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Summary 

The work r e p o r t e d he re i s a n e x t e n s i o n o f 
e a r l i e r work o n a s t a t i s t i c a l t h e o r y o f v i s u a l 
t h r e s h o l d s . 

E x p e r i m e n t s a re r e p o r t e d i n w h i c h t h e quantum 
n o i s e l i m i t a t i o n o f v i s u a l t h r e s h o l d s i s e x p l o r e d 
f u r t h e r b y t h e d e l i b e r a t e a d d i t i o n o f n o i s e t o t h e 
t e s t p a t t e r n s p r e s e n t e d t o t h e o b s e r v e r s . A 
t h e o r e t i c a l f ramework i s d e v e l o p e d t o a c c o u n t f o r 
t h e i n f l u e n c e o f t h i s n o i s e and i t i s f o u n d t h a t 
e m p i r i c a l o b s e r v a t i o n s show t h e p r i n c i p a l c h a r a c ­
t e r i s t i c s p r e d i c t e d b y t h i s t h e o r e t i c a l f r a m e w o r k . 

T h i s appears t o c o n f i r m t h e v a l i d i t y o f t h i s 
a p p r o a c h t o v i s u a l t h r e s h o l d s . I t a l s o p r o v i d e s 
a c o n v e n i e n t means f o r p r e d i c t i n g t h e r e s p o n s e o f 
t h e eye when used t o o b s e r v e t h e o u t p u t o f any 
i m a g i n g sys tem i n w h i c h n o i s e i s p r e s e n t . 

I n t r o d u c t i o n 

I t was f i r s t s u g g e s t e d b y Barnes and Czerny 
t h a t s t a t i s t i c a l f l u c t u a t i o n s i n t h e a r r i v a l o f 
p h o t o n s m i g h t p r e s e n t a l i m i t t o t h e p e r f o r m a n c e 
o f t h e eye a t l ow l i g h t l e v e l s . The t h e o r y was 
p u t f o r w a r d more f o r m a l l y a l m o s t s i m u l t a n e o u s l y b y 
two w o r k e r s , Rose and de V r i e s , b u t t h e f u l l 
s t a t i s t i c a l a p p r o a c h was n o t p r o p o s e d u n t i l t h e 
p u b l i c a t i o n o f a now famous paper by Rose4 i n w h i c h 
t h e a c t u a l p e r f o r m a n c e o f t h e eye was compared w i t h 
t h e h i g h e s t p e r f o r m a n c e a t t a i n a b l e w i t h a n i d e a l 
d e t e c t o r l i m i t e d t o t h e p h y s i c a l d i m e n s i o n s o f t h e 
eye ( p r i n c i p a l l y t h e p u p i l a r e a ) . 

Rose o r i g i n a l l y c o n c e i v e d t h e i d e a l d e t e c t o r 
as d e t e c t i n g a f a i n t p a t t e r n s u p e r i m p o s e d on a 
u n i f o r m l y i l l u m i n a t e d b a c k g r o u n d . The b a s i s o f 
R o s e ' s t h e o r y i s t h a t , i f a n i d e a l d e t e c t o r i s 
c o n t i n u a l l y t a k i n g samples o f a mean number , n , o f 
e v e n t s f r o m a d i s p l a y o f i n d i v i d u a l , e q u a l e n e r g y , 
e v e n t s , t h e n a n i n c r e m e n t a l i n c r e a s e A n i n t h e 
number o f e v e n t s i n a sample w i l l b e r e q u i r e d f o r 
t h e p r e s e n c e o f t h e i n c r e m e n t t o b e d e t e c t e d w i t h 
a p r e d e t e r m i n e d c e r t a i n t y ; t h e m a g n i t u d e o f t h e 
i n c r e m e n t b e i n g g i v e n b y t h e e q u a t i o n : -

An - k/ff (1) 

A P o i s s o n d i s t r i b u t i o n f o r t h e d e t e c t e d p h o t o n s i s 
assumed i n r e p r e s e n t i n g t h e m a g n i t u d e o f t h e n o i s e 
p r e s e n t i n a sample as / n , and k i s a c o n s t a n t , 
named b y Rose t h e l i m i t i n g s i g n a l t o n o i s e r a t i o o f 
t h e d e v i c e . The symbol k has a l s o been r e f e r r e d 
t o a s a f a c t o r o f c e r t a i n t y o r r e l i a b i l i t y , s i n c e 
t h e r e l i a b i l i t y o f a d e c i s i o n w i l l , o f c o u r s e , 
depend o n t h e s i g n a l t o n o i s e r a t i o o f t h e d a t a o n 
w h i c h i t i s b a s e d . 

The i d e a l d e t e c t o r and t h e v i s u a l s ys tem 

R o s e ' s i d e a l d e t e c t o r t o o k samples o f t h e 
same shape and s i z e as t h e p a t t e r n t o be d e t e c t e d , 
t h e s e n s i t i v i t y o f t h e d e t e c t o r b e i n g u n i f o r m o v e r 
t h e w h o l e o f t h e a r e a o f t h e s a m p l e . D e t e c t i o n o f 
a p a t t e r n a g a i n s t a b a c k g r o u n d w o u l d i n v o l v e com­
p a r a t i v e measurements w i t h i n t h e p a t t e r n a r e a and 
o f t h e b a c k g r o u n d a l o n e , t h e d i f f e r e n c e g i v i n g t h e 
s i g n a l w h i c h t h e eye u t i l i s e s . T h i s s i g n a l i s 
t h o u g h t o f a s b e i n g d e t e c t e d a g a i n s t t h e s t a t i s t ­
i c a l p h o t o n n o i s e i n t h e b a c k g r o u n d p i c k e d u p b y 
b o t h d e t e c t o r s . T h i s i s t h e n o i s e w h i c h u n a v o i d ­
a b l y a r i s e s f r o m t h e quantum n a t u r e o f t h e d e t e c t ­
i o n o f l i g h t , and s h o u l d , o f c o u r s e , i n c l u d e t h e 
quantum n o i s e i n t h e s i g n a l t o o , i f t h i s i s 
s i g n i f i c a n t i n c o m p a r i s o n w i t h t h e b a c k g r o u n d . 

The v i s u a l s y s t e m , o n t h e o t h e r h a n d , appears 
t o b e c o n s t r a i n e d t o use samples o f l i g h t f a l l i n g 
w i t h i n c e r t a i n summat ion a r e a s . T h i s q u e s t i o n has 
been d i s c u s s e d i n some d e t a i l i n two o t h e r pape rs2 ,3 
I t appea rs l i k e l y t h a t t h e eye t a k e s samples e i t h e r 
w i t h i n a n a r e a o f r a d i a l symmet r y , t h e d i m e n s i o n s 
o f w h i c h depend o n t h e mean l i g h t l e v e l ( a p r i m a r y 
o r a r e a d e t e c t i o n ) , o r w i t h i n a n e l o n g a t e d a r e a 
( o r l i n e a r d e t e c t o r ) . The eye a l s o appears t o b e 
c o n s t r a i n e d t o i n t e g r a t e o v e r a p e r i o d o f t i m e 
d e t e r m i n e d b y t h e mean l u m i n a n c e o f t h e l o c a l 
b a c k g r o u n d • 

We may c a l c u l a t e t h e s i g n a l and backg round 
c o n t r i b u t i o n b y i n t e g r a t i n g t h e l i g h t f a l l i n g 
w i t h i n two such summat ion a r e a s s t r a t e g i c a l l y 
p l a c e d w i t h r e s p e c t t o t h e r e t i n a l image o f t h e 
p a t t e r n t o b e d e t e c t e d . T h u s , t h e d i f f e r e n c e i s 
a measure o f t h e number o f p h o t o n s a v a i l a b l e t o 
f o r m t h e s i g n a l A n b y w h i c h t h e p r e s e n c e o f t h e 
p a t t e r n may be d e t e c t e d . S i m i l a r l y t h e sum i s a 
measure o f t h e t o t a l number , n + An o f p h o t o n s 
i n t h e backg round and s i g n a l d e t e c t e d w i t h i n t h e s e 
summat ion a r e a s . 

4 
We may now make use of Rose's b a s i c e q u a t i o n 

w h i c h e x p r e s s e s t h e need f o r t h e s i g n a l t o exceed 
t h e s t a t i s t i c a l n o i s e i n t h e b a c k g r o u n d b y a 
r e l i a b i l i t y f a c t o r , k , v i z . 

An > k ( n + A n ) 0 , 5 

The i n s e r t i o n o f A n i n t h e n o i s e t e r m i s o n l y o f 
i m p o r t a n c e n e a r a b s o l u t e t h r e s h o l d . For t h e 
m a j o r i t y o f e x p e r i m e n t s r e p o r t e d h e r e i t has been 
p o s s i b l e t o o m i t i t a s i n R o s e ' s o r i g i n a l f o r m 
( e q u a t i o n ( 1 ) ) . O n a b a s i s o f c a l c u l a t i o n s f r o m 
t h i s e q u a t i o n , i t has been f o u n d t h a t a r e a s o n ­
a b l e f i t t o t h e e m p i r i c a l v i s i b i l i t y o f d i s c s o f 
v a r i o u s s i z e s and c o n t r a s t s i s o b t a i n e d i f t h e 
s e n s i t i v i t y w i t h i n a p r i m a r y d e t e c t i o n i s w e i g h t e d 
a c c o r d i n g t o t h e e x p r e s s i o n 
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of l i n e or edge de tec t i on * ' 

I t is as though the two forms of de tec t i on 
work in p a r a l l e l , t h e i r output summing as in an 
' o r 1 ga te . Whichever is the more sens i t i ve au to ­
m a t i c a l l y takes over the task of d e t e c t i o n ; t hus , 
the curves of Figure 4 are compound curves. The 
cont ras t requ i red f o r de tec t i on by each process 
has been c a l c u l a t e d , and the minimum of the two 
p l o t t e d . 

I t i s i n t e r e s t i n g tha t t h i s theory a l lows us 
to assume both k and S r e l a t i v e l y constant over . . o a wide range of l i g h t l e v e l s . 

Using the v a l u e s : -

The work which has j u s t been summarised is 
based on the concept of a de tec t i on process l i m i t e d 
by quantum n o i s e . The j u s t i f i c a t i o n fo r t h i s con­
cept is the r e l a t i v e l y c lose agreement between 
the t h e o r e t i c a l p red i c t i ons based on i t , and the 
emp i r i ca l data on v i s u a l t h resho lds . I t would, 
however, be of i n t e r e s t to have independent e v i d ­
ence of the i n f l uence of noise on the de tec t i on 
process, and fo r t h i s reason experiments were 
planned in which dynamic noise was d e l i b e r a t e l y 
added to the pa t te rns presented to the eye. 
M o d i f i c a t i o n to the theory to take t h i s a d d i t i o n a l 
noise i n t o account w i l l be descr ibed, and the 
p r e d i c t i o n s o f t h i s theory w i l l be compared w i t h 
observat ion o f the v i s u a l th resho ld fo r noisy 
pa t te rns of a number of observers. 

The form of noise chosen f o r these e x p e r i ­
ments was quantum noise of the type one might 
expect in the output from an image i n t e n s i f i e r . 
This noise a r i ses owing to the de tec t i on of 
i n d i v i d u a l photons a t i t s input photo-cathode. 
This form of noise has the advantage t h a t i t is 
e s s e n t i a l l y the same in nature as the quantum noise 
we have assumed to l i m i t de tec t i on in the eye, 
though the s ize of the "quantum" presented to the 
r e t i n a is d i f f e r e n t . There is the added con­
venience tha t c a l c u l a t i o n i s s t r a i g h t f o r w a r d , 
a l b e i t somewhat labor ious f o r c e r t a i n p a t t e r n s . 

An extens ion of the de tec t i on theory 

The f a l l o f f i n s e n s i t i v i t y towards the 
edges of the summation area can be regarded e i t h e r 

( i ) as a lower ing of the p r o b a b i l i t y 
t ha t the a r r i v a l of a photon would be 
recorded by the summing u n i t , or 

( i i ) as a d im inu t i on of the e f f e c t of each 
photon at the summing u n i t . 

The d i s t i n c t i o n has h i t h e r t o been r e l a t i v e l y 
unimportant because i t only makes a d i f f e r e n c e to 
a s ing le m u l t i p l y i n g constant common to a l l the 

p r e d i c t i o n s . By i n t e g r a t i n g as in equat ion ( 3 ) , 
and using the r e s u l t s in equations (4) and (7) to 
represent mean square no ise , i t has i m p l i c i t l y 
been assumed tha t the former assumption is j u s t ­
i f i e d . The l a t t e r assumption could have led to a 
reduc t ion in ca lcu la ted mean square noise of up 
to ten t imes . Thus in making comparisons between 
p r e d i c t i o n s and theory in order to est imate the 
numerical value o f t h e value o f t h i s r a t i o 

i 

could be as high as 6 or 7. From now on, to 
emphasize the importance of t h i s d i f f e r e n c e , the 
e f f e c t i v e area over which the background is 
i n teg ra ted to determine the mean square noise w i l l 
be denoted as AB instead of A, If we adopt 
assumption ( i ) , then 3 ■ 1, but i t w i l l be shown 
tha t g can be lower than t h i s according to assump­
t i o n ( i i ) . 

We now wish to consider the in tegra ted e f f e c t 
w i t h i n a summation area of a d isp lay made up of a 
la rge number of spots of l i g h t . We s h a l l assume 
that the e f f e c t o f a spot o f l i g h t w i l l decrease 
as i t s d is tance from the centre of the area 
increases, according to the law prev ious ly 
assumed f o r in equat ion ( 1 ) . 

The noise due to photon de tec t i on in the r e t ­
ina remains a f u n c t i o n of mean r e t i n a l " i l l u m i n ­
a t i o n as be fo re . The noise due to the presence of 
i n d i v i d u a l spots may be ca lcu la ted as f o l l o w s . 

The e f f e c t of v i s u a l noise on the summation area 

If we consider the recep t i ve f i e l d to be 
s t imu la ted by a random d i sp lay of N spots of l i g h t 
or " d o t s " per square cent imetre per second, then 
the mean number of spots of l i g h t f a l l i n g on an 
annulus of w id th 6r and rad ius r in t ime T i s : -

where v is the d is tance of the observer from the 
d i sp lay in cent imetres and r and or are angular 
d is tances subtended at the centre of the l ens . 
The mean square v a r i a t i o n in t h i s number is a lso 

Now, the mean number of photons detected from each 
dot w i l l b e : -
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From the general equat ion (17 ) , have been 
ca l cu la ted curves o f con t ras t versus l i g h t l e v e l 
f o r var ious s izes o f d isc s t i m u l i (see Figure 4 ) . 
The e f f e c t i v e area of the s t imulus a , has a lso 
been ca lcu la ted f o r rec tang les by numerical 
i n t e g r a t i o n , and Figure 5 shows the cont ras t v e r ­
sus l i g h t l e v e l curves f o r four s izes of r ec tang le , 
t h e i r areas being the same as f o r the d iscs in 
Figure 4 . 

I t was assumed, in c a l c u l a t i n g the curves of 
Figures 4 and 5, tha t the l i g h t l e v e l was va r i ed 
by changing Q and keeping N cons tan t . This is the 
way in which the output d i sp lay of an image 
i n t e n s i f i e r would vary i f the photon gain was 
v a r i e d , w i t h a f i xed i l l u m i n a t i o n on the photo 
cathode. I t is also the way in which the 
s imulated image i n t e n s i f i e r d i sp lay a l t e red as 
the subject c o n t r o l l e d the br ightness of the 
d isp lay i n emp i r i ca l exper iments. 

I t w i l l be noted tha t the s t i m u l i , ins tead o f 
g radua l l y becoming more detectab le as the l i g h t 
l eve l is increased in t h i s way, should be op t im­
a l l y v i s i b l e a t a p a r t i c u l a r l i g h t l e v e l , and 
t h e r e a f t e r become less v i s i b l e . 

A s i m p l i f i e d exp lanat ion of the theory 

Mathematical equat ions are not always the 
best medium f o r impar t ing t h e o r e t i c a l concepts, 
and so i t is f e l t tha t a b r i e f summary of the 
above theory would be advantageous. 

The basis of the theory is Rose's e q u a t i o n : -

w h e r e i s a measure of the amount of noise 

present in a sample. This i nd i ca tes the need f o r 
the mean number of observed events n to be 

s u f f i c i e n t f o r one to detect the r e q u i s i t e 
con t ras t • 

We need now to i d e n t i f y the events which must 
exceed a c e r t a i n mean number fo r the p a t t e r n to 
be v i s i b l e . The answer to t h i s is s imple . I f 
there are p len ty of l i g h t quanta per do t , but few 
dots ava i l ab le to denote the presence of the 
p a t t e r n , i t i s the number o f dots which is 
impor tan t . I f , on the other hand, there are 
p len ty o f do ts , but very few quanta per do t , i t is 
the number of quanta which con t ro l the v i s i b i l i t y 
of the p a t t e r n . Now, which of these two s i t u a ­
t i ons ar ises w i l l depend on the l i g h t l e v e l . 

-0 .5 the sample s ize A T is p ropo r t i ona l to I 

This means tha t i f the ambient l i g h t l e v e l 
is decreased by a f a c t o r of 100, the sample s ize 
taken by the eye increases by a fac to r of 10. 
Now the s i g n i f i c a n t number of events in a sample 
can be e i t h e r the number of quanta or the number 
of do ts , whichever is the smal le r . Thus, at h igh 
l i g h t l eve ls (h igh values of Q), we have a smal l 
summation area conta in ing a smal l number of dots 
but a large number of quanta per do t , as shown 
in the diagram at the bottom r i g h t hand corner 
of Figure 6. Under these circumstances the 
number of events (or dots) decreases as the l i g h t 
l e v e l is increased, because both the summation 
area A, and the summation t ime T, decrease. The 
pa t te rn the re fo re becomes less v i s i b l e w i t h more 
l i g h t . 

At th resho ld at low l i g h t l eve l s ( low values 
of Q) there are few quanta per do t , a l though the 
s ize of the summation area has increased and w i l l 
probably encompass more dots, as shown on the l e f t 
hand side of Figure 6, I t is now the number of 
quanta tha t c o n t r o l v i s i b i l i t y and thus v i s i b i l i t y 
improves w i t h inc reas ing l i g h t l e v e l , the 
r e l a t i v e l y low ra te of change of summation area 
and time being more than balanced by the change 
i n l i g h t quanta a v a i l a b l e . 

The f i n a l r e s u l t i s t ha t v i s i b i l i t y i s 
optimum at one l i g h t l e v e l and drops w i t h e i t h e r 
an increase or decrease in l i g h t l e v e l . Thus, we 
have a d ip in the curve of Log cont ras t vs log 
l i g h t l e v e l as i nd i ca ted in Figure 6, and shown 
in more d e t a i l in Figures 4 and 5. The r e l a t i v e 
steepmess of curve to be expected on e i t h e r side 
of the minimum depends, of course, not only on the 
r a p i d i t y of change of T and rm, but a lso on the 
s ize of the p a t t e r n r e l a t i v e to the summation 
area. I f the p a t t e r n is smal ler than the summa­
t i o n area, then v a r i a t i o n of summation area w i t h 
l i g h t l e v e l w i l l have l i t t l e e f f e c t on An and the 
r i s i n g slope to the r i g h t o f the minimum w i l l be 
much less s teep. 

A spec ia l case 

When the p a t t e r n is large compared w i t h the 
summation area, i . e . R >> r , equat ion (18) 
s i m p l i f i e s t o : -
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As Q is v a r i e d , the value of C def ined by t h i s 
equat ion has a minimum when the terms w i t h i n the 
roo t s ign have a minimum. The minimum of 

bu t , if x ■ 0.4 and z = 0 . 1 , as we have p o s t u l a t e d , 
t h e n : -

(20) 

f o r a minimum. 
I f the minimum of such a curve is es tab l i shed , 

we can determine a value of S, and thus S, f o r 
e i t h e r assumption regard ing 8. This gives S0 
independent ly from k and hence separates the terms 
in the lumped constant , r e f e r r e d to e a r l i e r . 

A p re l im ina ry emp i r i ca l i n v e s t i g a t i o n of the 

d e t e c t a b i l i t y o f pa t te rns immersed in noise 

When the ex is tence of a p red ic ted optimum 
l i g h t l e v e l f o r v i s i b i l i t y was encountered, 
experiments were designed to explore the reg ion 
of the minimum requ i red con t ras t * Noisy images 
of var ious degrees of con t ras t were recorded on 
cine f i l m , so they could be presented to observers. 
They were t o l d tha t there might be an optimum 
l i g h t l e v e l and were i n s t r u c t e d to determine the 
lower th resho ld of v i s i b i l i t y and a lso a h igher 
t h r e s h o l d , i f one should be apparent . I f no 
optimum could be found, or no p a t t e r n could be 
seen, they were asked to repor t accord ing ly . I f 
they thought they could see a s t imulus at a 
p a r t i c u l a r l i g h t l e v e l , and not above or below 
t h i s l i g h t l e v e l , they were i n s t r u c t e d to set the 
d i sp lay to t h i s l i g h t l e v e l and in fo rm the 
experimenter t ha t they had found an optimum. 

Resul ts 

The thresholds set by two subjects are g iven 
i n Table I . Q u a l i t a t i v e l y , the r e s u l t s conf i rm 
the ex is tence of an optimum l i g h t l e v e l . The 

higher th resho ld has been determined in most cases 
where the t h e o r e t i c a l p red i c t i ons led to the 
expecta t ion of a minimum in the curve of cont ras t 
vs l i g h t l e v e l w i t h i n the range o f l i g h t l e ve l s 
covered. 

Analys is of the Results 

The an l ys i s of the r e s u l t s may be performed 
by comparing emp i r i ca l upper and lower thresholds 
w i t h t h e o r e t i c a l p r e d i c t i o n s . Figure 7 shows 
t h e o r e t i c a l p red i c t i ons based on the measured 
number N, of dots per u n i t area in the f i l m . The 
p o s i t i o n of the curves to the l e f t o f the minimum 
depends p r i n c i p a l l y on the r a t i o which 
has been taken as 2.26 in accordance w i t h the 
mean measured over previous experiments f o r 
observer J . E . The p o s i t i o n of the curves on the 
r i g h t hand side depends p r i n c i p a l l y on k. Thus, 
f o r k /3/SQ f i x e d , there are severa l curves f o r 
d i f f e r e n t values of k . 

The measured cont ras t of the f i l m is i n d i c ­
ated by the dot ted l i n e . Now i f , f o r example, 
we assume tha t k ■ 1, the p red ic ted upper and 
lower thresho lds would be expected where the 
curve f o r t h i s value of k cuts the do t ted l i n e . 
These po in ts are i nd i ca ted by crosses. In f a c t , 
the measured upper and lower thresholds f o r J . E . 
are as shown on the h o r i z o n t a l a x i s . These do not 
co inc ide p r e c i s e l y w i t h the p red ic ted va lues , and 
by working back one can deduce modi f ied values 
of k and S , which correspond to the emp i r i ca l 
measurements of t h r e s h o l d . For covenience, in 
comparing the emp i r i ca l r e s u l t s a l l the measured 
thresholds have been converted in t h i s way to 
equ iva len t ' e m p i r i c a l ' values of k and S/B. 
These are shown in Table I l a . 

Roughly speaking, i t i s the p o s i t i o n o f the 
minimum on the h o r i z o n t a l ax is tha t determines 
S , as i nd i ca ted by equat ion (20 ) . This r e l a t i o n ­
ship i s exact f o r la rge d i s c s , but the i n t e r ­
dependence is more complex f o r smal ler d iscs and 
other shapes. As k is v a r i e d , f o r a given S , 
there is a p ropor t iona te v e r t i c a l displacement o f 
the p red ic ted curve. Thus the h o r i z o n t a l 
separat ion o f the po in ts o f i n t e r s e c t i o n w i t h the 
do t ted ' c o n t r a s t ' l i n e depends on k and S , 
roughly speaking, i t i s the h o r i z o n t a l separat ion 
of the two measured thresho lds t ha t determines 
the ' e m p i r i c a l ' values of k. The r e l a t i o n s h i p is 
again only simple f o r large d iscs and can invo lve 
appreciable computation f o r smal l d iscs and other 
p a t t e r n s , espec ia l l y when the slope d i f f e r s e i t h e r 
side of the minimum. 

I t w i l l be ev ident t ha t i f measurements are 
made in a reg ion where the t h e o r e t i c a l curves 
shown in Figure 7 have a smal l g rad ien t , the 
observer might be expected to have some d i f f i c u l t y 
in determin ing the th resho ld accu ra te l y . The 
r e p e a t a b i l i t y of th resho ld measurements was w i t h i n 
about 0.3 log u n i t s , ra the r poorer than most of 
the measurements made w i thou t noise p resen t . This 
might be expected to lead to e r r o r s in S 0 / 3 , o f 
perhaps 0.5 log u n i t s in magnitude. Large e r ro r s 
might be expected where the observer has attempted 
to determine the l i g h t l e v e l f o r optimum v i s i b i l ­
i t y . This must be borne in mind in look ing at the 
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values der ived in Table l l b , a l l o f which were 
der ived from a s ing le measurement of optimum 
l i g h t l e v e l . 

Conclusions 

The mean value of k in Table LLa f o r observer 
J . E . is 1,28, w i t h a mean square dev ia t i on of 0.33. 
For observer J . B . the mean is 0.63, w i t h a mean 
square d e v i a t i o n of 0 .33. These r e s u l t s suggest 
a s i g n i f i c a n t d i f f e rence between these two 
observers, and imply that i t i s necessary to t r e a t 
observers as i n d i v i d u a l s in determining t h i s 
parameter. 

The mean value of SQ/3 f o r J . E . is 0.485, 
w i t h a mean square dev ia t i on of 0 .52, and f o r J . B . 
is 0.078, w i t h a mean square dev ia t i on of 0.069. 
The percentage v a r i a t i o n here is much l a r g e r , but 
again there is a h i n t tha t the d i f f e rences may be 
s i g n i f i c a n t and tha t observers should be t rea ted 
as i n d i v i d u a l s . 

The i n t e r e s t i n g feature of these r e s u l t s is 
tha t when we consider the quot ien t 

measurement. The t e n t a t i v e conclusions c l e a r l y 
j u s t i f y con t inua t ion o f f u r t h e r emp i r i ca l work, 
to conf i rm the f i nd ings and to i nves t i ga te f a c t o r s 
such as the v a r i a t i o n of k and S0/3 between 
i n d i v i d u a l s . When computing the r e s u l t s of a more 
comprehensive experiment, i t would be des i rab le to 
in t roduce p u p i l area as a v a r i a b l e , and perhaps to 
employ a modi f ied weight ing f u n c t i o n , S , to des­
c r i be the v a r i a t i o n o f s e n s i t i v i t y across the 
summation area. 1 
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