. ), 69 . 7.
AERAH 4.9 0.8 13.3 12.9 0.0 8.3 g.3
I ro h L 2 .5 T g 1.0 2.2 ~ 7
T Ay = 35 78, ol 96 34 88. 84.
LI 30,3 ENT 7.5 10.4 1.1 60 6.5 5.1
-0 = 4 mm. Vexo 2eH Y% L9 3.0 2.7 1 0 e L5
% SwReay a 5 N [ 75, 83, 28, <G .
Aenidy Ay 29.1 3.7 i3.% 154 18.7 14.3 G cC
Ry Civ. worm. Var. i2.0 10.1 4.0 5.5 4.6 6.9 4.9 2,2
% Stealy 73, 65, T7. 59 70 63. 66 . 78.
Aquity 27.8 227 18.8 13.6 11.0 9.7 6.8
Pa il BT B wm. Var, 6.4 7.1 57 4.7 5.8 2.9 1.5
Z Stoady Y. £7. 70. 66. L7, 70 T7.
Louity €64 56,2 59.7 45.3 26.2 21.1 163
Je2L ) o ¥ mm, Yar. 2.3 12.1 17.6 20.2 9.7 €.1 3.8
% Stesdy 32, 82, 1. 55. 63. 71, 76.
Aeutty 28.3 28,8 2.9 9.4 18.5 19.0 17.5
T-33 ¥=-12 M om, Var. 9.2 2.0 3.5 £.0 6.0 S 2.1 2.6
.T'."J Staady ‘7&:1 69.. 83 74: '68: Bgr: 85(
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Civ. F
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% Steady
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% Steady

Acuity
mn. Var.

% Steady

Acuity
mm, Var.
% Steady

Acuity -
mn. Var.

% Steady

Acuity
mm. Var,

% éteady

Acuity
mm. Var.
% Steady

Acuity
mm. Var.
% Steady
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(N = 43%) (N = 43%) (N = 43%) (N = 43%) (N g 43%) (N = 43%) (N = 18) (¥ = 43%
31.5 31l.4 27.4 18.4 3.6 20 .2 AT
5.3 5.3 7.1 PN 7.2 g.0 A0
83. 83. 7. 77. 70. 6G, 7.
FANTA 34.4 24.6 23.5 21.3 17.2 1e.s
14.9 10.5 9.0 5.8 7.5 2.5 < e,
&9, 69. 60, 75, A5, 85, 75,
35.5 35.4 356.0 32.1 21.% 15,6 McH
11c4 Mﬂz 98 lBL,“' 5:6 - 'va:a :T "
68, 60, 73 59. 7. G i
32.4 21.1 1.6 14 .0 4.0 1.3
8.3 7.6 4.6 4.5 4.5 2.6 2
Vo 6 69. 63, 65 . 76 .
34, .4 45.0 32.8 9.0 531.9 15,4 "~
12.1 12,7 4.9 T.7 3.5 Lo -
88, Te o 85. a80. 73 T oL
51.0 28 .4 13.5
13.5 7H 6.1 WITHIRES
Th. 13, 85,
Lt 3 L2.T 35.5 29.3 23.8 211 &0
BDG 9:6 997 5-.8 é‘«.!l- '%97 E;t-
821, 7% 73, 80, 73. 73, ?3
32.0 18.1 17.8 18.4 16.8 16.2 15.8
FARS) .7 7.9 2.9 £.0 4.9 22
88. Th. 56 B4, 7G, 70, o6
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SO TABLE D-1' {Concluded) ‘ ‘ o T
. 18t ond’ ard 4th St &th 7eh 2t '
Code Clessifi- " Straight Straight OStraight Straight Straight OSiraight Siraight Stralighs
No, eglicn Sex Test Test Test Test _ Tegt _ _Test __Test Test
8 = 43%) TN = 43%) (N < 43%) (N = 43%) (& s 45%) (¥ = 45%) (F ¢ 18) (¥ = 22%) .
Acuity 37.1 25.1 21.7 15.2 7.7 20.9 15.5%
T"'A-O lez M 1114908 VB.I‘. 4'9 . 7-5 ' 6.6 5-6 6:‘-’} 6t3 -'-‘4 :—
4 Steady  &7. 70. 70. TL. 64, 70. 7
/ . Aeuity 4.1 26.3 26,8 23.4 20.0 16.5 12.5
T-41  NROTC M om. Var. 13.4 3.5 6.3 6.5 6.1 5.2 2.3
€ Steady  67. 27, 77 72. 0. 63, 76,
A.C‘[lity 5308 19 l? 1757 16.5 14"1-#4 13 03 1?05
T- 42 NROTC ¥ mm. Var. 5.7 7.3 4.9 3.5 2.8 3.7 58
% Steady 89. 63 . <. 7. 81. 2 Su
Aculty 9.4 23.8 17.9 17.0 13.7 15.7 1 T
Ta/{B W M mmo VB.I', 10'6 1!0-:7 ‘;CL . 600 5-‘"‘ 3_-0 ";. ':"'?
: - % Staady 64 . 80, 70, 68, 7. 7.
Aculty 5.0 A2 .43 23.6 10.% AR5 £.7 T
T4/ HROTG M mn. Var. 2,0 bea'? LA G55 2.5 2.0 &
% Staud}? 704 ’?L:'u 69 6‘2, f{?' 3 7"-‘4 *
hculty . 37.8 2T T 25.4 C 234 20.2 11.° i .
Te245 RoOTa ¥ mm. Var. 6,1 5.3 7.7 4.8 A4 e PR
» Steady 84. T 71 ae, S, 8. S
Acuity 35.1 WITHDOREN
T+45 NROEG ¥ mm. Var. 6.6
% Steady  E1.
Aeuihy LE 4 29.4 237 201 17 & is.9 0
T LT NROTC ¥ mm. Var. 10.2 5.5 5.8 bed 3.3 A N
- % Steady 8. 78, 75. 1. 72 i 7
Aculty PN RNA L 30.1 25.1 21.2 132.7 16.6 AR} RO i
A‘l‘erﬂ.gﬁ SGC?& 111119 VRI‘{ 10=3 716 637 505 591 4:3 2:5 341 -
% Steedy 77 - T 72, T4 72 75. 81, T
*Includer oniy those subjects who completed traiuing regime. ' 41 )
»#1n 100 untrained subjecte those soeres were:; acvity, 47.9; mn. variabllity, 10.63 and percerviie
- stesdiness, 77.- See: Low, F, B, Op, ci%. ({(Footnote 11 of this report.) .

- - - - s con



TABLE D-2

AND PERCENTILE STEADIBRESS SCOHES OF SPECIAL TESTS

(MONOCULAR ARD BINOCULAR TRAWSFER TESTS)
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12 33

.0

4e5
.

15.8
2.5
84.

Acuity
mm, Var.
% Steady

V=12

T-1

Acuity
mm. Var.
% Steedy

‘ MILITARY TRANSFER

TSkC |

T-2

Aculty

mm. Var,
% Stesdy

MILITARY TRANSFER 21

v-12

T-3

18 35

10.4

Acuity
mm, Var,

M
% Steady

V=12

T=4

15 15

14.1
43
70.

4.3
eo.

21.6

5.6

32.3
83.

Acuity

u m. var-

% Steady

V=12

T-5

26

12,5
2.9
WI

36.9
4.3
83.

28.0
4.8
83.

Acuity
mz, Var.

% Steady

T-6 USHC

S L
‘Ekrf‘t A8 AT

A
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TABLE D-2 (Continued) . C
g g §‘ I 3 % | % 0k, B
T g = qgu g & g 3% % if
. ° )
¥ y: 1 if g5 g8 BT BB
PRI B I |
. s <88 & 23 2. =23 = 2 33 By
- [« ¥y | o~ - » - »
§£ é g a?c;g Ec';E = -E n?E QE é’E m§ nEd @ as
(N = 25%) (N = 25*) (B = 42) (N = 42) (N = 42*) (K = 42¥) (N = 25) (N = 25) (N = 25)
. Aculty 7.8 45,8 3.5 1 19
-7 V¥-12 ¥ mm, Var, 12.9 13.2 10.6
% Stﬁﬂdy 84. Tl. 690'
Amt’ u03 ﬂ-ls -11!3 25 ” (!:3
T-8 Usic | s, Var. 309 5-5 108 !
% Steady 84. -2 84. )
dcuity 8.2 T 161 17 © 24 Tk
-9 USMC M wm, Var, 13,2 4.9 3.1 2o
. £ Steady 65, a7, 81. o LD
Aculty 20.8 34.3 -8,9 15 27 L
T-lO 7-12 ' mE. Vlr. B-? 4.9 2;1 )
% Steady 58. 86, 76. .
Acuity 20.4 0,7 19.2 9 34 ,
™11 V-12 N mm, Var. : 2.9 3.9 3.9 C
% Steady 86. 87. 80, - -
Acuity 27.5 24.4- 1,2 17 38 -
T-12 TSNC M mm, Var, 2.5 408 3.7
: % Steady 91. 80. 67.
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S Sy et B

.

o %] -
: by 2
o g el & 2 8 8 ST
Q o} g - . Lt Gt G 4 s c
v IR wt é @ @ 0+ 1 %o
= Z g =82 3g 08 84 5% & -
é & 53 = & ~ £t L% ;Jé By
E 8 g B ‘a woet o d E;- = B o] ‘s
s 3 3 5 £5 0 i £a 3 8 Ly %
§.8 .3 26 =g 2 S 4 & BT
£ 5 a" ™y E &s o9 o ';39\ % To -
o oo W 42 ~ 4 6 e Q4 oo S
8 2 3 i i ME O o4 £ & & o0
82 8w 3 8o B = 2 2 RS BE LE b
{N = 25%) (N a25%) (N =42) (Kz42) (Ns42%) (Na=22%) (Fa25) (K225 (Wain)
Aculty 54,7 28,7 . 38,5 12,2 25 31 4.5 2.2 o R
T-43 NROTC M  mm, Var. 13.3 4.3 3.3 B s § ' i
% Steady 7. 85. 91, 91. . :
“ Acusty . 82.1 38.8 43.8 12.8 25 34 1.7 2,2 20
‘I&“M RROTS )2 pm. Var. 18:5 8-'3 ’ 4':0-:9 3.9 .- o
% stmy ?34 ‘?81: 895 ?Oﬂ ’ J;; y‘f
. Aﬁuity ?5 .8 . 46;10 45,5 13‘,5 2& 1{} E‘Q za:&: i :».;;f
T-45 HROTC M  mm. Var. 16.4 8.6 7.9 3.3 3
% Steady 7. 8l 83, L 76,
o Acuity 63.2 Ry
‘3}%&6 m M . ?W - 1? ;6 " " mmm 7 ) rb{
% Steady 72,
Acuity 84.9 4.3 A3.5 15,1 15 22 2.2 Zana 1%
T-aﬁ? m m ﬁﬂ;ﬂm V&T. 16@7 306 zﬂwé 1r2
% Steady 80, 3. 89, 92. §
- Aculty 6,7 4.3 374w 17,3 17 28 2.8 2.5 18 E
Average Score mm., Var. 15.2 8.3 6.1 4ol . . ,
‘ % Stesdy 80, . 84. 7%. 7.2 4.5 e
*Includes only those subjects whose scores on these tests are complete 1
2%In 100 untreined subjects these scores were: acuity, 70.1; mm. variablility, 11.2; and percentile £
steadiness, 83.8. See: low, F. K. Op, cit. (Footnote 11 of this repars,) _ g
#These are corresponding average scores in 22 untrained subjects, 5



Code C(lagsifi-
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Numerous fundamentals of peripheral vizual function were discovered by
workers of the German schools in the lagter half of the nineteenth century.
Duke-Elder, in his reference Textbook of Ophthalmology (1}, has frequent
oecasion to refer 1o the phenomens observed by these early workers. However,
the material presented by them is largely qualitative and was devived, usually,
from a very small number of subjects. Very little quantitative data have
been offered which are useful to the present day worker who wishes to predict
performance in g sizeable group of individuals. The special problems of modern
aviation, particularly those encountered in the landing and takeoff of airplanes
and ip spotting the approsch of aircraft, have lent new importance to peripheral
vision, the interest in the normal funclioning of which has heretofore been
scademic rather than practical, The need for more guantitative data led to
the present investigations of peripheral visual function. These studies aimed
at (a) the developrent of a standardized measure of peripheral visual acuity,
and (b) an investigation of the practicality of training the peripheral funetion
to insure hetter performance.

Visual aewrty scores. The simple form acuity of the retinal periphery has
been messured by s newly developed technigue and reported (2, 3) in two
groups of 100 subjects each, The first group (2) was tested with bright (pho-
topic) umination. The technigque and apparatus were modified in the second
group {3} for testing in dim (scotopic) illumination. The test consisted of &
measure of simple form acuity on seven points of the retinal periphery of each
eye. The technique required the identifieation of the position of progressively
decreasing sizes of Landolt eireles. The “iotal scores™ of the subjects consist
of the mummsation of eorrected values of the 14 individual point segres and repre-
sent the overall ability of the subjects {3, fig. 2).

The possibility that some points on the retinz might be better indices of the
subject’s ability then others led to an examination of the relationship of the 14

3 The work described in this paper was done (in part) under s eontract, recommended by
the Comunittee onMedical Beasarch, between the Office of Belsatific Rosearch and Develop-
ment and the University of Neorth Carolina. The systemastie training of peripheral vigion
wag undertaken for the Commistes on Selection and Training of Aireraft Pilots s one of 8
series of researches conducied under the provisions of a contract between the Civil Asro-
nsuties Authority and the Nationsl Research Couneil.

* Now Asvociate Professor of Anstomy, School of Medicine, West Virgipia University,
Morgantown., Thanks are given to the Depariment of Anatomy for facilities and time
used in the preparation of this paper.
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individual point scores (and groups of them) to the total scores by the Pearson
product-moment. method of correlation.

An initial set of correlations was made on the scores of the original group whose
photopic acuity had been measured. Each individual point seore was correlated
with the total score, the coefficients ranging from 0.60 to 0.77. Calculation of
the non-gignificant range of variation revealed an overlap between even the far-
thest removed coefficients. Thus, it was evident that no benefit would accrue
from the removal of any one of the points as a shortening measure; the reliability of
the total score would suffer. Similar results were obtained when each individual
point was correlated with the score for that particular eye (sum of 7 individual
point scores). Here the coeflicients ranged from 0.64 to 0.75 with similar overlap
of non-gignificant range of variation. Certain groups of points were correlated
with both the total score and the gcore for the same eye. These included all
30° points, all 60° points, ete. No point or group of points was found which
correlated sufficiently well with the total score to justify the omission of other
points. In general, the larger the group of points the better the correlation. All
evidence pointed to an ever present source of error in the progressive measure-
ment of the 14 points. In individual subjects some points were better than the
total score indicated they should be and others were worse. Such periods of
efficiency and inefficiency were apparent regardless of the retinal area measured
or the normal acuity of that area. They tended to cancel each other out pro-
gressively through the test. This progressive cancellation was sufficiently
complete to give the test an over-all reliability of 0.91 (2).

A similar but less extensive set of correlations was made on the scores of the
100 night visual acuity subjects. Individual point scores, when correlated with
the total score, yielded coefficients of from 0.44 to 0.78. There wag overlap of
the non-significant range of the coefficients in all cases. However, the coefficient
of the first point tested (0.44) was far removed from the remainder, the next
lowest being 0.54 and the majority above 0.60. The standard deviation of the
seores on this point did not differ from that of similar points and the mean was
not displaced (3, fig. 1). It was concluded that the poor correlation coefficient
indicated a starting difficulty. This was not observed in the day visual acuity
group. Other features of the night visual acuity scores demonstrated by eor-
relations similar to those of the day visual acuity group revealed the essential
similarity of the two, The same ever present source of error in the form of
fluctuating efficiency was noticed. '

The total scores of both groups were correlated with age, time of day, test
operator, etc. All of these yielded non-significant coefficients. It was con-
cluded that the scores were independent of such values.

Extraction of a measure of spontaneous fluctuation, The fluctuating efficiency
revealed by the above series of correlations had been previously noticed during
the testing. Here it was quantitatively large enough to intrude itself upon the
operator’s attention. It was irregular in its appearance and more evident in
some subjects than in others. It was present apparently regardless of the
subject’s over-all ability. The presence of this phenomenon, ite persistence and
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its apparent independence of other functions led to an effort to extract a quan-
titative measure of it from acuity scores. The total seore was known to be the
most relisble measure of the subject’s ability. The individual point scores were
known to be less reliable and subject to the fluctuation mentioned above. It
wag assumed that the “true” acuity of any point bore s constant relationship to
the total score and that the fluctuations observed during the testing, and con-
firmed by the correlations, operated above and helow this mean. The numerical
value of this “true” acuity for any subject 13 unknown during the testing but can
be obtained from the total score. The percentile relationship of the mean acuity
scores for any one point to the mean total score in a group of 100 was adopted as
the true relationship of the acuity of that point to the subject’s total score.
This was found to be constant within one or two per cent at most in widely
different groups and ranges of scores. To discover the “true” acuity of any
subject for any point it is only necessary to multiply the subjeet’s total score
by the percentile value for that pomt and divide by 100, This gives g figure
(hypothetieal seore) which the subject should have gotten when that point was
tested and which he would have gotten had it not been for the presence of the
spontaneous fluctuation in his ability which characterized his performance.
The difference between this calculated ‘‘true” score and the measure of his
actual performance (recorded score for that point) is the measure of how much he
deviated from his own mean during the testing of that point. The deviation for
each of the 14 points tested ean be similarly calculated. A summation of these
deviations for all points was adopted as the measure of the subject’s spontaneous
fluctuation. This mensure, as are the data from which it is derived, 18 in milli-
meters and has been called the “millimeter variability’' of the subject.

The millimeter variability (fiz. 1) was found to average 10.6 in the 100 day
visual acuity subjects with the dispersion of scores ranging from 2.5 to 20.
The 100 night visual acuity subjects had an average millimeter variability of 11.2
with a dispersion somewhat more contracted. The eye-to-eye correlation of the
millimeter variability for each eye {(photopic) was (0.4i. Correction by the
Spearman-Brown formula brings this to 0.61, the over-all reliability of the
measure, Since there was no ecorrelation of scores with external circumstances
these low coefficients were interpreted to be due to intrinsic changeability of the
fluctuation. Later observations bore out this interpretation.

Formulation of the subject’s percentile steadiness. In the performance of our
tests the average dav visual acuity subjeet fluctuated or wavered 10.6 millimeters
and got an acuity of 47.9 millimeters. In other words, he varied 22 per cent of
his total seore or, conversely, was 78 per cent steady (fig. 2). The average night
visual aeuity subject fluctuated 11.6 millimeters with an acuity of 70.1 millimeters
and thus varied 16 per cent of his total score and was 84 per cent steady. The
dispersion of these percentile steadiness scores in the day visual acuity group
was from 60 to 95 per cent and in the night visual acuity group from 70 to 98
per cent. This index of steadiness has proved useful in the interpretation of
subsequent studies.

Interpretation of spontaneous fluctuation. The possibility that the observed
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fluctuation might be an expression of inherent strength or weakness of the
retinal areas measured has not been neglected. Numerous series of repeated
tests on the same subjects have revealed the patterns of fluctuation to be unique
for each test. Any retinal area in any subiect may measure either better or worse
than the score indicated by the subject’s over-all ability. Also, on special oc-
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Fig. 1 Fig, 2
Fig- 1. Frequency distribution of millimeter variability scores in peripbheral vision in
two groups of 100 subjects each. Solid line represents scores in bright illumination and
dotted line those in dim illumination. Arrows indicate means.
Fig. 2. Frequency distribution of percentile steadiness scores in peripheral vision in two
groups of 100 subjects each. Solid line represents scores in bright illumination and dotted
line those in dim illumination. Arrows indicate means.

cagions when a subjeet did very poorly on the testing of a certain point, the
technique was immediately repeated. The subject usually recovered from the
gpell of inefficiency well enough to make s befter score, more in keeping with
expectations. This procedure was never permitted, however, during routine
testing where the accepted success criterion was rigidly maintained.

Standard accounts of perimetry (4, 5) describe the vigual fields and peripheral
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visual perception as steady and fixed, no mention being made of Auectuating
efficiency. However, most of the experimentation from which current concepts
have been formulated has been done with simple test objects such as white
circles or squares on a black background. A rigid success criterion was not
used. The subiect could either see the stimulus object or not; if he didn’t he
conld try again, and momentary failure did not alter the recorded result. The
experiments here reported differ in two ways from such previous experimentation.
First, the stimulusy objeet was a Landolt circle. The position of the break in this
circle might be in any one of four positions which had to be identified as such.
This required the subject not only to see the test object but to distinguish a part
of it from the background and from the rest of the object itself. Thus
the measure was one of simple form acuity as distinguished from simple acuity.
Second, and more important, an unvarying success criterion was rigidly applied
throughout all of the tests. To be successful with a certain size test object the
subject had to tell the position of the break in the circle correctly for four con-
secutive presentations before he missed the second time. The second miss
always disqualified, no matter how large the circle or how poor and illogical the
performance seemed to be. This method served to preserve in the score sheet
irregularities of performance which would otherwise have been lost, Despite
the fact that the standard conceptions of the peripheral visual process imply
constant, somewhat static performance, thé evidence here reported makes it
necessary to regard peripheral perception as essentially intermittent and
subject to extensive fluctuation in efficiency.

Subjective experiences of the writer with this technique and numerous discuss-
iong with subjects have helped in the interpretation of the intermittency which
has been observed. During periods of difficulty the Landolt circle appears as
a solid ring without any break at all. Frequently misinterpretation of circle
position oceurs because all positions look alike. When the testing has pro-
gressed to small circles they often are temporarily completely invisible, the card
appearing blank. With patient attention, the circle later appears. In the
presence of concentration the entire cirele sometimes disappears completely
only to reappear later. When near to threshold sizes are presented they appear
vague and then resolve themselves momentarily with relatively great clarity and
then become vague again, Much of the time taken by the test is due to waiting
for such clear resolutions to appear. They are usually not evoked by intense
concentration, but are more likely to appear on mild attention while waiting.
SBome few subjects can retain these clear images but most lose them again in 2
or 3 seconds. These phenomena suggest thait peripheral perception is char-
acterized by intermittent scotomata which may be either partial or complete,
their chief characteristic being their appearance and disappearance in oscillatory
fashion anvwhere on the peripheral retina. A concept of multiple short lived
geotomata as an ever present characteristie of the peripheral retina is a difficult
one to accept unless it is realized that such scotomata can beecome very large
without the subject becoming aware of their presence. The normal blind spot
serves to illustrate thig. It causes a scotoma the size of a person’s head 6 or 7
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feet away (1, p. 907). In spite of its size it is not evident even when the opposite
eye is closed and the scotoma is absolute. Special precautions are always neces-
sary to demonstrate its presence. 1t is interesting to note that the size of the
blind spot is many times the size of the break in 4 Landolt circle which represents
the threshold of acuity in the areas immediately surrcunding the blind spot.
Thus it appears that a scotoma can exceed the threshold of acuity without be-
coming visible. It would seem that the scotomata here postulated so blend with
the visual surrounds (rather than appear black) that they are invisible except
when demonstrated by perimetry. Scotomats on the periphery as normal
phenomena have been recognized as long ago as 1857 by Aubert and Forster (6)
who classified them as (a) permanent, due to retinal vesszels, and (b) temporary,
due to local fatigue and glare. During the progress of the investigations here
reported, which represent well over 1000 hours of perimetry, no permanent
scotomata were observed. All appeared to be temporary, existing for very short
periods of time. It is unlikely that these could be attributed to glare since they
appeared under scotopic conditions as well as in the photopic testing. Fatigue
seeme to be a more reasonable explanation for these scotomate although the
fatigue must be understood to be essentially regional, restricted to small retinal
areas, since the scotomsata have appeared in all conditions of freshmness and
fatigue of the subjects as well as being temporary.

Training by controlled practice. An impressive feature of performance which
beceme evident early in the experimentation was the tendency of the subjects to
improve their acuity through practice. This was evident even in the course of a
single test, where the second eye tested always scored better on the average than
the first, regardless of whether it was the left or the right eye. Test-retest scores
showed improvement In groups even when a shortened version of the technique
taking less than 15 minutes (compare with 45 min. for the usual test) was used
(7). This feature of improvement through practice, previouely reported by
Dobrowolsky and Gaine {8}, was made the subject of an exhaustive investigation
designed to determine the extent of the improvement possible and to test the
practicality of a systematic effort, to train large groups of individuals by a course
of controlled practice. The training was done by subjects working in pairs under
the supervision of an instructor, alternately operating the technique and being
trained by their partners, in a laboratory equipped with specially constructed
perimeters. Peripheral acuity was successfully trained in 43 subjects to a
mesasure that was 334 per cent of the starting score (9). The measure was based
on the linear measurement of the break in the smallest circle which could be
correctly identified (fig. 3). However, in caleulating the minimum retinal ares
which is stimulated for successful response both length and breadth must be taken
into account, and it will be seen that the average trained subject responded
guceessfully to the stimulation of an area only one-eleventh the size required for
such a response hefore the training. Thus the average trained subject can be
regarded as eleven times as efficient in responding to peripheral stimuli of min-
imum size as the average untrained subject. Extremes of performance varied
greatly. The best subject reached 1200 per cent of his starting score, or 144 times
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as efficient according to the above method of calculation. The worst subject
barely halved the starting score (accomplichment of 200 per cent) and was 4
times as efficient.

This large quantitative increase in simple form acuity through practice
necessitates the interpretation of the peripheral retina as an unpracticed sensory
area. The demands of everyday life do not tax the capacity of the peripheral
retina sufficiently to bring its performance to peak efficiency. Some 23 hours of
practice, the approximate amount of training per subject, are necessary to de-
velop this function to, or near to, its ultimate capacity. The unpracticed nature
of the retinal periphery is probably due to the great specialization for good
acuity in the foveal area. In everyday life very little effort is made to deteet
detail peripherally perceived because foveal performance is so much better,
Instead, an object is perceived, usually because it is in motion relative to its

=
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. % STEADY

SCORES OF 43 SUBJECTS
IN 8 PROGRESSIVE TESTS

Fig. 3. Progressive scores in peripheral visual acuity, millimeter variability, and per-
centile steadinese in a group whose acuity was being trained by a course of aystematic
practice. Test No.7 was taken by only eighteen subjects (the first group of two) and is not
repregented in the curve or in the reported calenlations.

surrounds, and the eye is fixated on it so that the image which is the object of
the attention falls on thefovea. It follows, then, that the natural way to improve
peripheral acuity is to foree peripheral evaluation of visual stimuli under con-
ditions which prevent fixation of the eye on the stimulus object. This primary
requirement was met by the training method used in these experiments, utilizing
perimetric technique. It was noticed that a subject whose fixation was poor
during training showed poor improvement. This was in contradiction to a
previous supposition that some of the improvement was due to poor fixation.
In general, experiences encountered during this course strongly indicate that
controlled fixation achieved by perimetric or similar apparatus is necessary for the
suceess of such a training program,

Various “transfer” tests were included in the training program to check the
extent to which the improved acuity operated in other situations involving
peripheral stimuli. Sucecessful trensfer was observed to (a) unfamiliar test
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objects, (b) one-fifth second exposure necessitating rapid recognition, (¢) areas
.of the retina not practiced by the technique, (d) non-perimeiric laboratory
situations, {e) night visual acuity and (f) situations outside the laboratory in
everyday life.

The improvement of night visual acuity was observed in the form of better
acuity scores than normal in the 42 subjects who took the night visual acuity test
at the end of their training. Their average score was 37.4 as compared to 70.1
in 100 normal untrained subjecte (9, 3). This improved score is 187 per cent
of the untrained subjects’ score. It was impractical to secure night visual acuity
scores from the trainees at the beginning of the course because of technical
difficulties arising from the necessity of working in the dark with an unfamiliar
technique. However, after many hours of practice in the testing technique the
subjects were able to operate a night visual acuity test without difficulty. A
separate series of night visual acuity tests on two subjects resulted in improve-
ment of scores which indicated the amenability of the retina to train under
scotopic conditions. But the improvement was quantitatively less than similar
improvement observed in a like series of repeated tests under photopic illumi-
nation. The above reported scores among subjects who had been trained only
under photopic eonditions may represent the extent to which training can im-
prove night visual acuity although it seems probable that further improvement
could be schieved with practice under scotopic conditions. If the observed
improvement in night visual acuity represents a nearly maximal value then this
suggests a means of increasing the efficiency of night visual performance by a
training method which does not depend upon the awkward conditions imposed
by literally working in the dark.

The most arresting feature of the training results was the changes experienced
by the subjects in their awareness of peripheral stimuli outside of the laboratory.
It was not supposed that the improved acuity would be sufficient to produce
subjective awareness elsewhere, but student discussions of new experiences in
peripheral perception in everyday life became 30 persistent toward the middle
of the course that a questionnaire on these experiences was submitted to
them. Data were gathered on typical everyday experiences such as walking,
driving, sports, reading, etc. Forty-one out of 42 subjects had noticed differ-
ences. Thirty were certain that these differences were intrusive, reaching
the consciousness without the subject’s having been thinking about the training
course when they occurred. One hundred and three situations involving change
were reported and all but 2 of these were interpreted to be helpful rather than
detrimental 1o the behavior of the subjeet.

During the course of the training a series of acuity tests, identical with those
used to establish the original norms, were obtained to check the progress of the
work. The behavior of the millimeter variability and the percentile steadiness
during the improvement was calculated (fig. 3). The millimeter varability
decreased in direct proportion to the aeuity measures to such an extent that
the percentile steadiness varied within a range of less than 5 per cent of the
original value. This occurred in the presence of a change of 334 per cent in the
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acuity. This established the intermittent nature of the peripheral response as a
fundamental of the peripheral visual process rather than a phenomenon in-
cidental to the unpracticed condition of the peripheral retina. If the latter had
been so then the intermittency would would have disappesared entirely upon
tralning,

Correlations of the acuity scores of the progressive tests of the training eourse
afford & check on the previcusly calculated reliability of the measure. The
series of 7 acuity tests taken by the 43 subjects during the course were separated
by three or more practice periods. However, correlations of consecutive tests
were used to check the test-retest reliability of the technique. The coeflicient of
correlation of the acuity scores of the first test with those of the second test was
0.62 and that between the last two tests was 0.88 with a rising coefficient in
between. The original caleulation of the relisbility of the test was 0.91 and was
based on an eye-to-eye correlation of scores on the assumption that the two eyes
ought to score equally. The relatively poor test-retest correlation early in the
training technique indicates a fluctuation in efficiency in the untrained indi-
vidual functioning over a longer period of time than was required to take a single
test. This fluctuation operates from day to day and was noticeable in the form
of good days and bad days in the performance of the training subjects. The
curve representing the average accomplishment of the group is regular and is a
typieal learning curve, but the curves of the individual subjects were character-
ized by occasional losses between tests in some cases. The fluctuations must be
regarded as unique to the individual since no tendency to fluctuation has been
ohserved in the mean scores of the group in training or in the relationship of
individual point seores to the total scores in any group. The failure of scores to
correlate with external circumstances such ss time of day, test operator, ete.,
suggest that the fluctuations are independent of such influences.

Correlations of the millimeter variability scores of the training group in the same
series of 7 tests revealed significant coefficients in only half of the consecutive
tests. This indieates a lesser reliability of this measure of wavering; it is subject
to greater change than the acuity. This is in keeping with the poor eye-to-eye
correlation of this measure observed in single tests. Here again, the flux is
unique to the individual rather than an expression of a periodic function of the
entire group and is apparently independent of external circumstances.

The relationship of the percentile steadiness scores to each other in corre-
lations of consecutive tests showed no significant coefficients whatever. There
was indiscriminate improvement or decline in the steadiness of individual sub-
jects during the training, although the mean of the scores of the 43 subjects
remained nearly constant.

Late in the training course a rapid recognition test limiting the time of exposure
of the stimulus object to one-fifth second showed a scoring similar to that ob-
served in the night visual acuity tests. The mean night visual acuity score was
37.4: the mean rapid recognition score (with photopic illumination) was 41.3.
A correlation of these two scores yielded a coefficient of 0.62. This contrasted
with the correlation hetween the night visual acuity scores and the final acuity
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geores (in the last normal acuity test) which did not show a significant coefficient.
Tt was concluded that restriction of the time of exposure under photopic
conditions somehow duplicated the difficulty experienced under scotopic eon-
ditions. Tt suggested a means of substituting the easier photopic technique for
the more diffieult scotopic one.

Discossion. The intermittent nature of the response to peripheral visual
stimuli and its spontaneous fluctuation, coupled with the unpracticed condition
of the retina, has been demonstrated to exert a marked effect on the performance
of the individual. The ultimate ability of the individual to interpret such
stimuli is but a poor index of what his reaction actually will be. Differences in
performance of the same individual at different times is conditioned by two
major variables, (a} a spontaneous fluctuation of efficiency which may operate
around a range of 100 per cent or more {estimate), and (b) the amount of practice
in peripheral interpretation previously experienced by the individual, which can
cause performance to differ over a range of 350 per cent or more. The former
varizble can operate on regponses to stimuli rapidly following each other., The
latter variable operates through ite range only over somewhat longer periods of
time under the special circumstances resulting from previous training. These
variables exclude the practicality of collating peripheral perceptual performance
with rod and econe populations in the retina. The number of rods and cones in
any area of the retina undoubtedly impose an ultimate ceiling of performance on
the pereeption of peripheral detail, but the amenability of the peripheral retina
to training indieates that that ceiling is not reached except by long practice.
Even if such a ceiling of ability were attained by practice, the persistence of
wavering in the original percentile relationship to the acuity strongly eontrain-
dicates the possibility of useful correlation of performance with the number of
rods and cones,

The close similarity of day visual acuity in the periphery and night visual
acuity in the same retinal areas has been appreciated in measures of simple acuity
(1, p. 937). This was confirmed for simple form acuity in these investigations
(3) where the relationship was found to be ag 5 is to 7 in the presence of brightness
differences of more than 2,000,000 to 1. The interchangeability of certain
features of performance such as the improvement of night visual acuity by
practice under photopic conditions and the significant correlation between night
visual acuity and rapid recognition tests of day visual acuity tend to bring the
photopie and scotopic performances of the peripheral retina still closer together.
Additional points of similarity are to be found in the millimeter variability and
percentile steadiness scores of different groups tested under these two conditions
of brightness. There i3 a tendency to regard night vision problems as quite
separate from the problems of day vision. It is believed that much benefit would
aecrue to the design of problems in night vision if peripheral perception under
bhoth scotopic and photopic conditions were regarded as the expression of a
common perceptual phenomenon rather than as the functioning of separate
entities bearing no relationship to each other.
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The slight differences in acuity observed here and slsewhere in the presence
of very great differcnces in dluminafion further discourage the attempt to cor-
relate function and population of light sensitive slements but, at the same time,
afford some evidence concermpg the functions of the two types of receptor. It
is known that rods are roughly 17 times as numerous ag cones o the huran reting
{13. The funetion of the cones in photopie Whudnation and color vision is well
established, That the cones are not stimulated under scotopic conditions is gen-
erally accepted, convineing evidence here being the foveal seotoma and absence
of coler perception in the photochromatic level of brightness. However, evidence
that the rods are inactive in photopic lumination is lacking, slthough commonly
inferred. Evidence supporting rod activity in bright lght is found in the cone-
fres rat refina which i not blind i daylight and in the conefree far periphery of
the human retinae which reacts to bright Hght. This evidence suggests that
photopic percepdion in the periphery is the resulf of co-operative rod and cone
activity, a thing manifestly possible by the complex synapiology of the retina.
Further svidence supporting this concept is the increase in peripheral acuity of
about 40 per cent in the change from seotopic to photopic conditions.  If the rods
were inactive In bright lght this would mean that the increassd acuily oeeurred in
the presence of the stimulation of only about one-seventeenth as many receptors.

The extensive transfer of the lsboratory traming to conditions of everyday
life as well as to other laboratory sifustions seems to justify the assumption of
persistence of the effects of training in practical visual situgtions. On the basis
of improved aouity messures after tmining, the expected performance of the
trained individual under such practical conditions contrasts markedly with
that of the untrained ndividual, Under photopic lumination the trained sub-
ject is able to become sware of a peripheral stimulus only one-eleventh the size of
the minimum perceptible stirmulus falling on the same sres of the retina of the
untrained individnal. TUnder scotopic conditions the trained individual’s ability
enables him to respond fo & slimuluz less than one-third the size required {o
gtimmlate the same ares of the untrained relina, or, conversely, for any stimulus
of given size the trained ndividual can detect more than three times as much
detail as the untrained person. Although the quaniifative change i night
visual acuity is mmch less than in photopic acuity the practical benefit of such
improvement may be greater because of the absence of 5 central point of great
acuity which, in photopic vision, is ealled upon for verifiation of peripheral
stimuli.

The peripheral retings hss lfong been recognized to possess inherently poor
acuity but, to this hasic understanding of s function, it i3 necessary to add two
important featureg; (&) an habitually sub-mamimal performance due to its
unpracticed condition, and (b) & fundamental iotermittency and fuctuation
of efficiency in its response to constant stimulation. Both of these {actors have
been shown to alter its performance to a great extent. [t is alse well to include
in & concept of its funcetion a recognition of its essential vamenesy of performance
in all levels of ithunination.
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SUMMARY

1. In 8 14 point perimetric test for peripheral visual acuity correlations of
individual point scores and groups of scores with the total score did not revesnl
any point or group of points significantly more reliable than others. This wag
true of the test scores of both day visual acnity and night visual acuity subjects.

2. A messure of spontapeous fluctuation or wavering in the respanse to pe-
ripheral visual stimuli was extracted.

3. Day visual acuity performsance was found to be 78 per cent steady and
might visual acuity performanee 84 per cent steady.

4. Training by controlled practice in 42 subjects vielded a final seore which
was 334 per cent of the starting score.

5. There was successfu] {ransfer of the effects of the training to both other
laboratory situations and eonditions of cutside life.

6. There was succeseful transfer of training under photopie conditions to
night visual acuity fo the extent of 187 per sant of & normal untrained score.

7. A day visual acuity test with time of exposure of the stimulus limited to
4 second eorrelated with night visual acuity scores in the same 42 subjects with
a coefficient of 0.62,

8. The intermitéent nature of peripheral visual function is interpreted to bhe
due to temporary multiple scotomata.

4. The peripheral retina is interpreted to be an unpracticed sensory area,

10, The nature of the peripheral visual process 1s discussed.
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