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Attached is a report entitl9d The Effect of Training on Acuit;r, by 
Jl'ra.nk !I. Low, sut.itted by the· Collllllittee on Select.ion and Training of Air­
craft Pilots with the recommendation that it be included in the series of 
Technical Reports of the Division of Research, Civil Aeronautics Admini­
atration. 

Earlier experime:ata conducted by the Co111111ttee 11Uggesi;ed tba.t peri~ 
pheral vi1ion played ·a signifi~t rola in pilot parformanoe, particularl7· 
during the approach and landing.· , 2 It ,;here!'ore seemed fitting to under-· 
take research directed toV!lrde t·ne more e.xact and reliable meamirement of 
individual dU'farences in acuit7 of periphe::al vision and towards investi­
gating the poa1ibilit7 of improving peripheral vieion through training, 
The attached report is devoted to a d:lscussion of the results of aucb ex­
periments. Of particular interest, in this re.,ort are the findings con­
cerning the improvelll8nt of peripheral vision rlth training. These suggest 
the need of further experimentation de31gn_ed especiall7 to determine the 
transfer of training of the t7Pe reco111111onde:l in this report to the actual 
fl7ing situation, • 

IISV:pd 

r.o:roi!lll7 7ours, 

11ftJtr;~4......,_,__ 
Morril s. Viteles, Chairman 
Committee on Selection and 
Training of Aircraft Pilots 
National Research Council 

l . • 
Tiffin, _J ., and Bremer, J" Analyaia or eye· fimtiona and pattern~ ot er• 

19YWQt 1p Jern!ing I Piper Cub ,J .. , airyl.sne. Washlllgton, Do C.1 CAA !vision 
of Re11earch, Report No. 10, Feb:t=uary 1.;43., 

2 
Pf&f'f■ann, C ~ Progress .•~1wrt !l on th_e Study of vis1.c1l deE,_~ percepti~ 

in aviation, aupple■ent to Tiffin, J .. , and B.-omer, J, Op. cit. 
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FORmORD 

The course of systematic train1.ng reported here is an outgrowth 
or earlier research 1n i:ari:;iheral vision conducted UDder grante-in­
aid from the Committoo on Aviation t!edicine. The present study• con­
duc~ im:ler the auspices of the Committee on Selection and Training 
or Aircraft Pilots, represents an extended investii,ition to anner 
certain questions posited by this earl1C31' research. 

Acknowledgment and thanks are due to Dr. R. C • Rogers• formerly 
of the F.ditorial Starr or the Col!llllittee on Selection and Tra1n1.ng or 
A1rcraft Pilots, for aid and advice in the design of the investiga­
tion, to the Naval Comciands at Chapel Il1ll, North Carolina, to the 
.edministrative offic&sof the University of North Caroline., and to 

. students and others for oa.k1.ng possible the GUCCessi'ul COI:lpl.etion 
or this projeot.l . . 

½-m author 111 now coDJ1ected with the Depa.rtaent ot Anato117, 
Jolma Hopkins Medical Sohool, Baltillore, Maryland. 
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Th111°report. i11 concerned with a oourse ot 11:,etaatio t:rainillg ot per­
ipheral vieion carried out ID'lder the aupioe• ot the Rational. Renaroh 
Co1mcil Committee 011 Selection and Tra,n,ng ot Airoratt PUota. Suoh train­
ing '1'" l:>EJlieved to be or ve+ue ainoe probleu encouatend 1n tbe landing 
am take-orr ot aircraft 1ugge1ted that peripheral newJ. aouity !light at 
time• be a critical. taotor detel'lll1nillg pilot perfol'lll&Doe. 

The applll'llt'llll employed in tba invelltiption wa■ a had-operated perilt­
•ter with a prillla1'7 IU"lll supported trm the bue, whiah deter11ined th• 'IMlr­
idian along which the teat object ccrul.O 'be 1et, and a Noondary an ~ 
ported by the pr:1.Jla:r7 &1'11 which deterlliDed the angular dtl'rlation ot the 
object from the line of vision. The end of' the Mcondarr arm wpp,rted an 
attachment with a abutter wbicb provided tor tbe rapid eltPOIJUNI ot teet o~ 
jecta. 

The test objecte 0011lli11ted of Landolt Broken Cirolee 1n fourteen 1ize111 
tour types of airplane silhouettes &&ob 1n five aiaea, and Ieolated Forae 
0011p011ed ot fOtll' ieolated 11111&11 objeot1, three squares and one oirole, 
arranged on tbe oirownference of an iug1D&ry pa:re11t cirole. 

In the training regime an initial teat (acuit7) •• given with a check 
teet eve:ey fourth period thereafter. In the interve!Wlg periods there •aa 
practice with airplane eilbouettee. \\'hen working with the airplane ail• 
bouettee the 11ubJeot11 identified the direotio11 the plane waa pointing ac­
cording to the criterion ot four consecutive correct anawere before two . 
mieaea. The identifications, were begun 20 degrees fl'Oll the linll or v1eion. 
and the plane moved out 10 degrees upon suooeeaf'ul identification. Thia 
wae repeated until the subject failed. The test o~ject wu then lllOTed 5 
degrees inward to get a reading accurate to 5 degrees. The greatest angu­
lar deviation at1whioh the 11Ubject 1'a!I auccesarul na recorded, When the 
procedure was complet.ed for one eye the operator <!lid nbject changed places. 

Special te11t11 inoluded in the training regime were the Rotated llerid• 
ians Teet {the subjeot was tested with oircles on meridians located haltny 
between the meridiane tested ud trained), the Night V:I.IJU&l Acuity Test ( 1n 
which the circle teat 'IIY run under Kotopic condit:l.01111), and the Rapid 
Reoognition Teat (in which the circle teat wae run 111th a abutter in the 
lille of peripheral vieion -- eXp('lsurea for all detel'llillatione being 11et at 
l/5 second), • 

The tranarer technique, used in the trnining regime included 1) the 
Ieolated Forms described above, ,2) ten tries at identifying the break 1n 
a"No. 10 cirole at 90 degrees from the line of vision on the "out• end 
"down end out" 111eridiana in i;ach (IJe, and (:3) the Non-permtrlc .Bin()cuJ.u, 
Teat, In the latter test the sub;lect•fixated a but.ton 15 degrees to the 
rigbt and then 15 degrees to t~ le1't, Whan f1ating 1; degrees above 
al!d then below, ten tries were g:lv.,n with a l!ize No, 5 olrole. 
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Tbe IIUbJ•ot.e nre DSYal and civilian student■ enrolled at tblt Uninr-
1it7 ot North Carolina in a couree designed tor the te11ting and training ot 
peripheral viirual aouit7. The 43 subjeote were divided mto two groupe. 

'Group II (R " 25) z:eoeived one leu period than Group I (R • 18). A Rapid 
lieaoplition Teat wu given to Group II on Period 2, Certain ot the tnma­
ter teat■ given at the beginning and. and ot the oourae nre allocated to 
the tiro groupe at c!U'ferent periode. Group II J"90e1nd a lfon-perimetrio 
B1.nocular '!'raneter Teet on the laet period. 

I 

Three t1J)8■ ot 1oore■ were derived (11.ouitf, •1llilleter variabll1:t7, 
811d percentile ateac!ine11 IIOOJ'U), and the ·average■ of the■e ■core■ tor 
the eight straight teet■ tor the two gr,,up1 (R • 43) ••re ooapared. The 
oune tor the aoui ty soore■ appeRl'ed to illprove rapidly and then ~ioated 
a teJJ48DCIJ to level ott. '1'he CIID'Ve tor tbe millillet•r vari&bllit,' 1ooree 
■bowed the ■- tors a■ tbe aoui 'tJ IIOONI o:une 10 that the OU1"Ve foi- the 
percentile 1teadinu1 eoore■ tended to be flat. Data for tbe ■peoial teat■ . 
and tranater te■te (Rapid Recognition Teet, lfi&ht Vieual Acuity Te■t,· 
Rotated lleridia:n■ Teet, Te■te nth Ro, 10 Circle at 90 degree,, lfon-peri­
•trio Binooular Teet, and the llonooular rran■ter Teet) ind.ioated that 111-
fllvtwt 1n peripheral vieual aouit7 1D1der eaoh or tbea• teat condition■ 
000111'1'9d. 

Correlation■ ot aouit:,, aillilleter varlabilit:,', and peroentile 1teadi• 
ne.u aoore■ deriyed from the eight straight te'lt■ .. re obtained tor the two 
group■• (R • '43). The finding• indicated that, 

1. CoI'1'8lat1ou or the aou1t, 1COre1 or the tirlt 1tra1rht teat with 
IUbeequent 11traight te■t■ were all ■ipitioant at the ~ lnel ot 
oontidence, nth the e~tion of t}ie oorrelation or the eigbth 
etraight teat with the tirat, where tbe r did not reach an aooept­
able lnel ot signitioanoa, 

2. Correlation■ ot the acuity IIOOl'ell with ·the •• variability ■ooru 
on the ·•aa teet weN all a1gn1tiCIIJlt, ranp.ng trom ,47 to ·,78, • 
The■e oorrelation1 showed little tendenoy to hproTe during the 
oouree. ot trainillg. 

3. The r' 1 or the, aouit:, 11cora■ with the percentile 1teadine111 1oore■ 
on the - teat· did not raaoh an aooeptable level of ei_gnitioanoe, 

4. The •• T&riability ■OOl"lla llhowed ■ipitioant test-retest correla­
itona 1n 4 out ot 6 oa■e■, bat none ot th• ooetrioient11 wu hirh, 

5, Thll a. T&riabillt:, ■oora1 oorre]Ated with the peroentlla ateadi­
ne■1 ■core■ on the - teat with 111piticant ,ooettioient■ 1n all 
oa■••· 

6. • The peroent.11• ateadillell■ ■oore1 tailed to oorrelate with each 
other ■igniticantq, either on a teet-Nte■t ba111■ or in teru 
ot the ra]Ation■hip of the initial IIOON to thoN of any ■ub■ e-
quent teet, • 



The scores of the special tests conducted tomird the end of the train­
ing procedure ffi!r8 correlated with the scores of the 8th straigl-: (final) 
test. Acuity with rotated meridians correlated .85 cl.th the rum ty of tho 
3th test, vhlle acuity '111th rapid recognition correlated with ae ity on tile 
8th test with an r of' .74. It t:'&S observed that acuity with rar 1 recogni­
tion correlated .63 with night visual acuity, suggesting the pos ibilit;r ,,f 
BUbstituting the easily acquired rapid recognition scores for tc;. diff:.cr:lt-• 
to-obtain i11ght visnal acuity measures. 



EFFECT OF TRAINING ON ACUITY OF PERIPHERAL VISI(f'I 

!NTllOIJUCTIOB 

The fundamental pheno111ena associated with the aouity of peripheral 
vieion were irrvostigated by worker• of the Germen echool during the lat­
ter half or the 19th century-, The nucleWI or their f1nd1nga bu been 
reviewed by Duke-Elderl in his reference Textbook of Ophti.u..olo17. 
Their 1.ork n.11 mainly qual:1.tative and very nall nUJlbers or 11ubjeot.s 
wel'e used, 

The unu.aual demands cf modern aviation on pilot efficiency haa re­
vived interest in peripheral visual function. Problems enooUl)tered in the 
landing and take-off of aircraft have l!Uggell'ted that peripheral vieual 
aCllity may at time~ be a critical factor determining pilot performance, 
This new interest led to the development or a standardized mea■ure of per­
ipheral uou.1:t:;•. Th11 results of these studies have been reported in two 
groupa of 100 subjects each, the first meaaureci with pbotcpio illumina­
tion2 and the second with scotopic 1111.llllination,J The■e teats established 
the normal die~ribution of scores to be expected in an unselected group of 
subjects, and have served, with occasional modification, as the measures 
of our subjects" ~eripheral acuity in the present study, 

An interesting feature of practical i111portanoe discovered by the ear­
lier workera was the tendency for peripheral acuity to iJDprove through 

• practice, Dobro•ol11h7 end Gaine4 revirted improvement up to the end or 
the sixth week through cai17 practice perioda. Would thil! increased. 
acuity be eufficient to improve pE>rfoI'lllHlloe7 Could a satisfaotor:, tech­
nique for this be Je,ril!lcd7 Ti,e writer undertook the training of a ,mall 
group or five subj~o~e under the sponsorship of the Committee on Aviation 
Medicine (Clli-OSRO), 'l'he irnpl"OVement proved to be quantitatively great 
but unfortunatel;i, el,>1:i, the 1-:roce11:[j bei.Jg unfinished after eeventeen 
daily one-hour seesluns or· pra.ctJ oe, Could "-he tschnique be adapted for 
tho training of Jarge groups c,f i1,div:ldU!IJ.111 f.>o the results of the train• 
ing tranl'fer to othsr 8:lt·,.iationc, both in and out of the laborator:,, to 
ni[!;!'lt 7ic11uJ scuity, to :o",.,.~.ct,~al c<:,udition., in out11ide life? Thia report 
deals with an inveet1gv,tJ.on cor,ductad under thia Bl.apioee of the Naticmal 
Research Council Committ'le on :'i;,,lectlon lllld Training of Aircraft Pilota 
to answer theee queatione with particular reference to the poesible us9-

fulnees of 1 t in thfl tralnl.ng r,f :r;tlots, 

------------·-··•-----------------
lDuke-eldei.-, Sil l'i, L TE,i;;took oLoohtho)molop, St. Loui111 C, V, 

Ml.le'by Co,, 194,,. 

2Low, F, N. The 11e:-l.p'1erttl ,rl.t'1>:<l ooul.t.,r or 100 aubjeotao Am, J,. 
Pbyi:,1ol," JJ.Q, 13';. 194;,o 

31<:,w, F o N, 
topia cond1tioo~. 

The per-ipheral v•imel souity of 100 subjMt11 under soo­
,1;!1_,~ {_ ,l'ln,Jio,l,. 2£&, ;U , 194/.>, 
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The ap~atus ueed iu earlier N3$fl.rch .he£1 been de~c;rJ.bed in a pre-­
vioue reporto5 It consisted of a 25 cant,irneter perilnste.!' with an a·ttach-­
ment for constant illumination~ Teat!: were run 1n a black booth, the opera~ 
tor wearing black gown and gloves~ In the investigation reported here, an 
improved design of this equjpment was employed sines the .nature of the 
problem and previous experience11 with technique ma.de clear the need for an 
instrument ~ch would fao:Uitate the changes in target.e. and teat objects, 

The ,improved perimeter waa band operated and eo ~cu1atructed tpat lt 
included attachmente consisting of e ehutter for t~e rapid expoaure of teat 
objects, The machine consisted essentially of a primru.7 artn mounted on a 
bearing which was tilted domnrard and forward at au angle of 10 degrees, 
The primary am was roughly· circular and supported a secondary arm at a 
bearing which ws directly above-the eubJectta head whan the iMt.rwnent 
na in zero position, The secondary a.rm supported the test objaot 25 centi .... 
111eters from the aubject•e ey$, A blind was located bet-ween the test object 
Md the aubjeota a eye" The secondary arm rotated around the bea.rin$ which 
connected it 'Wi.th the primary arm in such a manner ae to deacribe a merid­
ian. The meridian waa altered b,- rote.ting the primacy &l'lll which wa1 titted 
with a dial indicating its position.. The secondary arm would then rotate 
in whatever meridian specified by tbie 0 set" end the angular deviation or 
the test object from the line of vieion :us.indicated by a dial mounted 
high on the prinaey arm.., The portion of the secondaey arm holding the 
teet object waa ao constructed that when a test object was .in~erted into 
the holder 1 t could be placed in aiv of the four p,eaible positions by t.ha 
operator•a band, which was concealed from th• subject by a large shield., 
The blind which either obeoured or revealed ·tha test object could al.ao be 
operated from behind the shield. During the setting of a test object it 
wu not neceaa&17 for the operator t-J reach 1n f-.i-ont ot the teat obJeot 
or to interfere with the line of the,aubject's vision., The teat object 
wae illuminated by a 60--watt Mazda laap, which was mounted on the seoondary 
al"bl which 110'9'ed with it, thus insuring an absolutel7 conl!ltant source or 11-
lumi.n.ation throughout the test,. Both arms·•re counter~weigbted, 

The end of tbe aeconda.ry.arm was ·constructed to bold a rod, which sup .. 
ported. a photographic shutter in such a manner that the abutter was always 
in the 11.De of peripheral vision. 'I'hls attachment proVided for controlling, 
time of expoeura of obJ acts uaed in the apet:ld of recognition teats.-, 

Teet, objeote employed were ae followe: 

L. Circlep . Each unit o.f apparatua was equipped ri th a IJ~t of Lan­
dolt Broken Circles (rings) of fourt~n eizss (see Table 1)~ pbotographi.., 
Cally' printed in black on white pe.per~ 1he photographs were 75 millimeters 

51.ow, F. N ,, Pro;contd d11 ign or an, experimental inJ11t1iat1on of th1 
traip\pg gt peripher&l yisua.Jr acuity, 1943.. Deaign in the filee of the 

-Corami ttee on Selection and Training o.f Aircraft Pilots, 
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TABLE 1 

DATA OM. BROKEN CIRCLES US&> IR TES'l'ING 

Equivalent Width of Dial:leter 
Ueed in Break in Circle of Circle 

~ s,mat;!,01,1. (m.l (aal 

t ."lJ* .25 l,25 
,40 ~55 2,7'5 

l ,TJ ,90 4,5 
1½ L2 1,4 7.0 
2 L7 1,9 9.5 
2½ 2,.2. 2,4 12.0 
.3 2,6 2,8 14,0 
4 .3 5 4,1 20.,S 
5 4,5 4.a 24"0 
6 5,J 5,7 28,5 
7 6,,2 6,7 3Jo5 
8 7,2 7,6 38.0 
9 8,J 8,9 44,; 

10 9,J 9-7 48.5 
10:x: 10n4 

*For example, ,lJ repreeent11 the value midwa.Y between ze:ro and .. 25; 
,40 the value midway between ,25 and ,55, etc, 

square, 111th (;be circle in the center, and pe.ated on a metal target which 
fittlld into the target holder Oil the !!lld of t.he 1:1eoondary. arm, 

2., Airplane Sf;hguettes, 'f'- aet of four t.YPY of airplanE< 111:Lbouettee 
each in five eizes 50 mm,, 25· E' 10 mm., '> 111111., and 2t mm.) aocompe.nillld 
a unit of equip111e11t, The four a of plan<Je, selected arbitrarily, d1f~ 
fered considerably in general f rm, They were selected with referm:ioe to 
the greateet poesible range of' difficulty, as revealed by preli.Ji!.:1rulry ex­
perimentation, 

. I 
;, J,119lated formfi, if.ach ~t oI ap~tui, ns eguipped with II special 

set of test objects for tranefef ati.ldi.,a (see Figure lL The tut object 
selected for these transfer stutliec consisted of four isolated 1!1111111 objeote, 
t."1ree squares and one circle, which wer~ arranged on the circumferfll'.lcll of an 
imaginary parent circle, 'l'he or:ltarion of diecrimination waa a 11igmil.ing of 
the position of the amall circle as dist1.ngu1ehed from the 11111811 equarea of 
the aame diameter" This discri:nination involved an analysis of isolated 
forms and a distinction between their respective she.pee, In the present 
investigation test objects of this type IU'l·e.nged around illl.agi.ml.ry parent 
circlas of 25 millimeters and 10 m.ill.!Jnat11rl! in diameter were used in the 
m,;nner described on page 8., 
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.,.. f~j;j,og F;µtj',f'.J2.!!, T"a,,c,,:: ,,onsisted of a wLi,te c1rcl6 10 m:l.llilneter11 
ill ,uameter lrl th black f!Gnter) wi b ~ i,e ,tor,en ll1JllHlr&ls I,' .tl; Ill' and :tIII 
arranged arovnd the cent~r point iv positions ~hie;~ corre_s,,ondcd to the foun 
positions of the test ob.1ect. f'o, th& axparim;inte.l work on nigllt vieion, e. 
special sslf-J.umin~>ue fixaU0r. h,tton of th": same d<1eign wai, empJ.o;yed,6 The 
active element was an orang,:, """ f··J.u:ainoue material recently .developed, ~­
liaved t,o !'.!Ive a nagligihl,. a.ffi:ct on dark udaptati9n, but br lght enough 
to stimulate ceI1tral vis5on, 

2, ~o!! G9;1y.J.e;, . Ourin1o t,,,; JO~mirmta period of dai•k adapt· 
ation requ:l.red before entering the dark<mecl -room for night visual acuity tests, 
t..he subjects 11or-.1 "vl.,i·oid Durk Aoaptor Lena (non-polarizing XDASFAP) ,. . 

J. • Shyttw:s- ·r1e:x !lo. 4 Uuhe~sa1· ~h,1t.t,<1rs were employed~ .Short 
c:ab:te releases were attache.:. ,..,,,, ~ts, ~.::mttsr-,_ could be timed for permanent 
expoau.re or .for expoi,urea 0f .L,. ::/2. c ,'5, l,'10, l/25, 1/50, and 1/1.00 of a 
aeoond, 

I., f.pparf.tUft for BJ.nocylar Trme.ter Te@t. A cardboard carrier, 300 
millimeters square, was conatructod to bold a set of. Landolt cirolea ot the 
111ame sizes as ueed on the perimeter. fihen inserted the black circle appeared 
in the center o! the carrier which was !aced wi'i:,h •hii;i! photographic, paper, 
The carrier wae mounted so that it could be revolved, the break ill the circle 
pointing up, down, right,, or left. It was brightl7 illlllllinsted and fi..,:;ation 
butt.oll8 were placed above, belO'ff, to the right, a.nci t.o the left so the teat 
objeota would be 15 degrees from tru, line of v1Bion of a aubject ,eated 175 
centimeters distant, 

'l'be laboratory la;rout in which the testing and train:l.llg were done was 
conetructed with ovel'head 8Upporta from which black clotb wai, draped f?'OIII 
a height ot 7 feet to l toot from the 1'loor. The draping wea 110 c0.11part• 
mented ae to provide a aeries or booths A6 inches Y1de a.nd 43 inobee deep, 
ln each booth 'ff/ill a bla~k table wi'th a pe,rwster, The test objects on the 
table 11ere concealed trom the v1ew o!' the subject by blinds of' oin•dboard 
coYerad with black cl.0th,. Efforte wore 11ade to keep tt-e vi11ble portion of 
the table top clear of objeote whizh might provide non~boaogeneous at.rro'IJllda, 
The subjects eat feeing into the booth, the operator standing in it. At times, 
unf',ortunatel;r, this ede it difficult for the instructor to cb&ck fixation. 

SUBJF.cTS 

The 11ubject.11 ••re naval and clv1.li,m eT-udents at the University ot 
iortb Carolina, enrolled 1n a co~e designed for the testing and training 

6.nieee seli'•llllll1nous fl;:atlon bUttons nre prepared bf the 11, s, Radin 
Corporatiou, 
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of peripheral V'ieual acuity.: Group I, .1.ncluding Subjects l to 19, '!il'alll 
trained 1n twic:e-weekl.7 labo:ratory periods from Jul:, to Ootober, 1944. 
Subject 20 was II vol1.U1teer; who -11 trained with G.roup r at the rate of 
four laboratory periode weekly d'l:II'ing Jul;r and August, 1944, lio 11pee1111 
teJ.t11 wera taken b1' her., Group II, inoluding Subjeota 21 to 47, waa 

, trained fro1n November, 1944, to ll'ebruar;r, 1945, Late registration in the 
8econd ·group neceS11itatoo amake-up• laboratoriea. The actual time ill t:·ain·• 
!ng was about t'IIO fteke leas for Subjects 24 to 47 and for Subjaots 21 to 23, 
,who ool!llllenced .training at the beginning of the tl-illeetff, Of thll 47 eub­
jecte compril!ing Groups I and II, 4.3 completed the course. The preeiBII 
dti'ference ~t,we$!1 the training of the two groups 111 to be found in Appel', 
du B. 

PROCEDURES 

I•!'t1PR alld Tra1p1ns To,pp1,9Jlt§, The t .. ating procedure baf.i been de-
110ribed in an 118.rlier et\.ldr. . An operator' 11 mahl.1111 describing the testing 
111ethod is included in Appendix A,. lt c<.mtAins a description of tho blmd­
operated quantitative perimeter and 111 sufficiently detailed to make teet 
operation possible; providec an illf>trum~nt ia available for examjnation 
during the readint or the manual, 

Appendix B contaj.us the sco:r·e sheete for the progreeeive teats and 
training periods ae they were u~ell in tbe training course, 1111 irell as a 
brief de11cription of' the training techniquea, Tl:le regime provided tor il:11 
initial te11t (acuity) with a ,}heck teet evfll'y fo,xrth pei-iod thereaftsr, 
In the intervening pe:rioda tb.'lri' WIii! prs.ctioo with airplane silhouettes, 
The type and size of' the planeo i,nd the meridians to be train'!d have been 
epecified on the traini.ng shaete in Appendix .ii .. 

lhen working with the a1rplfllle'e:U!louettee the-eubjecte idantify the 
direction the plMII ill pointing, accorc~.n\1: to the crit&rion of four con~ 
aecutive correct anawere befot·e twc .nir-oea.. The id~tifications ere beg11D 

. at 20 degreee from the line of vision e.m! tbtt plane ie lllOVed out.ward 10 de· 
greea upon succesa!ul identifieat1cn, Thia is repeat.Id until the subject. 
faila. The teat object is then lllOVed 5 degrees inurd to get • reading 
aeoure.te to 5 degrees, The greatest Mgular deviation at 'l!hich the subject 
ia suooeesM is rec,;,rded on the train~.r,g sheet, 'l'bie general procedure 1:. 
fol.lowed until all of the 11pec1f:l.ed op.,,re.tione have been completed for one 
,ye. Opera tor lill;d subj oat t.'len change placaiL 

Special tAeta8 :l.rtcluned :l.n the tre.!,1ing regimll' were es follows: 

l, Rotated IA!lfidi Ni~. Toe eubJ r,ct.e were tested w1 t.h circles on mer­
idia 1s loce. ted half way bet'li~en the meridian& normally teated e.nd trained 
{See Figure 2, ; A 30 deg;re11 point on ~he' uaa&l horizontal meridiill\ 

7Low, !i\ li.. Q2....£.i!, 1S~ footn,,+,e ;> c-f" \.hia 1•eport.,) 
8 • 
Score eheete fo:r- t.•,,,se te!>t~ are fotmd ,.n !ippendix B .. 
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SOLID CIRCLE:3 ARE POlJirS ON THE RETINA AT WHICH IIEASURES 
ARE OB'l'AINED Ofi THE ROTATF.D MERIDIAN TEST 
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waa included. 

2. Hight V!m11J Acuity. The uaual circle test •• run und'llr sootop1o 
conditions. The illumination •11 reduced to 1100topic range aDd wae set with 
a • photollleter • 

.3. Rapid Bl92KP1t1on. The u11ual circle test wa11 run with a shutter 
in the line of peripheral Vieion. E:,cpo11ure for all determinations wae eet 
at l/5 aeoond. . 

The technique used for thaae t&11ts was the 1111111a as for a normal circle 
teat (aou1t1) except for the indicated ahangN. 

The following transfer studiee9 nro included :1,1!. the training regi,me1 

l,. I19lated Fors· 'l'eat objects ooneiating of three squares and a 
circle, (see Figure l were arranged on four poillta of an imagillar7 parent 
cirole, This type of teat object with parent cirole diaaater9 of 25 mm. 
and 10 111!1, waa uaed on the temporal ·hori.antal 11eridian11 0 The teat objeot 
was started at 20 degreea· and "puahed outward• 111th the technique described 
for training "'1th airplane 11il!louettea. Tile eubjeota 111jnaled the poaition 
of the cirole. Thia na done with both aize11 ill each aye. 

2. No, lQ Cirgle at 9Q Pm•ea. Each aub.feot •a ginn ten tria11 at . 
identifyillg the position of the break iii a Ho. 10 circle at 90 degrees troia 
the lille of Vieion on the "out• and ndown and out" (45 degreea) meridiane 
ill each eye. The acora for ea.oh point n.e the number of oorreot all81Jer11, 
40 being a perfaot ·acore • 

.3. Jfo.n-perim■tric B;1ponu1v T1st. The aubjeot was 1188tad 175 cm. tro• 
a 300 -• white equare, with circle teat objects 1n it.fl canter. Acuity wu 
measured bJ the uBUl1l succaaa criteria with the subjeot tint fixating on 
the button 15 degreea to bis right and then 15 degrees to h111 left. When 
fixating 15 degrees above and then below, ten triee ware given With a 11ise 
No, 5 circle, Twenty was a perfect score for these two points, 

Thtp trnln1M Com:11• Th• training couraa Wied 111 this expariment 0011• 
siated euent1eJ17 of an initial circle teat on tb.a first period and a check 
teat ever, fourth period thereatter. On the intervening groupa of thrN 
periods each the IIUbjecta nre trained with airplane •Uho1.1ettae, llodi­
ficationa of this general pattern were necuaaey to accomiodata tranefer 
teets, Differences ill the 11µ111ber of periods available alao necuaitated 
eome differenoea between the two groups , 

'l'he two groupa received the sue general trainina but differed in de­
tail. Group II racaived one lsae period. A rapid recognition teat -.a 
given to Group II on Period 2, the remainder of the tra1D1ng and taating 
period11 being diaplaoed. Group II did not have period• correeponding to 

9scor• • ahaete for theee ta11ts are tound in Appendix B. 



Pmoda 24 or 2,. Certain ot the trauter tests given at the be~mdmg 
11Dd ad ot the oouree wre 11nn to the two groupa on dlttereat period•. 
Group II reoeiftd a noa-periaetrio b1Dooular '1-eMter test on the laat per-
1oc\. 1'hft•• 41atinotiosla between the t,..snsng ot the two ,roup• are ind:!• 
oated in the acheaa (Ne pep 36) 811d oa the t:ra1Jling ~te in Apporid:tx B. 

The plane types, sizes, llll.d meridians used 011 each period ar& sp&ci­
fied on the score she1>te in Appendix B, rhee111 were chosen rlth reference 
to the ability of th& groups trained, The :t'irat group of three training 
periods are so chosen that failure does not oocur until the test object is 
far removed frJIA the line of vision, Succeeding groups, of three trllining 
periods each, have plane types and sizes of such difficulty tbllt the point 
of fallur1;1 gredually approachea the line of vision. Period!! 14 to 16 pre­
sent great di.t'ficulty, failure ocourring near the line of vision. In otller 
words, the task of the average subject !:las been increaaed in difficulty 
more rapidly the.n his 11.cuity illlprovee, The result of this is that hie point. 
of .failure gradually approaches the line of vision. The choice of plane type 
and size bas also been adjusted to t~e restricted field on ·the •up,• "down,• 
8lld •up and out.ft meridians, Here smaller sizes are necesse.17 to cause fail• 
ure within the field, thus providing .a eure tax on the subject's ability, 

In designing future applications of the training regiJlle a thorough 1n­
ve11tigation of plane type, size, and meridian ahould be undertaken. Too· 
large sizes for SIJ1 stage of the training will cause the subject toJ'Ull the 
teat objeot out of his field, '.l'oo small 11i1es will oaUBe faUure at the 
least deviation possible (20 degrees). Both of these errors destroy the 
effectiveness of the training, the aim beillg to run the subject from eure 
suooees to sure failure. 

A questionnaire (see Appendix C) on the sul;>jeotive effeotri of' the trl.in­
ing was filled out by Group I near the middle of tho oourse. The Bllllle ques~ 
tionnaire was fill~ out by Group. n at the end of the cours1;1, 

The laboratory periods were two hours long. Early in the course when 
the technique was un1'amUiar and transfer tests were included the technique 
took longer thsn two hours, Later in the course many subjects were finished 
in less then the allotted time, 

RESULTS 

Deri•n,tion of Acuity Scor9p. T:i.e primary 11.easure of the subject• e 
ability to resolve detail in the periphery- is a summation of the oquivalants 
of l4 individual measures of this ability, take:o during a einP'.).e test. In 
the 100 subjects prevJ.owsly reportedlO thiB score sveraged 47 .9 with ex·•· 
tremes at 13,2 (beet) and lll (110rst). The present group of 43 subjeots, 
tested before training when their scores were comparable to the original 
group of 1001 averaged 44,4 with extremes at 26,5 and 72.0 as·indicated in 

10
1ow, F, N. Op, eit. (See footnote 2 of thill report.) 
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Table D-1, Appll!ld:l.x D, Similar teats were made every fourth period dur­
ing the trainiug regime and are called "straight" teeta to distinguieb 

• them from other Landolt circle tests made under d:\.ffering oonditi01111 auob 
e.B rapid recognition, night visual acuity, eta, The progress of th• 
trainees 1n developing better acuity is :l.ndioated 1n the concluding page 
of Table D-1; Appendix D, The final acuity scorea averaged 13,3, rapre­
i:enting 334% of tbe sto.rting 11oore, Thill 111ea11ure, however, i11 linear or 
one-dilllen11ional, The aroa of tba 11malle11t break \0r oirole) that can be 

. identified, being two dirneneional,. is a truer index 01' the 111.!bject•s abil• 
it7 since it represents the retinal area stimulated by the test objeot, 
On this ba11ia of calculation it ill found that, after training, a aubject 
can identify 11imple form in a retinal area ohly one-eleventh the sin cf 
the minilllum area. n11Ce1111Bl7 for 1hlcoe11Sru:L ■t:1:aulation before training, 
0r, given 11.t:l.mulation of the ... e retinal area necesear)' for peroeption 
of simple form before training, the trained subject abould be able to uke 
out o,leven times u 11Uoh detail. In the practical sense the trained sub­
ject ahculd be eleven times as effioie;i.t in bia responses. to peripheral 
atimlli, other conditions being the 11&1Re, as an untrained 1nd1v1dual, 

The extremes of 1_)8X'formanoe 1n acuity are repreeented in subjects 
T-35 (best) and T•.34 (worst), T-35 reached about 1200 per cent of bis.on 
starting score indicating an efficiency one hundred fort,•four times u 
great. T•34 reached 159 per ce111t of the starting soore indicating.an ef­
ficiency barely 2i times as gr.■.t, The 1.'requency d111tributions of these 
acuity s"coree bafore and attar training are preeanted in Figure J. There 
is only a slight overlap bet'll'IIIID t.!:le distributions of these ecoree before 
Wld a!'t$r training, T'.Ul progree11 or the 11een aouit, i,core during the 
progrese of the training regime is presented, .along with ether data, in· 
Fig-,n:s 4. 

periyatiop 9C UJlluttt Yar11NU!:Y Soorf■, Du:riUg the progree■ of 
the teetiJ!a, there wee a noticeable nuctuation or the aub.teot• • err1-
ciency b■twnn sucoessin points teated. A subject would do very well on 
one point and very poo:rq on another. Thie -■ eo arrellting that an at­
tapt to extract a auure or it was lllde, It was as.-d that the aouity 
or an, 0118 point bore a con.tant relationship to the total eoore at the 
aubjeot, Thie was r01Dld to be true with the IDNJI soore■ 1n several dit­
terent srouP• or nbjects. Therefore, the, Jl1Dll8rioal relation ot tba an:r­
age eoore on each point to the average total score 111.11 calculated, The 
total ICON 1188 krlolln to be the 1101ft Nliable figure, Therefore, when 
the total IOONI ct a, ■ubJect was IIUltiplled by this 1111arical relation-. 
■hip for an, point en estiut■ ot the "oore ·that tb11 ■ubject 1hould haY• 
Botten on tbi11 partiaular point wu obtained, The 1ubject would bav• gotten 
tbi1 eoore if it bs4 not 'been for the lpOJltanaoua nuotu.ation which otia:ru­
terlHd his perfo?"llal108. _ Tberefore, the dil'reNDce bet- the IUbject 1 • 

recorded score and the oalou4ted ecore (derived troa a .an JIUllerical re• 
lati01l8hip as aboff) is a Ma■u:re ct the degree. of nuotuation during the 
testing of that point. Tb1s ••aure of fluctuation lwl been calculated fOl' 
eaoh ct the ·fourteen point• oonatituting ID aouit7 teat, A 111DDation of 
tbe1■ fourteen fluctuation 1oores las been called the 11111111:llleter Ta:ria­
~llit;r9 of the IUbjeot nd is 1111 1.nde:1: of h°" auch be mered during the 
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teat. The ll!III. va:dab1lit:, scores for each 11u.bject on each test are,pr .. 
aented in Tabl.e D,,,l, Appendix D. These scoree averaged 10 • .3 •• on the 
first teet and gradual.17 decreased 1111 the acuit7 hlproved (Figure 4). 

The P1roep.tile Stead191111 Seor,. Since the ... Yariabilit7 eoorea 
e.nd the aoui ty ·ecorea are both measured in 111Ulilleters tbey are COlllJIU'"" 
able to each other. For inet&noe in test Bo. 1 IIUbJeot T•l showed an 
acuity or 44,5 111111, and fluctuated 14,1 mm. during the testing or four• 
teen points. The tluctuation was 32% or the acuit7, Subtracting f'roa 
100 the subJ ect is then underetood to have ~ ~ steadJ'. Thie meas-­
ure, called the peroentile eteadineea, has been calculated for all 1nib• 
jecte in allot the straight tests and ie presented in Table »..l, .Appen­
dix D, It averaged m 1n the first test and exactly the same 1n tile 
l:":"et t1,..~t {~•.717¥' l:~. 

Qomparipon ot the Three tv.:J;iee of Soox-ee. A comparison ot these 
three typee of score in our group of 43 subjects with the same 11core11 1n 
the original 100 11ubjeote is to he found 1n a footnote to Table D·l, Ap­
pe:adix D. Both the acuity and mm. variabilit:, ecoree were slig!ltly bet­
t.,r in the present group but the percentile . steadiness measure wa11 ex~ 
actly the IIW!lll. 

T!le relationship of these thrse types of soore to each other during 
the progress o! the tra:!.lling regime le presented ill Figure 4. The acuity 
11oore11 improved rapidly at first IUld then 11howed a tend.en07 to Bll1]11ptote, 
Tba mm. varil.l.bility soores eh.owed so much the same behavior that the pe:t">' 
cent1ie steadiness scorae, which repre11ent the relation between the tll'O, 
change. only 5% throughout the ftlltire regime, The persistence of the mm. 
variability 11c.ores throughout the regime reveal• fluctuating effici1111c7 
to be a ftu:ldal!l.ental ot peripheral visual performance rather than a phen­
omenon traceable to the anpracticlld nature or the periph!II'al. retina. 

pata on sw1,1 :te,to and tr,ngfer Tests. Table D-2, Appendix D, 
repreeente the resulta of certain special tests lllld transfer teats. 

1. 'l'bfl Rapid Regognitiop 1'e,jj. In the rapid reoognition teet, with 
the time of exposure l:!.mited to l 5 second., 2;. subject11 before training 
aho'll'Sd a mean a9uit7 ot 76,7. a mean mm. var1ab1H.ty of 15.2, and an 
average percentile atee.dinees score of 80,4%, After training these 
sue 25 wbjectll, tested by the 18.1118 technique sb:rnid an acuity of 41.3 
and were 78,6% steady, The i:llpl'QVlllllent in re.pid recognition of eiaple 
form lllld improved to 186% of its starting value but the steadines11 re­
mained about the ll&me, Bo training under conditions of rapid recogni~ 
tion was done in the interim and these r8Su1ts are interpreted to indi­
cate sucoesstul. trans£er o:t' tl:1111 ability as a relllllt of tra1.ning with 
test objects pre11ented, for unlimited exposure, 

2. Night VimwJ Acuity Tel,t" The night visual acuity of 42 trained 
subj sets avere.ged 77 .4, 111 th a mean =• variabili t,- oC 6.1 . The average 
percentile stee.dine11s ns 84.2:f;. Tbere are no night.vi11ual acuity scores 

' 

• ' 
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for these subJecte bef'orei t . .,...1o1og because of tha technical ditficulcy- of. 
obtaining ■uoh measure■ ill Wlpl'll.cticed operator■• However, these scores 
are indireot.l.7 comperable ·to o~ 1o1 tial group of 100 Ulltrained subjects 
whose aean·aouicy- wa■ 70.:1., mm. variabilit:r ll.2, and percentile steadill.• 
es■ s:,.8%. On the basis b:f' c0111pari■oo between 100 untrained subjects and 
another group of 42 train'ed ■ubj ects t!le trained subj eota 11howed an im­
provement to 1in,: o:r oormal, The cloaelf 11imilar perceotlle steadiness 
of these two £%'0Ups resemblee that encountered in other types of scores. 
It is ooocluded that oight visual aouit, has been improved b:, training 
under photopio llluainatioo. 

3, Rota;ted Metl11DPI feat. 'l'he scores for the spooial test in which 
the msridiao.s teeted Wfl'e ISO rotated a11 to be balf wa:r between the merid­
ians u11ed on the straight testll sbow a mean aouit;y 110ors of 7,J 1n 42 
trained 11ubJeota, No scores for th111 te11t are svallabl11 from untrained 
subjects but 1n difficult1 the test is compuable to the usual aouit:r 
test. On ~ ba11is of known ieoptere for all 111eridian11 the dirricul ty 
should be comparable, It is believed that the low acuity ■cores her", 
lndioated tbat all areas of the peripheral retina have been improved b:, 
the training regime. There has been oo restriction of :l.mprovement to 
the meridians 'aotuallf worked by the teolmique, 

4, T,ate with No. 10 Qirgle at 99 P,greep. Table 0-2, Appendix o, 
also pre11mt■ tlle results of tests with a No~ 10 circle at 90 degrees. 
l'lle ■ubjeota were given tao tries e.t identifying ths po11ition of a No, 
10 circle at 90 degreee on two meridian11, "out" and "do'ID and out," in 
each e,e. A perfeot eoore was 40, Before t...,tn1ng 42 wbjeots averaged 
seventeen oorreot answers, After training ;the same group averaged twenty­
eight oorreot anners, an 1nor')Qee of nine. Thull it is ooocluded that the 
iaprovemct in peripheral aouicy- e:xtel:lded to arou a11 far removed· aa 90 
degrees from th• line of neioo. 

5. IPP·Per11uz:ig Bipogplar Tra,nsfv: Teat. Table D-2, Appendix o, 
also include■ the results or the non~perimetrio b1nooular ~ranefer taat, 
Onl,r 25 aubjt1ote of Group II raoeived t!ue teat, The reeulte ar.e com• 
parable to an uneelected group of' twent,r-two uotra1ned 11ubjecta who took 
the aame teat. At 15 degree11 to tbe left on the borizontal meridian tha 
trained ■ubjeote showed a mean binooulllr acuity of a.a mm. (mtsaeurement 
or break 1o circle) as compared to 7.2 IIDl, tor the untrained gro•.1p, At 
15 degrees to the right on the horizontal meridian. the trained subjects 
■bond a mean bioooular aouit;y ot 2,5 IIUII~ which. oompared with 4,5 mm, 1n 

' the untraioed group. When given ten trie■ with a No. 5 circle at both 
15 de&reee above and 15 degrees below the l~e of vidon, with a poasible 
perf'eo~ score of 20, the trail1ed group averqed eighteen and the untrained 
group averaged thirtee:i. It h oonolucled that t!le. 11freot11 or the traio-

• 1og transferred ■ucoeHfully to binocular acuity by virtue of tbe faYor­
able oomparison of soqres with those of an untrained group. • 

6, ~nm1Jnr Tr,aef'er feet. Table D-3, Appendix D preeeota the re­
sults of emonooular transfer teat uaing two sizes of isolated forms · 



cons~sting of three squares and one circle on the borizonta11 meridian, 
These test obJeota 'l:lere "puehad out-rd" until failure both before and 
after training, no practice with comparable test objects being undertaken 
during the regime, In 42 11ubjects in the left aye the 25 mm, size was 
:::ucceeafully identified, on the avaraga, 17 degreea farther from the 
line of vision after training than before, In the right eye for tbll 
same size the aY-.rage score was 18 degrees far'ther from the line of vi­
sion after training than before, For the 10 mm. size the left eye aver­
aged 9 degrees better and the right eye 10 degrees better after training 
than before, It 18 concluded that the improvement in simple form acuity 
transferred suoceBBfully to unfamiliar test objects used in a perimetric 
laboratory situstion. 

Statistir.al An1Jypip, Previous to the collection of tbe present 
data from the subjects of the training regime the scores of the orig-
inal groupe o.f taet su'ujeete were corrcilated by means of the Pearson 
product-moment cethod.11 Eye·•t.o•eye correlation of tbe acuity scores 
in 100 day vision subjects 13ave a reliability of ,91, Simil'ir correla­
tion of night visual acuity scores gave a relisbilit;r of ,84,12 Corre­
lations of individuE.l point scores wit.~ toto.l scores in the photopic 
acuity group yielded coefficients ranging from ,60 to , 77, The night 
vision group· yielded similar coefficients ranging from ,44 to .78, These 
figures point to an eve_;, present sour1ie of error in the determinations, a 
fact which led to the extraction of the mm, variability and percentile 
atescUness scores which have been previously discussed, Eye-to-eye cor • 

-relation of the mm, vari~bility scores in the p!:.otopio group indicated 
a reliability of ,61 for this ma.,,aure, This lowar coefficient llSII inter~ 
preted to be due to an intrtnaic tendency to change in tbie measure, a 
supposition which wa11 borne out by t!:ie cor::-elationa of the training 
data reported below,, 

The acuity, um:, variab:Uity, ,me perc'clntile steadiness scores of: 

the training group were aubjected to a eilt:tla'l' anelyeh, The results 
of this work are ,r.,rc,aentad in Ta:ile 2, 1t sho'1ld be :rwted that in a 
sample of 43 casos r would have to B'.x:ceed ,.30 to be eignjficant at the 
5% level and , 3':l to be s:!.gn1Sioant at the, 11, level'. 

The corre.lL ~ivnn of t.he a,;:utty ecorss in consacutive straigb1. teote 
may be interpreted 8.8 teat-re te3 t. reliabll i ty, Between t,1e first and 
aaoond tests the -:,oefficiAnt ,:,f ,62 cout:rasts markedly with the a91 ob~ 
tained from e:,,a~t-.1 ·€:., o c-orrola li.0n l,,ac;a:.! 'JD pravicus test sc'>ree, l'his 
contrast ir,pli•,s " d.ay-':.o-·,foy dllinp:e iit the abUity of the subjects in 
gres.ter qwr.Lite.tive degree then oe;cura du;·inp the t!Jree"'querters of an 
hour 01· s~ ..ior,,elly t,l'<kP.n to per.fo= t>,,, co;st However, this teet-r~­
test cooffidon t, :i--ose tc .. St:, tocs.crr'. -~he end <)'~ t'1e rogime s0 t;ha·~ l.t 

----------------
llLow, J<'" i'l, !:,ome ct,arac:ter~st' c'3 c-i' p,,:r.lr,heral visual perfc>:'lnance,. 

Am, J. Phyajg_l .. , .M§, 57'3, 19/J>, 

12 Loir, F'. !I.. ~'lk-S.1- U:c>2. fc•-,t,w,-te J of this report,) 
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TABLE 2 

GOJU!ELATIONS OF ACUITI, 1111, VARIABILITY, AND PER CENT STKADIN~,S sc.orm 
DERIVED FROM THE EIGHT STRAIGHT TESTS 

(N = 43) 
Acuit;y 

!~tra1Ka~ Ia~1l 
3 4 5 6 ?I' 8 

Ill!, Variabili~ Per Cent Steadineae 
!§im~K~~ IIRiB- (§t~tiil!l: I1aHl 

1 2 3 4 5 6 ? 8 1 2 3 4 5 6 

63 , 54 .48 .J9 ,28 .55 -.04 
.80 .63 - 29 

.77 .47 -,32 
.89 .57 -.11 

.86 .70 ,16 
.86 "78 .09 

.83 

,32 .16 .18 ,16 ,22 -.05 .70 
,,43 . 5) 

.54 -.51 
,17 .48 

.59 .51 
.65 .56 

~· ,,, nf1 - 1?. 
25 

- .. 17 
,JO 

c25 

*Test 7 wae taken by onl;y 18 eubj ect nn;:'! is nc~. ~,;:::J:: "1C.<"~, 
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D""-I'ly equaled the origiral eye•to·eye corr"!lation, Thia l.od1cates thllt 
the d,ay-to day nuctuation in .icu1ty ha,, ,'..,,-;ni11hed u " r,,eult .>f t-be 
training, .. 

Correlations of the acuity ~rores of the first test; with subsequent 
teats show significant correlations up tc the 6th test, the coefficient 
.39 just ree,ching the 1% confidence levelo The correlation of the 8th 
test with the 1st test is ,28 and is not significaii.t at the 5% level of 
confidence" Thus the initial acuity score of any subject is not an index 
of his eventual accomplishmEnt. 

The correlations of the acuity scores with· the mm, variability scores 
on the same test are all signif~cant, ranging from ,47 to c78, These oor~ 
relations showiittle tendeucy to improve during the course of the train­
ing regir::ec 

Correlations of the acuity scores with the percentile steadiness 
scores in the same tests do not show significant correlations, This 
lack of correlation emphasizes the independence of the percentile stead­
iness scores from the acuity scores and indicates that fluctuation of ef~ 
ficiency may be e;reat or smalJ. lri pr:,portion to act.ity whether the latter 
be large or small, 

The mmo varfobility scorae aho" significant test-retest correlations 
in 4 out of 6 cases, out none of·the coefficients are high, This is in 
keeping with t~ie low reliability of the mm, variability scores reported 
aboYe, which was interpretej tc be tue to intrinsic changeabUity of 
this function., 

The mm, variability scor~s corr~late 1rlth the percentile·steadineas 
scores in the sll!lle test with eignificent coefficients L, all cases" 

The percentr:.e steadinaaa scores fal.l t.o correlate with each other 
significantly either on a test-:cetes L ·oa•i:i o.r on t!le basis of the re-• 
lationahip of the in::. tial 9:::ore to thoas of any subsequent tEost, 

Th,;11 ":;he acui t, scc,rea R, tl t,nn r.•ost reliable m,<'aaures, subj act to 
the leal!t nuctuatiou-. ':ho steadi,1e3a of ttle subjsct is the least reli­
able feature of bie p~;,forir.ao-:e-. . t oallJlot. be predicted in individuals, 
but for the groupe j t c!1a!'g<1a 1:1 t cle t'.:lre>ug;,01,.t t!ie regime. The mm, 
variability scores, which are qwrn ioi ta t.i v~I:,; S•)m,.what dependent on the 
acuity measures cor rr,la:u, ~i~ni f1 cm~ t.:i.y wt t·\, . t~ao s measures, 

The original te,st r-cc,r·<,s (aeuJty) '.\!?.YB bee;,i_ correlated w•th gxt,e-rnal, 
circumstBncss m1c1.J as Si,•l, 51:rx., ;~."Ce of day, oi:e1°ator, etc ... 13 No signifi­
'Jen t coefn.cier; 1,s w,;r~ oLw:1--,c,d , Th·' f. hs.s 'Led to . t'a; conclusion that the 
flnctuatione of eff!ciJrwy r.,ticsi·; )-1 tnl3 1n;lJj&cts cturl.ng the teeting and 
confirmed by J,,ter .s,;ot.ic:t.lc"l a.:ieclyrsi,, ~~" l:iot!1 tr,tr1nr;ic and spontaneous, 
net being Jnf1l,en<:,8C' by e:r'~O,.,na ! c,;adi t:ionn --

The scores ,:if t!H) Sfieci'J~. testB ..;on0'10i..od to:VSrd t!·1e ~nd of the re­
gime we~:-e cor:r·al.r: t.e,1 ~71. t,(, -2.~_6 "'c,,,, ... ~~P. 1)f. t.!10 nth 8traig~l"L (final) tf'lst 
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The a,,..iit;:r 111th rota too. merfdj B\13 ccr.relBted ,85 id 'oh tbe ncui ty o:f the 
8th test, ir!dch was comparable t,., t J;i: -::c.a!'ficient of' ccrreln tion of the 
6th and 8th tests, Acu!.ty 1fi 1;b rr. J,;!.d reccgn1 tion correlated with acui tq 
on the 8th test with an r cf s74 l'l:o acuity with rv.pld recognition cor­
related .. 63 with night visual actdty, Tno latter -::orrelation suggested 
a ready substitution of the easily &cquired rapid recognition scores for 
the difficult-to-obtain night vieual &cuity rr.easur~. The.coefficient 
is about the sa~e as the teat-retest reliability in day vision, which is 
,_62. However, the coefficient of correlation in untrained subjects be­
tween photopio rapid recognition and r.ight visual acul.ty may be lees 
than .the figure obset"Ved in trained subj,;cts, einca the photopic test~ 
retest reliability in these sub,1ects et. this stage ja .86. 

Correlations between the mm. variability and percentile steadiness 
aoorel! in the above group of special teste irith the same types of score 
in the 8th straight teat yielded coefficients in the same range as cor~ 
relations of the·eame type of score rapo!'.'ted above for the various 
straight tests, • 

Subjective Effects.. During the prog,•eas cf. the training regime the 
subjects dillcussed differenQee in 'Oeripheral perception ,i,oticed in_ every• 
day life out:,ide the laboratory, These discussions weret spontaneous and 
11ere not solicited in any way, Midway in the progreias of the regiine 
(Group I) th~se comments became so persistent that the questionnaire 
found in Appendix C was presimted, The samti questionnaire was presented 
to Group II at the end of their regimec Changes-in peripheral perception 
outside of the laboratory were noticed by 41 out of 42 subjects, 'i'hirty 
subjecte were BUre that the new· perceptual experi_ences were intrusive, 
forcing themselves on .awareneea rather than occurring as a re-
stu.t of thinking about the training course or ,br self-testing" Four 
eubjeote were doubtful about this and 7 were certain that the changes 
occurred onl.r when thinking about the training, Among thees 42 subjects, 
31 noticed a differance when_ruking on the street, 23 noticed a differ~ 
ence in sports, and 20 noticed a difference in reading, Various other 
situations in which changes were noticed were mentioned. by 29 subjects, 
Among these were, marching in drill, seeing better at night, and driv-
ing an e.utomobile, In all, one hundred t!:iree situations involving change 
rrere reported. 1\11 but two of these were interpreted by the subj eats 
themselves to be helpful rather than detrimental to,tbeir general Welfare. 

RetentiOP of the Effects of ttlft Tr@1P1Pi- It was ocoas~onally poe~ 
eible to check teet trainees weeks or months after the training regime 
hBd been completed, The results varied oon_siderably in both time elapsed 
and percentile retention, Too fn c&B&B were recorded to draw oonclu- , 
sions but at -least 50% of the imprO\rement was retained in all oaBee meas­
ured. 

Effegta on Central Vision, The Snellen index of thirteen of the 
trainees taken before and after the training showed no changes,tbat could 
be attributed tc the regime, Ten subjects mea11Ured 20/20 or better both 
before and after training, Two declined and one improved, 
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DlSCUSSIOII 

The re1ult11 ot thie 1nVeet1gat1on oan ~ alllllllarlzed b;y· ti. etateaent 
that the attempt to train peripheral v1aual acuity b;y a oom-1111 of COJl­
trolled practice ha been Tery succeaetul. By lilleu 11111uure1111an't our fi­
nal meanre of 331$ or the starting eoore111·ta, ill ltaelt, an i111pN1alve 
figure. llevertbeleaa, a two-dillleneioll&l •UUl'ellent, dealiog with ti. 
area on the retina at~ted b;y the teat object 11 • II01'8 suitable ori• 
terion tor judgment, eince the projection or the 111qt, OD the retinal 
mosaic la the pbyaioal oause or the etilmlation. C01:1111dered in this . 
truer two-diaenl'lional aspect the results ot ttia tra:hdng are atill IIIOnt 
impressive. Arter training it b neoeaaar;r, ill the derage subjeot, to 
1tiarulate a retinal &1'91 0Jll7 one-eleventh the else neoeenr:, for etiml­
lat1on before treining. Or, if the aue Ntinal area neoe1111117 tor per­
ception ot eiaple fors before training were at:laulated, after training 
the wbjeot could peroeive eleven tillea aa 111110h detail. 

The above figuree 1n themselves 1n~ioat.e an e:xt.nsiva quantitative 
change.· TheJ are further enhlu:lcad b;y the results of the tranatv tests. 
Teats wore J11Ade to oheok t!le tran&.fer of improvement effects to (1) retinal 
aree.e not worked ey the technique, (2) i:iight visual acuity, (:,) rapid rao­
ogllition of eit'lple .form, (4) unfamiliar t9f!t objeote. (5) retinal aree.e 
90 degrees from the line of vision, (6) non-peruietrio binocular acuity, 
and (7) conditions of everyd111 iife outside the labor.itoey, All of thees 
transfer studiae were eucceee.tul.. In no oeee was there, doubt that the 
trained subjaate a:c.elled unwilled ones in e1tuationll mvolvmg acu:l.t7 
of peripheral visual perception. 

The af!'ecte of the training noticed ey t.'la subjects outside the lab-,, 
orator;y are a strong recommendet:lon f'or the probable practical value of 
the technique, It is not..ble here that in most subjects, the new per­
ceptual experiences were int,ruaiTe, occu:rring without :foreithought, Thie 
indicates stro~ that the 8Ubjsots had become aware of pvipheral vis­
ual etillluli of 'llhicb :;,revious~· t.bey had not l::>ean aware, a fact argu.1.ng 
strongly in favor of the precti~al valus of the teohp1que for pilots 
whose peripheral perception ;!.t, frequently taxed 1n the perform.nee c.f' 
routine duties, The 1n1.ter C,)nlliders that the aucoeH of the laboratory 
transfer tests, coupled with the encouraging evidence•furnished b;y tile 
trainees' experience, outside ·the laboratoJ:"Y, ju11titie11 the conclul:Jion 
that a ganerru. transfer of t.b~ obaerved incr11111111 in efficiency to all rit-
1111,tions illvolving peripheral i,isual stimu11 ball bee11 accoli!plil!b.ed to t.he 
extellt of producing a pr1,otical :lncreai;e 1n t-'1.e efficiency of response 
to such stimuli. 

Durmg the progress of th!a inve-st.igation a motorized quantitative 
perilaetar was constru1JtEl".l to .!'1>0111';;.a te the testing of peripheral visual 
scuity with moving teat obJects,, I't proved imprsotiosl to check the 
transfer of the 1.mprov5ar,t t.-, 11ci1ity with mov:l.ng ttiet objects directly 
rlth the t,rainillg group l:.ere 7."tlpo1t,;,d, .Sinoe the OOll!pletion of this ir-0

: 

vestigation the tn'iter iwl' m..:,eured tb11 peripheral motion acuity in 50 
subjects with this apparatu.s, E,oqi:.t:r~ on loan fro111 the Cammittee on 
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Seleoti011 ud Tra.1niJ18 of Airortft Pilot., The reaulte ot th1• inveeti• 
gationU 111.ll appear s;,ortly' 1n thl9 American JOUl'llal of Pbfeioloa, 

The failure to obaerve e,e-to-919 improYnent during the 110t1on 
aouit7 telte r1111ed. ·the que1t1on of tranater ot iaprov--at of atatiOIIID'J' 
aauit7, a11 reported 111. thie stud7, to IDOV1llg 1tilllll1, St . .)tloting that 
the failure to hprove depended. on the lill1tat1oi:i of t11le of e:zpollU1'8 ot 
the stillUlu inheNmt to it1 IIOYaent, the IOONII ot the rapid reoopi­
tion teetl with atatiClllal'J' teet objects were n•nm1ned, It wu toUlld. 
that there wu.no qe-to-919 uprove118Dt here either, llnerthelea1,. there 
n1 distinct ~nt irl rapid reoogllit1011 eoore1 in the ■- eubjeote 
be.tore aid after trairlirlg, l_t wu, tberefor1, ooi:ioludad that the lim.ta­
tion of time of exporora illherellt in both rapid reoogni tion and lllO"tion 
acuit,. prevented the eubjeot fl'OII 11work1Dg out• hie 111rpl-.1aion of the test 
objaot, However, 1t was cons~tlered probable that pre.otioe with 1tati01W7 
test objaot1 would tZ'Qefer 1NOCaaaf'all7 to IIOYin.- test objeot1 irl spite. 
ot failure of 8J'8-to-8J'e illp:rovaMDt, juet u it did irl tbe rapid recoa­
nition te1t1. Further supporting nidenoe ia the 1uooe1.tul tr-mater to 
condition■ of outalde life where atimJll are more apt to ba in 110'1-nt 
rather than atationaey, An illtara1ting 1aplioat1on of theee obaervation1 
ia the UDl1ke11bood ot 11ucce1a 1.1' aoving te1t objaot1 had bam uaad in the 
prennt 1nTeat1gat1on, 

A turt.her point ot 1Jltere1t ia obael:'ved when one oonaidera tbe oua-
. t011a17 uae of peripheral Tiaion, tinder photopic oonditiona the peripheral 
retina 1• uMd for :initial perception of stillllll onl7, Lltti. or DO at­
tempt 1• Ill.de to ai:ial,se deta_U. Inatead, the objeot peroeind· ia tu­
atad with oentral Yl■ion tor aria]Jrais of detail bJ' a retinal area of 1.Jl­
comparablJ' greater aouit7, Tbe illport&Dt th1Dg ia to b&ooae conscious 
of the peripheral·etiaulua, and it ee-, -fros the eubjectin dau, that 
this abilit7 bu been iaprOTa4 bJ' the traiDiDg ragiae. ru-.1n .turn, au,­
geirta that the peripheral retina be interpreted •• a unpraotioed sanso17 
area, In all probabllit7, th• baaio reason tor ite unpraotioed nature ii 
the areatar aDd. 110N 111etul aaai:t,7 to be found 1D central rl1ion, to the 
Ul8 of which .,.. q bead IIOT!■ 1rrt.1 are well adapted, 

In night vision, on the other hand, n6 OClllp&l'&ble central area of 
great eouit7 ald:ata, '!ha fovea is bliDd. mi the area of greateet aouit7 

14Br1en1, the rellUlta of the mea11UN11ent of peripheral motion acuit7 
iD ,0 eubJeota are u tollowa1 The telt showed a raliabillt;y of ,82, Per­
ipheral. 110ti0111 acuit7 was about 601, as atron1 •• the acuit7 of comparable 
ratin!ll areas na9U1'8d with atationaey teat objeot1, Peripheral 110tion 
aouit7 ahond little or DO tande1107 toward e7e-t0-9J'e iaprov-nt durtng 
the teet, There wu Tel'J' Utt.le dif1'erence between 110tion acuity measured 
with 1nninging taet objaot1 and that ■auured with outninging te1t ob­
jeot1, The inner 3 to 5 degree■ of exouraioi:i i1 the critioal area for foi,a 

perception raprdl••• of whether the teet object i1 inAbging or outllli.Dg­
ing, The phe~, 1111ch u 1■1, variabllit7 and percentile ltead1ne11s, 
ohaened in the meuuNlll8Dt of IIO'tion 8.0llit7 aN e11antiall7 the 881118 u 
thoH prnioual7 obaer-red in the ae~t of 11tationaey aouit7, 



looat.ed 10 to 15 degrees tl'OII it ia not gwmt.i tat:iftl:7 very 1111Cb greater 
than outlyint areae. Here, peri;iheraJ. acuity itselt ia the Wlet'ul rimo~ 
tion and any illroro-nt in it. such 11s ha.a bEen observed in thia study, 
ahould be mucb more uaet'ul to the individual than a co.parable inoreaftt 
in photopic peripheral aouity. 

Certain theoretical and oractical implications concerning viaual 
function beve a.r:l.aer, indirectly rrom this stud:y, Early in the prelim-
1aa17 11t'tldie11 the close e1:milar1ty- of day and night rtaual acuity, dif• 
faring onlY aa 7 to 5 in the preeence of a l to 2,000,000 dli'ferenoe in 
brightnesal5 •aa noticed, this being a corroboration of data already 
!mown tor 111:mple aauit7. Further similar.tty became evident in the 111111. 
variability and percentile steadiness scores under the two levels ot 
illWllination. Essentially the s!lllle phenomena seemed to apply to both 
photcpic aJld sootoplc measurei,, .Still further and !ION i111pres11lve 
aillilarity became evident in two distinct phenomena (i) the transfer ot 
improved photopio acuity to i,eotopic acuity, and (2) tha aigniticant cor­
relation bet1119en photopio rapid recognition ~core, and eootopio acuity 
11core1, lfuoh work has been ds:-,ne on night vision proble111s with a tendenc;y 
to regard the phenomena here ae ol.P:sr::.y separated fl'OIII other vimual 
phenomena, It, would aeem that consi:ierable economy might be echieved 1t 
peripheral perception were regerd'ed ea e. comon perceptual phenomenon, 
regardless of brightne11s le'1el11 but subject, of course, to the lillita• 
tiollll of well establiebed phenomenc-v cf dad~ :,.daptation. It baa beon 
1nd1oated in this report that both the maa3urement and training oi:' night 
visual aouit7 could be acco:aplis~ed without reverting to the awkward, till!I, 
OoruN11ing, and e:xpenaiv~ conditions of literally working in the dark, 

In concluaion it may be said th'J.t p0ripheral visual ~cuit7 has been 
sucoeellfully trained. It bas hsell demr--istrated that the technique. el• • 
though 1low, is applicable to large groups of su'bJeot1. The baaio i'ee.ture 
ot the technique ie the fu:ootion&l i.,prove:nent of IIJ:l tmpractioed -aenaor'f 
area through forced practice, The funda.;;e!!tel requirp;ente of the method 
are (1) the forcing of peripheral int.erpret"J.t.ion by perimetric appe.ratue 
a:od (2) the expoBUre of atation!U')' 11~imuli long eoough to give the sub­
ject an opportuni tr to work out his impression of the stilllulua, The ex­
tent ot the improvement 1s gr"4t ana its practioel value to the rujeot 
apparent, 

1'1:.ow, F, N. Qp. cit. (Sea footnote 3 of thie repo1~.) 
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Order of testing cc-ntinued: 

Angular Prima_ry S900udaey 
Qtg£ •-teridinn DIYi&tion n,,, D1el 

4 Down & out (45° below horizontal ) 600 450- ~ 
5 Down (vertical) 300 900 30°. 
6 Up (vertical) • 3CJO 9<:P 30° 
7 Up & out (450 above horizontal) 300 45° JOO 

The lei"t eye is alwaye tested first, The procedure is repeated on 
the right eye, 

Whan teetitlg either eye, the first point requires the primary dial 
of the instrument to be set 11,t O degrees an_d the secondary dial at 30· 
d,egrees, oare being taken that the teat object ia in the temporal field 
·(a11 distinguished from nasal field) of the eye being tested. Care 
should be taken to avoid nasal placement.of the teat object. On points 
5 and 6 the primary dial ahould be set ao that the lup is. 011 the aide 
of the blind eye. 

The measure of acuity for eaoh point is derived by decreasing (or 
inoreuing) the size of the teat object preaented, The technique ill aa 
f'ollon1 a target {4 f'or 30 degrees, 7 fo-i- 60 degreee) 111 placed on the 
inatrument and· covered 1Ji th the blind, It 111 eat randomly and presented 
by turning the blind, The aubjeot, with fixated eye, 111.gnals (verbally . 
or by tapping nth a pencil) the po11ition of' the break by natohing it 
with the nU11bers around the perillleter button. The target is covered, 
reeet random]¥, and re-preaented. The •eucce1111• criterion 1• ~ 
ggpff9Y1rl,9 eorragt IPffltl batpre tho gogpd EPM PPI n If • aucoeaaful, 
the nut IIIDalleet test object ia tried, and so on to failure. If th• 
original eize tried ia failed, the aize is progreBBively inoraMlld to 
a ~cuooe11,1• performance, 

The eizea 11peoified for starting are 110 c?:lo11m a11 to be above. the 
threehold of acuity for the majority of indiV1dual11,, With experience 
in the operation of this test, the choice of atarting size oan be modi­
fied to fit the subject. llowever, it 111 de111J'able to keep the 11tarting' 
11be well abova the expected thruhold beoawie of ■pont.aneoua nuctua­
tion in the 1ubJeot' 11 ability to eval.1Wte peripheral ■timuli. When 11et­
ting the te11t opject randomly it 1■ beat to turn it el.owly with firm 
grip aB this avoid11 tile auditory oue11 which re11ult from too rapid l'0Volu­
tion. 

The malleat •auocea■• size 111 entered on the eoore 11heat in the 
proper box. It "111 corrected to an equivalent u indicated below, 

Target lo. 
Equivalent 

t t 
.13 .4 

l 
.7 

1t 2 
l.2 l. 7 
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Target No. 
Equivalent 

6 
!L 3 

7 
6,2 

lOx • 
10,4 

, 

If size No. 10 is failed, 10!<: :.s entered in the score box and trans-
lat~ to the arbitrary equivalent, 10,4. 

The following instructions may be given the 111.1.bject1 

"The instrument used for this test is a perimeter. It ill deeigned 
to measure your ~bility t.o sae sod recognize objects wbioh appear 
outsi~e of your direct line of vision, i,e., it is to teat your 
ability to recogni~e objecte nhicb appear to the side Jt+.!yJµt IIIOV-
1.ng your eyes to loak directly at them, You will sit facing the 
'perimeter button,' Look straight at it during the test. Closer 
to you, in line nth the perimeter button, ere an eye pieoe and a 
ch.tn r,et, '.l:'he operator will assist you in bringing your bead for­
ward so that the eye piece lightly touches the lower lid of the 
eye being testod. • • 

No11 adjust the chin rost to h&lp steady your bead, Be sure to 
keep your head facing dirootl:, fol'lf!l.rd and at an even keal,o Look 
direotl7 at t.be perimoter button and don't move your r.1e, 

The operator 11111 put a broken· oircle (which looks very muoh like 
a capital C) in the target bolder, '/lhen this•circle 111 revealed 
to you it will be off to one side, ll'itoout moving your gaze .from 
the perimeter but"oon you wil:.. s:lgnify in ·i1hat direction the breu: 
in the circle 1a pointing, Notice the ntllllbers I, II, III.; and IIII 
aroUlld the perimeter b1.:rtto11, 'l'he break in the c:1.role will corres­
pond to the pr.;sition of cne of these numbers" l1' it point. 1n the 
s&me direction ac I, tap once oi:i, the table Ylit.h your penciL lf 
it oorresponda to number II, tap twicer etc" lf you are not cer~ 
tain )'OU must guesa, A 1':'\ir,g ans11er is better than none et al.lo 

Don It mov& your e.re, eve,; aft<l> r, you ha Ya answered, 

T:le operator 'ldl.1 gr~f.lunJJ.,r reduce the size of the circle until 
you can t giv-, ~o .. rMt ru1&--.eTe any roore, then another point will 
ba tected the same way . Af+,e1· one eye is teated on 7 points, the 
other aye 'lfil 1 be tested. TI.ela.x u1 much ae poe11ible w.1.thout lllOV• 
ing your hood encl DON'T l,10'/E l'UtlR EYE," 

lt has been found that es verbal condeneation of the above direotione 
by the operator, derr,or,:ltr·1?.ti.,ig at th-, porin,et87:', is both aborter and more 
satisfactory t!:.an having tho rubjel"t .~earl the instructions. lt ie advie• 

• i-.bl'l to check the subj;,ot 'e compr<!IJ·.,ms1.oc, oi the matching of test object 
position with fix&t:bn ;:,utbn D.1.ll'lbere, T'nie can be done by revealing 
sample posi t1.ons t.0 bs idiintiii'3d ':1;1 1mrest:ricted binocular cent.rel vi­
sion before t!'la t!'l:>t :O,;,,ins- A ahort rast l;etwaen eyes is perm.issible, 
Should the enl,ject 1.-:i sb t,· ,·el!lx tc;i;11son i;ointa thia w,y be permitted. 
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The fixation is.~st stressed Lafore the t.eat, It ie the o:gerator•s 
duty to check fi:mtion during t.he tost. If tbe aubjeot•a eye shows vol~ 
untary noveoent (short, quiok excurs·lona) the test object should be 
covered ,and reset, '!'he subject ~hould be warnecL Do not score MY l'8-
11pon1111 in th• pl'esenoe of voluntary eye movemont as either.oorrect or 
inoorraet. Discard it COlllpletely, Most subjeota show satisfactory fix­
ation" Others have considerable trouble learning the technique, llfm3' 
subjects 11how a slow, irregular wandering of the eye, easily diatinguiebs 
able from the rapid voluntary movemeint. Unless th1a is exceSBive it can 
be ignored, • 

Und!IU' no 01rounl11rt.anoe11 should a rS11ding be discarded for 8.rJ1 reason 
other than poor fixation, fl'o utter how illogical or unexpected a wrong 
answer •Y be, it 111u11t al1fllya be counted when giveti ~ tbs presence of, 
a11ti11factory fixation. • 

Mt.ny l!IUbJaot8 tend to develop the habit of glancing at the test ob­
ject imudiatelf a.ft.er giving the r.ssponse, This 11hould be discouraged, 
as it induces a tendency to ffgueas and then verify~ rather than proa.ote 
.llll attempt to evaluate the peripheral stim:ulu11, It is also ui::nr.!.se to 
tell the subj.at whether he 11! right or 11r0ng at'tar eaoh response, 11ince 
this, too, encourage• a ifUIISII with anticipated verii'ica.tion. Ill general, • 
the better the fixation, the better t!le eoore. , '?bia should be impressed 
on the aubJt!tOt i:f' fixation 111 poor. 

The perimeter is so oonstructed that the line or vision bas a 10 
degree do1111Rl'Q tilt toward the operator, Thia pennits a forward tilt 
to the head which relieves neck fatigue, The aide-to•sicie alipent o:f' 
the head must be kept horizontal a11 MY tilt rctatee the 91eball 11.tld has 
the eff'ect of altering the meridian .. 

llaJl7 subjects are n111ly distracted by extraneous ligbt around the 
ed,1e1 of the patch on the blind e,-e. It ia nll to relieve them when 
poeaible but ~a ueuall7 doea 110t produce a notioeable dif! 1rence 1n 
the acuity readings, 'l'be purpose of the patch ia primar1ly to prnent 
'binocular peroept.1011, SubJeots who are easily distracted tend to b:'l.M,e 
this on lll:Q' soora they may auapaot is poor. The real dirfioul ty seems 
to be intrinsic to the aubject rather thlln extaX'l.lal, 

SCORE SHEET 

'l'ha appended aoore sheet (eee Figura 6) ia designed .for uae during 
t-he test. 't'he bcxea in the lower"half of the .eheet are ao arranged as 
to provide a vertical colUlltl tor each point score and ita derivative11. 
Borizontel l1nu provide for the aame_11oor11 or derivative for each of 
the tourteen points, Above t.he empty boxe11 are apeoifioatione for eye, 
alrid:l.&rl, and egular deviation. Below the. bo*ea the order of teating 
ill 1J:ldioe. ted, 
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During tbe teeting tbe nalleet "eucaeiie• e11e for eaoh point 1• 
entered ill horizontal 11De 1, and is known ae the raw score. Later the 

. raw scores are oorreoted to the equivnle:nta liettd on pp, 28, 29 and are 
entered 1n hor1110ntal line 2. The IUJII of the equivalents tor the HTen 
points or eaoh 979 ie Elltered 1n the left. hand oolum or the n1ne-eq1111N1 
box near the top or the eheet. The sum or the fourteen equivalent• ie 

• the total eoore, which ie entered in the l011er left hand box opposite the 
word •Both. 11 

IJANAGQ(fflT OF APPARATUS 

l'r!JPIJ'Y Bearing. Thi11 111 the bearing in which the primal'J' ar111111 
l!lupportad by th• base. The friction is so adjui!lted that it will hold 
the pr1marf ar11 in en:r position de11ired. If' the bearing loosens, it can 
be tightened with pressure applied b:y a wood preea. Sol!le tightening can 

· be achie"l'ed 'Iii th the set-screws in t.'ie bearing, 

Sacomaq Bearing. In this bearing the primary am supports the 
eecondal'J' 81'11 and the aecondax:y dial, Friction 18 applied b:y a spring 
brake pre11sing against the lower surface or the s900nd9.17 dial. Thia 
pressure can be adjusted b:y turning the screw facing domlllll'd on the 
upper part or the primary arm. 

• • 
It the reading of the saoondal'J' dial gets out of adjustment, it oan 

be corrected b:y manipulating the aet-sorlfflll mich control the relationship 
of the 11econdal'7 Bl'lll to the ncondary dial. Loosening the screws and 
setting both dial and arm at zero will giv11 ,the proper set, The scren 
should be tightened while the dial end arm. are being held in po11ition. 

T1rgeta, The photographic pa.per on 'llhich the test objects are 
printed is pa1ted on the metal target with Duco HoUllehold Cment. The 

.diasimilar aurfac.-, paper and metal, react differently to temperature 
and ht.Dnidity changes, A tendency to peel may be evident, espeoiall:y 
after abrupt -~ changes or ill the presence of dl'J' artificial heat. 
?he paper aa, be repasted wholl:y or in part w1 th the above cement. PresG 
sure a:f'ter treatment is desirable. 
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APPUIDIX B 
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THE TRAINlNG t.mHNIQlJE 

The technique of the test for peripheral vieual acuity, with a deaorip~ 
tion of the apparatUB used, is described in Appendix A, The tra1n1ng tech·• 
nique described below 1B a mod~fication of the testing technique. 

APPARATUS 

The quantitative per1moter is employed. The test objects are airplane 
silhouettes, Four types of plec1e are repres1mted, being designated as 1, 
2, 3, and '•• Five sizes of each pl,uie are provided, The sizee repre1umt 
the rldth of the wingspreed in millimeters and are designated 50, 25, 10, 
5 • and 20' llllll, 

'fhe Training Sheat3 i.n tido Appendix include specifications as to 
plane number, plane size, and mericiian to be trained, There are ten var­
iations of the above variables wLI.ch mai be specified for the training of 
each eye. • 

Beginning rlth the right eye, the plane specified on line one should 
be pet in the target holder,· Thll foetrument should be set at the 11peoi­
!ied rr.eridian, by the method deecribed under TES'l'ING (see Appendix A), 
The eecondary arm should be set at 20 degrees (the least angular deVia­
tion practical), The same success <;ri terion as was used !or the circles 

. applies to the plane silhcuett,es" T.he subject signals the direction the 
plane points, Upon repeated presentation four consec·.itive correct answers 
must precede the second 11I'ong nne, When succesa is aohieved the secondary' 
arm is set so ae to move the test ob;i ect 10 d"greee farther fro• the line 
of vision, the meridian remaining unchang,id, and the procedure repeated 
until failure occurs, Then the angul11r deviation is reduced 5 degrees 
and another eat oi expveuree ill run .. T!l.e aubject 1s "score" ie the great-. 
est angule.r_deviation ~t which he is nucoesefuJ., Bud ie entered on the 
training sheet under "scor'l" a~ the rigtt end of the line specifying the 
procedure. 

Whet, the 1·ight eye of any subject. lws l;;esn trained according to ape-­
cifications he bec-~mes the oporator end trains his for:ner operator' 11 
right eye, Foll.owing th:! s the l"'ft, ey'!i of each :Individual is trained 
in tho e,me manr..,;1•, 

uccaeionally a l&,ge e.ix" Airpl.e.ne ,,tl.houette can be euccessfull;y 
j_dentified on the 1.iorizontnl wta "Lhe "down and out" meridians e.s far 
out as t!1e visual field e:-.tsn<le. T:'1.s :! o 1.\3uelly 95 degrees,. On other 
meridians the eyebr01l' and cheek Umit th, i,:x:tent to which the test object 

' ,·, '"'.';-~( 
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can be dis·olacad to rer.iain visible, 11- all ()af!e~ wl,ere tbia occurs the 
greatest s;igular deviation at s.h·i,,,, success hal' bee:, achieved should be 
scored with the word "plue" atided, :fhesn workin.5 "i'-h s"11ll silhouettes 
a subject sometiJnes cannot inak"' e 3uc,c,,ssful ~et ,;j' ,·asponsea of 20 de~ 
greee, In such a C'.aee t.he soore shc-uld r"80 "20 ~,illus," 

__ In general, tbe training techn!.q ue C:. 1-l'f era from the tee ting tech· 
niquein that each plane silhouette ls "pUshed outward" along a meridian 
while the circles ars identified in d~crooeirJg sizes in one location, 
Other rule11 of procedure, inc.i.uding those ccn,ierning eye ll'OVement, are 
the same for both techniques-

For purpcsee of reducing the uece~si ty of pi,glng through the 11core 
sheets in order to identify the procedures e:lJuini~tered at the various 
period11 to Groups I and II, the folloldng schema of the testing and train­
ing program is pree~nted with a brief deooription of the teohniquee1 

Group I (No 18) Group Il (N ~ 25) 
Pttiod Pertgd 

1 lat Str~t Te~t (isolnted points 
Ho. 10 Ci.role Transfer} 

2 
3 Training 1 aizea 50, 25, & 10; all 

4 meridiane ,., 
5 2nd Straight Teet 
6 
7 Training l sizes 25, 10, & 5; all 
8 meridians _, 
9 3rd Straight Teet 

10 
Training J-eizea,10, s, & 2!-1 all 11 

12 ■eridian11 

13 4th Straight Teat 
14 

Training { sizes 5 & -2tJ all 15 
16 meridians 
17 5th Straight Te■t 
18 - J aiaea 5, 2½, & 501 8!11-
19 TrS:iniq phaaia on down, up, and 
20 up and out uridiana 
21 6th St~a1t Teet 
22 

Training size■ 25, _10, & 5; all 23 
24 meridians 

~ 

25 7th Straight Te11t 
26 Rotated lieridian Teet 
V Hight VilJ\lal \auity Teet 

28 Rapi4 Recognition Test 

29 8th Straight Test (:1110lated points, 
No, 10 Circle Transfer) 

1 

2 
.3 
4 
5 
6 

' 7 
8 
9 

10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
2:1 

28 

1st Ctrtiaht Teet- (1110lated pointe 
Hoo 10 Circle Transfer) 

Rapid Recoggition Test 

Training/ sizos 50, 25, & 10; 
) all meridians 

2nd Straight Te11t 

!raining -{sizes 25, 10, &'5; -
itll moridian11 -

3rd strar'ght Teet -

Training ( sizes 10, 5, & 2½; 
j all meridians 

4th Straight Test 

Traiuing { sizes 5 & 2½1 all 
J meridians 

5th Streight Taat 

1 
size■ 5, 2¼, & 50, •­

Training pba11i11 on down, up, and 
; up and out 11.oridiana 

6th Sti-aight Te■t 
Training 1 aizea 25 & 10; all 

! meridians 
'lot.a tad lleridian Teat 
lliJtht Visual Acuity Teet 
R4apid Reoognition Teat (iaolated 
points, !lo, 10 Circle Transfer) 

8th Straight Test (Non-per1metric 
binocular transfer test) 



• 

• 

The t.K,:-i .~,p:')•_-_p,-> .. t~t.eJ. -~11 1- _1 -,_·0,:~~/;:t!"J.g :··~.,~:.,-, ,,";_4,1 1 .1·.;/a :~:.[f1-;3r.ing L':1 
"er to.in det.c ~1 .,,.,.-:. .... 1.,.; ,,-""1 "'"'~ ,,_. ~ ,., ,. lf.11 •~ •·e t"o 11! ,t.J ::;· •·.,•.sr."',-:.- 1 ;,, ·rn,der +ha "' -• •; ,l,<J-.e_ ~• ~~"' • ,.,_ k; ;. - L •'· , ' - t, ,_ .•~, ...,,,<.,',.\:,' ' .., 

.::ircumstances of Pili~hr., d L~ .-L.,.- ... n,;,..H·; in t~1e lti!.li:;~:1 .:)f 1 tlr~ acAdeffi~C' quarters" 
Group I rec-0ived 29 fnlJ p,;r·;tcc:.B ,,s t.••aj:i'!r,g, ,;he ;,::e.1.arel pct;ten, ,r.,~ that 
of training with an acuH? '"-'t, ,e,017 4tn o.a:-i,x1 . ,}r,,01p !I received 28 
full periods with the ~a,'·" pi"~'"'· ;:,at.te"·n. Eo,,,wer, at t,i, requr,wt cf 
the Committee on Seloction anci 'l'r,1i,1ing ,,f Ai,craf'c PUots a rapid recog­
nition t.,at rre.s inserted to panc:id ? Ji: Group II Thon, beoauee o.f the 
loss of this one pe,:-.1od -~nd a '"~master one p<1:dorl ~hc.rtflr, it was ueceac 
sary ·to omH in Group Jl the p0rfo<le ,,urNspc,ndirig to periods 21. (train­
ing) and ·25 (7th atrhi,_;bT, t,<,~t) r,f Groep l 'l"he vari-ous transfer 1;eata 
are, the same fer aaoh f,Hmp Hit.h t;te excsption ~•f "- non-perifilatric binocu­
lar transfer test adriinis.tered to G.i·our, LT c'1l.y \;Jnr,od 28) .. The short 
transfer teats hsve been g:l.ver. t.o tba two gr:oupe c.t, slightly diffe:-ent 
times, but in general., stand at t.he oegj.nning and end of the training-
Doth groups received the sww r,e·~ c,f thre<' special tests at the end of 
the training (rotated meridian, ni'(irc vhm1l acuity, and rapid recogn.t­
tion) . 

. ' , 
- 0 



), 

,-, '. ,-.·· . -., . 

• 
SCORE SHEETS 1CI!. TESTI!IG :.ND T!LlIRillG REGIIIE 

TESTING S,JEE1' 

Date1 __ _,_ _____ _ Code Boa, ____ _ 

:!lue1 _________________ Age1, ____ Tm1, ________ _ 

ldent1r1eation1 __________________ _ 

TRANSFER TEST 1 

Isolated Points: (j :il(J.tuu'ee_ and a o1r~le) 

25 llllll,1 L 

R 

lp 1111.1 L 

R 

First £;re (LEFT} 

dowu up& 
out & out don up oirt 

RAW SCOR!: 1 
- -- ,....., 

EQUIVAI.nl'r 2 

J 
-- ...... 

4 

5 

Order of 

Rem,,_ r k I" , 

P1rat (L) 

Second (R) 

Both 

Teat Noa 

' 

1 (Group I)* 

Period Boa l (Group 1) 
Operators. ______ _ 

Second E,-e (RIGHT) . 
down up & 

out & out down up out 

"'1'qit, lb l , f:ed c:d ~' n , 1, Grot,p l, • 

I 

• 



TESTING SHEET 

Date, _______ _ Code Ios ____ _ 

Name1 ____ ...,.. _____________ Age, ____ Tillle1, ________ _ 

Idettification1 __________________ _ 

' V 1,V_ 
TRANSFER TEST, .. ..--..---..---.-,, , -r 

Ne" 10 ~irol~, (lC t~iee) 
Fir1t (L) 

Second (R) 

Both 

L {Out 90° 
( Down & Out 90° 

R {Out 900 
( Down & Out 90° 

Teat Nos 

Period Jio1--a2=-...i.<l!.grolt.ll.lup!W..l~I1;.1.) 
Operator, ______ _ 

1 • Ftret E7ft __ ...;(:.,L_EFT_,):..__--,---11--S_e_c...;on...;d,-E.:.y..:.•--.,.a.( Rl_GH..:,..:.T..:..) ___,_--+ 
down jup & down 

out & out don up • out out & out down up 

t'r}';o I~! '.i'~'\.":1J!1()Y"J.3_r,g :_:.~ 1•tc<l ln. Group 1 

.P~t1.::-Ji! y_'::-,:·::itt(n1 t~t (O~?.. ne-\! ,.)Apo!lllre} 

up & 
out 

\' 



Tf(t,J}.]Jl', S!lEt"T 

NlSIM1 ___ ..,... ____ --=c-______ , 

lut fir et middl., 
----'Age1 ____ Sex1 ___ _ 

Identification1 ________________ -,--__________ _ 

PERIPHERAL TRAINOO - PJ,ANE SILHOUETTES 

RIGHT ED Order l'lene No. 
l 1 --" 1 
3 2 
4 

, 
2 -- 5 ~ 

b 3 
4 

. I.. 
' 

l ' 

LE1T !YE Order Plane No • 
'J. l 
2 , 

2 
. ? 

' -a 
~ 

J.. 
: 

--,, 

Rearkat TRABSFER TEST,_ 

lo. 10 circle, (lo tries) 

(Out 90° 
L ( Doln1 & Out 900 

(Out 90° 
R (Dom & Out 90° 

S1:ie 
' 

2 

' ~ 
• 
;. 

Siae 
] 
2 
~ 

2 

Period No1 i, (Group I)• 
Mer1d1u . out " • 

II 

• 
n 

~ 

n 

• 

ller1d1u SCore 
o-

q 

II 

n 
n 
n 

• 
• 

*Period No. j, Group II 

-01ven 1n Period 2 for 
Group II 



TRAINING SHF.E7 

De,te, _________ _ 

r.u.ddl11 

Identlfioation1 ____________ _ 

PERIPHERAL TRAINING , PLANr s:,LHOUF:;IBS Period Roi 3 (Group I;* 

RIGHT EYt •ridian Score 
• , SJ ' Down & Out ' --~-.i; • n --1----4 

.~~t: ~ " n 

• " -~ n • -~---- ·-- ·---~----, fl • 
8 n 

...._ ..... -, ~-
' • n ~-

~-,_ 

--1-- --

LEFf En~ Meridian Score 
-Y- r;o D01111 & Out 

"· 

__ ,.,. 

_"~ __ :ii\ •• n 

.. ~ " • 
. 2'5 • n 

-r ,;o n • t-,-~-25 • n 
~~...__..- '----

• 50 • n 

1. -15 n ~ 3 ... ---- : -J.~-
' - '/~ 



- --l '' ,r-

• TRAIN lHG sun;•r 

Date1 _________ _ 
_ ,:ode No_, _____ _ 

Namet _______________________ Age: ____ Se:u ____ _ 

la■t tirat middle 
Id1111titication1 __________ , _____ , ______________ _ 

PERIPHERAL TRAIIIIIG - PLANE SIIJIOUfflES Period No1 4 (Group l)• 

RIGHT En: Order Plane lio . f.iae Meridian Score 
l· 1 ?'i D01111 
? , '.)<; "-
"' 1 '"' Un & n .. + 
J. , fn Do1ln 
'I , ,n Un 
i. , -- ,n Un & ""·t ,., 

I. ,,., Down 
i I ,,,: 

I Tin 

" '.) II Im & ll,rl'. , 

u:PT E!E Order Plane No • Sise Meridian Score 
1 1 2' Down 

1 ,, Un 
1 2 Un & Out -, ,. n,,_ 

1 10 Tin 

6 -, 10 Un & Out 
7 J ,,, nn-
8 ,_ 2 Un 
Q L ? UD & Out 

10 

Reuru1 

*Period Ro. 5, Group II 



'I'ESTINu SHi':E'T 

Dat•1 ______ _ ;:od"' _No: ____ _ 

f;al,·a1 __________________ Age1 ____ T1M1 ________ _ 

Idant1fioation1 ____________ -'------

V V 

Jl'irr.t (L) 

Second (R) 

Both 

Te1t Ho1 ~ (G[OUt) Il* 

Pariod No, 2 {!1£oun ll 
Operator, 

,F'!') Second Ey-e (RIGJll') 

l lup " down up & 

i:.'.:~-~t~_'.1: 
out & out dowr up out 

:,00 :300 'J)o I 3CP 60°j 30° 600 ~00 30° .300 
_ .. _ ~-

I i i ' 
- -- i--•7-···· ! 

l I -- ·---,--- --
I 
I ' -·-· .. --➔ ' . 

' I l i 
--i · --l-- -·~- --·~~-i --

-·•--f----f---•~-- l 

! l !: I 
I l . 

---t -"'- •>--Ii---' I :i - I I 

·---t- --~;r. -~-~ +·-·1 
: . -+- .i-- ' --L--t -- ---t---t 

_. I h \ 7 ·I d 9 10 
l . 

11 12 l:3 ; l./4 I 
- -- ' -~ . ...,_ .. - - ' -- ~~- . ----



Dater _________ _ 

Naaet ________ ,..... ______ ~__,,... ____ Age1, ____ Se:it1 _____ _ 
laat first 1d.ddl8 

Identif:!.oati'on,, ____________ _ 

PERIPHERAL l'RAIJ;Il'IG ~ PLA!.'IE SJLIIOUETTES Period Not 6 {Group I)* 

RIGHT EYE Order Plane No , Size lleridi•» SOON r-i-- 1 - 25 Out 

~=2-=ti' 
,n ft 

__ l__,. ? 2'1 " 
10 n 

____ ,.,L,._=t=~J. 2'5 n 

--~--- -~ 10 " -, 7 ' t. :;u; ft 

,___L f. 10- II 

-· 1 l - " 

LEFT EYE Ordor Plane No 
" Size Soore 

1 25 Out 
1 0 • 
2 t,; w 
~ 0 II 

..._-+ , .. -,_ 

0 ~ 

I,. 25 p 

I 4 10 n 

9 --

--ru --~ 
Rlllll&l'UI 

•Pmod Ro. 7, Group n 



- TRAmING SHEET 

Identificatiom ____________________________ _ 

PERIPHERAL TRAINING - PLANE SILHOUETTES Period Joi 7 (Group I)-l! 

RIGHT EYE S?ore 

LEFT E'IE Si;:s, ll<jl'idian 
l ~ ~:; __ . ~ Dov11 & Out E l --,, 

-·-·/;" , ____ ,10~-· --- =t --=-t·3·~-:.r=··---" ll'J II • -~-- ~ .......... ' ~,_.,.,., - ---·~- -, , ~ n ft 

---1--·· ·1a---:-. .-· -~-
--- -~--~5--r.-----. -------
L.....,_~~...__.__~.,~•-- --- ·-• ' 10 I " " 

--- --+·------t---·-
- _1_ ·-



Gode 1101 _____ _ 

_______ Age1 ____ Sexi ___ _ 

middle 

, Identification, ____ _ 

PERil'BERil, TRAINING • Pl/Jf~: 51Lll0tnl.TTES Period No, 8 (Group I)• 

RIGHT EYE Order Plane No, Sise le:ridiui Score 
l ' 10 ! Dom I 

]. l I "-, 
.L 

, & out 
1 n,_, 

IT" 

i A. nut .., ',,_ 
8 ,,_ 

'I TT" JI, n..+ 

IO 

LEFT EYE Ordor Plarie }IQ - llerid.ien Score ,,-
l ' 

,n n-

2 . 0 
. Un ' 

1 . Ii lln II: 011t 
---- l.. l Down 

5 IJn 
---0 . lJD i Out 

l Iown 
10 un - n un & tJUT. 

u 

Remark11 

I •Period 110. 9, Group II 



-47-

TESTlllO SHEtr 
·~~, 

Code 101 

Names Ages ---------------· Timel 

Iden •.ifi~tion1 

V 'f;V ---
!'ir•t (L) 

S,:,cond (R) 

IT 
• .. ~ 

. 

Both 

Te11t Jlo1 ·2 iGrout, ll* 
Period 1'01 2 ,ra:olll) 11 
Operator, 

Firat E:y-9 (J"'.FT) !! Second E,e (RIOHT) 

I dolf!l l 11 f1P t,ll j down I lup & 
out & out I down u.p ' out II o;,it & out. down •ltl out 

30° I 60°130° I 60° I Jo<' l 30°! 30° II 'JOo 60° 30° 60° 30° :3o? 30° 

RAW SCORE I l I I 
-----+--+---+--+----+--+--'.·-, 

EQUIVmNT I : I I l i i 

Reir.ark11, 



TliAI!llNG Sl!EE'l' 

Date1. ________ _ 
Code No,. _____ _ 

Identit1c~t1on1, __________________________ _ 

PERIPHERAL TRAilUBQ • PLAFE Sll1iOUETTES Period No1 10 {group U* 
RIGHT EIE Order Plane Nu • " lleridian s--

1 1n Out , • 
1, • 

I.. ' 
~ 

i; , II· 

0 . - " 
' ' 

1 n 
n 

l 

LEFT llJ Order Plane llo,. s1,. lleridiu 
l , n..+. ' , n 

2 1 ft 

> • 
~ IO " 
~ ., ft 

10 ft 

I. 'i • 
"I 

Rnark111 

•Period llo, ll, Group ·11 



I 

Code tlo1 _____ _ 

Neme1 ________________________ Age1 ____ Sex1 ___ _ 
laet fir et m:tddle 

Identif'1catiom ___________________________ _ 

P!:RIPHERAt TRAii'IING • PLANE SILHOUETTES Period lfot ll (Group I)* 

RIGHT EYE Order Plane No - Sise Meridian Soors 
; .. -. ·-¼,-~..:j l 10 • tlnwn & Out ---1 , ,; " n 

1 
,_ 10 n n 

,.;.,.,,.," 
i 2 ,; n • 

--· ~ 
j; ~ 10 " • 
6 3 - ' " n 

L--,~ ., 4 - 1 n n 
"--·· 

8 l. a • L, 
q 

t~- ,n 

LEFT F,YE Order Plane Do • s1 .. Meridian .---
1 ' l 10 Down & Out ! ,, 

l 2 l l ' • • ' ' , 2 , l n • 
1.. ~ • • 
,; I 1 • II 

-5 ' n • 
7 

I 
!t 

, • • 

f i~ 

I,, n M 

:=J ---
-----~..__ ~--

Remark■: 

• 
i~ 



J 

t;,, 
4',<--~ < I \: -

TRAININ11 SHU'? 

, 
Code !101 _____ _ 

H-•·------'---=------,-.,.,.,------'Age1 ____ sexs ___ _ 
lut fir•t 11iddle 

Identif1oat1on1 __________________________ _ 

PERIPHERAL TRAIIII!IG • PLANE SIUlOtJETl'ES Period 1101 µ (Group I)• 

RIGHT En: Omer Plll!! Boo 
., -- u _ _.,., __ -

l I 1 n,,.., 

2 1 U'D 

1 un fc 011T, 

1 D01111 
1 11n 

1 U'D & nwt. 

7 J. D01111 
4 
J. U'D & Oni-. ' , 

IDT EYE Order Plane Ro. SiH Meridian Score 
• Down 
z • U'D 

U'D & Out ,,,.. Don. .... ,m - U11 & Out 
Down 

' UD 

'1 ' Uo. Out 
10 

RH&rk•• 

•Period Ro, 13, Group II 



TEST IHG SHEE! 

Date1 ------ Code No1, ___ _ 

Name1 ______________ Age1 ____ Tm1 ______ _.,. 

Identti'ioation1 _________ _ 

~ I 
RAW SCORE I 1 

EQUIVALENT b 
l J 
I 

!4 ' 

I . 
I ~ 

I 
I 
I 

I 
i 
I 
I 
I 
I 

Fir1t Eye 'LEFT) ( ' 

dOWD 
cut & out down t1p 

300 600 .300 60" .300 30° 

I I 
I 

I 
I ' 

I 

! I I I 
I 

I L_ l I 

-- I i 
I I 

I I I l I I 
' --LL-L I I 
~ I 
I I l i I I ' I +---!. --· .. -+~ 

I l I I i I 
7 I • l_j_ ·-+--I--·--~--.+----+-

I I ' , I • 
! ' ' ' " ! 1 
I 

' 

up & 
out 

':/Jo I 

I II 
I II 
I ll 
I 

II I 

I I' 

I ! 

lir■t (L) 

Second (R) 

Both 

Teet No1 

Period Bos 

V jV 
.----,--- ,.. .. -, 

4 (Group Il* 
13 (Grgup Il 

Op~ratori. _____ _ 

Second Eye {RIGHT) 

d011J1 up & 
out &: out down \U) out 

'300 6QO .300 f:JJO .'.300 30° '300 

I I I I I 
I 

I 
J__ I 

I I I I I I 
I I I I I L 
I I I I I I 

I .L--1--.l.--~ I -1--
i ! l I i 

) 

' ., I ~ I Order of Teeting / ~ , 2 , , I 6 ! 1 !l a l 9 ! 10 ! 11 l 12 ! 1.3 ! :u. i 

Re:nark:e:, 

<-;:·,.gt efo. 5, PoricJ No. 14, Group II 

~'~\, 
- --.;, 

l·,, 

'. r ,. 
- I ': 

·~---



'Y , 

TRAINING SI!J!:h:1: 

Code !lo, ____ _ 

!dentllicatio11i ----------------
PE!t'PBERAL TRUNI?n - PLANE SILHOUETTES Period Not 14 (Group l)! 

RIGBT EYE Order Plane l'lo , Score . - l l 5 Out 

" 1 ·I " 
:, 2 • " 
4 2. .~ " 
5 , " - " 0 .... .. 

4 i ft 

1 

LEJ'T!:II Order Plane No ' Sile Soore 
1 l • Ont 
z l , .:,1- II 

• 2 ~ ft 

2. • S' • 
'I A 

..... " 
" 

. 
:k • 

~ --

;,: *Period lo, 15, Group II 
,) ' 
,i-" -

' ., 

;, 



. 
TRAINING SBEET 

Code No, ______ , .. 

Name: _____________________ Ap1 ____ Sua_ 
last first middle 

Identification1 ________ ..,... __________________ ---.-

PE!HPHERAL TRAINING - PLANE SIUIOuE?TF.S Period Nos 15 {Group I)• 

RIGHT EYE Order Plane No, She lleridian Score 
! I lj Down & Out --~ 1_ ·- n n 

3 2 ' n 8 

~ 
;l .... n n . 
~ ' n 8 

.... " ft ,. • ~-, R - ~ " q 
10 } 

LBFT EYE Order 
l -,---1 ' n~- .?. n,-~ 7 

i 1 ~ " " 
-~-3._ 2 " " 

_4___ ;:> ; '<I- n n 

,e......-2...., - _i_ 5 II • -_!;l. _L~- :M-
'--

n • ,, 
-"--" ~ 

n 8 

_ __!i,==t··---1t.... " " -
2 ---:1 ___ l!.l -·- ------

li~ma.rk,s, 



{,--:,,..:.·:·'_''., 
~ ~-

(, 
<1· J 
c:..: ,. 
' 

• ;~,,~!&--;.',-:·•' -I)' 

·- I" 

Jdentificationi, _________ _ 

PERIPHEHAL TRAINING - PLANE tiIIBOl!ETTES 

RlGHT m Order Flalle Ne ' - -·-i 
';) 

:;, 
___ ,..L 

' •-·L•--
C) -t-7 
8 ' .-.., L. 

1.0 

LEFT EYE Order Plane· No, 
l ~ 

2 2 

~ 

{t 
7:. -

• 

Remarka, 

*Period No, 17, Group n 

/-'1 
' 

Coe~ llo, _____ _ 

Period Nor 16 (Group I)* 

Siu Meridian "ftftr• 
nft--- nP. 

Un & Out 
Down ., un 

~ Un I, Out 
: r~.., 
:; _]Ip_ , 'Jn & lln-t. 

-

51 .... •• --~ --.ii--

"11. 

~ ,_ 
,,. Un & out 
2ft- '"'-
~ Un 
2ft- UP & Out .... DOW11 

* Un 
TJn & Out 

/ 



TESTillG SHEET I, 

Date1 ____ , ___ . Code Mo: _____ _ 

Name, ____________________ A,e1 ____ Time1,..... _ _.;. _____ _ 

Identification: _______________ _ 

I 
(U'.FT) .•,'~rat Ey1> - ., 

_RA_w_s_c_oRE _ __,_I ~ 
I z EQUIVALENT 

.3 

5 

' dO'illl k lup & 
out & out. , own up~'~~! 

! 
30° 600 JO° I c-,00 300' .300 300 

I ( -·-r· ±·-=-
1 ... 1----r--=~t~ • 
i I L : I 

+L __ i' i _ 
I· 1 l 

--·--r--~-+-----+---H-- --

1 
I I J I --- -- --~--:---;1,---1 
r , ) 

....... ~-----.J.-- t--' --1-·-··t-- ___ ,, __ 
I ! , i 
I ' I : 

i_ -· -l-- ----L --+' ·- -- ~---- .I I , . , 
, I : : i ,. 

I 1 , I t 

--:-· --+---- r··-- t---~ ... -r--r-
J l I ,, ' 3 ' 1 ~ I t . ,,, 
L.:~ 1 ' 4 -~.....:'_ __ , ___ ~....4-,.~ l 

Fir■t (L) 

Second (R) 

Both l 
' 

V 'f,V 
·--··-

Te■t llo1 __ ..,,.__.(,.q..,ro .. u..,n....,I.,.}_* 
Period Ros 17 (Group I) 
Operator1__,,__ _____ _ 

Se~ond Eye (RIGHT) I 
-·-~··-···"'-~- • 

d011Il -- --1 I up ~ 
out & out up downl outi 

; --60° ~;-~ --~-~-~~-r~~l 
-------- --1----=1 

i 
! 

I 
I 

' 
l 
' I 

·--1 
I 
' -! 
' I i 

' --1 

I ! ! 
I J 

I 1-~ I 
; 

' ·t 

8 19 10 11 12 4 i - ' ' 

,-.,.' 

~-J 
, . :t} 
• ..,.,• 

~·.~ 
:;,·i 



Code llo1 ______ _ 

1( 

• PERIPHERAL TRAIBill'l ~ i'ili,E SJLHOUE'!''l'ES Pe!'iOd ?io1_ 18 (Group I)* 

P.IGB'l' SD O:rdu-- "'-._,.,._~"""~ "'"'-
r'lane No. ll!eridien SOON 

l ' l Down 
:L -- " ' 

] "' ' - -· 
1 ' 2 " 

2 ~ 11 - . 
~.'.L " 
~ ,,.. .. 

_,?__ 
i. - " 
}. ... " 
l '>I Ou.t 

10 l ?I Down & Ou• 

LE1T EI! Order Plane No , Sise Meridian Soor• 
l 1 n-
2 l .. II 

2 It 

i ft 
" " - " 5 " 4 ;,. II 

i' Out 
l. 1 .,., llr'\Wft £ nu~ i 

Rua:rku 

*Period Jlo. 19, Group II 



TRAINING SHEET 

Date1 _________ _ Code Ho: ______ _ 

Name: ___ --=---,-----=--:-------:--=-:::-------Age1 _____ Sex1 ____ _ 
laet first middle 

Identification: _____________________________ _ 

PEIUPHERAL TRAINING ~ PLANE SIUICUETTES Period No1 19 (Group I)* 

RIGHT EYE Order • Plane No, Sh• Meridien Score -1 1 "i Un 
;[ 1- 2'~ • 

., 3 2 '5 a 

t ~ 2 - n 
-,, J ~ n 1' .: 

' 0 " • ,c'!t n !---7 ~ 

1-
,'t..__ " w 

B 4 .... " --; ;> ">l.• Out 
I 10 

____ 2 ___ 
50 Down & out 

LEF'I !':YE 
---

,_ She Score 
l 1 ~- Un i--· -· 

" 2 2-~-. - ·5 n . 2 - i ri .,.,c 
·-· 

" " ' ., ,.... 
6 " _]_ ~ 

'.I 4~- ' " -

I 
8 <, - " 3 9 2 -50 Out 

.L ,,. L ,._ ,u- Do11n & Out _,, ___ }...,_... . ._...,__ - ,:, 

Rell'ark,s, 



I,, 
J 
.i 
.1 
-er-
{ 
~ ;, ' ' 

}·'-' 

f ,_ ' 

" , 
; 
C 

rum mG s2r:~· 
• 

Date: ;'.;ode Ne,_· _____ _ 

Namet _______________________ A.go, __ -__Sex1 ___ _ 
laet 111iddls 

Identification 1 ____________ ----.. ---

PERIPHERAL TRAINING 

RIGHT EYE 

IDT ER 

Remark111 

PLANE SIIJ!OlJST'!'f.S 

Order Plan• !lo . 
1 - -r 

d: 
2 
2 
~ 

" • 
" 

-g 
1C -

Order Plane No 0 , , 
2 l 

2 
2 

6 ' 

7 
8 

2 
10 

*Period Noo 21, Group !I 

Size 

' - /., 

., 
' 
''I> 

5 ... 
• - I 

'5 

= 
5 
CH, 

5 
!~ 
I 

.!II-
qi 

Ii(\ 

Perioq No: ?O (Group I)* 

lleridiaJI Score 
1J,:, & O.\t 

" n 

• • • • 
n • 
• n 

• n 

• • 
Out 

Down & Out 

Meridian Score 
Tin .. nn+_ 

n n 

" n 
n n 
n n 
II n 

" • 
n " 

/'Inf, 

Down & Out .,_ 



'<.1}{ 

1'ESTJNG .';!JKF:T' 

.JaT,P t ______ _ Code lo1 _____ _ 

_Age1 ____ Tiu1 ________ _ 
Idontlficatioa1 _________ _ 

RAW SCORE 

First (L) 

Seoond (R) 

Both 

V 

Teet No, f, (Gr,;,1:\Q ~)• 
Period lfo1 21 (Group I) 
Operator,, ______ _ 

I 
Yiri.,t Eye (LKl!''.1'} Second E;re (RIGHT) 

dova j /up & down up & 
011', & out. de,wt:j up out out & out dovn up out 

-·-

~-1-
300 600 'JJJ,:,, wo '30? I ;co ' 'JOo 30c 600 300 f.Oo 300 'Y:fJ .300 

1 I 
--------,1---1--- -~----!---,---,--- +----1+---+--+---+-+---+---+--i 

EQU!Vau:NT 2 ! 
-------+----1---l-- .. •--+--+--·+---- ---r-·--ll---+----+---+--+--+----

1 I 
----~,--1---;---➔1--, 7--

: ~-t-i -4---~--+'-~l---4---+------1-+--i------iif--, -

------4--+-i--+---r--r-t-4 , 

____ _:_~--+---l---~-----t--~--t i i : 

i ., I ---+ --~ 1.-1-+- J ___ l,,___I --4--1--4-_-4----1-~__,_i ----{ 

l I:\ : i f I ' ! t' i l 
-·------ i !----!·-+- -t---i---t-----l -- -r-
Order of Testing )__2: __ j_ ;.; 1 ;,_ [_ i _ _ L,•; _[_ 6 ) ? _ _]_ ~J. --~- ~-ll--1_12__._1,'-i_: 14._ 

,•1,~ri·t r,;.- ''I, ,11 e~i,1d NP~ 1~
11 

Group Lr 
• 

\'> 
·:,i, 

\·:f."_, ,. 
I~-

•"• 

:;, 
,':f 
-'".., 

O.:f~ 
, 

- ' ,~-

f 
., ''§ 

'.); .-, 
,_-

',-j, 



j. 

Ident1f1Clltioni ____ . 

PLANE SILHOUETTE!: PERIPHERAL Tll.U~I?iG 

RIGHT E?E Order I'l,we l'lo. 

,-
·~ ' - 1 

-f·-

10 

LEFT EYE Order Plllle No ' 
l l 
2 
a:; 

4 L 

' 

q 

10 4 

Remark11 

*Period Bo, 2.3, Group I! 

Period Noa 22 (group Il* 
Jlleridian Score 

~ ~t 
'.:) DQ1m &- Out. 
2 Down 

" Un 

' Un a Out 
2 r ,.., 

25 Down & Out . ,~ 
Un 

Un & Out 

~ Mer1d1•" Soore ,, Out 
2 Do.,. & r,,..+. 

2 Dotrn 
2 Un ., 

fin &. Out 
2 Out 
2 Down & rli,t. 
2 Down 

"' Un 
25 Un & Out 



_____ ,,_, _______ _ 
firet 

1dehtifice,tfo,i, _______ _ 

PERJP!!EilAL TllAllf:~IG - P!.ANE SlLHOUETTES 

RVilIT F.YE 

LEFT f.YE Score 
t ··-·r··· ----· 

O!!t. 

Out 
·t. 
o'at 

·-

~ 
...... ~~-~ 

- -



?ERll'HF.RAL 'fRAIN!NG 

RlGHr ZIE 

Ord er 
l -2 

e '='-- Sill• 
l 'i 
1 ,; 

I 

h;, 'iU • Sexz . ·~ ~ --·--·---·-· -----

iti 
-- n ' - -

Out 
lm ~ Qi,+. 

Dowu 
Un 

' & Out 
Out 

wn & Out 
Dom ----u-

~_!_Out _______ J 

... er ( ~ 

n .... 

Down & Ont 
s---l-- l j____...a,.. -,.;~:;_ 

,-.La,._-

' l ,· Un ---l Un&. Ont 
I 2 Out 

2 ' DOWD & Out 
8 - -· 2 5 Dolfll 
9 2 - lj Un 

10 2 ,; Uo & Out .__ ·-~--, ---
Remark11 

•No comparable period ror Group II 

' ' ,,..., ~ =~ 
·;---'/ 

--=, 



TESTING SBD:T 

Date: ______ _ Code lfo, _____ _ 

!lue1 _______________ __.Age1 ___ _,TiH1 ________ _ 
Identitioationt ___________________________ _ 

V f;V 
.--...--,-;.. 

,_-. 

Firet (L) 

Second (R) 

Both 
~----~-~ r~;~ 

Teat Not 7 (Group Il* 
Pariod Bot 25 (group I) 

' -
•. .-,,-~: 

- ', 

Operator,. ______ _ ' 

Firat Eye {LEFT) Second Eye (RIOHl') 

down up & d01ID up & 
out & out d011J1 up out out & out down up out 

30° 6o<> 30° 600 :300 300 30° .300 f:£)0 30° f:£)0 .30" .300 300 

RAW SCORE l 

EQUIVALENT 2 

3 

4 

5 

6 . 
7 

8 

Order of Teating 1 2 3 4 5 6 7 8 9 10 ll l2 13 14 --
Remarka1 

*No compe.rable teat for Group II -



-?:...:·;-.,.:'f"~ ' -
1? ~>-:I 
~, 

TESTING S!EET 

'Date, ______ _ 

Rama 1-----------~----Ages 

:. . .Ident1£1cat1ons ____________ _ 
t 

., . . ' 

' 
! RAW SCOR! l 

', EQUIVALENT 2 ---- ---·- - - ,..__, 

3 

4 

5 

6 

? 

a 

Order or Te1ti111 

P'1rat Eye ------·-----
D&O D&O 

22.5° 67.5° 
L---~--- ·--

30° 600 '3(i> 600 

l 2 3 4 

(LEFT) . .,. 

1J&O U&O Ill 
22,5 67,5 00 

'JOO 300 300 

'-~ 6 7 

Code Roi 

Thttn 

1'1ret (L) 

Second (R) 

Both 

Teet llos 

Period Roa 

Operaton 

Second EJe 
D&O DtO 

22.50 67.,0 

30° (:JJO 'YJO 600 --~-

a 9 lQ ll 

'-'t - " Re11111rk11 Rotated Mr1di&D8 u noted above 

*Teet Ro. 8, Period No, 25, Group II 

V f,V _, .. _ 

a (Or0n1, ll* 
~~ !!itsim:! ll 

(RIGHT) 
--H 

lJIO u&O . II 
22,5 67.5 00 -·-

30° 30° 300 
,._ 

' 

~ 1":! lJ.' --



,.. - ,. ' '~~: ~ 

fflTDO smT 

'-;~::· 
~,[ 

,-f, 
' { "\i, 
,:,,? 
}"'.~~ 

t :. 

'~ 
Cod• lfo1 • "' Dates , _____ ;·'} 

!feme1, ______________ ~1ge1, ____ T.:lM1 •• ' 0l: 
" ldentil'1cat1on1, _______________ _ 

V To 
' .,; 

(L) 
\ '{/ 

Firl't • ,' 
·?';-
- ;: 

·>' 
Second (R) 

Both 

' ' ,. 
Teat Jlo1 2 (Groun U* ' ,:;, 

'·1·· Period 101 2'7 (grgup I} ·r 
I -' I 

Operatol't 

li'1rat.r.,. (LBJ'?) Seaond Eye (RIGHT) , 
down up ' don ' up~ 

out & out d01lll up ou1 out & out don up OU1 

300 6()0 'JC° 6,(JO 300 300 300 300 6oo ' 0 
'JO 6o° 300 300 'JOO 

R.ll SCORE l 

EQUIVAIDT 2 
' 

3 

4 

5 

6 

7 

8 

01:'de:r ot Teatinr l 2 3 4 5 6 7 8 9 10 11 ]2 , 13 14 

Bemarlau Hight Vi11111ll Acait,' 

ll'l'eat ?fo. 9, Period No. 26, Group II 



TESTING SHEET 
/- f 

.i, Dates ______ _ Code 101 _____ _ 

• • Rame1 •- Time 
. _____________ ...; .... -vs ____ 1 ________ _ 

I;:-_ 

Identit1cat1on,__ _______________ _ 

TRABSFER ~S14Ht V 

Isolated Pointa1 Bo. 10 Circles Fir■t (L) 
(.3 aquarea and a cirole) (10 tries) 

25 1111.1 L (Out 900 Second (R) 
R' L (Down & Out 90° 

10 1111.1 L (Out I <JOO Both 
/ R (Do1111 & Out 900 R 

Teat Bos .!2 'ClrouD i l! 
Period 101 i§ 101'0111) il 
Operatcr1 

Fir■t Eye (IEJ'T) Second Eye (RIGHT) 

d01111 up & d01ll'I up & 
out & out ion un out out & out down un ,mt. 

.30° 60° '!/Jo 600 '!/Jo '!/Jo '!IJ" '!IJ° 600 '!IJ° 600 '300 'JOO '!IJ° 

RAW SCORE 1 

EQUIVAUl'l' 2 

.3 

4 
, 

5 

6 

7 

8 

Order ot Te■ti~ 1 2 .3 4 5 6 7 8 9 10 11 12 1.3 14 

·Remark■ 1 Rapid recopition te■t (0.2 ■eo. exposure) 

*Teat No. 10, Period No. '27, Grcup II 
**Trauf'er teata given tc Group II onl7 with tb1a te■t 



H,?J;"~erllilf'l:.r! i t.::--an."fi:-)r- t.n~r,,: bino·:;u3-F.r~ 
.1•1r:i f'!"orl ~L·1e of~, 1lcu 

:D•J~n 
~ i'p er ,tJ 

[rel' 't 
R'i~\·'t 

~,J t.~~iez: rit,11 /1~ t.!1r-el<.. 
t,!'", ee "~ t,;! if-:~ .(' .:o··.llJ 

Firet. (Ll 

Second (R} 

Bo,h 

TcBt, lio,_ :u .ill!'O•>£ )JJ" 
Period Nc1 ZS (G!:.2!¼rc:Cl ·, 

Operat..on ______ _ 



,_ ' i ' ' _, .',.,: '_'' 

ldu, t.if' t;,:~illlL 
--•-.•n--.--,• •~ ",,~~ -J",-~r, ,-..- -.,..,..,...,..,...T, '" ,-,, ,-,•-•=,~~--- ---~ 

V %'!. 

Ieo!~t9d Points, t>'o. 10 Ci •·cl-,: 
( 1 squaree arid a c1r" Le'. ~10 tri,,s I (J,) ~~- I • -~-, 

25 ·mmt, t L 

fl 

10 mm.: L 
p 

' I 
RAW SCORE ! l 
EQUIVALEI\T 2 - --.----•~- -., - -

3 

4 

5 -
6 

7 

!. (Out 
( _'Jc,wn :'} 

H 
(Gut 
{ l>-.Jwt: & 

------
' 

90° 
.-;li C 9(P 

90° 
();,t 900 

s..,,,,-,,.:d ('it) 

Bo th (_. ~-'-'----' 

r .. et No,_!l.lGroup I)* 

?ericd No: 29 (Group l) 
Jper<!.tor, ________ _ 

n --- ------ . 
._!~:_So .:l!---~{~;~l, ~r-!.e?.l'.l~Qr-~!.'! _+!~~) 

' d,,l\n I ' I u0
1 ' down ~ lup~ 

'-~~t-4".& ~~!,~,,..~upt•~~ut & ~ut ~?:mi un 
out ... 

I I ! : I 

39~ .??1!?~-~~1 :,~~ ro+-! ~- Ei' _~6~~~]~0 -~~~~~JD°_~~ -
i i 

I -+ ! l r- -
I i ! 

' •·• -~- -· ·-

I ! 
~ .. 

I 
' .. - .. --· - - ·-

8 

Order of Teating 

I 

_l _L 2._ -1_l 4 __ J __ ~_,_7_ -~ __ 9_ ..:~? __ 1:_1_._J_2 __ 31j_1/!_ 

Reomark111 Normal taet, with trfllllllfer studie■ 

~see rest N~, 11, ?eriod No, 28, Group II 
"""Gi·,en on thi21 .,arlr.,1 t';:r Qroi,!l :;: .;;.J,J 

·, 



APPENDIX C 

THE SUBJECTIVE QUESTIONNAIRE 
\ 



-n-

APPEBDIX C 

THE SUBJECTIVE QUESTIONNAIRE 

In this questionnaire )"OU will answer certain questions about exp&r• 
isnces outside the laboratory which may have been the result or your vis-• 
ual tra:ln1ng, There are no "right" annersJ, please give aa accurate an 
a.ocount of :,our exp&riences as possible. 
Dates __________ _ Code 101 ______ _ 

Heme,. __________________ _ 

I. In what situations out13ide the la.boratoey haft you noticed a difference 
in your ..,.,_sual efficiency, suoh as1 

A. Wslldng on street 
B. Sports 
c. Rea.ding 
D. Other situatioDS 

Check ope 
Cbange No Change 

II, For those categories in whioh you have indicated a change describe 
brie~ what your experiences ,vere1 

A, Walking on streets 

B, Sporte1 

c. Rea.dings 

D, Other situations1 

III, Do the changes you have noticed intrude themselves on your conscious­
ness or a.re they noticeable only when you think about the eye training? 
Explain. ' 

IV. Describe I.Ul1' other experiences you ll\!lY h,,,ve had which might be of as-
11,istance to a peraon trying to evaluate the results of the eye tre1n1ng, 

(uae other 'side if neoeaeBl7) 

' 
·' ~: 
)1 

\ 
-~i 



APPENDIX D 

Table D-1. Acuity, Mm. Variability, and Percentile Steadiness 
Scores of Progressive Landolt Ring Teats 

Table D-2. Acuity, 14:n, Variability, and Percentile Steadiness 
Scores of Special Tests (Monocular and Binocular 
Transfer Tests) 

Table D-3. Ieolated Forms on li>rizontal lle:ridisn (Monocular • 
Tra.Dllter Test)_ 

. , 



··--

APPENDIX D 

'l',\m.E D • 1 

ACUITY, MM, VARIABilrl'Y, AND PERCENTILE STEADINESS sco~ OF PROGRESSIVE LANDOLT RING TESTS 

lst 2nd 3rd 4th 5th 6th 7th 8th 
:· :-id(l Clasai.fi- Straight Straight Straight Straight S~raight Straight Straigl,t Straight 
_·":L~ cation .Sex Test Test Test Teat Test Teat Test Test 

(N s; 43*) (N • 43*) (N • 43*) (N • 43*) (N • t,3*) (N a 43*) (N " 18) {N::: 43*; 

Acuity 44.5 17.9 3:Ll 20,5 18.6 29 4 15"9 10 9 
7-12 M lillc, Vo:r ll •. l 7,7 8,8 9,9 6,8 9,9 4,9 L? 

% Steady 6iL 57. 72, 52, 65, 66, 69, 84, 

;;.~ui:..y 

- 0.:~~i:C r~~ mrL Var. MILITARY TRANSFER 
'b &taady . 
Acuity 32,9 2J,6 23.0 23,4 2.1,9 i 

--J 
V-12 M rr1, Vs:r, 9,2 3,1 4.0 5,8 4,3. !,IILITARY TRANSFER . 

.t Swady 72, m, SJ, 75. 82. 

/tcuity 38,7 20.1 16.7 15.7 15.2 13.2 11.0 10,2 
!.. V-1.2 M mm. Var, 7c5 4,0 3,7 J.7 4,6 4,1 2.1 J,2 

% Steady SJ, 80, 78. 77, ?O. 69. 81. 69, 

Acuity 40,3 24,0 22,9 20,8 11 .s- 16,1 13.5 13,4 ,, . 
-; v~12 M mmi:- Var,, 9.8 4.7 5,9 J.7 6,0 3,0 2,0 ;3,4 

% Steady 76. 80, 74, 72, 6?. 81. 85, 75, 

Acuity 38.l 23,9 16.8 14,2 11,8 11.3 8,9 8.8 
T-6 TISliJJ M iillil :11 Var ., 6.2 8.2 6.6 3.2 3,2 2,4 2.2 L3 

%S~ 84, 66. 61, 78. 73, 79, 76. 85, 
. 

Acuity 64,.J 34,5 47,8 33,7 35,8 34,6 29,l 31.4 
T.,7 V-12 M mm, Var, 18,0 J, 5;9 lJ.J 10.0 13-3 5.8 9,6 

% Steady 72, 91. 88. 61. 72, 62, 80, 70_-

•-:,,-, '✓ ~" -,;,. ,L -';,;a,...". 'CI c,>"::I:;, ,,,,',. • ,, :;...•,-, •' •,"- ,, e,,f .. ·--- .:.:·,.,l,s, ,:., 



~'•\ i-··' 

"' 

Code C:U.Sllifi• 
li2.,_ cation 

T,8 1EIIJ 

·r-9 mll) 

T-10 V-12 

T•ll V-12 

·.r-12 rer,,:: 

·r-13 reu:: 

T-14 V-12 

T-15 t{;lil: 

, .. ,,,. 

~ 

M 

!,! 

M 

·"'' ... '""'-" 

Acuity 
11111, Var" 
% Steady 

Acuity 
mmc Var(' 
% Steady 

Acuity 
mm, Var, 
% Steady 

Acuity 
M mm. Var, 

'I, Steady 

Acuity 
M mm. Va:r, 

'I, Steady 

Acuity 
M IIBII. Var .. 

% Steady 

Acuity 
II mm, Var,. 

'I, Steady 

Acuity 
M mm , Var . 

% Steady 

-, ...... •;-\• ·- _ .. ,-:_·•~'-' 

lat 
Straight 

Teet 
(N ■ 43*) 

45,3 
12._l 
74. 

56.9 
15.l 
73, 

5L7 
12,0 
77. 

72.0 
7.7 

89, 

34,4 
8.6 

75, 

39.6 
15.2 
62, 

47.4 
15.5 
67, 

36,0 
7,2 

80, 

,~ .. ...,. 
't'· '""" 

TABLE D-1 (Continued) 

2nd 
Straight 

Test 
(N 11 43*) 

28,6 
7.3 

75. 

35,5 
9,3 

74. 

34,6 
?.9 

77' 

L.4,8 
7.7 

83. 

ll,l 
3.5 

69, 

19.9 
5,8 

71, 

23,l 
5,9 

74, 

28,4 
8,4 

70, 

3rd 
Straight 

Teet 
(N • 43*) 

19,6 
8,5 

57, 

·23.9 
5.6 

77. 

23 2 
5.0 

79, 

37 ;8 
4,9 

f!7. 

9,4 
1.1 

89, 

ll,5 
262 

71, 

23.7 
7.1 

?O, 

22,l 
4,6 

79, 

4th 
Straight 

Test 
(N • 43*) 

13;0 
2.3 

82,. 

18.l 
4('9 

73. 

J.2,9 
4,8 

63, 

30,7 
6,.2 

80, 

8.B 
3.:J 

63. 

10,4 
1.7 

84. 

17.9 
4,7 

74, 

18,2 
4,2 

77. 

,.,, .. .. _ <'·•-

5th 
Straight 

Teat 
(N" 43*) 

10.1 
L9 

82, 

17.2 
6,7 

61. 

10,4 
4.0 

112. 

24,6 
~ -: , . ..,, ..,.., 

'"'· 
7 .2· 

.6 
92. 

10,t, 

''? 
92, 

19,2 
5,8 

70. 

25,0 
5,1 

80, 

-~-

6th 
Straight 

Test 
(N : 43*) 

9,6 
1,7 

83, 

15.5 
3.1 

80, 

9.U 
2,_,7 

_70, 

• ' ~ 
.,,_,.j • I 

:... r, ..... ,,,.,, 

f_:,,F; .0 

6,5 
]. ~ 3 

7'',, 

s ~,,. 
Ll 

e'l : 

17,1 
l+.4 

74, 

20.6 
4,S 

77. 

.,~"'-'; .. , '""'-r .~-, -~ .. - ~ ... - ..... _,· .... ~- ..... 

7th 
Straight 

Test 
(N ,. 18) 

9 .J 
1,4 

85c 

15,0 
1.3 

9~c 

~ " 
,:, l J. 

8 
9c. 

.. ~. -~.· .-.. 
C 

• 
r; L; . 

6_2 
l,1 

"., 
C.] • 

~, , .) 

.::·1: 

12.8 
1-9 

85, 

19,0 
6,0 

68, 

8tb 
Straight 

Test 
(N ~ 43*) 

6 ~· 
~ ! 

:i. ''1 
77. 

L..-3 
1 .::. 

o-; ,, ,_ : 

3 ,,; 
,, 

97-

... ± 

.L9 
,:..., 

,... ;; 

1)c.1' 

10 ... 
~ ~·:; 

81, 

16~1 
4-< 

74 

,,·, ,~" ;;Ji. 

"-~ ,;,-

~·- ... ' ,',~-,r..:; 



• ' ,_,.~;.~8 

---~--~ 

' 

'·· 

.,--·-, 

. -,, 
--"'" 

'f--~3 

,, .. l -

., v..i.asaif"·t -
£J!J,J.cin.. -

;:~~c 

1' ~~: • 

Gi'v. 

~~Sf,1C 

'JS!:£ 

Val2 

.w, 

Pcii-tt~-

~1 :--i.!.7: \/ ':.11 .. 

,, 

;:, t.au.iy 

,":.:Ju._:_ ty 
j'"1',::; '/::J.' 
,<;· '_: ,:-.c~t(,.:•r 

,lvl \:_ i.,, 

; ~>. :~:~'.~~" 
}.C'l_.;-;_ty 

.i!. ;.:::.:n~ 1/~ -
{. J 'Jes.:..:;-

.\(:lli t:.r 
w 11:'rnc Vax:~ 

~ 0·tea.Cy 

Acuity 
M rum_ Var~ 

·'" StcJady 

A~uity 
M mm., Var" 

% St,eady 

}l.cuity 
M lllm, V<JJ", 

% Steady 

-:!·' -., ;/( -~ ,';-O-C 

1st 
Straight 

rest 
(~~ II 4J~) 

.•~2,,9 
. l; ::; 

, ;u 
'.' 

J6-l 
~,5 

'9' 

:~:. 7 
l 

·"y 

~IJ,j 
, 

f_;.,;, ,:,) 

-,,., ,_.' ,. 

44 ~;; 
12,0 
73, 

:::;7 .8 
6,4 

'7'7 ~ 

66.4 
12,3 
32, 

38,J 
9,2 

76, 

TABLE D-J. (Continued) 

2:id 
Straight 

Test 
(N • 43*) 

.31, 5 
'~ 'l ' ~ 

78~ 

Jo.:· 
•~ r1 

't:i -

:11 9 
" 

-<tc v_,, 

~:L" ~. 
,· 
, .-. 

?5. 

~~ .. 4, e..l 

10.1 
65~ 

22,7 
?e: 

6') 0 

66 ') .~ 
12.1 
82, 

28118 
9,0 

69, 

3rd 
Straight 

Test 
(N ~ 43*) 

2; ci3 ., ,., 
.... ,- --

'16, 

24-5 
8.'=\ 

66: _, 

<0.6 , 
.:.+,.~ 

78, 

1r !;;: ..... 1, . .,,. 

.!.. . 9 
·11% ,. 

1::, •'"! ..... ". 
4,6 

77. 

18,8 
,: ~ 
-"' 

?Oe 

59,7 
17,6 
7L 

22,9 
3,8 

83, 

4th 
Straight 
~ 
~) 

:>1. 5 
1.4 ~· 'J.Lj..: 

16 l 
c; 1· -,_ 

6e 

:,.3 .J 
' ~ 

. , 
'".":) 

10 ,/, 
'.J,O 

-:·1 , __ 

13,Z 
5.5 

590 

13~6 
4,7 

66, 

45,3 
20,2 
55 C 

19.4 
t< Cl 

•.,1,1 .... 

74, 

<.,I.,\,•' ,..~ ",:'i,·•,\',j,'~,1··....,,::•"·'•(,·,2_•,' ,,, .. 1 ;!,,\.;_,. 

5th 
Straight 

Te.l!t. 
(~; 43*) 

16.7 
'3,5 

79, 

13,7 
') ,, -- ''"· 

s4, 

12.9 
" '.' 

96 

11,1 
2,7 

75i 

15.,4 
4,6 

70, 

11,0 
5,8 

47, 

26.2 
9,7 

63, 

18,5 
6,o 

68, 

6th 
Straight 

Test 
(N = 43~) 

15,3 
l c 7 

89, 

12.6 
2~6 

79, 

J.O,O 
j_ ~:.:. 

34 

6 0 
:.. 0 

BJ. 

18 .. 7 
6,9 

63, 

9,7 
2.9 

70, 

2Ll 
6.1 

71. 

19,0 
2,1 

89, 

7th 
Straight 

Test 
(N,. 18) 

13,6 
1 6 

88, 

12'"6 
J ·c ', 

69 

8 .:, 
' 

88, 

6 5 
. :3 

88. 

14,3 
4,9 

66, 

Stch 
::'traigi,t 

Test 
(NM 43*, 

l5. ,, 
<. 

8/l.: 

lG_) 
,, t' " ., 

?ti, 

8 3 -
81.. 

5,1 
.J.-6 

C9_ 

10 C 
2~2 

78 

6 8 
1 ,. 

,~ 
ti, 

16.3 
3,8 

76, 

17.5 
2,6 

85, 

• ~ 
-l 

.. 

. .:· '?',,• c;.,,r __ •' ~'-~, ,•t,-h·<-~, '-cl":~j--'..,__.,~,q;;l.;,,:,'i-,~:-.,:,,~•• ~,\ 



.'e'.:,;"-;,u,. 

Code Classifi­
lfQ.,_ cation 

T-24 Civ. 

T-25 Civ, 

T,2() Civ, 

1'-27 Civ, 

T~28 Civ, 

T~29 Civ .. 

T-30 Cii;, 

T~J1 Civ 

.~'\ 

Sex 

Acuity 
F mm. Var, 

% Steady 

Acuity 
Id llllll, Var. 

% Steady 

Acuity 
F mm. Var, 

'!., Steady 

Acaity 
Ill mm. Var" 

~ Steady 

Acuity· 
~~ mm~ Var., 

% Steady 

Acuity 
F mm. Var, 

% Steady-

Acuity 
~ mm , Var , 

% Steady 

Acuity 
"' mm. Var, 

% Steady 

lat 
Straight 

Test 
(N • 43*) 

31,5 
5.3 

83, 

47,4 
14'9 
69. 

35.5 
1L4 
68, 

32.,4 
8,3 

74, 

54,4 
12.1 
88. 

51,c 
13.5 
74. 

4?3 
B~o 

81. 

32,0 
4,0 

88. 

- ,.,.~ ' ' .... ,-'" ,,}, •":' .~.,, ~> 

TAELE D-1 (Continued) 

2nd 
Straight 

Test 
(N "43*) 

31.4 
5.3 

83, 

34,.!+ 
20,5 
if), 

35,4 
14,2 
60 . 

..... , , 
"'-.J.~.J. 

7,6 
b4 

45,0 
12,7 
72c 

28,4 
7c6 

730 

1,,2.7 
n t 
; '~· 

78, 

18,1 
4,7 

74, 

3rd 
Straight 

Test 
(N,. 43*) 

27,4 
7,1 

74. 

24.6 
9,0 

60. 

36.0 
9 E1 

73, 

14,6 
4.6 

69 

:;2 ,e 
4.9 

rt,:: o~, 

13,,5 
6.1 

55, 

35,5 
9,7 

73, 

17,8 
?.,9 

56, 

4th 
Straight 

Test 
( N ;: .:,J>< ) 

18;4 
4,2 

77. 

23; 5 
5,8 

75,; 

32.l 
1; ''( 

~' ', 

59, 

14,r 
4.5 

68., 

39,C 
7 7 .. 

80. 

29 3 
5.8 

80, 

18.4 
2,9 

84, 

T --;,:'• ,1• ' • 

5th 
Straight 

Test 
(N" 43*) 

23(6 
7.2 

70, 

21.3 
7,5 

65, 

'.21.3 
5,6 

71,;.,. 

14.0 
4-5 

68. 

31.9 
~ " :, ( ,, 

73, 

23,8 
6,4 

73, 

16.8 
5r0 

70, 

6t.h 
Straight 

Test 
(N" 43*: 

20,2 
8a0 

60, 

17,2 
2,5 

85 

15,S 
.. !,,8 

70 

lO~S 
2 .. 6 

';'6 .. 

18 .,b. 
/4. 0 2 

77' 

ViI~tnREl, 

2Ll 
.', '7 
7" J, 

16,2 
4,9 

70, 

';.J,. '1~ ••,-'~'.\r:::-:";.';'l,),,,~,•~;'J 

7th 
Stra.!.ght 

Test 
(N,, 18) 

8'::~. 
Straight 

Test 
( ~! " 43"; 

',~ 
_i ; C .._ 

5.C. 
7J. 

lC .. 5 
,<. t,..,. 

78. 

-" -- ~-
;:. ~;-~ 

1 

·, / 

' 
t~~ 

:tr::.~· 
5 _.i:. 

73 

15.8 
,, 
Ou. 

3 

~t 

:"i-

-'.r? 



'.);-:<,s r~1~.ssif··_=> 
~.;i.tiQ;__ SPJ 

. , j ··.~ 

~ : ~ ,. , 

•• ·- '- vJY 

,·~ ;,<: ?i 

-• -, •l !.I j ,-
--~ 

·: -3;:: '\i=J.2 M 

. -. .,,-. ', ... - :l '. ., ~'i'•' • -,.J.,.--:.. 

-..... _. "..,.,·,;, ::. -: t .t,',: .... , "'·": :-;:· ""f';'i.; '., .-.. ,./•' 

- 1--"-

TABLE D-1 (Continued) 

l3t 2nd 3rd 4th 5th 6th 7th 8th 
St:re.lght, 3trai,;ht Straight Straireht Straight Straight Straight Straight 

!c~ut, T':'st ·.rest Test ·'!'est • Test Test Test 
7i7 - 1·1t·' ;,w ~ ~J*) (N :: 43*) (N :: ~3*) (N -: 43*) TN : 43*) (N ,. 18) (N ~ 4.3*) \ •• i,.) : 

P,~11.J.·i:,;· r - ,--.,. , , ., 40.1 :,6.S J4,O ZB.5 30,3 ..,') ,.t_; .. pi.,~ 

";~/"I)_' '/ _,._, .. 
1 ,.- ,· ,.'J ' z 5 C, ~.4 - ' 6.9 

, . 
,J,,.,, J . ;; o.,. u.U 

~~, ,,;, r E:1?.C.7 II, ""'1'.), ◊5~ 
,1.·· 75 76, 7S ,.., " D), 

:):;:~:_:> ... ;; / .. (; ,,.s _.: .... ,' '--! '"::'7 ' ~;j ,D 1a.,7 16.6 15; ,-. I L a.,0. 

~- \'°>-e.I'c - ~ "} _, 5 ,1,,, 
, ., 2.9 3.9 .• ! , , ' ',v 4--~ 

~· :l:.e~i.d7 .t~, St..- '7 • re~ '78. SJ 75, .... i ( ~ 

,,, ,.~~"' r-,..- ; .-, 3_~ 0 :; 2.~' i, 21 rC, 2~ 4 2".<' 25,7 ,. _,_,., ,.,.L, -• 

:s, .. \•:-;_:-·, ~ .. {1 ,:i L •J ._, 

' • fi. 6 6.7 6., , '+. 
.... '· '''" ::'., ,-,, ,.:;,G '79 7:;_, 72, '14 ' _.•-.,<.:e-.:.i,<..',., •', . 

'.cult? ..:,.£:,9 ~).!:. <' ·; 7' 2. 10,5 b,O 4,6 4,0 ' j 
~.:::. \T:.~·2 ;_ J:. '-'- 9,8 3 7 .<. '7 'L2 L2 , 'J 
~ ... ,7,,.'.!'.~d:y ;~~ ..:-0' ',,.9 ~ 7'1" 6J, ?5e 94 

..:\cuity 
::;~ C •' ~:3e8 27 ,3. ;.:;,,:, 19,5 15,6 !:i' C• 

'" 
~~. V1r. ?0.1 1L3 A,,3 5.,6 3.7 'i.2 L3 
'l: Steady 6"; 

•· 65~ 70, $1. 8L 67, $5, 

.'lc\:.i-r~y 6EL3 J '7 n ·~, .- .... 33,7 39,4 JS:6 . 36,5 233 
.cran c Var. 16,8 ::.0,3 14 2 (... i ~.~ 9.0 6.0 5.0 
~ ··t d ·-0 ~) ,~e. y 75 .. 7$, 62. 84, 71, 84, 79, 

A~u:!~,:.y 46,,J 36,3 JO,l 2.6 f 7 24,4 27 .2 23,4 
mm~ Ve1."', 9,1 9~3 14,8 6,2 6,7 2,9 4,4 
% Stead:,- 30, '7 I .... 51- 77 .. 731c 89, 81, 

Acu:tty L,3 ,2 J(1,".) 2;,4 2J..,9 18,4 21.l 16,9 
~:t.1c Va1 - s ,;) 7 .i?. 5,1 L.., :._ 5,9 8.3 5,0 
% Steady -~-a..:.:_ "n. R(1. 80. 68, 61. 70, 

.. ' 
--~-~" -;'•:, ',c f)_l J 'I~,;..;~~•:,:;••-~_..\_;,,'"-'~.>\,'.,;.::, •,,e:,;~.,i'--' :,; ...._,..,..{\.•1••:l~J,.J..,.b..?,;.J-.:, :',, ,;;;:: .. ~;,,-,'!l;~~ ~, >~i..=,~cr;i;,~ ♦ f,J .,, , 1.1,_ - ' ,-f' .. ,, ;,,.i.,a, .. ~;..·_,, ~,· .,,~: __ ,,,,;; ...... ...,if ;.·'<,, ~·-"'1>cJ,!~.~4~;.--)'., ',_ ~· 



:!J~~ 
,·;. 

f,<,-' - ~ .. J1 ·-~_,.:,~ ,~_,,,\'. c:'f~•-,_•,"•'-"v--' ,i,_ --~' ~'"' r;> ,, •• ~, -'!'- .I- , ,~ •-'"' ·, ...,.cy, ,,.,_,_,,:"',ft'._,,•_,.,,, 7'°~ >· .. •.:c;..o~,'f'.0...J.. '=•-.;,~-'~/-~J', 't ,;~:' • :~:.. , I?--?--~..,':;'-\~ 
0

"f...'... __ • ""'.>;':I ~;-, '- ,"'c,,f-•~r,<,1,•;.;,.,-.~~"1'"•._~-(7,...., ,tu(.,_.,,,~ ft~ ;•_.,,,~,--".t?': 

Code Cl!llleif~­
~ fillt_:l,cn 

T-40 V-12 

T-41 NROTC 

T·42 NROTC 

T-/,3 NRO)'r. 

T-41+ tlROTC 

'i?-,:\5 NHCtrc 

T 0 4t, NROTC 

T-47 NRO'I\' 

Average Scc":"e 

.§n 

Acuity 
If mm. Var. 

% Steady 

Acuity 
M mm. Var, 

% Steady 

Acuity 
M IIBD. Var. 

% Steady 

Acuity 
M llml, Var .. 

% Steady 

Acuity 
l,I llDil, Var. 

% 3teaJ.y 

t.cuity 
M mm. Var. 

;;, Steady 

Acuity 
M mm, Var. 

% St.eady 

Acu1+,y 
M mmc Vs.re 

% Steady 

Acuity 
·nun .. Var"· 
% Steedy 

let 
Straight 

Teat 
\N " 43*) 

37,1 
4.9 

87. 

41.1 
13,4 
67, 

53.8 
5,7 

89. 

29,4 
10.6 
64. 

:26 ':, 
s.o 

70. 

37.8 
6~1 

8-.. 

35,1 
6,6 

81. 

45"4 
10,2 
78, 

1;4,4** 
10,J 
77, 

TABLE O-i' (Concluded) 

2nd 
Straight 

Teet 
(N • 43*) 

25,1 
7.5 

70. 

26.3 
3 .5 

S?" 

19.7 
7,3 

63~ 

23,S 
/ '7 .. , ' 

80. 

2~/3 
4,7 

79" 

27~7 
5.3 

??. 

Jrd 4th 
Straight Straight 

Test 'rest 
(N ~ 43~) TN~ 43*) 

21~7 
6.6 

70,. 

26,8 
6.3 

71, 

17.7 
4.9 

72, 

17.9 
5,4 

70. 

23,6 
7.4 

69. 
26.,4 
7~7 

TL 

19.2 
5.6 

71. 

23,4 
6.5 

72. 

16.5 
J.5 

'N, 

:J.7 ,.0 
6,0 

65., 
- ~ ► lO-., ~ 

6,3 
62. 

23,4 
4,8 

80, 

5th 
Straight 

Te1it 
(ii " 4:,•) 

17'.7 
6,4 

64, 

20,0 
6;1 

?0, 

14,4 
2,_g 

BL 
o. M 
..L,_) o• I 

5 ... .. 

7//, 

' .., ,; .,.., . , . ; , 
,c .o 

I'-, ' 

?O.: 
4.t, 

'?3,. 

WTTHDREl'i 

29~9 
6,5 

78 .. 

J0,l 
7,6 ,. , 

Ii+' 

2·;. 7 
5,S 

76. 

25,1 
6,7 

72. 

":•'i ' 
~: ..... 

4cL.. 
Sl. 

21.2 
c; <; -.. 

74. 

1?_8 
3,3 

72. 
, <> .., 
..i..Vl!I i 

;,1 
?'J .-

6th 
Straigh-c 

Test 
{rf II 43•) 

20.9 
6,3 

70. 

16.5 
5.,2 

""" V'1 o 

13.3 
3.7 

72., 

13 ~·:1 

J.0 
?e. 

C,7 
, . 
,:._ ~ ~} 

A 

j ·- -

1.l,~ 
;.__,:J 

78" 

14,Sl 
4,4 

71 .. 

16,6 
4,3 

75, 

7th 
S • .-aight 

Test 
(N :::: 18) 

1;:.6 
2,5 

81, 

8t!:.. 
~tra.igh~ 

Teet , 
(N:: k3*i 

15~~ 
Lj. , 

7,; .~ 

12 ~ :t 
...... ·1 -·~ 

?t,. 

12e-5 
.:; 1; 

J'+ 

13 C •t 

'· 

l: 

J.-

.'.. '...., 
::, 
·,-',, 

J..(, 
?- ~ 9 

'/"':>. 

J..3 ;;l 
j• ·, ,_ 

77, 

"Incl\ldeF on:t,,v those subjects who completed training regiil!fl, 
''"'lil 100 untrained subjects those soores were; acuity; 4'i,9J mm. irariabllity, 10.61 ff.Dd pe:'CantUe 

ste.d.tuess, 77,· See1 Lo,r, F. B. Op. ill, (Footnote 11 or th111 report.) 

-~ :l) 

• ,·~-i. .. -_ .. 

·, 

--~ 

- ~f ,-,,.,, 

'-'-~=¥' 



~,.;,,. ,", 

j, 
"" . 0 0 
t:>Z 

T-1 

T-2 

T-.3 

T-4 

T-5 

T-6 

II ,; 
0 

v~12 

USIC 

V-12 

V-12 

V-12 

USII: 

TABLE D-2 

ACUITY, 1111. VARIABILITY, AllD PERCEUTIIE STEADIIIESS SCORES or SPECIAL TESTS 
(JIOHOOtlLAR AiD BIHOOULAR TRA!'ISFER TESTS) 

H 
II 

Ill 

Acui"tyr 
II 11111t. Var. 

'/, Steady 

Acuity 
II mm. Var. 

% Steady 

Acuity 
II -• Var. 

% Steady 

Acuity 
II mm. Var. 

'1,s~ 

Acuity 
II DIIII. Var. 

'1, Steady 

Acuity 
II mm. Ver. 

'1, Steady 

] 0 
.., :!:I i Ill 

i -~ ,., 0 

'ti : [!:"! ... ~ O.N II , 
p:: 0 it> 

(R • 25*) 

... 0 0 

i:I ... , ~ S!. t ~ 
~ i.... a ~ ~ .._ ".I~ 
.., o --i11o .-1s ~ o iat: la.!f 
i I ,j rl~ ~~ .;~ ,!I~ t:.!l t:,., 
o 21 -~ .~ i:;..i e~ o o 
GI • ....... OE-I O I! 0 .,.., =-~ .-1P:: ... j"" ,.,.., 
,_, 0 > E-1 'ti E-< 0 r-1 0 

II II\ II Orz:I O .,._ ::Ill\ 

'S.~ ,8 ~ ~ ob o ] 1, ] 1, 
"'111 ""8~ ... e rlP:: .... ; .... <Ir-I 

,:/ 0 Ill • !:I ~ IOI it> II,; IQ O IQ 0 -- - - - -(N • 2:;t') (N .. 42) {B ,. 42) (N "' "2*) (B = "2*) (B = 25) (N " 25) 

24.1 
5.9 

6o. 

15.8 
2.5 

84. 

21.0 
4-5 

79. 

12 

• IIILITARI TRANS1ER 

IIILITARI TRANSFER 21 

42.1 
9 • .3 

78. 

.32 • .3 
5.6 

8,3. 

28.0 
4-8 

83. 

22.6 
6.8 

70. 

21.6 
4.3 

so. 
36.9 
4.3 

88. 

10.4 
1.9 

82. 

14.1 
4 • .3 

70. 

12.5 
2.9 

77. 

18 

15 

26 

.3.3 

35 

15 

.37 

~~ 

li 
i! ~: 
IQ~ 

{ N '"';"15) 

I 

~ 

-,.,-,,,/l.': --- ,:' '~-, -.wl..' _- .l, .,,:;,_; , _ , I, .. ~"',"t' -~ ,_-;.__,,- _l,, -· .• ~\ ,t,- ,1 _.,~.¼: f~~ ·~, ,,i I -! 'i •,..?-·';', ~--;, tJ: '-;.',' . .:.~\~.' 1 .. /~- ~'.•7,,, z,,~--i. 



-.,.... ''./ 
C, .. 

11 
,, 

p • ' ••• 
,.,..,, •1l: '·""_ "'.:•e,•~-- ,s..- ~--·: '-I ... - °I~_:'~·,. ·:;,--Y-..:,-;.;: :":I~;;,''-''.-, ~'°r'"''T;-' .. t," ··, -:.; ;":""'•JI""/"'+.-:''- '~',':·,:·~-I ... ~-.,-$,\ ,, ':,II";~·,~· p"•,•'' '" "I.•, {~:.-,~ 

', ' ~ .- "' ; , C, ' -_.. ~"'-"•J-

• • 'So 
011; 

l 
0 ! 

Aauit,-
T-7 V-12 • ... Var. 

J Stead7 

Acu1t7 
'1'-8 USIC II -• Var. 

J Steaey 

Acuit)r 
T-9 USIE II -• Var. 

• J steady 

Acnd:cy 
T-10 V-12 I mm. Var. 

j Steady' 

Acuit7 
T>-ll V-12 I •• Var. 

j Steady' 

Acuit)r 
T-12 USK: II •• Var. 

j Steady 

~ 

TABIE D-2 (Continaecl) 

ti 
E 8 

g. 4g l Jt ~ ti--
! ia D i., i ti '-~ ~" 
i ~ 1◄ Ha ~! ~~ ~a _ ~r-1 !l ~I 
8 ~ ·::a :11!i ~fi ~~ 3 3 ~ f .i 

.., ! ti ~ •t!; ""e~ ~ 01-4 ca lo lo -1 .. --- ..,I= i"' J ::if:l ~ ~ ~ i-. 
1;; 1 ;;; ~ ~ ~ e i e ~ 1 ~ e ~ g ~ 8 ~; 

(B = 25'i) (B • 2,-) (!I • 42) (R-;-42) (B-;;-42") (11-;;--42") (11~5} (5~5) (11~5) 

?9.8 
12,? 
84. 

24,3 
3,9 

84. 

38.2 
13.2 
65. 

20.8 
8.7 

58. 

20.4 
2.9 

86. 

27,5 
2.5 

91. 

45,8 
13.2 
71. 

.41,4 
5.5 

87. 

".f'/.7 . 
4.9 

87. 

34.3 
4.9 

86. 

30.7 
3.9 

87. 

34,5 
10.6 
~-

ll,3 
1.s 

84. 

16.l 
3.1 

81. 

·8.9 
2.1 

76. 

19.2 
3."9 

80. 

24.4 • u.2 
4.8 3,7 

80. fll. 

12 19 

25 'Jg 

17 • 24 

15 27 

9 34 

17 38 

I en 
N 

' 

"""~ 

-·r 

< 

,:, 

'._1 

-cc 

'• c':;',~', 

' ' ' L ~- ,, • C, 
• .,.;::, .a·~"· 



;;./.,., 

·.-4, 

•'<.;' 

,:, 
"' -~ 
~-

-2-

·1 f:',f',_~ 

't •• 1;..: 

"( - ' ~ ;,.HC 

'
1 -,1s usr.c 

'1'~17 USl'C 

'I' ·18 'l-12 

~~ 
C) 

[/} 

:-1-;..li ty 
f,; !J!!l.. Var 

:i, ~.toar.i.·,r 

•kuity 
:::~-J, Va:r , 
\ c;te~.d;, 

,\Guity 
r,; ::iw ., Var. 

% Steady 

Acuity 
M Ir,m, Var. 

% Steady 

Acuity 
M mm. Va.r, 

;l Sta,sdy 

M 
Acuity 

mn1c Vax, 
% Steady 

TABLE D-2 (Continued) 

] .., 
'8 
M 
0 
'-' 

g 
;;! 
.:::: 
c2 

c) • "--< 
H tJ ~ 

a, (,Cl 
•".j tr:l 0""-: 
•rl :) 
_:_.. Cli. ;.:c,.. 
d • ~ 

I~ 0 CQ 

'1 
~ ,., 
t fi 

H z 
8 H~ Q) -

H aj 
;l ~l ffi 
o.c, le< 
td < '~ 

c,: 0 <>l ------
'.N • 25*) (N = 25-l<) 

:26 ,.:j 
j_ -? 

'jc_,, 

:22,9 
3- ,,8 

SJ. 

JJ.,l 
4 -~ 

87, 

27.0 
5,C• 

82c 

34.9 
7~l 

30 .. 

22~7 
7,6 

G?. 

.t- (/J 

"8~ 
.;l]~ 
H tJ ~ 
~ . 
"'·+> ~ .,-tr.+,·~ 

I> .... 

ii~ z '~ 
(i,--;42) 

26 b 
6, f, 

75 

16.'l 
1.,.,0 

76. 

34 O 
Jr2 

91, 

40,3 
4- Cl 

91. 
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TABLE P-2 (Continued) 

Po-. 'b S o 
~ m CT' cr-- ~ M H.\C\. , 

t:: t:: -ri ., J ., ., (ii .-.· "' 
0 0 ::, +li +> 4-1 C+--1~ ~ 

.,....i ..-I U d a:! i:a al ,r. 
+' ~ +' f:i'l. < :g ~ 't:l £ ., ~ ., ~ ':i ~ 9~ § g i !z! i ~ rl Bs ~!.! ... ~ rl~ Brl !}.1-1 r~o 
o i o i ~ •~ liii p~ eH o O ,,:, •• 

~ ~ ., .., ::,; .;:i ..-, ~ ~ +' 1-1.: i., ~ ·,, 
• • ,M, ft.-1 0 0 o:! OJ ,;::; 

u u I> E-< N ... o .• ., o • ...; 
4) G> lf\ 0 0 \(\ ~ II'. ::so 

., '1:1 ., s'.! '1:1 ., I .., ~ ~ I ... ~ rl &i s ... 0 ,- g v, 
~ , ~ H !NI ·-s."' -a $ ·1 -~ Clot> s.., ,::'~ 0 0 r-1 Q) ~ G1 " -rl O O O "'""1 ::::I ...-i .-1 ---l ,__~, 

.Q..o5. _.1.2.... (I) 0 0::0~ Ii:.• 0:: Z Z "'lO p:i6 re,,, 

- {N ■ 25*) (N a: 25*). (N : 42) (N : 42) (N = 42*) (N : 4,2<') (N " 25) (H : 25\ (N ,. Z5· 

Acuity 64,1 36.2 47 .3 23 ,9 23 31 L'I L 7 ]8 
T-31 Civ, F 111!:l, Var. 5,7 8,0 6,6 6,4 ' 

% Steady 91. &3, S6. 73. ' ' 

Acuity 75,7 55.7 52,5 25.2 18 · 27 3,5 2: l':'. it 
T-32 Civ. F lll!R, Var. 17,7 13,7 3,4 5,3 •· 

% Steady 77, 75, 84, 79, 

Acuity 64,9 50,l 39,4 21.4 26 34 L7 :,;.: le' 
T-33 Civ, F mm, Var, 12.3 11.3 J.5 7,1 

% Steady 81. 77. 91, 67, , 

Acuity 80,l 59,5 61;4 24,8 16 25 3,5 :, .) ~5 -
T-34 Civ, F mm. Var, 22,3 7,7 12,J 7,7 

% Steady 73, 87. SO, 69, 

Acuity 56.5 17,3 28,6 3.7' 23 40 .7 .7 ~, 
T-35 NROTC ll wn. Var, 13.6 10,J 6,4 1.4 

% Steo.dy 76, 41, 78, 62, 
• ' 

::o; 

Acuity • 80.2 11,4 31,l 16.8 20 31 2,6 2,6 20 
T-36 V-12 M mm, Var, 14,6 3.1 18,5 4e:'. 

% Steady 82, 73. 7.3, 7b ., 

-~,~ 
' ~·.- ' 

',~·;~:. 
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TADLE D-2 (C9ntinued) 

I>, 'b 'b CJ 
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:.OU k08 > e--< -,,e:; E-< '30 -10 -I 

Q)~ <ll II"\ Ql Or.l O ~II"\ i-'IC, :,:, 
,., ,c, u, ;,::: 'O a, r,:: -B § fl, +' ~ rl 0:: rl ;,::: 8 H \> rl <J Ir"\ 
.,, ,,-1 n --' M - ~ Ill ~ W ,:, or' . ~ K' P, N ~- P-t N 't.J - +- •• & +>- 0 ..µ q -

,_, C r QJ cl) • i:1 e:! • ~ o,-1 0 0 .... - 0 0 t4 ,,-< j: .,-, ," • ·I P. 
·~:--::-:; O tr.! Cl:!OCQ O;< ~,. P::C:-: :Z::i:Q ~°< l'.Qv l"Q~ ~p 

(N ~ 25*) (N " 25*; (N = 42) {N--: 42) (N~) (N " l,'2:"-) (N " 25) (l/ ; :?~) (N:-~5l 

)\:;uit;.t l.05. (~/ 75,7 57.8 35.J 11 12 3.5 2,6 v. 
_,1/ '!-l,2 t mr-1 ., ,; '?.I" • - 15,4 12.0 6.6 7.8 

% S~B..dy 85. 84, SC) , . 78. 

Acuity. 82.8 51.1 75,4 30.0 15 12 2.6 5 3 18 
~-- ')2 T"- ~l~ M ITillL V£.r, 15,0 12.l 12.6 8.1 

~ Stead;., 82, 
,,, 

SJ.· 73. ' , o. 

Acuii'.y - 74,2 49,6 32.5 30.1 11 2? 2.6 2 ··" lJ 
;: -J9 V-12 .. 

ti!!'I. Var~ 21.4 11.8 3,7 6.8 !rt " % Steady 72. 76. 87. 77. 

Acuity 68.8 48.6 Jl,6 19,6. 15 16 2,2 1.7 20 
r -1.0 V-12 !II mm .. Var. 17.5 10.2 6.3 4,9 

% Jte11dy 75. 'T). 80, 75. 

Acuity 82.8 42.4 33.l 15.5 26 30 3.5 2.6 18 
; ... 41 NROTC l'A !1!1ll. Var, 9,6 8,7 2,8 3.1 

::;: Steody 88. Sc'" 92, 80, 

Acuity 86.9 32.5 33,0 1L6 17 33 J.5 2,6 .i,SJ 
I' • n NROl'C M llllll ' Va:,_· • 13,4 6.2 6,7 2,1 J. -.,,:. 

% Steady ·as. ~2. so. 82, 

~->•; . . . ,, ,, ; __ '• ,ft+,,•· \1 :cc/.-:.· a . j}-;,,cii"<•;:t,-,,,:~;- ;', ~. i:J."c:-..f c.,,ii ,'½;,,,)' ,',, ( ·~ .,,, .:;, ,,-;i,, ,, ,'.._, _:_-.I;i ,,,ij.};Li. :'.,, . .', .(o ' '. c ).;'- ,.,,-ir,,:: '-:·1/i·,· •A /:, ;;:._ ~,,f;~;:.:~t~~,/~~ 
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(K • 25*) (N " 251'} (U .. 42) (H : 42) (N :: 421') {N : /.2-J.1 (N • 25) 'N· - ?~) t·,, - ·;,. 
\ - -✓ 11,J" ~, ~., 

Acuity 
T-4.3 NRQ'l'C IJ mm. Var. 

% Stead,y 

'f-44 N!'..OTt:: Id 
Acuity. 

mm. Var. 
%St~ . 

Acuity 
T-45 NROTC M mm. Var. 

% Steady 

Acuity 
T ,4£, NRO'l'C M mm. Var. 

% Steady 

Acuity 
T-47 NROTC M mci.- Var. 

Average Score 

'/, Steady 

• Aeuity 
m, ·var, 
% Steady 

54:r 
13,J 
76. 

82,l 
18.5 
?d. 
75.S 
16.4 
79. 

6J.2 
17,6 
72, 

84,9 
16.7 
so. 
76,7 
15.2 
80, 

28,7 
4,3 

85. 
38,a 
8.5 

78. 
4£,,o 
8.6 

81. 

41,J 
8.6 

79. 

41.3 
8,3 

79, 

38,5 
J.3 

91, 

43.S 
4,9 

89. 
45,5 
7,9 

BJ. 

43,5 
4,6 

89, 

37,4-
6

•
1 

84. 

12,2 
l.l 

91. 
1.2.8 
3,9 

70, 

lJ,5 
3.3 

, 76, 

15,l 
1.2 

92. 

17,.3 
4,2 

'16, 

25 

25 

20 

l'llTHDREW 

15 

17 

31 

:l4 

lG 

22 

28 

l. " ~·" 

1.7 

2 

2.2 

,LS 

702' 

2 .. : 

~ ".) 
C, ,. ... 

2~2 

2 4 ;:! 

2,5 

4,5# 

*Inoludes onJ,y those subjects whose scores on these tests are complete 
-Hin 100 untrained subjects these score& weret acuity, 70.1; mm, variability, ll,2; and peroentile 

~t-eed1neaa, 8),8. See; Low, F. JI. OR, cit. (Footnote 11 of th!a ,-epor1;·.} 
#These are correspoQ!li;ng average aoores in 22 Wltrained eubjeota. 
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TABIE D-3 
<?,; 

·.;.-

ISOLA:rED FORl.1S ON HORIZONTAL l.!ERIDIAN ;'..!' 

(!NJNOCULAR TRANSFER TFST) _ _;,__t 

GAIN OR LO$ 
i .1t~ 

BEFORE TRAINI:00 AFrER TR.AINIOO ',.::~ 
.,.-._ 
~ 

Code Claasifi- Angular Deviation in D1ffe=e -ii.~ 

.!iQ..,__ !.11:tion ~ De21ees from Line of Vistas. 1n names -t 

(N • 421') (N ·• 42*) 
-',1-

' ·t 
25 mm. left eye 25 75 50 t 

T-1 • V-12 M 25 mm. right eye 30 70 40 I~ 

10 mm. left eye 15 40 25 -} 

10 mm. right eye 15 40 25 , 

' -2':'-· 

25 mm. left aye :1"!' 

25 mm. right eye ~ 

T-2 WI£ M - ':,"" 10 mm. left eye .. 

10 mm, right eye 
-,.,,.: 

'it 
t 

25 IIDD, left eye 15 
·-1. ?Y 

- -; }, 

T-3 V-12 fl 25 mm. rieht eye 30 \,-;,, 

10 mm. left eye 15 t. 10 mm. right eye 15 ,_ ,4· 

25 mm. left eye 25 45 20 .-,, 

T-4 V-12 
25 mm, right eye 25 45 20 :>i 

M 
.,, 

10 mm, • left eye 15 20 5 :a;, 
-,~ 

10 mm. right eye 15 20 5 '~ 

{~~ 

25 IIDl, left flYG 25 45 20 
-·~:.~ 
.' ;*f 

25 l:Illl, right eye 30 45 15 ,'•, 

T-5 v-12 LI "' 10 lll!II, left eye 15 30 15 "11 
·'• 10 mm. right eye 15 30 15 •,-.; 
• . -,, 

25 IDlll, left eye 40 50 10 ,,. ,· 
T-6 IBLV :r.l 25 mm. right eye 40 45 5 

10 mm. left eye 15 35 20 ,_ :, 
. as· 

10 IJm. right eye 15 35 20 __ ;_'• ,,,.. 
,;;•,: 

25 mm. left eye 20 35. 15 .c.11 

T-7 v-12 !,I 
25 nun, right eye 25 40 15 
10 mm. left eye 15 15 0 ' 10 mm, right eye 15 15 0 I 

,,. 

25 mm, " left eye 35 55 20 ,;tt T-8 US!J1 IA 25 l:Illl, right eye 40 55 15 
10 mm. left eye 15 35 20 
10 mm. right eye 15 40 25 

-_:, 
~-? 

<:~ 
" . 

•-•'r 
,-"'--

1 
: ··~-

_::_L•''{ ., 
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Code Claesifi­
.!!a.,... cation 

T'-9 usu~ 

V-12 

T-ll V-12 

T-12 

T-1.3 l.JSIE 

T-14 V-12 

usr.c 

T-16 l.JSJJ} 

I! 

t! 

I,! 

M 

M 

II 

Iii 
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TABLE D-.3 (Continued) 

_BEFOllE TRAINING AFrER TRAINIID GAIN OR LOSS 

Angular Deviation in 
1r:grees p:om Line or Vision 

N • 42i' - (N ■ 42") 

25 mm, left eye .30 
25 mm. right eye 30 
10 mm. left eye 15 
10 DDD • right eye 15 

2~ mm, left eye 30 
25 mm. right aye 20 
10 ll!l!, lef't eye 15 
10 IIDD, right eye 15 

25 mm. left eye 30 
25 mil, right eye 25 
10 mm, lef't eye 15 
10.mm, right eye 15 

25 mm. left eye 60 
25 mm. right eye 55 
10 mm. left eye 15 
10 mm. right eye 25 

25 11111. lei't. eye 45 
25 mm. right eye 35 
10 mm. left eye 25 
10 mm. right eye 15 

25 111!1, left eye 30 
25 mm, right eye 25 
lO mm. left eye l5 
10 mm. right eye l5 

25 DID, left eye 35 
25 lll!II, right eye 40 
10 mm. left eye 15 
10 DID, right eye 15 

25 mm. left eye 25 
25 DDD. right eye 15 
10 mm. leh eye 15 
10 mm. right eye 15 

25 mm. lef't eye 40 
25 lllLl, right eye ,3 5 
10 mm. left eye 15 
10 mm. right eye 15 

45 
45 
20 
20 

50 
50 
40 
.35 

50 
55 
.35 
45 

60 
55 
50 
50 

50 
55 
40 
40 

60 
65 
.35 
40 

45 
40 
20 
20 

55 
55 
20 
25 

60 
55 
25 
20 

Difference 
1n Degrees: 

15 
15 

5 
5 

20 
.30 
25 
20 

20 
30 
20 
30 

0 
0 

.35 
25 

5 
20 
15 
15 

JO 
40 
20 
25 

10 
0 
5 
5 

.30 
40 

5 
10 

20 
20 
10 

5 

·p, 
• ~-·-

-' 
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TABLE D-3 ( Continued ) "{ ,· 

' ' 
BEFORE TRAINlNG AFTER TRAINIID GAIN OR LOSS 

, 
;; 

'•C 

Code Classi!'i- Angular Deviation in Difference ·, 

·.fut,_ !:§tion Sex Dellrees from Line of Vi§i~ !!! De£?1'9!!1! ~. 

(N ,. 42"1 (N : ·~) *' . ', 

-~ 
25 mm. left eye 25 55 :::o - !"I'. ·~ 

T-13 
25 mm. riBht eye 25 55 30 ,',~ 

USl,C M 10 mm. left eye 15 35 20 ''"-

10 mm. right eye 15 /.0 25 
. .,.,_ 

25 mm. left eye 30 65 35 

T-19 V-12 M 
25 =• right eye 15 70 55 
10 mm. left eye 15 45 30 ~ 
10 mm. right eye 15 50 35 ~ 

'-~ 

~-

25 mm. left eye 30 
·t 

'c:f, 

T~20 Civ. 
25 mm. right eye JO )$ 

F 10 mm. left eye 15 '>'. 
10 mm. right eye 15 

25 mm. left eye 35 55 20 7i 
T-21 usu:: M 25 mm. right eye 25 65 ,Z,Q -:1, 

10 mm. lert eye 20 35 15 1· 
- -~· ·, 

10 mm. right eye 20 35 15 L 

' j ;. 

25 mm. left eye 25 35 10 -J_: 

25 mm. right eye 20 50 30 .. . , 
T-22 usu:: M 10 mm. left eye 20 30 10 .:t 

10 mm. right eye 20 30 10 
",{ 

' ·-:~ 
- •~] 

25 mm. left eye 25 45 20 
, 

-,"_; 

T-23 
25 mm. right eye 20 45 25 

V-12 M 10 DUD. left eye 20 20 0 
10 mm. right eye 20 20 0 ·,;,_ 

25 mm. left eye 30 40 10 ·~ ,. 

T-24 Civ. F 
25 mm, right eye 40 45 5 ', '.( 
10 mm, left eye 20 20 0 
10 mm. right eye 20 20 0 

25 mm. left eye 35 35 0 
25 mm. right eye 40 55 15 ·' 

T-25 Civ. M 10 mm. left eye 20 25 5 
.":/ 
~-f 

10 llllll, right eye 20 25 5 1 
1;-

2.5 mm. left eye 20 60 40 
T-26 Civ. F 25 mm. right eye 30 50 20 . ' 

10 mm. left eye 20 30 10 j. 

10 mm. right eye 20 25 5 ' ·' 
)~ 

,; 
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TAJ3LE D-3 (rJontinued) 

BEFORE TRAINING AFl'ER TRAINIOO GAIN OR LOOS 

• ½ Code Claeei,fi- Angular Deviation in Difference 
-:•, 

1i2i_ cation sex ~egraee ram W, of Vi§tgn 1n Degrees .. . , 
' 
:',' B : 42" N ■ 42" 
.. 
!, 25 mm, left eye 35 65 30 _, ._ 

25 =· right eye 50 75 25 T-27 Civ. I,( 
10 llll:J., lei't eye 20 55 35 
10 mm. --- right eye 20 60 40 

25 mm. left eye 20 45 25 

T-28 Civ, F 
25 111111. right eye 25 45 20 ,,.., 
10 mm. left eye 20 20 0 ~·-

,;';- 10 mm, right eye 20 20 0 
.,. 
'i. 

25 mm. left eye 20 1 
a 

T-29 Civ. F 25 mm. right eye 20 
·;; 10 11111, left eye 20 

10 mm. right eye 20 
' 

25 mm. left eye 25 30 5 
T-30 Civ, F 25 mm. right eye 35 35 0 

10 mm. lert eye 20 20 0 
1.0 mm. right eye 20 20 0 .-

;'_/,. 
25 mm. lert eye 35 40 5 :;t 

J 25 mm. rieht eye 35 45 10 t· T-31 Civ. F 1( ·_ lO IIBD, lert eye 20 20 0 
,; 10 mm. right eye 20 20 0 
:c,, 

25 m. lert eye 35 30 -5 

T-32 Civ. F 
25 mm, right eye 40 35 -5 

·, 10 mm. left eye 20 20 0 
. . 10 mm, right eye 20 20 0 -

25 lllrl. left eye 35 50 15 

T-33 Civ. F 
25 mm. right eye 30 45 15 
10 mm. left eye 20 25 5 

. 10 mm. right e,e 25 25 0 

,, 25 mm. lei't eye 35 35 0 

T-34 Civ. F 25 mm. right e,e 40 25 -15 
,. 10 ·mm. left eye 20 20 0 

10 IIDII, right eye 20 20 0 

25 111111, left GyO 35 .75 40 
_{• 

'l'-35 NRO'fC u 25 11111. right eye 40 65 25 
' • 10 m. left era 30 50 20 
,, 
•: 10 mm. right eye 20 40 20 ,. 

' n 
•">,__._...,, L' 
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C1Jda Gla:->hj_i_-i,. 

!J?...:.._ f_?-ti,,rc 

T-37 V-12 

T-38 

T~40 il'-12 

T~41 

T -42. HlOTC 

T-43 ,, 
'' 

BEFOfl>:, '::;l.,\iNif;G ,\fTI'R 'i'RAINING 

-~ .::, !:rrti' !t.:ft. eye .,, 
-a (;)'"' ,·i eLt eye 
lC' '(;f'l, 1e':'·>. eye 
J.O - ':U ,...J.Rl"tt eye 

")I 
C / j"';li.l_ ;_;~':'.'\. eeye 
,"?5 ~•"C1,. _."'i')rt sy~ 
•. r- .':'ill "i_r~f-::_. C\f€ "' 

~'.~. ; ~ "h ::. (-•:"7~ 

':, nm~ 'i-vf t. eye ,. -
2: i!::n ~ !: ; B)-1:·. ey,;; 
lC r-nr • }(,•f➔; 1,,,.ye 
_l_\) rn., .- lc':1 ;., eye 

') -
!,1/'1, L, ' ~--, ey:. 4_) , 

2; r.·:rr" J.'.~~!,_t ey:1 
}J .GfiJ' 

l P,' _,_t) . ,., r;ye 
10 :-,j'J :') f~ ... t -:;_;y,) 

·~~5 ~--: 1~.r iJ syu 
,.~r; %""'.:'. 1": 1:~

1 
,':. ey-:r. 

:to 1.r -i,. _u, f :·. e:,~e 
_:,0 1,1r.i., :< :_7:l 1f1 ~ ~· 91 

2(' 

35 
2C 
~~:I 

•r 

" :-,l 
;(i 

;~(; 

:c 
~5 
'W 
--, . ..., .. ..,_. 

<'~, 
. ,, 
J, 
~),", 
·••'-

?[, 

. t 

i( 

10 r·:1 • .•cf, 7'' ,'.. ' 
J'J I'J;i. ·c~,i "":.7,_: 

·~) i ~r, 

:,::, l' ri 

liJ , . 
. •:J f(.') 

,_i) ,: ' (, 

ii•(> •;: 1H 
-;, ~, . 

! , , :•,' r '.• • 1 

50 
65 
JO 
?.5 

15 
JO 
20 
.w 

3G 
:O 
20 
20 

GJ;.IN OR LOSS 

Difference 
in Degrees 

30 
30 
lCl 

10 
{1 

(1 

10 
5 
0 
0 

20 
15 

0 
0 

0 
-5 

(l 

0 

.JC, 

10 
0 
0 

,3() 

20 
5 

10 
2':i 

10 
l'j 

5 
0 

J 

-';Jt 
'!,,, 

,~;-
' ,,-,.!-! 

-.··~ 

.·;,..,. 
_,.':?' ,, 

.~.-{ 
' ':\ 
" ,<' 

~~ 



.,,- ' 

~~ ... 

\: 

. ,. 

1'-47 

G.J.a saifi • 
1e.atioq____ S&:a: 

NRO'l'C f.l 

lffiOTC M 

NROTC M 

25 
25 
10 
10 

~5 
25 
10 
10 

25 
25 
10 
10 

25 
25 
10 
10 

m1·:, 

i:u:. 

J!il:"'; 

rr,r-: . 

urn. 
run, 
mm, 
IIU!L 

·_nm. 

mm. 
er.. 
"111. 

IIIJ!j • 

mm, 
llllll , 

mm. 

l~!~t ,}:: l 

ri.gJ·,r_, eJe 
le·~!: -2,J.!_; 

r-t~-: .. J--::: e;;2 

L,ft ~ye 
r~ . .:;ht. ey0 
lef-,; eye 
dghr, Ce)! e 

l'" f'c 8Jt.I 

rig'1\, ecye 
Jef:, ,a;,~ 
rJ~ht f·:ye 

left e:r2 

ri.sL+, E~O 

le.f'\i syi; 
right i:,.i·-a 

_10 
3~ 
;;,:r1 
20 

Jf' )'.j 
](I 40 
2(; ;~o 
2( 20 

r ~l /4.,'5 
31 ~9 
19 2.8 
18 28 

GJ1IN OR LOSS 

Differ-ence 
in Degrees 

5 
'5 
0 
0 

5 
10 

0 
0 

17 
18 
9 

10 

*Includes only those s>lbj;;cLs whosB ecoi·ea fo:· thie tsst are complete, 
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Xumerous fundrunentals of peripheral Yisual function were discovered by 
workers of the German schools in the latter half of the nineteenth century. 
Duke-Elder, in his reference Textbook of Ophthalmology (l), has frequent 
occasion to refer to the phenomena obseffed by these early workers. However, 
the material presented by them ii; largely qualitative and was derived, usually, 
from a very small n1,mber of subjects. Very little quantitative data have 
been offered which are useful to the present day worker who wishes to predict 
performance in a siZ<'11ble group of iodividual.s. The special problern.s of modem 
aviation, particularly those encountered in the landing and takeoff of airplanes 
and in spotting the approach of aircraft, have lent new importance to peripheral 
vision, the interest in the normal functioning of which has heretofore been 
academic rather than practical. The need for more quantitative data led t-0 

the present iovestigations of peripheral visual function. These studies aimed 
at (a) the development ol a standardized measure of peripheral visual acuity, 
and (b) an investigation of the practicality of training the peripheral function 
t-0 insure better performance. 

V i.sual ae:uity scores. The simple form acuity of the retinal periphery has 
been measured by a newly developed technique and reported (2, 3) io two 
groups of 100 subjects ea,eh. The first group (2) was tested with bright (pho­
topic) illumination. The technique and apparatus were modified in the seeond 
group (3) for testing in dim (scotopicl illumination. The t.e.st consLsted of 11 

measure of simple form acuity on seven points of the retinal periphery of each 
eye, The technique required the identification of the position of progressively 
decreasing sizes of Landolt circles. The "total scores'' of the subjects consist 
of the summation of corrected values of the 14 individual poiot scores and repre­
sent the over-all ability of the subjects (3, fig. 2). 

The possibility that some points on the retina might be better indices of the 
subject's ability than others led to an examination of the relationship of the 14 

1 The work <leS<:ribed in this pa.pet n•aa done (.in part) under a contract. recommended by 
the Committoo on fifedica.l Research, between tbe Office of Scientific Rooee.rch and Develop­
ment and the University- of No.rth Carolina. The systematic training of peripheral v.i.aion 
was undertaken for the Commlttee on Selection and Training of Aircraft Pilots as one of a 
BOries of researches conducted under the provisions of a contract between the Civil Aero­
nautics Authority and the National Re00:1uch Council, 

3 Now Associate Professor of A.na.tom.y, School of }.Iediciner West Virginia University, 
Morgantown, Thank.a are given to the Department of ~'lllatomy for facilities and time 
US£>.d 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 score was correlated 
with the total score, the coefficients ranging from 0.60 to 0.77. Calculation of 
the non-significant 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 i indi,idual 
point scores). Here the coefficients ranged from 0.64 to 0.75 with similar overlap 
of non-significant range of variation. Certain groups of points were correlated 
with both the total score and the score for the same eye. These included all 
30° points, all 60° points, etc. Ko point or group of points was found which 
correlated sufficiently well with the total score to justify the ornLesion 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 correlationB was made on the scores of the 
100 night visual acuity subjects. Indi,idual point scores, when correlated with 
the total score, yielded coefficients of from 0.-!4 to 0.78. There was overlap of 
the non-significant range of the coefficients in all ca.'les. 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 de.iation of the 
scores on this point did not differ from that of similar points and the mean was 
not displaced (3, fig. !). 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 demonBtrated by cor­
relations similar to those of the day visual acuity group revealed the essential 
similarity of the two. The same ever present sourw of error in the form of 
fluctuating efficiency was notiood. • 

The total scores of both groups were correlated "ith 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. 

Extracl.i.on of a measure of spontaneous fluctuati.on. The fluctuating efficiency 
revealed by the above series of correlations had been previously notiood 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 preaent apparently regardless of the 
subject's over-all ability. The presence of this phenomenon, its persistence and 
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its apparent independence of other functions led to an effort to extract a qwm­
titative merurure of it from acuity scores. The total score was known to be the 
most reliable measure of the subject's ability. The individual point scores were 
known to be less reliable and subject to the fluctuation mentioned above. It 
was assumed that the "true" acuity of any point bore a constant relationship to 
the total score and that the fluctuations observed during the testing, and con­
firmed by the correlations, operated above and below this mean. The numerical 
value of this "true" acuity for any subject is 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 v,idely 
different groups and ranges of scores. To discover the "true" acuity of any 
subject for any point it is only necessary to multiply the subject's total score 
by the percentile value for that point and dhide by 100. This gives a figure 
(hypothetical score) 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 
spontruieous fluctuation in his ability which characterized bis performance. 
The differenc<' between this calculated "true" score and the measure of his 
actual performance (recorded score for that point) is the measure of how much he 
de,iated from bis own mean during the testing of that point. The de,iation for 
each of the 1-! points tested can be similarly calculated. A su=ation of these 
deviations for all points wa.s adopted a,, the measure of the subject's spontaneous 
fluctuation. This measure, as are the data from which it is derived, is in milli­
meters and has been called the "millimeter variability" of the subject. 

The millimeter variability (fig. 1) was found to average 10.6 in the 100 day 
,isual 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 
mth ~ dispersion somewhat more contracted. The eye-to-eye correlation of the 
millimeter variability for each eye (photopic) was 0.-!-!. Correction by the 
Spearman-Brown formula brings this to 0.61, the over-all reliability of the 
measure. Since there ,vas no correlation 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. 

Fonnullliwn of th£ mbject's percentile st,ooiness. In the perform.ance of our 
tests the average day ,~sual acuity subject fluctuated or wavered 10.6 millimeters 
and got an a~uity of 47.9 millimeters. In other words, he varied 22 per cent of 
his totul score or, conversely, wa.s 78 per cent steady (fig. 2). The average night 
,isual acuity subject fluctuated 11.6 millimeters mthan acuity of 70.11nillimeters 
and thus varied 16 per cent of bis 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 ,isual acuity group from 70 to 98 
per cent. This index of steadineSB has proved useful in the interpretation of 
subsequent studies. 

Int,rpretatwn of spmuaneous fiuduatum. 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 subject may measure either better or worse 
than the score indicatw by the subject's over-all ability. Also, on special oc-
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Fig, 2 
Fig. 1. Frequency distribution of millimeter variability scores in peripheral vie10n in 

two groups of 100 subjects each. Solid line repreeenta 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 represente scores in bright ilhnni.nation and dotted 
line those in dim illumination. Arrows indicate means. 

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

Stand&rd accounts of perimetry (4, 5) describe the visual fields and peripheral 
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visual perception as steady and fixed, no mention being made of fluctuating 
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 subject could either see the stimulUJl 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 previoUJl experimentation. 
First, the stimulUJl object was a Landolt circle. The position of the break in this 
circle might be in any one of four positions which boo 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 
pe1formance seemed t-0 be. This method served to preserve in the score sheet 
irregularities of performance which would otherwise have been 1-0St. Despite 
the fact that the standard conceptions of the peripheral visual process imply 
constant, some,vhat static performance, the evidence here reported makes it 
necessary to reiard peripheral perception as essentially intermittent and 
subject to extensfre fluctuation in efficiency. 

Subjective experiences of the writer with this technique and numerous discll&l­
ions with subjects luwe helped in the interpretation of the intenuittency 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 occurs because all positions look alike. When the testing has pro­
gressed to small circles they often are temporarily completely inYisible, the card 
appearing blank. With patient att;,ntion, the circle later appears. In the 
presence of concentration the entire circle 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 ,vaiting. 
Some few subject,i can retain these clear images but m-OSt lose them again in 2 
or 3 seconds. These phenomena suggest that 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 anywhere on the peripheral retina. A concept of multiple short lived 
scot-Omata as an ever present Cilllracteristic of the peripheral retina is a difficult 
one t-0 accept unless it is realized th!lt such scotomata can become very large 
"ithout the subject becoming aware of their presence. The normal blind spot 
serves to illustrate this. It causes a scotoll1R 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 e,ident even when the opposite 
eye is closed and the scotorna is absolute. Special prerautions are always neces­
sary to demonstrate its presence. It is interesting to note th&t the size of the 
blind spot is many times the size of the break in a Landolt circle which represents 
the threshold of acuity in the areas immediately surrounding the blind spot. 
Thus it appears that a scotoill11 can exceed the threshold of acuity without be­
coming visible. It would seem that the scotomata here postulated so blend with 
the ,isual surrounds (rather than appear black) that they are invisible except 
when demonstrated by perimetry. Scotoill11ta on the periphery as normal 
phenomell11 have been recognized as long ago as 1857 by Aubert and Forster (6) 
who classified them as (a) permanent, due to retinal vessels, and (b) temporary, 
due to local fatigue and glare. During the progress of the investigations here 
reported, which represent well owr 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 
seems to be a more reasonable explanation for these scotomata although the 
fatigue must be understood to be essentially regional, restricted to small retinsl 
areas, since the scotomata have appeared in all conditions of freshness and 
fatigue of the subjects as well as being temporary. 

Training by controll.,,d practice. An impressive feature of perfo=nce which 
became evident early in the experimentation was the tendency of the subjects to 
improve their acuity through practice. This was e,iden t 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 iroprovement in groups even when a shortened version of the technique 
taking less than 15 minutes (compare v.ith 45 min. for the usual test) was nsed 
(7). This feature of improvement through practice, pre,iouely reported by 
Dobrowolsky and Gaine (8), was made the subject of an exhaustive investigation 
designed to determine the extent of the improvement pos.sible 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 supenision of an instructor, alternately operating the technique and being 
trained hy their partners, in a laboratory equipped with specially constructed 
perimeters. Peripheral acuity was successfully trained in 43 subjeets to a 
measure 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 calculating the minimuro retinal area 
which is stimulated for succes.sful response both length and breadth must he taken 
into account, and it will be seen that the average trained subject responded 
successfully to the stimulation of an area only one-eleventh the size required for 
such a response before 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 (a;,complisbment of 200 per cent) and was 4; 
times as efficient. 

This large quantitatirn increase in simple form acuity through practice 
necessitates the interpretation of the peripheral retina as an unpracticed sensory 
area. Tbe demands of everyday life do not tax the capacity of the peripheral 
retina sufficiently to bring its performance to peak efficiency. Some 25 hours of 
practice, the approXlllliite amount of training per subject, are necessary to de.­
velop this function to, or near to, its ultimate capadty. The unpra;,ticed 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 detect 
detail peripherally perceived because foveal performance is so much better. 
Instead, an object is perceived, usually because it is in motion relative to its 

------------'--- MM. VAR. 

----·----~ ACUITY 

SCORES OF 43 SUBJECTS 

IN 8 PROGRE.SSIVE TESTS 

Fig. 3. Progressive scores in peripheral visual acuity, millimeter variability, and per­
centile steadiness in a group whoee acuity was being trained by a course of systematic 
practice. Test No. 7 wa.s taken by only eighteen subjects (the first group of two) and is not 
represented in the curve or in the reported calculations. 

surrounds, and the eye is fixated on it so that the image which is the object of 
the attention falls on the fovea. It follows, then, that the natural way to improve 
peripheral acuity is to force peripheral evaluation of visual stimuli under con­
ditions which prewnt 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 wa..'-l due to poor fixation. 
In general, experiences encountered during this course strongly indicate that 
controlled fixation achieYed by perimetric or similar apparatus is necessary for the 
success 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. Successful transfer was observed to (a) unfamiliar test 
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objects, (b) one-fifth second ex-posure necessitating rapid recognition, (c) areas 
.of the retina not practiced by the technique, (d) non-perimetric 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 t-0 70.1 
in 100 normal untrained subjects (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 
scot-0pic conditions. But the improvement was quantitatively less than similar 
improvement observed in a like series of repeatoo tests under photopic illumi­
nation. The above reported scores among subjects who had been trained only 
under photopic conditions may represent the extent to which training can im­
prove night visual acuity although it seems probable that further improvement 
could be achieved with practice under scotopic conditions. If the observed 
improvement in night visual acuity represents a nearly ma.mnal 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 moot 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 t-0 produce 
subjective awareness elsewhere, but student discussions of ne1,v e,q:ieriences in 
peripheral perception in everyday life became so persistent toward the middle 
of the course that a questionnaire on these experiences was submittoo 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 consciousnes.s without the subject's hming been thinking about the training 
course when they occurred. One hundred and three situations invohing change 
were reported and all but 2 of these were interpreted to be helpful mt.her than 
detrimental to the behavior of the subject. 

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 variability 
decreased in direct proportion to the acuity meru,-ures 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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awity. Thls established the intermittent nature of the peripheral response as a 
fundamental of the peripheral visual process mther 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 disappeared entirely upon 
twining. 

Correlations of the acuity scores of the progressive tests of the training course 
afford a check on the previously 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 period.a. However, correlations of consecutive tests 
were used to check the test-retest reliability of the technique. The coefficient 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 calculation of the reliability 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
,idual 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 
typical 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 
observed in the mean scores of the group in twining or in the relationship of 
indhidual point scores to the total scores in any group. The failure of scores to 
correlate with external circumstances such as time of day, test operator, etc., 
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 test.s revealed significant coefficients in only half of the consecutive 
tests. This indicates 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-,,ye 
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 circumst.ances. 

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 me&n 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 t!JJ>t ob­
served in the night Yisual acuity tests. The mean night ,isual acuity score was 
37.4: the mean rapid recognition score (\\ith photopic illumination) was 41.3. 
A correlation of these two scores yielded a coefficient of 0.62. This contrasted 
"~th the correlation between the night ,isual acuity scores and the final acuity 
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scores (in the last normal acuity test) which did not show a significant coefficient. 
It was concluded that restriction of the time of exposure under photopic 
conditions somehow duplicated the difficulty e,q,erienced under scotopic con­
ditions. It suggestoo a means of substituting the easier photopic technique for 
the more difficult scotopic one. 

D1scussroK. The intermittent nature of the response to peripheral visual 
stimuli and its spontaneous fluctuation, coupled with the unpracticed condition 
of the retina, has been demonstratoo to exert a marked effect on the performance 
of the individual. The ultimate ability of the indi,idual to interpret such 
stimuli is but a poor index of what his reaction actually v,ill be. DifferencBS 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 individnal, which can 
cause performance to differ over a range of 350 per cent or more. The former 
variable can operate on reeponses to stimuli rapidly following each other. The 
latter variable operates through its range only over somewhat longer periods of 
time under the special circurn..stances resulting from previous training. Thes.e 
variables exclude the practicality of collating peripheral perceptual performance 
with rod and cone 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 perception of peripheral detail, but the amenability of the peripheral retina 
to training indicates 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 origiru,l perc,,ntile relationship to tbe acuity strongly contrain­
dicates the possibility of useful correlation of performance >11th the number of 
rcxls and cones, 

The close similarity of day ,isual acuity in the periphery and night visual 
acuity in the same retinal areas has been appreciated in measures of simple acuity 
(1, p. 937). Tbis was confirmed for simple form acuity in these investigations 
(3) where the relationship was found to be as 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 ,1sual acuity by 
practice under photopic conditions and the significant correlation behYeen night 
,isual acuity and rapid recognition tests of day ,1sual acuity tend to bring the 
photopic 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 testoo under these two conditions 
of brightness. There is a tendency to regard night vision problems as quite 
separate from the problems of day ,ision. It is believed that much benefit would 
accrue to the design of problems in night ,ision if peripheral perception under 
hath scotopic and photopic conditions were regarded as the expression of a 
common perceptual phenomenon rather than as the functioning of separate 
entities bearing no relstionship to each other. 

• 
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The slight differences in acuity observed here and elsewhere in the presence 
of very great differences in illumination further discourage the attempt to cor­
relate function a.nd population of light sensitive elements but, at the same time, 
afford some eviden,;e concerning the functions of the two types of receptor. It 
is known that rrxis are roughly 17 timea as numerous as cones in the human retina 
(1). The function of the cones in photopic il!u.wination and color vision is well 
established. That the cones a.re not stimulated under sc()topic conditions is gen­
erally accepted, convincing evidence here ooing the foveal seotoma and absence 
of color perception in the photochromatic level of brightness. However, e\idence 
that t.he rods are inactive in photopic illumination is lacking, although commonly 
inferred. Evidenc-0 supporting rod acthity in bright light is found in the cone­
free rat retina which is not blind in daylight and in the cone-free far periphery of 
the human retina which reacts to bright light. This evidence suggests that 
photopic perception in the periphery is the result of co-operative rod and cone 
acthity, a thing manifestly possible by the complex synaptology of the retina. 
Further e\idence supporting this concept is the increase in peripheral acuity of 
about 40 per cent in the change from scotopic to photopie conditions. If the rods 
were inactive in bright light this would mean that the increased acuity ocClll'red in 
the pre-sence of the stimulation of only abont one-seventeenth as many recept-Ors. 

The extensive transfer of the laboratory training to conditions of everyday 
life as well as t-0 other laboratory situations see.ms to justify the assumption of 
persistence of t.he effects of training in practical ,isual situations. On the basis 
of improved acuity measures after training, the e,q,ected performance of the 
trained individual under such practical conditions contrasts markedly with 
that of the untrained individual. under photopic illumination the trained sub­
ject is aole to become aware of a peripheral stimulus only one-eleventh the size of 
the minimum perceptible stimulus falling on the sn:rne area of the retina of the 
untrained individual. 'Cnder scotopic conditions th;, trained individual's ability 
enables hirn t-0 respond to a stimulus less than one-third the size required to 
stimulate the same area of the untrained retina, or, conversely, for any stimulus 
of given size the trained individual can detect more than three times as much 
detail as the untrained person. Although the quantitative change in night 
visual acuity is much le&s than in photopic acuity th., practical benefit of such 
improvement may be greater OOP&use of the absence of a central point of great 
acuity which, in photopic ,-ision, is called upon for verification of peripheral 
stimuli. 

The peripheral retiru, has long been recognized to possess inherently poor 
acuit,y but, to this basic understanding of its function, it is nece&sary to add two 
important features; (a) an hahitually sub-maximal performance due to its 
unpracticed condition, and (b) a fundamental iut.ermitt,ency and fluctuation 
of efficiency in its response to constant stimulation. Both of these fact-Ors have 
been shown t.o alter its performance to a great extent. It is also well to include 
in a concept of its function a re<1ognition of its essential samenes,; of performance 
in all levels of illumination. 



FRA:!ti."lt N. lOW 

SLTMM.ARY 

1. In a I4 point perimetric test for peripheral ,cisua.I acuity correlations of 
individual point scores and groups of scores with the total score did not reveal 
any point or group of points significantly more reliable than others. This wa.s 
true of the test scores of both day visual acuity and night visual acuity subjects. 

2. A measure of spontaneous fluctuation or wavering in the response to pe­
ripheral visual stimuli was extracted. 

3. Day visual acuity performance was found t-0 be 78 per cent steady and 
night visual acuity performance 84 per cent steady. 

4. Training by c-0ntrolled practice in 43 subjects yielded a final score which 
was 334 per cent of the starting score. 

5. The.re was successful transfer of the effects of the training to both other 
laborat-Ory situations and conditions of outside life. 

6. There was successlul transfer of training under photopic conditions to 
night visual acuity to the extent of 187 per cent of a normal untrained score. 

7. A day visual ru,uity test with time of exposure of the stimulus limited to 
½ aee-0nd correlated with night ,isual acuity SC-Ores in the same 42 subjects with 
a coefficient of 0.62. 

8. The intermittent nature of peripheral visual function is interpreted to be 
due to temporary multiple sc-0tomata. 

9. The peripheral retina is interpreted to be an unpracticed sensory a.rea. 
10. The nature of the peripheral ,isual process is diaeussed. 
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