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INTRODUCTION 

Binocular relative accommodative rock is a procedure· 
employed to determine the relative reaction time of the 
accom.~.11oda tion. system.. It is used for 1 both testing and 
training purposes. A normative study of this procedure 
has been conducted using plus two and minus two diopter 
l ensess The results of this study are particularily 
valuable vrith respect to the testing aspect of the pro­
cedure. In training , however, it is often desirable to 
utilize lenses greater or lesser in power than two diopters. 
This paper gives an indication of the effect of dioptric 
change in lens poHer on the cycles per minute so that a 
gauge of perfol~~nce can be employed. 
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STATE11El'U' OF THE PROBLE1'1 

This study has been conducted to determine the 
cr~nge in cycles per minute as a function of dioptric 
change in lens po-v1er on the plus and minus binocular 
accornrnoda ti ve rock. 



EQUIPHENT 

The equip~ent consisted of the following: 

1. Keystone Van Orden Flipper 
2. V.O. ff16 reciuced Snellen chart 
J. One pair each of the following lenses: 

-.5.00 
-4.00 
-J.OO 
-2.00 
-1.00 
+0 • .50 
·r1 .00 
+1 • .50 
+2.00 
+2 • .50 

4. Stop watch 
.5. Armrest 

All of the subjects faced the same wall in the same 
vrindowless room. The wall is covered with rough plaster 
and is light yellow· in color. The luminaires were held 
constant by r~intaining the rheostat at its maxirr~l setting. 
The level of illumination was further maintained by closing 
the room door during each session. 



EXPERIMENTAL PROCEDURE 

The study was conducted -vrith eight subjects selected 
from a group of volunteers. The criteria for selection 
were as follot-Js: 

1. Those ~<Jho had had prior visual training were 
excluded. 

2. -5.00D and +2.50D lenses represented the two 
extremes of our procedure. If the subject could 
not clear and single the bottom line of the reduced 
Snellen chart through the -5.00 and +2.50 lenses, 
Hith his habitual distance Rx in place, he was 
excluded from the study. 

Seven of the subjects were male, and one was female. 
The age range 1,ras from 19 to 27 years. 
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PROCEDURE 

The shaft of the Van Orden Flipper was set at 16 
inche s. 

Ea ch subject's near P.D. was measured, and the instrument 
was set accordingly. 

\vith his habitual distance prescription in place, the 
subject ~tras instructed to read the 20/20 line of the 
reduced Snellen target. He was then required to 
sinGle and clear the same line through both -5.00 and 
+2.50 diopter lenses. 

The subject was then instructed in the testing procedure 
(see instructions), and a demonstration was performed. 

In order to control the variable of the practice effect, 
the following procedures were employed; 

a. Each subject was trained with +2.00 diopter lenses 
until the cycles per rr~nute gain was no greater 
than one. The subject was then trained with -2.00 
diopter lenses until a similar platequ was reached. 
In each case the rock was maintained for one · 
minute. 

b. The order of lens presentation was varied for 
each subject so that a balanced sequence for the 
group was used. For example, the first column of 
arrows on the left indicates that the subject 
began the series with the +2.50 lenses and the 
lens powers were reduced in ~D. steps until the 
plus series was completed. Then he was started 
on the lowest minus power lens and the minus was 
increased in 1.00D. steps until the -5.00 lens 
was reached. This was the end of the testing 
sequence for that subject. 

The first column as just described uses x1 as the beginning point of the testing. If Yl ~s 
taken as the beginning point of the testing ~he 
subject starts with' , lm-r~ 'Plinus;: lworks up through 
the minus, and then starts at the upper end of 
the plus range, as indicated by the X, and works 
down through the plus range, ending the testing 
sequence with the +0.)0 diopter lens. The other 
columns are interpeted in the same manner. 

+2.)0 
+2.00 
+1.)0 
+1 .oo 
·rO .50 

-1.00 
-2.00 
.:.3.00 
-4.00 
-).00 
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PROCEDURE (continued) 

6. One· cycle consisted of flipping the lenses from plano 
(no lenses in place) to X lens power and back to plano. 

7. The time and cycles were recorded by the examiners. 
The rock vias maintained for one minute and the cycles 
were recorded after JO and 60 seconds. 
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INSTRUCTIONS 2 

1 ~ Hovr many charts do you see? (If one, proceed.) 

2 . Can you read all the letters in the bottom row? 
(If yes, proceed.) 

J. f~ead the letters aloud to me. 

4. ~J o~v t he examiner changes lenses before the eyes. 

) e Hmv ma.P.y .9hs>rts or sets of letters do you see? 

6. (If one chart is reported, ask) 11 Did you see two charts 
before you sav; one? 11 

7. Can you read all the letters in the bottom line? 

8. The purpose of this test is to determine how many times 
a minute you can flip lenses up and down while you keep 
the bottom line clear and single. -

9. As soon after each flip as you can see one chart and 
all the letters on the bottom line, flip the lenses 
again. 

10. Try to flip the lenses as rapidly as possib]e but, 
remember, do not flip the lenses until after you see one 
chart and all of the letters on the bottom line. 

11. Continue to flip the lenses until I tell y;ou to stop. 

12. Always start with the lenses up. 
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RESULTS 

A total of eight subjects '\·mre trained with +2.00 
ler.ses u..'1til a plateau of no niore than one cycle per minute 
gain Has obtained. This procedure was then repeated vlith 
the -·2 . 00 lenses. Training sessions ranged from two one 
minute sessions to ei<::,ht one minute sessions before the 
stipulated plateau ~·las reached. 

The perfo1~~nce of the eight subjects was approx~ately 
t:·Jice as fast as the norms found in a previous study. This 
He attribute to the training program given before testing 
and the fact that vle had a highly select group in that 
all of our subjects could clear and single the target 
through -,5 . 00 and +2.,50 diopter lenses. The fact that we 
1-vere '\Wrki."lg VIi th a select group seems to be more relevant 
to the high performance than the training because several 
of the subjects required few training sessions to reach 
a plateau . 

A large variance in individual perfo~Ance is seen at 
the extreme ran9es. Hith -,5.00 lenses the cycles varied 
from zero to 32-z cycles. \{ith the +2.,50 lenses the cycles 
varied from 6t to 4,5}. It should be noted that the cycles 
change Hith the +0 . ,50 and -1.00 lenses appeared to be 
limited by the instrumentation. 

Three subjects showed an increase in cycles per 
minute a::: a function of dioptric change in lens pov1er. 
One had a tT,Jo cycle increase from a -3.00 to -4.00 diopters 
1-vhile the mean change was a 6.4 cycle decrease, one had a 
4 cycle increase from +1.,50 to +2.00 while the mean change 
Has a 7.6 cycle decrease, and one had a 1} cycle increase 
from -J.OO to _L~.OO while the mean change was 6.4- cycles 
decrease. 

One subject was unable to complete a single cycle vlith 
the -,5.00 lenses, although in the pre-testing he \vas able to 
clear the -,5.00 phase -..;ithout difficulty. He have no 
explanation for this failure to sustaL~ the accorr~odative 
rock beyond the pre-testing period. This value was dropped 
from the table. 

Each subject's individual pattern conformed to the 
general pattern indicating that the change in cycles per 
minute as a function of lens power is a regular function. 
The slopes for the plus and minus lens powers are different, 
hoHever.; 

Table 1 shovJS the cycles change per 60 seconds between 
first and last ti~aining sessions. 

Table 2 sho1-J"s the cycles change per 60 seconds between 
first training and last testing session. 

Table J shmv-s the cycles per JO seconds of the actual 
testing sequences. 

Table 4 shows the cycles per 60 seconds of the actual 
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H.ESULTS (continued) 

testing sequences. 
Table 5: Hean percentage change in cycles per minute. 
Table 6: Hean and median changes in cycles per 60 

seconds as a fw"lction of lens poHer. 
Graph 1: Hean cycles per minute and standard deviations 

as a function of lens pm·rer; minus phases. 
Graph 2: Hean cycles per rrunute and standard deviations 

as a fi..mction of lens poHer; plus phases. 
Graph 3: Plot of individual subject's cycles per 60 

seconds as a fur.~.ction of lens pm·ier with respect to mean 
cycles per 60 seconds; minus phases. 

Graph 4: Plot of individual subject 1s cycles per 60 
seconds as a function of lens power with respect to mean 
cycles per 60 seconds; plus phases. 

Graph 5: Eean cycles per .30 and 60 seconds as a function 
of lens poHer. 

Graphs 6-1.3: Cycles per .30 and 60 seconds as a function 
of lens pm-rer; subjects 1-8. 

All data is recorded in cycles per minute, or cycles 
per thirty seconds as indicated. 
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SUHMARY 

Eight subjects meeting the required standards 
were selected from a group of volunteers. Each was 
first trained and then his performance was evaluated 
on the binocular accommodative rock as described. A 
graphical and statistical analysis of the results is 
presented. 



Subject 

~ 

' 

2 

3 

1..~ 

5 

6 

7 

8 

Subject 

.., 
J. 

2 

3 

4 

5 

6 

7 

8 

Table 1: 

11 

Plus phase 

Number of 1 min. +2.00 +2.00 Net gain 
training sessions 1st 60 sec. last 60 sec. 

2 29 30 +1 

2 37 37 0 

2 43 43 0 

2 15} 13 -2t 

2 31} 29 -2} 

2 24 22 -2 

7 35t 60 +24-t 

8 30 60 +30 

Minus phase 

Number of 1 min. -2.00 -2.00 Net gain 
training sessions 1st 60 sec. last 60 sec. 

2 31} 28 -3-t 

3 47 52} +5} 

2 60 60 0 

2 25 2.3 -2 

4 34 38} +4-k 

2 25 25 0 

4 21 17} -4-t 

4 29 50 +21 

Cycles cr~nge per 60 seconds between first qnd last training 
sessions. 
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Plus phase 

Subject -+ 2.,00 -+ 2.00 Net gain 
1st 60 seconds last 60 seconds 1 cycles per 
training sessions testing session one minute 

1 - 29 JJ +4 

2 J7 J9 +2 

':1 4J J8 -.5 .I 

4 1 5],_ ..... 2 16 +-1. 
2 

5 'J 1 ],_ 
.i 2 J5 +':l.1. ..12 

6 24 J2t +8t 

7 J.5t .5.5 +19t 

8 JO 65 +J.5 

Ninus phase 

Subject - z .. oo -2.00 Net gain 
1st 60 seconds last 60 seconds cycles per 
training session testing session one minute . 

1 J1t J5t +4 

2 47 66 +19 

J 60 61 + 1 

4 2.5 JJ ·+8 

5 J4 45 +11 

6 2.5 J7 +12 

7 21 JJ +12 

8 29 7.5 +46 

Table 2: Cycles change per 60 seconds between first training and last 
testing session. 
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SU.JJEOT LENS PO\fER 

-5.00 -4.00 -3.00 -2.00 -1.00 +0.50 +1.00 +1.50 +2.00 +2.50 

i s ~~ 8 13.1. 18 31 292. 22~~ 20 16t •9 ..!.. 2 2 

2 11 15-~ 21 33 42 55 42 23 18 8 

3 17 18 20 30 43 73 33 22 15 11 

4 4 10 9 17t 26 27 17 14.1. 8 8 3 

5 12-~ 19 17 22 29-:h 2 44-~ 322. 2 25 162. 2 13~-

6 7; 8-~ 12.1. 1St 24i 19 20 14 152. 13 ..J 2 2 

7 9],· 2 9i 16 2313 35 34 26 26 14t 

8 15 23 27 35 49 50 42 35 30 22 

Mean 8.6 13.9 16.2 23.& 33.6 41.6 30.4 22.4 18.2 11.7 

Table 3: Cycles per 30 seconds 
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SUBJECT LENS POVvER 

-5.00 -4 . 00 -3o00 -2 . 00 -1.00 +0.50 +1.00 +lo50 +2.00 +2o50 

l 81--
2 14 30i 35i 71 66 45 41! 33 20t 

2 22~. 
'"' 

'Zl 1 ..; ..... 2 43 66 95 118 86 52 39 24.1. 2 

3 32~ 38t 49 61 90 168 66 46 38 23~ 
"' 

4 6 ,~ 1,....1 0-z 18t 33 51i 56 35 28 16 6t 

5 18 37 35 45 61 90 67 52t 35 26 

6 7t 1~1 ..?-z 23 ~~ 37 51 381~ 2 401.;-
'v 

28.1. 2 32.:k 2 26 

7 23 . 21.1. 2 33 52.1. 2 71 70 55 55 35t 

8 25 54 58 75 91 95 85 71 65 45-~ 

fJiean 15.2 28 . 5 · 34.9 46 .• 9 70.4 87.8 61.8 46.8 39.2 26.0 

Median 8.0 27 .7 32.8 41.0 66.0 80.5 66.5 49.0 . 36.5 24.3 

S.D . 10.6 7.9 14.1 16.7 18.7 15.1 19.6 14.3 8o9 11.3 

Table 4: Cycles per 60 seconds 
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!Hnus Phases 

-loOO to -2.00: 33.5% Decrease 
-2 . 00 to -3.00: 25.6% Decrease 
-3.00 to -.l,L • 00: 17.3% Decrease 
-4.00 to -5.00: 47.0% Decrease 

Plus Phases 

·l-0 .. 50 to +1 ~00: 29.6% Decrease 
-t-1 .. 00 to ... ,.1. 50: 2~.3~ Decrease 
+1. 50 to +2oOO: lo.2;o Decrease 
+2.00 to +2.50: 33.7% Decrease 

Table 5: Nean percentage change in cycles per minute. 



Change In Lens PorTer 

-1 .oo to -2.00 
-2 . 00 to -).00 
-).00 to _L~.oo 
-4.00 to -5.00 

+0.50 to +1.00 
+1 . 00 to +1 .50 
+1.50 to +2.00 
+2.00 to +2 . 50 

16 

YJ.INUS PH 1\SES 

:1ean Change In Cycles 

22.2 
12.1 
6.4 

1).4 

PLUS PR.'\SES 

26.0 
15.0 
?.6 

1}.2 

He dian 

19.0 
11.8 
~ 7 .o 
9.5 

21.0 
14.3 
8.3 

13.5 

Table 6.: ?-'lean and median changes in cycles per 60 seconds 
as a function of lens power. 



5 ., 00 

4.,00 

3 .. 00 

1.00 

2 .. 50 

2 ., 00 

1:13..!\.N CYCLES PER !UNUTE .A.ND STANDARD DEVIATIONS 

Graph 1: Mean cycles per minute .and standard 
deviations as a function of lens 
power; minus phases 

~ ~ @ ~ 2 ~ ~ g ~ ~ § 
HEAN CYOLBS PER £UNUTE .P..ND STANDARD DEVIATIONS 

Graph 2: x~ean cycles .Per minute and standard 
deviations as a function of lens 
no~rrer: nlus uhases 

., 
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CYCLES PER 60 SECONDS 

Black Nean 
Ited - Subject 1 
Green - Subject 2 
Blue - Subject 3 

Orange - Subject 4 
Bro·wn - Subject 5 
Pink - Subject 6 
Yellow - Subject 7 
Gray - Subject 8 

Graph 3: Plot of individual subject's cycles per 
60 seconds as a function of lens po"\·Ter 
-vri th respect to mean cycles per · 60 . 
seconds; minus phases 
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CYCLES PER 60 SECONDS 

Black - Hean 
Red - Subject 1 
Green - Subject 2 
Blue - Subject 3 

Orange - Subject 4 
Broim - Subject 5 

· Pink - Subject 6 
Yellow - Subject 7 
Gray - Subject 8 

Graph 4: Plot of individual subject's cycles per 
60 seconds as a function of lens power 
~~th respect to mean cycles per 60 
seconds; plus phases 
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Footnotes 

2., Lecture supplement and unpublished lecture notes from 
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