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INTRODUCTION 

The cross cylinder l8ns has long been used in clin-

ical and research-oriented applications . Its use was 

either for the subjective determination of the magnitude 

and direction of the cylindircal component of a spectacle 

correction or for the analysis of accommodative performan~e, 

particularly >·.rit.h regard to the changes in accommodation 

in monocular versus binocular conditions. 'T'h0 the0ry that 

surrouncl s the latter use assumes that since a t.1.:-ue focus 

cannot be placed on the retina thJ~ accommodation 1vill relax 

an amount · free of convergence or an amount equal to t .he 

exce ss demand., if any, on accommodation. 'l'he relation 

wouJ.d place both foc i behind thP retina and the addition 

of plus lenses would then restore the circle of least con-

fusion on the retina, marking the critical measuring point . 

It. is ivit. h t.h i s latter use that we concern~?-d ourselves. 

Throughout our some>-rhat abbrPviated clinical exper-

ience thPre h as been some discussions among students as 

to t he ' correct. ' or ' best' t .echnique to· use in the perfor -

mance of the a ssociated ~ross cyl i nder test (Optom~tric 

Extension Program .#14B). The fact. or that was questioned 

rel.ated to t arget ori entation . Generally, two differ0nt 

ones were used by the various student.s- - one with the cross

grid lines at 90° and 180°, and the seco~d with the lines 

0 0 
at 45 and 135 . Proponent s of each group s ePmed to get 

satisf~ctory results wt~h the ir ~especti~e t arget orien-

tations and had rather def:inite dis:like for the onP they 

had chosen not to use. Our examination of the 1 it0ratun~ 
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indicated that no st.ud.ies spoke directly to this question. 

It was this in mind that we instigated our investigatio~, 

attempt.ing t .o discover any quantitative or qualitative 

differences in response to cross-grid targets at three 

different orientations, namely, 45° - 135° 1 67,5° -

0 . 0 0 0 0 
157,5 , and 90 - 180 ' . The 67.5 - 157.5 target 

orientation was used to determine whether there was a 

systematic variation in the cross cylinder findings as 

the cross-grid Lines were rotated from the oblique posj_ 

t.ion toward the vertical-- horizontal configuration. 
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PH.OCEDURR 

Thirty-eight male students and one female s tudent 

from the college of optometry were used in this study. 

The instrument used wa s the Bausch and Lomb Green ' s r e -

. . d . d f + "" 0 d. fractor, us1ng a cross cylln er magn1tu eo _ . J _ lOP-

ters. All testing 'vas done at forty centimeters with the 

refractor adjusted according to the near-point inter- pbpil-

lary distance. Il lum ination was controlled and ronstant 

at e i ght footcandles, as measured at the target plane by 

the General Eleetric ·type 213 footcandl e meter. 

Prior t_o the cross cyt inder invest. igation that ,.,r~ 

were undert.aking each sub jPct was examined for t h e . presence 

of a ny ast. i g mat ism and/or an isometropia. 'I'he Pr•1tt near-

cylir•der test was util ized in ma king the astigmat.is•n deter-

minat irm as foll nws. 

The contr ol lens Ha s the rec 8very lr:ms of <:1 monocular 

re1. 21.tive negative accommodation t .est .. The s ubject was 

presPnted a 90° - 180° cross grid test ~hart and asked 

which , if either, group of l ines appeared darker or more 

disti.nct. The minus cylinder axis was placed parallel to 

the da rkest line an~ c ylinder was added until both set s 

of 1 i. n E-)S appeared equ.a lly dark. A 4 5° - 135° 'd cross-q.r1 

chart was then presented with the subject a gain responding 

a s to ,.,-het.her eit:her group of lines 1vas darl<e r or rnore 

distinct. If so~ the mi nus cy.l i ncler ;o.x j s was rot.ated 
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until both sets appeared equally dark. The 90° - 180° 

chart >vas again presented to verify the amount of cylinder 

present. If one group appeared darker the cylinder mag-

nitude was ~ither increased or decreased to create equality. 

This procedure was contined until both sets of lines in 

each cha.rt ''rere sub jE>ctively equal. This was repeated 

for both eyes~ The cylindrical correct ion was then noted, 

and left i n tbe phoropt.er :for the second phase of prel iin-

inaxy testing. 

Ani some·trop.ia was det.ermined 1 or measured, thro1.1gh 

t .he use Of monocular c.r.:-oss cyl incler tests at forty centi-

. . ' ' 'h 90° 180° ' . meters us1ng gr1ds of l:t.!i.es 1n t . e - d~rectJon 

as '"ell as the 45° 135° o:d.entation. Determin.at.ions 1·Tere 

made first: usi11g an .... < :increased) plus pre-set ,vJth reel 

(minus ) axis a t 90° and then with the red axis at 180° • 

This was then .eepeat.ed us i nq the 45° - 135° chart_ with 

the red axis a t. each position. Thus, there were · four 

measurements for each eye using a plus pre-set, follnwed 

by f our determinations for each eye using a minus pre-set. 

The$e eigl1.t pairs of findings \-Ten:> then compan:>d to one 

another to note the magn it.:ude and direction of i:111Y ani so

metrop:l.a pres ent: . (Pl us pre- set red axis 90° 1\Tas compi'lred 

for left and right eyes; plus pre-set red axis 180° for 

left and right eyes, e~c.) Thus, eight separat e pa ir s o f 

' d' t' . l . d ' ' h fin .Hl!]S were u 11 J.zer· . J n ,._,. etr:>nrnrn.nrr t e presence# aJ11ount 



- 5 -

and direction of any anisometropia. The average aniso-

metropia "Tas then combined "6th the cylindrical pre s.crip-

tion determined above as a control for the binocular (asso-

ciat.ed) cross cylinder ·testing that was the purpose of 

our investigation. 

Prior to the binocu l ar testing the subject fixated a 

reduced SneJ len t:est chart~ with· the previously determined 

cylinder and anisometropia in place and the spheres at the 

negative relative accommodation recovery level. 

The three different target orientations used were 

presented to the variou s subjects in random circler to elim-

inate any systematic error that m:Lght arise on the basis 

of presentation order. In t his segment of the testing, as 

in the preliminary port.ion, both plus and minus lens pre·-

sets were used , with the plus being used first in all cases. 

It was theorized that th is precedure would all ow or promote 

less flu.cuatjon in accommodation than would a procedure in 

which the sequence ?..1 ternated from plus pre-se·ts t:o mimJ.s 

pre-sets, to plus , etc. Therefore, the plus pre-sets for 

0 0 0 0 0 0 axes 45 - 135 , 67.5 - 157.5 , and 90 - 180 , with 

the red ?Xi s in each meridian, were run prior to the minus 

pre.-set g roup. The diop·tric va.lue of the revr~rsal point 

for each of the twelve conditions ( s e .e n~cord ing fonri-

figure #1) was recorded and a statistical analysis performed. 

The resu l ts of that a n a lysis, and the discussion of the 

implications of the :r:esults, follows. 
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DATA 

As previously sta-ted, the oriqinal purpose of the 

project was ·to determine if there is any significant 

0 
difference in cross cyJ. indE:!r findings taken at axes 90 -

180° , 45°- 135° 1 and 67.5° 157 .5° . The data obtained 

at these axes ,.,as compa red employing several s t.at:i.stical 

evaluations. 

Sin~e the data was obtained and recor~ed Jn plus and 

m1nus pre-set form, it was decided to analyze the plus and 

minus pre- set data sep~rately . The two sets of data were 

then collated in order that an analysis of the combined 

data could be as~ertained. 

A me an and standard deviation was computed for each 

axis pair in both the plus and mj_nus pre-set data as well 

as the combin(~d data. An analysis of variance 'vas then 

computed b~tween each possible set of a~is pairs in the 

plus pre-set., minus pre-set, and combined data. There were 

three axis pairs in 0ach pre-set and three in the combined 

data. This made a total of nine correlation coefficients. 

The correlation coefficients 1 hOI-TPver, only tells if the 

scores are consistantly predictable from each other (how 

close do they lie to the l i ne representing t he i r t.rend.) 

The correlat.ion coefficieu:t: .does not reveal if the scores 

are similar tq each othet in magn.itv.<)e. 
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To determine dimilarity in magnitude, an F ratio was 

performed on the data. This ratio compares the data from 

an j_ndividual sample with the data fro~ the combined sample. 

This F ratio w·as determined for the plus and minus pre-set 

data as well as the combined data. 
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Plus Preset Data 

Subject pp ~l 7\xi s at: 
Number qo 180 45 135 67 157 

1 1.75 1. 75 1. 50 1. 75 1. 75 1,75 
2 '. 2.00 2.00 1.75 1.75 2.00 1.75 
3 2.50 2.75 2.50 2.00 2.50 2.50 
4 2,00 2.50 2.75 2.25 2,00 1.75 
5 ..,.2.25 -2 . 00 -2.25 -2.25 -2.25 -2.00 
6 2.00 1. 75 1. 50 1. 25 2.00 1,50 
7 -3.50 -3.50 -3.50 -3.25 -3.50 -3.50 
8 1. 00 1.00 1.00 1.00 1. 00 0.75 
q 1. 25 1.00 1. 00 1.00 1. 25 1.00 

10 -2.50 -3~00 -3.00 -3.50 -3.25 -3.50 
11 o. oo o.oo -0.25 -0.25 0.25 -0.50 
12 -1.00 -0.75 -1.00 -1.00 -1.00 -1.00 
13 1.50 1. 50 LSD 1. 25 1. 25 1. 00 
14 2.00 2. 00 2.00 2,00 2.00 2.00 
15 2.00 1. 75 1. 50 1. 75 2.00 1.75 
16 -1.00 -1.00 -0.75 -0.50 -0.75 -0.75 
17 :~. 00 2.25 2.25 2.00 2.00 2 .00 
18 1,50 1.50 1.00 l .• 25 1. 50 1. 25 
19 1.25 1.25 1. 25 1. 25 0.50 l. 25 
20 o.oo 0.25 o.oo 0.00 0.25 0.00 
21 1.75 1. 75 1. 50 1.50 1. 75 1.75 
22 -5,50 -4 .75 -5.50 -5 .50 -4.75 -4.75 
23 -5.50 -5.00 -5. 2 5 -5.00 -5.25 - 5.25 
24 -1.00 -0.50 -0.50 -0.25 0.00 0.00 
25 2,00 2.00 2.00 2,00 2.00 1. 75 
26 -2.00 -L75 -L 75 -1.50 -1.25 -1. 50 
27 1. 75 2,00 1. 75 1.75 2.7.5 2.00 
28 0,75 0,50 0.75 0.50 . 0,75 0, 5 0 
29 · 2.00 2.00 1. 75 2.00 1. 75 2.00 
'30- 1.00 1.00 1,00 1.25 l. 25 1. 15 
ll 0.25 0.25 0,50 0,50 o.so 0.~0 
32 -0.25 0,00 -0.25 o. oo - 0.25 -O. ;!5 
33 1.00 1.00 0.75 0.75 1.00 0,75 
34 0.25 o.oo o.oo 0 ~ 00 o.oo -0. 2 5 
35 o. 25 -0.2~; -0.25 0.00 -0.25 -0.25 
36 o.oo 0.2 5 0.25 o.oo 0,00 0.00 
37 -2.50 -2.50 -2.50 -2.50 -2.25 -2.50 
38 -0.25 -0.25 -0.25 -0.25 o.oo -0.25 
39 1.75 2.00 2 .25 2.25 2.50 2.25 
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L Minus Preset Data 

Subject Red P.xis at: 
Number 90 180 45 135 67 157 

1 1.75 1. 75 1.25 1. 75 2,00 1,75 
2 1. 50 2. 25 2.00 1. 75 2,25 1. 75 
3 2,25 2.25 2.50 2.25 2.75 2.75 
4 . 

' 2.00 2,00 2.25 2.25 2,00 1. 75 
5 -2.25 -2.50 -2.25 -2.25 -2,00 -2.00 
6 ?.00 1.50 1. 50 1.50 2.00 1. 50 
7 -3.75 -3.75 -4.00 -3. 7.5 -3.75 -3. so 
8 o.so o.so 0.50 0.50 1.00 1.25 
q 1.00 0,75 1. 2.5 1. 00 l. 25 1.00 

10 -4. 25 -4.00 -5.25 -4 . 75 -3.75 -4. 25 
11 -0.75 -0.50 -0,75 -0.50 -0,50 -0,50 
12 -1,50 -1 . 00 -1.00 ~1.00 -0 .75 I -1. 25 
13 o.so 0.25 0.75 0.50 1. 00 0.75 
14 . 2.25 2 . 25 2.25 2.50 2.25 2.00 
15" 1.75 2 , 00 2.00 1.75 2.00 2,00 
ln -1.50 -1.50 ~1.25 -1.25 -1.00 -· 1. 00 
17 2.25 2.25 2.25 2 .25 2.25 2 .25 
10 o.so 0.75 0.25 o.so 0,75 0.50 
19 0.50 0,25 0,25 0,75 0.75 0.75 
20 0,25 0.50 0,75 o.so 0,50 0.50 
21 1 ,50 1.50 1. 75 1,50 l. 7 5 2.00 
22 -4. 25 -5.00 ' -5.00 - 4 .50 -4.75 -4.75 
23 -6.2 5 -6.00 -5 . 50 -5.50 ~5.25 -5.25 
24 -0,50 -0.50 ~0.50 -0.25 -0.75 o.oo 
25:· L75 2.00 1. 75 2.00 1.75 1. 75 
26 -2.00 -'2. 00 -2 .00 -2.00 -1.75 -1 ,75 
27 1.50 1. 75 1.75 ' ~.,. 

.1. • I :) 2,00 2,00 
28 0 .50 0,75 0.75 0.50 0,75 0.75 
29 1. 25 2.00 1. 75 1 .50 1. 75 2,00 
30 1. 25 1. 50 1.25 1. 25 l. 50 1. 25 
31 o.oo 0.25 0.25 0.25 0.75 0,75 
32 -0.75 -0.50 -0.25 o.oo -0.25 0,00 
33 1.00 1. 25 0.75 1. 25 l. 25 1. 25 
34 -0 . 25 -0.50 -0.:?.5 o.oo o.oo o.oo 
35 -0.75 -0.50 -0.25 -0.50 - 0.25 0.00 
36 0.25 -0.?5 - 0. 2r.:i -0.25 o.oo 0. 7.5 
-:>.7 -3.00 -3. 7.5 - 3 .00 -1 .00 .-2. 50 -2.75 
38 -0.25 -0.25 ·-0.25 -0.25 0.00 0,00 
39 1. 50 1. 75 2.00 l. 75 · 2.25 2.50 

I 
·~ 
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Cl\LCULATED DATA 

PLllS PRE- SET 

AXIS 90-180 45-135 

NEAN .246795 .169872 

STD. DEV. 1.98799 1.96344 

CORRELATION COEFFICIENTS 

90-180/45-135 90-180/67-1,57 

.978157 ,974270 

F RATIO .33210 

MINUS Pl~E-SET 

AXIS 90-180 45-135 

:tvlEAN __:: . 0320513 .0192388 

STD. DEV. 2.08362 2.09117 

CORRELAT I ON COEFFICIENTS 

90-1 80/45- 1 35 90-180/67~ 157 

.974979 .975899 

F RATIO .345068 

, __ 

67-157 

.230769 

1.94893 

45-135/67- 157 

.977741 

67.-157 
I 

.2275o4 

2. 02 628 

45-135/67-157 

.977754 
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Call'ulated Data 

Combined Plus and Minus 

Axis 90-180 

Me a n .107372 

Std. Deviation 2. 03460 

Correlation Coefficients 

90-180/45-135 

.982328 

F Rat :i.o 

.212460 

Prese·t 

45-135 

.0945513 

2.02312 

90-180/67-157 

.979174 

G7-157 

.229167 

1.98156 

45-135/67-15 7 

.983365 



i 
\.....-

- 12 -

ANALYSES OF DATA 

For each set of data a mean and standnrd deviation 

were calculated. These are fairly common statistics, 

t·herefore, no explcmati.on will be made other than to 

encourage the reader to examine this data a nd be cognizant 

of the small range of the means and the consist.ancy of the 

standard deviai~ ions. It. might be of int.erest, hmv-ever, 

to note the slightl y J.arger standard deviation of the 

minus pre-set data. Although beyond the sco~e of this 

paper , it is conjectured by the authors that this might 

be due to the fluct'.J.ation of the accommodat:ive system when 

pre-set with minus lenses. This might lead to more varia-

tion :i.n response and hence i.:he c;p::-eater standard dev.i at. ion. 

The correlation .. coefficients between sets · of da t;: _ indi-

cate a high correlation. Although a perfec~ correlat lon 

( 1. 0 is perfect.), is ext.remely rare, espec.ia:f.ly in a bio-

logical system1 .97 and above are indicative of excel l ant 

correlation. 

As st a t .ed in the introduction, it is our content ion that 

there is no significan t difference among a large popu l ation 

when cross cylinder me~surements are made at differin0 axes. 

Of course, individual difference will be noted with certain 

subject-:s, but. no significant difference shoulr'l be noted 

when using a large population. 

In order to und e rstand the data more f!.lJ.J.y .• a sh0rt 
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• explanation of the F test. is necessary. According to 

1 Edwards, the null hypothesis that is being tested is 

tl1at the samples are random samples drawn from the same 

population with a mean X . Forthurmore, if this is true, 

the mean squn.re a.mong samples est.imates the same variance 

as the mean square within samples. Therefore, in order 

for there to be a significant difference, the ratio Of the 

mean square among samples to the mean·square within the 

sample must be greater than one. If the ratio is less 

than one, it can be assumed that the within and among sam-

ples do indeed ari s e from t .he same population. An examin-

ation o:f t .he dat a. show ;:; thf't a ll three F ratios are lPss 

t .han one. 

Hence , thP statistics ind i cate that not only doPs the 

data agre~ well among different pre-sets, it agrees well 

within pre-sets. There is a negligible (according to the 

previousl y explained st.at.ist.ic'"ll procedure) difference 

among the individual findings themselves. The nu11 hypoth-

esis, then, states that there is no significant difference 

between the 'within' and 'among' sets of data. 

1
AllPn L. Edwards, ~t-a!:_ist.ical Methods (New Yorl<:, 

Holt, Rinehart and Wins t on, Inc., Second Edition, 1967), 

pp. 264-65. 
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CONCLUSIONS 

It. is our conclusion, then,. that the null hypothesis 

must be accepted. Therefore, the authors believe that 

there is no statistical significance as determined by the 

F ratio among cross cylinder measurements performed at 

differing o.xes. 

The experimenters caution , however, t.hat. this results 

1s obtained from a large population Of subjects. Many 

subjects subjectively reported that they had more difficulty 

in making a response when the target 1...ras oriented at the 

goo- 180° · t · · th ·h· · i · t d t · ·h . pos1 lOh _an w €n 1: was or1en e a e1t . er of 

the b.,ro oblique positions. 

There have been numerous explanations concerning this 

phenomenon. Some have held that bec~1use humans live in an 

essentially vertical-hori.zontal world they become relatively 

sensitive to objects oriented in this manner as compared to 

objects oriented in oblique meridians. That 1s to say that 

the distinction between a vertical form and a horizontal 

' • f :Form :ts more readtly apparent. than the distinction bet.ween 

bvo forms oriented at varying oblique positions. On this basis , 

t hen, we might suspect an unconscious biasing in either the 

vertical or ~orizontal directions. 

Others have argued that since the great majority of 

· · · t · ·h · · ·h t · go0 · · as·t1gmat1sJn presen 1n umans J.s clt. er a ax1s · · or ax .J.s 

180° people have become less ~ritical of their differences. ! 
I 

h'ha.tever the reasons, it '"as the aut,hors • r::>xpe:r.ience in per-

forming t.his experiment and has been their experience in 
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examining clinical patient.: s that a sizable portion 

respond 1.,rith less hesitation and greater sureness when 

the target is not oriented in the vertical-horizontal 

meridians. 



DATA SHEET 

Nome ______ _ Date __ Age_FO __ 

#21 monocular #14A with cyl. 
00 ___ _ oo ____ _ 
OS ___ _ OS ____ _ 

N· e a r C y 1 i n d e r 
00 ____ _ 
OS ____ _ 

#14A (Plus pre-set) #14B (Plus pre-set) 
Red 45 0 0 ___ _ F~ ed 90 ___ _ 

OS ---- Red 180 ___ _ 
Red 135 0 0 ----

OS ----
0 0 ___ _ Red oo 

v ··' 
OS ___ _ 

Red 45 ___ _ 
Red 135 ___ _ 
Red 67 ___ _ 

Red } PO 0 0 ___ _ Red 157 ___ _ 
OS ___ _ 

#14A ( Minus Pre-set) #148 (Minus Pre-set) 
Red 4 r:::: 0 n ·v i...J __ _ 

OS __ _ 

Red 135 00 ---,QS __ _ 

Red <10 ..... CD ---
OS ---

Red 180 00 __ _ 
OS __ _ 

FI GURE # 1 

Red 
Red 
F\ed 

90 -----
180 ___ _ 

45 ____ _ 
Red 135 ____ _ 
Red 67 ___ _ 
Red 157 ___ _ 



45°- 135° 

FIGURE #2. 

3 
i 

0 0 67.5 - 157.5 

Targe t orientations use d in the study 

90° - 180° 
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