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A CCJl�lPARATIVE" EVALUATION OF ANCJ!"iALOSCOl'ES: 

PICKFORD-NICHOLSON & NAGEL 

ABSTHACT 
Included among color vision testing instruments are 

the Nagel anomaloscope and the Pickford-Nicholson anomalo

scope. The Nagel is a spect ral instrument whereas the 
Pickford-Nicholson uses filters. This paper examines how 
closely the two instrumenis actually correspond. It is 

concluded that both instruments do quantitatively yield 

similar resul ts on both normals and color deficients. 

The st anda rd deviations of both the means and ranges on 

the two in s trume n t s are equal, at the .02 level of 

significance . 

INTRODUCTION 
Eight percent of the male population and 0.5 percent 

of the female population have some type of co l or vision 
defect. The re are variaus types of color vision defPcts 
and many types of instruments to d e tect and measure them. 
ThP Nqgel anomaloscope is a spectral matching instrument. 

A bisected circle of light is shown to the subject, the 

top of which is a variable mixture of red and green while 

the bottom is a spectral yellow varying in luminance. Two 

knobs, one controlling each half, permit matching of the 

two hemispheres in terms of hue and luminance. The two 

knobs are calibrated and scaled such that they furnish t he 

coefficients a, b, and c of the following Raleigh equation: 
(a) (red) & ( 73-a) (green) N ( c) (yellow). 

The normal trichromat will solve the above equation with 

42(red) & (73 - 42)green � 15 {yellow) .  The zero value on 

the red-green knob indicate s that no red and all green 

light is perceived by the subject. At 73 scale units the 
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reverse is true, no green and all red is seen by the subject. 

The dichromat wil l  match the whole range of these 

instruments, therefore only ano malous trichromats we re 
considered in the study. The protans need more red in their 

match, thus need a higher "a" value. The deutans will need 

more green in their match, leading to a lower "a" value. 

The Pickford-Nicholson anomalos c o pe is a simple 

colorimeter, us ing lamps and color filters. The color 

filters chosen correspond well with the spectral lights 

of the Nagel. 

Subjects were tested on both instruments, comparing 

color defect classifications and ranges. Normals were used 

as the control . The c riteria fQ_r no rmal s was three s tar,dard 

deviations on the Nagel anomaloscope. 

IV1ET1-10D 
Subjects were tested using the Nagel, Pickford

Nicholson and the Farnsworth D-15 color vision tes t .  
The Farnsworth D-15 color caps were arrnnged in 

random order as follows as derived from a random table: 

10, 1, 7, 2, 8, 11, 9, 5, 3, 15, 12, 6, 13, 4, 14. 
The test was given under the Criticolor lamp. 

Testing with the Nagel anomaloscope was f irst done 

by setting the instrument on the normal se t ting : 

42 red/green and 15 yel low . 
Subjects were then asked if the top half of the circle looked 
the same color as the bottom half. A positive response 

indicated that the subject was either normal or a dichromat. 

The red/green knob was then moved to 73 and then down to O, 

to differentiate between a normal and a dichromat. Normals 

do not match at either end of the scale whereas dichromats do. 

2 
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If the initial response-was negative, this indicat�d that 

the sub j ect was an anomalous trichromat. By bracketing the 

red/green knob, matching ranges were found for the anomalous 

trichr omat. 

With the Pickford-Nicholson anomalosc ope, the 

subj ec t s were first asked if the halves of the circle were 

the �ame colo r , when the left and right slides corresponded 

to a "normal" setting. This was about 30 for the left shutter 

and 35 for the right shutter. The "normal" setting was 

determined by the readings obtained from "normals" as classified 

by the Nagel. The left shutter was set on 20 scale units and 

the right on 80 . The same procedure of bracketing, as was 

used with the Nagel was followed. Ranges were found in which 

the sub j ect matched the red/green setti ng by turning the yellow 

knob. 

With both anomaloscopes the subjects controlled only 

the yellow luminosity knob, while the experim e n ter controlled 
the red/green kn ob. 

3 
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I NAME 

l. B.C. 1?.Y.A. 
3.B.P. ILD.R. 
5.M.S. 

J. • u. I� M n 

7.B.K. ,3.J.G-'. 
9. T. B. I ,1.G.E. 

� 

J ' 
RANGE OD x 

OD I 
35-39=4 ) 37 .4 ' 
40-44:-4 l 41. 6 

' 
37-43:;;6 '39.8 

39-4o: 5s l •. ? 39.8 

37-41. 5�4:� 39. 7 
42-43=1 42.8 

! 
39-42�3 40.8 

38-42. 5·�.s 39.9 

38-45=7 41.0 
37-42=- 5 39. 6,, 

�; �aV 
X.,. 40. 5 
-
x::: 4.05 

- - -

,, 11· 
i RANGE I I OS i I ! 37-40.5 

40-43 
39-43 ; , t 
38-42 I 

l 

I 38-41 

42 ... 43 

I 38-42 
' 38-42 

l 35-45 
37-40 

Table I 
NORMAI,S 

OS X I OD 
2 

38.8 38.1 

41.4 41.5 
39.3 39.5 

39.4 
' . 
t 39. 6 ; 

39.6 l I 39.6 

42.9 } 42.8 

40.2 i 40. 5 • i 
39.2 f 39.6 

40.5 ! 140. 7 t 39.7 29 

"H rf 

OS 

- - -··--·-- ·--�-

RANGE 

29-32 

27-43 

28-30 
31-35 

31-34 

29 -34 
30-33 

30-35 

26-35 

30-35 

:2 x:2s.5 

X=- 2.85 

1 ;RANGES ;- -
x 

30.1 1 
! r 31.7 12 I ! ' I 29.2 4 

l ! 33.2 2.5 1 
i \ 
! 3 2 . 5 

I 
1.5 I 

31.8 

l 
4 

31.1 0 
s 

32.8 1.5 � 
l 32.8 '· .2 � ·1 

30.6 
t 0 

� 1 
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l .. 2.1 

•. 1. 3 

. 7 

4. • 6 

5. .6 

6. 2.6 

7. 

8. .6 

9. .5 

1. 0. • 5 

TablJ II 

- ') (x-X)"-
4.41 

1.69 
. •a . �-· 

.36 

. 36 

6.76 

.09 

.36 

.25 

• 25 

� s2 
= is.02 

-s-=- 1.502 
s - 1 2,..,,.. s - . t::.") 

F s2 2 1.556 : 
32 i.502 

1 

Nine degrees freedom 
5. 35 F n ., � - ; :.:. 

I 
I I 
I ; f 

I ' 

, .. 

PN x� 315.8 
x ;" 31. 6 

1.04 

<x-x) 
1.5 

�l 

2.4 

1.6 

.9 

.2 

.5 

1.2 
, ? .i.. � 

1 

.02 level 

Accept null hypothes�s 

I 
! 
r 

l i 
I ! 
( 
l 
l r i ' r • l j • i J ! ! ' • t i $ 1 l 
i· 
f f ! i: �· 

(x-x)2 
2.25 

.01 

5.76 

2.56 

.81 

. 04 

• 25 

1.44 

1.44 

1 

� s2:: 15.S6 
32 = 1.5!)6 
s = 1. 24 
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I 3. 
4. 
5. 

' 6 .  
7. 

' 8. 
9. 

t 10. 

I 
I 
I 
I 
I 
i 
I 
I 
I 
I 
I 

NAGEL 
( x-x) 

.1 
, . -'-

1.9 
2.6 

.4 
3.1 
1.1 

.4 
2 0 . , 

.9 

cx.:.:!)2 
.01 
.01 

3.61 
6.76 

.16 
9.61 
1.21 

.16 
8.41 

.81 

·� S2-= 30. 75 
2 s � 3.075 

s = l. 75 

RANGES 

I t 1 
i 
i 

s � :: 224.09 �-1.2� ---3-2 30. 75 \ 

F -.02- 5.35 
; 

'l'a,l;>le I I I 

PN 
(x-x) 

.1 

13.1 
.9 
.1 
.1 

2 .. 1 

.1 

2.1 
6 .. 1 
2.1 

� s� = 2�4.09 
� ':;" 22;41 
s = 4. 73 

Reject null hypothesis 

(x-x)2 
. 01 

171.6 
.81 
.en 
.01 

4 .. 41 
.01 

4.41 
37. 21 

4.41 

!J 
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Table ::er: 

Anomalous Individual Findings on the Nagel and the Pickford-Nicholson 

NAME 
OD1 RANGE 

1. O. R. 9-12 

2. o. L. 0-20 

)· L. S. J0-40 

4. M. E. · · J6-45 

5. F. z. 45-55 
6. c.. ;,8. l?-24 : 

' 

7. M. V. ,,. . •' ' '\ ,_. 

B. s. H. 14.5-2.5 . 
I 

9. B. G. I ' + 
''-", .. ,� .. ·� 

10. R. L. •.,· 
11. J. s. 5-30 

NAGEL 
x '/ OS I RANGE · 

.'. 10' 
16.4 

36 

4o .. s 
4B.8 

19'•8 .. ' "' 

18.5 
. 

"' 

20 

10-14 

5-JO ' 

-· J4-J7 

20-J6 
,. 

44 • .5-50 

22-24 

' : 11•s� :._T r ' - I 

,, 

< 

. 

. 
' . ' '· .J ··' 

1)-25 

10-19 

12. . D. P. 10-15 ,, l) ·:1 10-15 

1). 
14. 

F. Pe lJ-20 

P. L. 5-25 I 

. r 

17.8 

1).2 

f 10-20 

. 0-JO 

_,\·- · ·. ·.·1� · ·• ... \"S.-·,....._,.-. . �1._, .. -

PICKFORD-NICHOLSON 
x YELLOW ARANGE RANGE x A RANGE 

12.2 14.B ) 48-63 56.7 15 

16.5 16.4 20 29-4) J2.5 14 
35.5 16.5 10 

. 
J2-J3·5 )2.6 ,' i.5 

)2.4 14 9 ?5-80 77.5 5 
47.9 14 10 21-32.5 29.1 .5•5 

22.a 15 7 37·5-41 39.2 I .. )e5 
•: 

DEUTERANOPE - MATCHED OVER ENTIRE RANGE 
18.2 / i5.5 l0.5 37-46 41.8. '9 

PROTANOPE - MATCHED OVER ENTIRE RANGE 

DEUTERANOPE - MATCHED OVER ENTIRE RANGE 

15.4 15.5 25 42-50 46.6 8 
15.5 15.5 5 -38-42 40 . J 4 

16.4 16 7 32-41 36/6 9 
15 16 20 33;..55 40.? 22 

- -
x.:;11.5 x= a.a 



Name X(OD 
( 2 

l. O. R. . 11.l 

2. o. L. 16.4 

3. L. S. . 35 · 7 

4. M. E. J6 

5. F. z. 48.) 

6. C. B. 21.3 

7. S. H. is�, 
a. J. s. 17•? 
9. D. P. i#'.'5. 

10. F. P. 17.2., ( .:: 
11. P,. L. 14.l 

--
� x=2�0. 5 
:i.' x --

11-22.B 

F DIS TRI BUT! ON a � 

Table ""5L 
Standard Deviation of the Mean on Abnormals 

NAGEL 
OS) -

(X-X) 
) 

-11. 6 

-6.J 
' 13 . . 

lJ.J 

1 
25.6 ' 

, 
-1.4 

• 'r ii." 
': -· 

-4.4. 

-5· 

-8.2 

' -s.6 

-8.6 

I 

isza·i 1.34 
139 • 

(X-X)2 
1)4.6 

39.7 

169 

176.9 

655.4 

. i.96 

19.':f-

25 
\ 

67.21 

Jl.4 
. 

74.o 

2 � S::lJ94.6 

z;s2 
11 = 126.8 

s� 11.) 

and F.014.85. 

x 

56.7 

J2.5 

32.6 

77. 5 

29.1 

39.2 

41.8 

46.4 

40.3 

)6.6 

40.7 

Ex.::. 432.7 

£ x_ 
-11 = 39 . J 

PICKFORD-NICHOLSON 
- (X•X)2 (X-X) 

13.7 187.7 
;.10.5 110.J 

-10.4 108.2 

34.5 1190. J 

-13.9 193. 2 
-J.8 14.4 

-2.0 4.o 

J.4 11.6 

-2.7 ?·J 

-6.4 41 . 0 

. -2. J 5.3 

2 .Es ::: 187)· J 

U.:� 
11- 170·3 

s;::. 13.04 

!111111!111!1" IJlllllllllll'[ � .� _., - ._. - ·-- ·- - - - - I� .- -- -



Name x 

l .  O .  R. J 

2 .  D. L. 20 

3·  L. S. 10 .. 
4 .  M .  E .  9 
5 . F .  z .  ' . 7 u 
6 .  c .  :s. • • l0 . 5  

? .  S .  H.  25 

8 .  J .  s .  5 ' 

9 . D. P. " '! 7 

10 . F .  P. 10 
11 . P. L. 20 

$. X  = 1 26 . 5  
.£ X/l l= l l . 5 

The P d i s tribution a 

Table "SIT 
Standard Deviation o f  the Means for the Ranges for the Abnormals 

NAGEL 

. 

•. �' 

� 

. < 
. 

, !'• 
'j � . � 

� 

r '  �I ' ., 

. 

. 

( X-X )  

-8 . 5  

8 . 5 

-1 . 5  

-2 . 5  

-4 . 5 

·, -1 

l '.3- 5 

-6 . 5 

-4. 5 

' -1 . 5  

. 
a . 5 

- -

. 

� 

.. 

F O l:  426 •1 _ l J4 • )70 . 2 - • 

,• 

( X-X) 2 

72 . 3 

72 . 3  
= 2 . 3 

6 . J  
I 

20 . 3  
, 1 . 

18 2 . J 

' 4 2 . 3 

201. 3 

2 . 3 
'1 12 .13 

z:. s 2::: 496 . ? 
z:. s2 /11 = 45.  2 

s :: 6 .? 
where F.: 4 . 85 .  

..__ 

x 

15 

14 

l . j 

5 

3 . 5 

9 

8 

4 

9 

22 

5 . 5  � 
z: x=96 . 5 

J:I CKFORD-N I CHOLS O!, 2 ( X-X ) (X•X ) 

6 . 2  38 . 4  

5 . 2  27 

-7 · 3  5 3 . 3 
. 

- J . 8 14 . 5 

- 5 · 3  28 . 1  

0 . 2  o . o4 

..;.o . 8  o . 64 

-4 . 8  23 . 1 

0 . 2  o . o4 

1 ) . 2 1?4o 2 

- 3 · 3 l0 . 9  

£ S2-:: 370 . 2  
z. x/11 .ic s .  8 l:' s2 /11 :;:: ) J •  7 

s :;: 5 . 6  



RESU LTS 
The F d i s tribution tes t  was used to de t e rmine whe ther 

b o th :  ins �r'tpients · d o quan t i ta t ive ly · y i e ld : . e q u ivalen t  · re sul ta . 
w i th bo th no rma ls and c o l or d e f ic i e n ts . The s tandard ! . ,;  
d e v i a t i on o f  t h e  means was 1 . 2 2 and 1 . 24 for the Nage l and 

the Pi c k f o rd -N i cho ls on re s pe c t ive ly . The r ange s we re also 

c ompare d  a t  the 0. 02 leve l of s ign i f i canc e  and thi s  tes t 
-

rev e a l e d  e a c h  range t o �ot be equa l .  

The s tandard deviati on of the means f o r  abnormals on 

the Nage l and the Pickford-Nicholson we re 1 1 . J and 1 ) . 04 

re s pe c t ive ly .  W i th the F d i s tribut i on ,  the nu l l  hypo the s is 

w a s  a c c e p te d .  Since the value obtained for F w a s  c l o s e  to 

one , there _ was l ittle r i sk in mak ing the a s sumpt i on that 

the two po pu la t i on s tandard devia t i ons were e q ua l .  The 
s tanda.rd d ev i a t i on of the range on the Nage l was 6 . 7  and 

i t  was 5 . 8 f o r  the P i c k f o rd . The nu ll hy po t h e s i s  was once 

aga in acce pte d .  

The s c o re o f  an anoma lomo u s  ind ividual c ou l d  n o t  be 

e s t ima te d on one ins trument if the score on the o the r 

ins trume n t  was kn own . Clas s i f i c a t i ons , h oweve r ,  were 

the s ame from one ins trumen t  to the o the r s o  that a deutan 

on the Nage l was also d e te c te d as a de u tan on the P- N .  
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DI SCUSS I ON 

The e x pe r imenters f ound that more s ub j e � ts h a d
.
d i f f i -

c u l ty mat c h ing c o lors w i th the Pickford -N i ch o ls on anoma l o 

s c o pe than w i th t h e  Nage l .  Th i s  c o u l d  b e  why t h e  range s 

be tween the in s truments d i ffe red s i gn i fican t ly for the 

n o rma l s . Ma tc h ing w i th the f i l t e rs of the P- N mus t not 

be a s  s ens i t ive as ma tch ing w i th the Nage l and the re fore the 
range s were e x tende d . However , the re was a w i de r  var i anc e  o f  

ranges on the Nage l than on the Pi ckford w i th the d e f i c ients . 
E ight out of e leven de f i c ien ts had abou t the same range s on 

b o th ins trumen ts . The ave rage range on the Nage l was ll . 5  

un i ts and on the Pi ckford - N i c h o l s on i t  was 8 . 8 un i ts .  

I f  a s u b j e c t h ad x�" B "  on the Nage l ,  the X on the Pi c k 

ford c o u l d  n o t  b e  pre d i c te d . No s e t  pat t e rn was de te c te d .  

S i x  o u t  o f  e leven an oma l s  had a P-N f ind ing two t ime s the 
f ind i ng on the Nage l .  Sub j e c ts #6 & :8 had abo u t  the s ame 

re s u l ts on b o th i n s truments as d i d  s ub j e c t s  #12 and #14 . How 
eve r s u b j e c ts #6 & :1 1  b o th had abo u t  2 0  on the Nage l but #6 had 

39 . 2  on the P-N whe r e as #11 h ad 46 . 4 .  
Be caus e o f  the var i a t i on s  be ��e en ind iv idua l s , an d

' 
the 

d i fferent de gre e s  o f  c o l or de fe c ts . an e s t i mate c o u ld not be 

ma de on one ins trume n t  if re s u lt s  on the o th e r  was know� .  

For e ach ind ividua l ,  though , t h e  re s u l t  on the Nage l 

y i e lde d the i de n t i c a l  c o lor d e fe c t  on the Pi ckford-Nic .. h:.ols on . 
I t  c o u l d  be c on c lude d that the f i l ters _ in the Pi ckford �  

N ic h o l;�n d o  work s imi larly t o  the s pe c tra l  Nage l anoma l s c o pe . 
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