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I. I NTRODUCTION 

As part of a newly-int r oduced· saftey program, approx­

i W$ tely six hundred underground hardrock miners were gi ven . . 
visual screening examinations by the :Bunker Hill I·!lining 

I 

Company of Kellogg, Idt;~ho.. The screening was admin is-

tered by one of the authors of this thesis while en1ployed 

by the company during the surmner _of 1962. All the 

s creening W$s done using the American Optical Comps ny 

Sightscreener;; color screen:i.ng w8 s tested with American 

Optical Company's pseudo-is ochromatic plates. Of t he 

six hundred men screened, t hree hundred and fifty were 

.not use for this study beca ·~lse they were uncorrec t ed 

·pr~sbyopes. Approximately f ifty of those exc lud ed 

were due to extreme_ c olor deficiencies, . amblyo pia, 

and eye-injuries ·. · None of those excluded were l eft 

out due to excessive latera l phorias. Twenty-five to 

thirty percent -of the six hundred men screened we re 

·re_ferred for private visua 1 care. All of the pre sbyopic 

workers were ·not referred 'because the ·. company h1::1 d fel t 
., 

t ha t their job requirements had not necessitated 
l 

b;Lfocals underground and the · other ·r~ason being the 

possible danger factor when scanning back . and forth 

a cr oss thebifocal segment line when working in a r eas 

of extreme dsrigyr• 
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II. REVIEW OF THE LITERATU:m 

There has been a gradual evolution in the minds o f 

employers concerning the importance of the vision in the 

efficient performance of ' an employe7's . job. Almost every 

industrial job requires good visual function of one sort 

· or another. Along with thi~ awareness of the role of 

· vis ion in i!f,dustry there has arisen, in many plants, 

a constant or periodic program of employee testing 

(or screening) to assure that employees meet minimum 

standards of visual efficiency required for their jobs. 

Hofstetter (1) enumerete s . nine purposes of v:i..sual 

. testing in industry:; provision of services availab l e 

o~tside of industry; d~tection of vi~ual disorders re-

quir iilg immediate r:r:ofessional attention; stimulating 

visua l consciousness and hygiene among ·employe es; designing 

a proper enviornment fOr s pecific jobs; s~lection of 

employees for · specific job~. ; determining the extent of 

~ .injury compared to the empJ.oyee 1 s unimpaired status; to 

facilitate the censusing of visual disorders; measuring 

the relationship between vision, intellig~nce, accident 
. ' . 

proness and othernon-visur:l traits. 

Some of the early industrial screeing consisted of 

selected clinical -tests fo r use in plant testing. Some 

companies sent the employe e to ' the professional man's 

(1) H. w. Hofstetter, Industrial Vision* 40. 

-! , • . I 
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office for . periodic clinical testing. However, the bul k 

of today 1 s industrial testing is being accomplished with 

instruments specifically designed for, or adapted to, 

industrial screening. Three of the most con~only used 

instruments of this type are the American Optical Company 

Sight-Screener, th~ Bausch & Lomb 0rthro-R8 ter, the Keystone 

Company Model 46-A Telebinocular. These instruments are 

used to test ·visual performa nce at an optically simpulated 

distance of twenty feet called "far", and at a "real"- d:i.stance 

t h irteen to sixteen inches at near. The performa nces 

tested are suppression, acuities, steropsis, lateral s nd 

vertical phorias. The Orbb9~Rater and the Thleb inocular 

have provisions for color testing. 

Tiffin (Z) has done estensive research using the 

Ortho-Rater and has listed four areas of visual s ki lls 

for a mj.nimum industrial tE;sting battery. These skills 

are keeness of ~ision (visual acuity); discrimi nation of 

differences in dist~nces (depth perception end s tereops is); 

discrimination of differences in color; postural character­

istics of the eyes {phorias) lateral and vertical. 

According to Tiffin {3), the most common uses for industrial 

testing today rire employee placement, ~ establishing criteria 

' for hiring, measurement fo r referral, measurement for 

compensation purposes. 

(2) Joseph Tiffin, . I~iustrial· Psychology, 185. 
( 3) Ibid., 191·- -195 , 

. ' 
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Tiffin(4) haJ establit.hed norms and profiles -

us ing the Ortho-Rater - for specific industries, jobs, 

· 8 nd the general industrial population:. His results 

indicate that the distribution of phorias and scuities 

generally. take the shape oi' a normal distribution curve, 

r:: nd compare favorably with general clinical norms. In 

2ddition, he has studiedthe relationship of the various 

skills to productio~ rat~s ~ earnings, learning speed, 

efficfency, and accident rute • . . 
. . 

In comparing visual' ·aec uity ·and · aee, Tiffin a nd Wirt(5) 
. . 

found a low 6orrelation be t we en the .near and far a cuitie s 

in workers over 40. The Poarson'' correlation co-effi cient 

(r) was }'0.48. When correlation· the .. near and far acuitie s 

in v•.rorkers under 30, r = f0.77. Tiffin(6), in his statistics 

c oncerning visual acuity~ diff~~entia~es between smployees 

wearing their . visual corre·Jtion and . those not h avi.ng 

corrections. · · He found :th:3 t 'in the , pre presbyo p ic po pula tion, 

those · that were n_ot wearing glasses ,had (as a group) :Je tter 

8cuity .than· those that viere. we'aring glasses. 'rhe re F.1son 

for this was ·not surprising . :~ nori-clinical population 

is mad e up . of low hyperopes ' who_ wiLt show better perform­

ance in an instrument than the· .corrected population.. The 

c linical population includes those s.ubject s that may ha ve 

1 '' 

(4) Joseph Tiffin, Industrial Psychology , 100-233 
(5) Tiffin J., a nd Wir t S.E., · "Neer' vs. Dis ta nc e Vis ual 

. .Acuity", Transactionsof the American ~~cademy of 
· Ophthalmology and Otolaryngology, June , 1944. 

(6) Tiffin, .9£• c :i. t., 222. 1 

;'I ·' 

• r 
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. . 
complei visual problems, th a t even when corrected wil l 

not permi t a high level of a cuity. , However~ . the data 

changes as the presbyopes are analyzed. Tn this group 

of . subjects that were corrected had a significantly 

-5-

be tter visual acuity than those not corrected. The un-

corrected group could no longer compensate for the 

hyperopia 8 t with increa sing presbyopia 1 and showe d the 

expected decrement of acuity at near. Tiffin(?) found 

tha t depending on the job 1 visual ,acuity wes signif icant 

factor in production effic;iency and the amount of earnings. 

This was especially evident in thCE e jobs where the ac uity 

was good or poor ~t the us~ al working distance for t he 

pa rticular occupation. Poor acuity at ~ar would not 

necessarily handicap a worl<er whose job was primarily 
. . 

nea r; the reverse is al so true. 

Both Wir1,;(8) and Tiffjn(9) found the distribut ion 

of the far phoria to be orthophoria without the f a r 

refrac tive control (7A). · ':P iffin(10) found that subject s 

1ni th esophoria had twice a~; many serious accidents than the · 

sub jects with exophoria. ' At. near the opposite is true, 

the sub jects wit,h esophorin have less accidents than those 

'Ni th exophoria. Orthorpho;:-oia at fa~ 1 by the sere ening 
... 

te chnj_que is not the same ns the P3 r$llel position ing 

of ·the , eyes when there is no convergence response. This 

(7) Ibid., 202- 206 
(8) s .E. Wirt I rrstudi •3S in· Industrial Vision"., American 

, ,Journal of AF_:pJ. ied Psycho'logy, June 1 1943 1 217-232. 
( 9 ) I1i I1n, o p. c 1 t · .• , -"T88. 
(10) Ibid, 188. · . , " ' 

,, 
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difference between ·the re1a tive and · the absol.ute ortho­

phoria is due to the instru:nen ta tion. Tiffin ( 11) found 

t hat those subjects who showed a s~all change in con-

vergence from far to near had more serious acc:i.dents 

than those showing a normal.change of convergence . This 

is analagous to the slope of #3 e~d #13A. There wo s 

2lso a slight dec.rease in, color vision with age and a 

slight increase in depth, perception ~ towards middle a ge, 

ord inarily approach:l.ng its peak at approximately age 35 

(12) and leveling until age 5 0 after . which there is a 
f'"', ... 

slight decline.· The better depth perception is thi s s ge· 

:cange may ' ~e because this f ;r oup usually>has a better 

c orrection . than the younger subjects _ with acoonmlOdn tiom\ 

more easily oontrolled. 

As a result of the re s eaches ~f Tiffin, Wirt, and 

others, the manufacturers L.Dve introduced a system of 
' ' 

g rading specific job reuqirements in specific in6ustries. 

They have· classified eac[]_ f;roup into a job profile. 11his 

amounts to a sorting of impairment~ · . Those workers wh o 

show performances within · the job pr-ofile · ares aid to 

have the )11inim'-:m visual ef : 'icien.~y ' for the job. The 

use of · these instruments w :~th their profiles consti tues 

the method of. screening be:Lng. accomplished b y many 

indus tries in tl:lis country; it is ga'i.nir:lg' greater 

acceptance. 

(11) Tiffin, op.Cit., 
(12) !bid., 224-225~ 

.. 

. 
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III. SURVE-Y PROCEDURE 

A. Description of the Sample 

As stated in the introduction, six hundred men were 

screened, .two hundred and f:_fty are included in this thesis, 

and the remaining threehundred and fifty were excluded. 

Of the three hundred and fifty excluded, approximately 
. - . 
three hundred were presbyo.p:tc to a degree that acuity. 

prec luded further testing. The remaining fifty had no 

simultaneous perception, amJlyopia, failing color vision, 

low stereopsis or eye injuries. 

Out test group criteri:::~ used subjects who sho,.ved 

simultaneous perception, a ·,ninimum of ro /30 acuity at 

far and near in .the weaker t3 ye, a maximum vertica l phoria 

of i prism diopter at far ' or near, and sterop~is of 90% 

or better at far and near using-::the Shepare-Fry scde .. 

In addition, the test group had no detectable color 

deficiencies · using the .Am.erican Optica 1 Company's pseudo­

is ochromati~ plates. Because .of lowered n~ar acuity due 

to presbyopia, our sample ranged in age from 18-43 for 

f8 r phor'ia s, and · 18.-39 years of ·age for near phoria s. 

The eleimination of those showing less than 90% stere­

opsis .and more 'than'· i prism .dio~ter of vertical imbalance 
'! 'r 

may have eliminated some of the extreme phorias and may 
I • 'I 

lessen the varian'ce ' of the sample. 

'. 
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.All of the men \vork under the same conditions. 

,.... 
-o-

1E:l1ey 

v1o r·k eight hour.s a day, five days a week.. .All th e subj ects· 

wo rk underground 1,700 to !3;800 feet . (1500 to 400 fe et 

ab ove sea level). The ill '•lmina tion, on the job , is 

relatively con·stant; each work er is e_quipped ·with a 

pe rsonal head--battery lEt~t r1 rn. Because of the r educed 

li ghting conditions, when l ooking directl;;- to the front, 

cl e.a r vis ion is 1 imi ted· to approximately fiftee.n feet 

while side vision is lim~tsd to approximately ten fe et. 

There : is no firte acuity re 1uirement fo~ this work , i t is 

almost comP,letely of a gross nature. · The work for t he 

average miner consists of . irilling the ores from the 
~ . 

wal ls of the tunnel, b last :i.ng the rock lc,ose, and boxing 

the ores for transportation from the mine shaft. .Al l of 

the a bove working . te chn iqUe·s involve only gross visual 
., ,. 

cl iscrimmination. 

B. · . Instrumentation 

The .America~ Optical Company Sight Screener is designed 
..: . ' r 

for seven tests adm.inister·ed at '· far and at nea·r. There· 

s re:: suppression;_. monocular acuity, right eye; mqpocular 
{ 

acuit~, left eye; binocular ac~ity; Depth - percept ion; 
•. ~ -· . 

Vertical phoria;· Lateral~' phoria. Tq_e target distanc e is 

l r inches at ne'ar. The i n strument contains' a fl ip- type 

lens and prism combination for use in far testing to simulate 

the twenty foot testing distance. The sane targets a r e used 

for the near and far test5.ng . The input to each eye is 

controlled with the use 0 "" ' .l polarioid ~lat~s. The separation 

' . 
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between the units on thephOl'ia scale is 3.5 mm \vhich is 

1 prism diopter. at the 14 i11ch distance. For a ·6 centi-

me ter . interpupillary distance there are 5.3 prism diopters 

of base-in prism which giveu the scale ortho value and 

abs olute value of 4.3 esophn~ia. This is no doubt a 

correction for the proximal effect of the target. All 

acuities are recorded in te;:>ms of Snellen equivalanc i es. 

The depth re rceptio,n (Stere opsis) is graded using the She pr:l±'d­

Fry scale. A. key to all ta x•gets is foun~ in the Appendix • 

. C. Procedure 

Each examination and int~rview required a total time 

of approximately 10-15 minu t es per individua~. All question~ 

i n the testing were the sam9 for each indivual. All testi ng · 

was done under standard instrument ·lighting of 55 candle 

power. Each individual was screened within about one-half 

hour after leaving the mine · tunnel in the afternoon. All 

s'creening _was accomplished on the surface and on mi ne 

.premises • ..• The : interview cons is ted of questioning ea ch 

individuaL as .to previous visual examinations, vi s ual 

complaints., previous lenses ·worn (Rx)., age., and title 
,. < 

of his job. The above qu$stioriing ~~ocedure hel ped to 

evaluate· the individual's necessity . .for prescription 

safety lenses • . 

\' 

' -
t 1 

·• 
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IV. RESULTS 

~ 

For the purpose of this paper, we extracted the 

date of the near and · far phorias from each employee's 

examination. we ordered the data into frequency distributions 

end did a statistical workup to .find the mean, median, mode, 

2nd the standard deviationfor both the near and the far 

phoria. In addition, we conpared the near phoria to the 

f ar phori~, the age of the s ubjects to the far phoria and 

then to the near . phoria. · This data was put into a 

scattergram and the Pearson correlation co-efficient was 

calculated, 

Frequency Dist~ibution 
Far Phoria 

(In __ ?F.ism Diopter's) 
Scores · Freguenc;r 

E 8 1 
s 7 •• ( --~of 0 
0 6 . 2 
p 5 ~ 

.. 6 
H 4 .t 4 
0 3 . -;- :t .. ~ '200 ... , J 

R 2 ·-,~~.;:: 31. 
I 1 ,, ' 86 
.A 

·f!J ---- 0 • ' 61 • ~a-' ... 
-1 .. 

' 20 
E -2 30 
X -3 ' 1 
0 
p 
H 
0 
R 
T 
..L 

· .A 
I -235 

of 

~~Jt: 
-..;, 

Frequency Distribution of 
Near Phoria 

(In .Prism Diopters) __ 
Scores Frequency 

.;., 13 4 
12 . 0 

·.11 .. . 1 
. 10 1 

· E ) ~i<.~~ · ~ 9 6 
. s ··. :·.i . 8 14 
jo . ~ 

.· p 
H 

• I Q ' ,t 

.. R : ~ 

---.. 

7 . . 8 
6 13 
5 . 23 

<4 · .. '' 31 
3 43 
2 29 
1 . 39 

0 34 
-1 8 
-2 •, 2 
-3 ' 2 ~ 

-4· ' - " 0 
-5 

< 

1 

259 
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TA3LE I. 

This table shows distributions for both far arid 

near phorio postures by th~ scores and the ranges of the 

scores and the ranges of the escophorio, orthophoria, and 

exophorio postures and the ·t~otal number of men in each of 

the 11 far" and "near" distributions. 

Statistical analysis of the far phorias.: 

I,1ean (X) is 1.04 exophoria using the instrument scab. 
For a 6 om interpupi1lary idstanoe this amounts to 
4.26 esophoria. . . 
Median is 0.877 exophoria using the instrument scale. 
For a 6 em interpupillary distance this is 4.42 
esophoria. 

Mode is 1 exophoria (instrument scale), 4.3 esophoria 
(absolute scale). 

•' 

The Standard Deviation (s) is '1.5 prism dieters. 

Statistical analysis of the near phorias: 

Mean (X)is 3.15 exophoria 

Median is 2.84 exophoria 

Mode is 3 exophoria · 

Standard Deviation (::3) is 2. 95 prism diotpers. 

Correlations: 

Far phoria to the near phoria. The Pearson 
Correlation Co-efficient (r) is 10.28. 

Age to the .t:ar phoria. · The Pearson Correlation 
Co-efficient (r) is -0.14. 

Age to the near phoria. The Pearson Correlation 
Co-efficient (r) i~ /0.000053~ 

1 
+ llo ·,, • 

' .. ... , ... , 

\' 

'· 
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For complete frequency distributions showing proportions 

and calculations, see the tebles in the Appendix. 
23-25 

Scattergrams {pages ) 1 of the correlations are also 

included in the Appendix (p~ges21-E~ 

.;o 
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V. DISCUSSION 
~ ., 

I 

One of the major dif : iculaties in analyzing the 

the data of industrial scre ~3ning>;is the 1a ck of a refract ive 

control. The usual clinical da ,ta with the statistical 
:;' •• • I~ ·;·\ ' < 

ana lysis and norms that a;r:>e derived, ~ .are normslly d one with 

a refractive control. The ~J.sual industrial screening is 

done with the subject 1s habltual Rx. Since the screening 

is administered · by laymen or• technicians there usually 

. is no distance refr~ction at th~ time of screening. The. 

poss.ible differences that ma y accure due· to this s i tust ion 

will be discussed with statistical discussion. 

Tiffiq and Wirt, as :re n tioned · in the r _e view of the 

literature, found l:llmost normal distribution curvss for 

the far phoria. In our data the distribution of the far 

phoria comes to· a peak and then graduallY diminishes on 

ei ther• side. It diminishes more quickly in the exophoria 

direction and there are more escophres, which fall swaT 

,slower than the exophoria side of the curve. The near phoria 

dj_stribution .peaks and falls away gradually in both dir·ections ~ 

However, neither of ' the two curves (especially the far curve) 

is a perfect bell shaped curye. ·· Comp'aring our measures of 

central tendency to those . of . Haynes (13), for the 

Telebinocular stereoscopes, we find an overall agreement 

with Haynes' data. ·His nor-ms st far -a:re 0.28 esophoria for 
• . 

the mean ~ith ~ st~ndard divia~ion of 4.02. ~ Corrected to m 

.. 
J --
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a bsolute scale the mean becomes 4.28 esophoria. 

In our experiment, W•3 hElve established a far phoria 

mean of 1.04 · exophoria, and upon c6rrec tion for th e induced 

prismatic power, the corrected mean is 4.26 esophoria with 

a standard deviation of 1.5 prism diopters. When comparing 

t h e absolute means, we find a differerice of only 0.02 prism 

·diopter. .Although the tv.o populations are markedly d i fferent: 

Haynes' being a· 'clinical population wi. th the 7.A i n pla ce and 

our group being most uncorrected miners with their ha 'b itual 

i n place, there seems to be little variation. Cl inic al 

ex perience shows that in . most cases the phoria sphere 

r e lationship at far is usually a very small amount.. .Another 

· f a ctor that reinforec es tne sma 11 amount of differenc e is 
' I . ' 

the low acuity demand of the phoria target which mlnimizes 

the demand for accommodative activity in the experimental 

group. 

Haynes' Telebinocular norms at · l6 11 are 2.69 exophoria 

wi th a standard deviation cf 5.46. Our mean for a 14 11 testing 

distance is 3.15 exophoria wittt ·a standard deviation of 

. 

2.95. Our calculated absolute posture is also 3.1E: exoph oria 

because the lens-prism combination is not use for near testing. 

In applyirig the. "F" test of significance to the variances 

of Haynes' pop;u~at .i6n to ·.o·Lr populat+on,· the difference is . 

significapt to the 1% level. tTpe ,. stereopsis sorting probably 
·' . i 

; . I 

a ccounts tor the reduced ver.farioe~ ~ The smaller standard . 
•, I 

" I 
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. de viation i n our group ma y )e due to the homogene ity 

of our population compared to the clinical population. 

As ha s been mentioned, we mi ght expect a shift in t he 

esophoria direction due to the uncorrected hyperOl)ia 

and ace oimnoda ti ve convergen·Je. However, t he differ enc ~s 

i n the means is not signifiJan t at the 5% level betwe en 

t he two populations. The dlff~rence in the two te s ting 

dista nces also accqunts for the some . of the difference . 

Since we do not know the coerela tion between the ~4meri can 

Opt ical Company Sight-Screener and the 'Ielebinocula r, we 

may suggest that much of th e differnce in the mean s ma y be · 

d ue to instrumentation a lons. 

No direct .96mparison can be niade. with t he standard 

Von Graefe technique used in taking clinicsl phorias s :ince 
' . : ·. ·. . . . 

t he correlation ~etwe~n the s e tests and stereoscope t es ts 

is too low. r ·· " 
' . 

1 

_J 

In comparing the near and far phorias using the 

Pea rson co-efficient, wefi nd r:,L0.28. This appea rs 

consistent with clinical experience. · Often we fi nd t ha t 
I ' 

the f a r phoria may be ¢ or l exophoria and the n(:lar phot·i a 

a s h igh ,as 15 exophoria~ · However, irt the case of esophoria 

a t far, there i~ ~eDerally a • comparable reduction i n the 
1 i .t 

n ea r exophoria. In our sa:n pl~ we have excluded the p:c• e sbyopic 

a ge group and have used only t hos e people ranging in a ge 

· fr om 18 to 42. 

~ 
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In comparing the far phoria with age {18 to 42) 

using the Pearson co-effioinnt, we find r• -0.14. This 

is in general agreement va th clinical evidence. There 

seems to be very little change in the far phoria among 

the different' age groups ancl no reliable predictiOI.'i- can 

be made. 

The near phorias wero also analyz-ed in terrr"~' of 

age. This correlation was ::· :: /0.000053. It is knmvn 

that in general clinical da·;:;a, phorias show small increases 

in exophoria betweep the ~s~ableu years 15-and 37 years of 

age. Had we included the presbyopic population, it ~s our 

expectation that we would hnve found agreater correlation. 

Presbyopes usually show inc::.'e,ased exophoria with ,sge. 

The clin_ical data wh:Lch show inoreas:i..ng exophorja 

ar·e compiled froin children ·:;o the ·.absolute presb:yope·s :Sn 

t he population.. Much of tho increased exophoria comes 

during the presbyopic years and many children show phoria 
' · ' I 1, 

pas t ures not as high in · exo )horia ~ ~ - when 'measured w:l thout 

the #7 or #7A in place~ Although. this condition does not 
! ' I : I ~ . • i ~- ' 

hold true for the near ' pos~~~e ~~cor~ing to Hayneso (15}· 

OuJ• population consists 6f you):ig men., ''all' pre pres opes; 
.. I . 'I ! ' , ;;,.,., 

' it is not surprising that t1e marked•shift towards exophoria 

with age is not preBent. Tw reasoh we set an upper limit 

or 39 years of. age was beca<J.se. of the lack of refr·active 

"control at near for the prebyo~ic patients. 
' 

} ~ ' ~ - ., . - t 

15.. Ibid., Lecture ;1otes · unp~blished, 1963 
1 I ' · ~ 

' ' 



) 

-1::~ -

' 

If we· ~sed our mean rnd standa~d deviation to· 

establish a phoria profile (X,is) for. this occupation, we 

have a su:\ table .. rang.e· of O.b esophoria to 2.5 exophoria 

for· the far :ph9ria s. At neE: r, the range would be from 

¢to 6·exophoria. It is apparent that these ranges 

(especially at near) coincide very well with the normal 

clinical range~. As was1mentioned in the review of the 

literature, Tiffin found thLt accidents at far were more 

frequent.among those having excessive exophoria and at near 

2rrioung those having excessive exophoria. Using thi~ crit eria, 

we might expect a relative good.accident-free situ~tion . 

According to the Safoty De·partment of the Bunker lUl l 

Mining Company, the accident rate is low and showed a 

decrease since the visual screening program was instituted. 

Whether this is due to increased visual efficiency or to t he 

use of safety glasses can not be ascertained. 

One of the reasons for undertaking this survey was 

to ascertain wheth~r or not there is an uniqueness in t h.i s 

group of miners or the oocu:)a tion itself. Since a 11 co rne 

from the same town, from sL·nilar .backgrounds, and worked at · 

the same type of job with the same visual tasks, we de c ided 
~ ,. 

to see if this 1.'se1ect 11 pop·J.la.tion differed significantly 

fl"Om the general populatipn . In .terms of acuity, stereopsis, 
. :• , . , ' . . I 

co l or vision, the. miners ha1e shown standard perfor mance as 

a group. In this group, it is estimated that less than 

t. 
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t wenty-five percent of the ~ ndividual have ever had a v i su a l 

examination by a vision specialist nor were wearing 

pe rscript'ion _lenses upon the visual screening tes t ing. We 

ehould assume our biggest rejection factor for the approx:l.mate 

(? 50 men from the 6PO man population ·was that of pr e sby opi a 

and the uncontrollable near testing without the ne ces sa r y 

r efractive aids. In analy_zing our statistical da t a of the 

phoria r'indings, we can f ind no uniqueness in t h i s populati on 
I 

which would set it apart from the general prepresby opi c 

po pulation. We would consid er our ·: group unique onl y from . - ~ - - - . . ·.-:. 

the standpoint of;. comparing the pccupation . employing a 

l a r g e percentage. of · uncorre ::} ted presbyopes to .that of t h e 

genera 1 population in which acuity · demands .at nea r 
' . ,. ' ~ ,, 

nec essitate the wearing of bifocals. 

Info.rma·tion pertaini ng . to the ,job -profiles of . 

different occupations was requested of American Optic al 

Company, but · was not availa 1)le -to the authors by su bmi s sion 

t i me of this thesis. 

Critique;Had this t he sis :been contemplated prior 

t o t h e a ctual screening of the ·miners, we . would have ga the r ed 

i :nformation pertinant to t b is study while .· still on the mj_ ne 

premis.es. We would· h8 ve ircluded more defini te sta t is tics 

of referals, percentages of present Rx wearers, a ccident 

rat~s, measures . and descri ptipri~ .of workihg condit ions, 

illin imation, thus making · our theseis mor e exact end . ' 

complete. 
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VI . SUMMARY 

A population of underground m1.ners were screened 

·with the American Optical Company Sight-Screener at the 

Bunker Hill Company in Kellogg, Idaho the summer of 1962 .. 

This survey attempts to ccmpare the phoria test resul ts of 

the sdreening with other stEndards and to correlate the 

far and near phorias, the · fE,r phoria. and the mar phoria 

to age. Measurements of central , tendericy- mean, mode, 

median, and standard deviat i on - were calculated. 

., 
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A P PEN D:·I X 

SCORES F p CP FX FX2 

8 1 .0043 .9226 8 64 

7 0 .oooo .9183 0 0 . 
6 2 .0085 .. 9183 12 72 

5 6 .0255 ·9098 30 150 
Esophoria 

4 4 .0170 .8843 16 64 

3 20 I .0127 .8673 60 180 

2 31 .1320 .8546 62 124 

1 86 .3659 .7226 86 86 

Orthophoria 0 61 .2596 .3567 0 0 

-1 20 .0851 .0971 -20 20 

-2 30 .0127 .0170 - 6 12 

-3 1 . .0043 .0043 - 3 9 Exophoria 

- -. 
235 . 245 781 

TABLE 1. Frequency distribution of the far phorias. 

i 

) 
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SCORES F ~. p CP FX FX2 
. 

13 4 .01544 .89986 52 676 

12 0 .00000 .88442 0 0 

11 1 .00386 ' .88442 11 121 

10 1 .00386 .88056 ' 10 100 

9 6 .02316 .87670 54 486 

8 14 .05406 .85354 112 896 

7 ' 8 .03088 ·79948 56 392 

6 13 .05019 .76860 78 468 

5 23 ~ 08885 -71841 115 575 

4 31 ~11968 .62956 124 496 

3 43 .16600 .50988 129 387 

2 29 I ~ 11190 .34388 58 116 

1 39 ~ 15060. .23198 39 39 
' 

34 .18138 0 -l3120 0 0 

-1 8 ~03088 .05018 1.,... --8 8 

-2 2 .00772 .01930 I -4 8 

-3 ' 2 800772 .1158 -6 18 

-4 .. 0 .ooooo .00386 0 0 

-5 1 I .00386 .00386 -5 25 ~ 

-
259 815 4811 

TABLE 2. Frequency distribution of the near phorias. 
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FAR & NEAR 

'rABLE 3 SCATTERGRM1 OF Fi\R AND NEAR PHORI AS 

INTERVAL -3 -2 -1 0 1 2 3 4 5 6 
' 

7 8 F y1 FYl 
') 

FY'-

-·- -------------· ~--·-~· --------~----------------

13 

12 
11 

10 
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7 
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5 
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3 
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1 

0 

-1 

·-2 

-3 
•• It 

-5 
F 

x1 

rx1 

"'X12-
"' 
.,.,yl .. 1 · 
.t; - x 

•rr.-v1 1 A.J:,~ -X 

1 

1 

0 

0 

0 

4 

0 

1 

1 
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1 

2 

10 

5 19 
1 11 5 

1 '? - 21 
6 10 7 
2 15 12 

- 9 17 7 

3 

1 

3 

5 
8 

9 

6 

1 

4 

6 

2 

L~ 

2 

2 

1 2 1 3 

1 1 

1 1 

3 

1 

3 

3 

, 9 

9 

1 

23 66 91 35 21 

2 3 4 5 6 
43 198 364 175 126 

92 594 1456 875 756 
126 ll-54 767 321~ 248 

252 1362 3068 1620 1488 

1 l 

1 

1 1 

1 

1 

1 

1 

4 3 2 

7 8 9 
28 21+ 18 

196 192 162 
48 44 lj.2 

336 352 378 

1 l.t 18 

0 17 
2 16 

0 15 
11 14 

9 13 
5 12 

14 11 

33 10 

27 9 

lt1 8 

29 
29 

'33 
8 

2 

2 

0 

1 

7 
6 

5 
4 

3 
2 

1 

0 

0 1 250 

72 1296 

0 

32 
0 

0 

512 
0 

154 2156 
117 1521 

60 720 
19+ 1694 

330 3300 
243 2187 
378 262lJ. 

203 1421 
175 1044 
165 825 

32 128 
6 18 

4 8 

0 

0 

0 

0 

2075 19451+ 
.10 11 

0 11 979 
0 121 4lt47 
0 18 208/+ 

:t· 
0 198 9063 ~--~'-----· 
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13 

! 

0 
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20 
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2 
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I 
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AGE VS l~'AR PHORI A 
~-··· --

IN'rERVAL -3 ··2 - 1 0 1 2 3 /+ 5 6 

I1-2-h3 1 4 8 7 
40-'+1 -1 5 5 5 
38-39 2 8 17 3 3 1 

36-37 2 3 5 3 1 0 1 

3h-35 1 . 1 3 5 2 1 0 1 

32·-33 1 8 8 3 1 1 

30-31 1 7 3 4 

28-29 3 4 7 1 1 

26--27 1 1 3 9 1 3 
24~25 1 1 8 6 3 3 1 

22-23 6 9 3 7 1 . 1 

20--21 2 3 5 3 
18-19 2 3 3 1 1 

F 1 3 19 68 89 34 21 3 3 2 
x1 0 1 2 3 4 5 6 7 8 9 
FX1 0 3 38 204 356 170 126 21 24 19 
FX12 0 3 76 612 1Lt24 850 756 147 192 162 
EY1x1 8 19 142 451 581 200 94 9 27 5 
X1EY1x1 0 19 284 1353 2324 1000 564 63 216 tl-5 

TABLE 4 Scattergrani of Age and Far Phoria 

7 8 F .. ,1 .F'Y1 :F')2 J. 
--_____ _,..._....._..._, ...... 

20 12 240 2886 

16 11 176 193? 
1 35 10 350 3500 

. 15 9 135 121~ 

14 8 112 896 . ' 
I 

22 7 154 . 107~ 

15 6 90 ' 540 
! 

16 5 80 Lf00 
I 
I 

18 4 72 28$ 

23 3 69 20? 
- 27 2 54 10~ 

13 1 13 1J 
I 

10 0 0 0 

0 1 244 154-5 . 13061 

10 11 r-0 11 971 J 

0 121 Lf34·3 

·0 10 15lr5 t-------

0 110 5978 f--

FXl.,l u i: 

61 
62 . 

148 

62 

55 
86 

55 
57 
71 

93 
127 

48 

46 

971 

J 

y1nxly1 .c. .. ..._ ..... _. -

'732 
682 
1~80 

558 
4li·O 

602 
330.1 

285 
28!~ 

279 
25'+ 

48 

0 

5978 

I 
ro 
~ 
I 
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AGE VS NEAR 

INTERVAL -5 -4 -3 -2 -1 . 0 1 2 3 4 5 6 7 8 9 

38-39 3 4 2 8 3 2 2 3 2 . 
36-36 . <,;.~ 3 1 0 5 2 2 1 

34-35 
:0: t ,- ., 1: j ~ 

1 3 2 2 2 1 0 0 1 • , J 

~ 

~-' 
-.r--~t 

32-33 . " 
, . \',c • •' 3 3 1 2 9 3 5 1 1 1 1 ., . 

30-31 I > 2 2. 2 1 2 2 4 . .-

28-29 I 1 2 3 2 2 1 1 1 

26-27 2 0 0 1 2 1 2 1 1 2 2 2 2 

24-25 •," ~ 1 1 -4 4 0 5 3 2 1 

22-23 ·, . 4 4 2 2 2 7 1 8 2 

20-21 
- ~ - 1 3 3 2 1 3 1 1 1 1"1 .. 

~ r .... .,., r -:...:· 

~ 
• ._ ....... ~ ....... 

18-19 
~ ... --- .. .... ..:... ..._ 

1 2 3 1 1 1 

F 0 0 2 i 6 27 25 17 ' 32 23 25 10 9 11 
x1 0 1 2 3 4 5 6 7 8 9 10 11 12 14 
FX1 0 0 4 3 24 135 150 119 256 207 250 110 08 54 
FJ2-2 0 0 8 9 96 675 900 833 2048 863 50 210 296 ' 97 2156 
Erx1 

0 0 8 3 33 146 120 82 190 119 120 55 58 37 63 
X1EY1X 0 0 16 9 ,132 730 720 574 520, 107 1200 60 696 !~81! 882 

TABLE 5. Scattergram of Age and Near Phoria. 

10 11 12 13 F y1 

1 30 10 

1 15 9 
' . 1 . 1 14 8 

' 
21 7 
15 6 . 
14 5 . 
18 4 

!• 
1 22 3 . 

' ~ J 32 2 
~ ... ~ .. 16 1 .: 

1 10 0 

0 2 0 4 ~07 
15 16 17 18 

0 32 0 72 : ' 767 f-· 
l 

0 512 o·· 1296 17599 
0 8 0 30 1072 (-

0 148 0 540 93o4 f 
~ 

•. 

:. .; .. :~ 
,_ 

FY1 FY12 

300 . 3000 

135 1215 

112 896 

147 1029 

90 540 

70 350 
72 288 

66 198 
64 128 

16 16 

0 0 

1072 7660 

EX1Y1 

268 

128 

116 

174 
/ . 

126 

123 

163 

167 

305 

120 

'21 
1781 

Y1EX1Y1 

2680 

1152 

928 

1218 

756 
615 

652 

501 
610 
'120 

0 

9232 

I 
t\J . 
CJl 
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