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THE RELATIONSHIP OF LETTER STYLE, LETTER SIZE,

AND VIEWING DISTANCE TO THE READABILITY 

OF TRANSPARENT VISUALS

CHAPTER I 

INTRODUCTION

U n t i l  r e c e n t l y ,  a u d i o v i s u a l  m a t e r i a l s  have  been  

u s e d  as  a i d s  t o  i n s t r u c t i o n ,  s u p p l e m e n t a r y  t o  t h e  

e f f o r t s  o f  t h e  c l a s s r o o m  t e a c h e r .  Dur ing  World War I I ,  

f o r  i n s t a n c e ,  t h e  armed s e r v i c e s  p l a c e d  g r e a t  r e l i a n c e  

on t h e  e f f e c t i v e n e s s  o f  med ia  as t e a c h i n g  t o o l s .  How­

e v e r ,  media was s t i l l  r e g a r d e d  as s u p p l e m e n t a l ,  r a t h e r  

t l ian a s  an i n t e g r a l  p a r t  o f  t he  i n s t r u c t i o n a l  p r o c e s s .  

With t h e  deve l opmen t  o f  newer  media  and new p a t t e r n s  

f o r  u t i l i z i n g  some o f  t h e  o l d e r  forms  o f  media ,  t e a c h i n g  

p r o c e d u r e s  and methods  have  changed  i t  f rom a s u p p l e ­

m e n t a l  a i d  t o  a s e l f - s u p p o r t i n g ,  i n t e g r a t e d  p a r t  o f  t he  

modern e d u c a t i o n a l  s y s t e m  o f  t o d a y . ^

^Robe r t  H e i n i c h ,  "The T e a c h e r  in  an I n s t r u c t i o n a l  
S y s t e m , "  i n  I n s t r u c t i o n a l  T e c h n o l o g y :  A Book o f  Read­
i n g s  , ed .  by F r e d e r i c h  G. Kn i r k  and John W. C h i l d s  (New 
York : H o l t ,  R i n e h a r t  and Wi ns t on ,  1968) ,  p.  48.



A l t hough  t h e r e  has  been  a c o n t i n u a l  i n c r e a s e  in 

t he  use of  p r o j e c t e d  v i s u a l  m a t e r i a l s  f o r  c l a s s r o o m  

i n s t r u c t i o n  in e l e m e n t a r y ,  s e c o n d a r y ,  and h i g h e r  e d u c a ­

t i o n a l  i n s t i t u t i o n s ,  on l y  a l i m i t e d  amount  o f  i n f o r m a t i o n  

i s  a v a i l a b l e  on how t o  p r od u c e  v i s u a l  m a t e r i a l s  i n  o r d e r  

t o  p r o v i d e  opt imum r e a d a b i l i t y  f o r  t h e  s t u d e n t .  The 

d e s i g n  f o r  t h e s e  m a t e r i a l s  has  g e n e r a l l y  been  l e f t  to 

t he  p e r s o n a l  judgment  o f  t h e  e d u c a t o r  o r  a r t i s t ,  r a t h e r  

t ha n  t o  g u i d e l i n e s  s u b s t a n t i a t e d  by r e s e a r c h .

There  a r e  a number  o f  f a c t o r s  w i t h  wh i ch  d e s i g n e r s  

o f  v i s u a l  m a t e r i a l s  s h o u l d  be c o n c e r n e d  i n  o r d e r  t o  

i n c r e a s e  t he  r e a d a b i l i t y  o f  v i s u a l s .  I l l u m i n a t i o n ,  c o n ­

t r a s t ,  c o l o r  b a c k g r o u n d ,  n e g a t i v e  o r  p o s i t i v e  i mages ,  

s c r e e n  s i z e  and m a t e r i a l ,  v i e wi n g  d i s t a n c e  and a n g l e ,  and 

l e t t e r  s i z e  a r e  a l l  d i r e c t l y  r e l a t e d  t o  t h e  r e a d a b i l i t y  

o f  t h e  message  o f  t he  v i s u a l .

Whi le many of  t h e  a r e a s  n o t e d  have  been  s u b j e c t e d  

to  a d e q u a t e  i n v e s t i g a t i o n ,  t h e r e  a r e  s t i l l  some i m p o r t a n t  

q u e s t i o n s  t h a t  need  t o  be a s ke d  r e g a r d i n g  t h e  p r e p a r a t i o n  

o f  v i s u a l  m a t e r i a l s .  One o f  t h e s e  i s  c o n c e r n e d  w i t h  

u s i n g  v a r i o u s  l e t t e r  s t y l e s .  I s  t h e r e  one l e t t e r  s t y l e  

more r e a d a b l e  t h a n  o t h e r s ?  I s  t h e  same l e t t e r  h e i g h t  

a d e q u a t e  f o r  a l l  l e t t e r  s t y l e s ?  Are t h e  same l e t t e r  

h e i g h t  and l e t t e r  s t y l e  a d e q u a t e  f o r  v i e w i n g  a t  v a r i o u s  

d i s t a n c e s ?  These  and o t h e r  q u e s t i o n s  a l l  r e l a t e  t o  t he  

p r ob l em i n  t h i s  i n v e s t i g a t i o n .



S t a t e m e n t  o f  t he  Prob l em

The p r ob l e m  o f  t h i s  s t u d y  was t o  d e t e r m i n e  t h e  

e x t e n t  t o  which  t h e r e  were  d i f f e r e n c e s  i n  t h e  r e a d a b i l i t y  

o f  t r a n s p a r e n t  v i s u a l s  a s  i n f l u e n c e d  by l e t t e r  s t y l e s ,  

l e t t e r  s i z e s ,  and  v i e w i n g  d i s t a n c e s  f o r  c o l l e g e  s t u d e n t s .

P u r p o s e  o f  t h e  S t udy

The p u r p o s e  o f  t h i s  s t u d y  was t o  i n v e s t i g a t e  a 

number  o f  t h e  more commonly u s e d  l e t t e r  s t y l e s  and t h e  

v a r i o u s  l e t t e r  s i z e s  i n  o r d e r  t o  f i n d  t h e  most  r e a d a b l e  

c o m b i n a t i o n  o f  l e t t e r  s t y l e s  r e l a t e d  t o  l e t t e r  h e i g h t  

p r o j e c t e d  a t  v a r i o u s  d i s t a n c e s .

P r o c e d u r e s  and p r o j e c t i o n  f a c i l i t i e s  u s e d  i n  t h i s  

s t u d y  were  c o mp a r ab l e  t o  t h o s e  i n  a t y p i c a l  c l a s s r o o m .  

T h i s  was done so t e n t a t i v e  g e n e r a l i z a t i o n s  wou l d  be p o s ­

s i b l e  .

The s p e c i f i c  o b j e c t i v e s  o f  t h i s  s t u d y  w e r e :

(1)  To compare  t h i s  s t u d y ' s  f i n d i n g s  on l e t t e r  
s t y l e  and l e t t e r  s i z e  w i t h  f i n d i n g s  r e p o r t e d  
by o t h e r  r e s e a r c h e r s .

(2) To compare  t h e  a c c u r a c y  o f  r e s p o n s e s  t o  v i s u a l  
m a t e r i a l s  o f  s e l e c t e d  l e t t e r  s t y l e s  and l e t t e r  
s i z e s  when l u m i n a n c e  was h e l d  c o n s t a n t  w i t h  
o t h e r  s i m i l a r  s t u d i e s .

(3)  To compare  t h e  r e a d a b i l i t y  r e l a t i o n s h i p  
b e t we e n  l e t t e r  s t y l e  and l e t t e r  s i z e  p r o j e c t e d  
a t  d i s t a n c e s  o f  10,  20,  30,  and 40 f e e t .

(4) To d e t e r m i n e  which  was t h e  s m a l l e s t  l e t t e r  
s i z e  r a t i o  r e a d a b l e  f o r  p r o j e c t e d  v i s u a l s  a t  
d i s t a n c e s  o f  10,  20 ,  30,  and 40 f e e t .



H y p o t h e s e s

1.  L e t t e r  s t y l e  "A" (LeRoy S t a n d a r d )  i s  more 
r e a d a b l e  t h a n  l e t t e r  s t y l e s  "B" (LeRoy S tymi e  
Medium) and "C" (LeRoy Condensed  G o t h i c )  a t  
a l l  s i z e  l e v e l s .

2.  L e t t e r  s t y l e  "B" ( w i t h  s e r i f s )  i s  more r e a d ­
a b l e  t h a n  l e t t e r  s t y l e  "C" ( w i t h o u t  s e r i f s )  a t  
a l l  s i z e  l e v e l s ,  b u t  l e s s  r e a d a b l e  t h a n  l e t t e r  
s t y l e  "A" ( w i t h o u t  s e r i f s )  a t  a l l  s i z e  l e v e l s ,  
and a t  a l l  v i e w i n g  d i s t a n c e s .

3.  The l a r g e s t  l e t t e r  s i z e  ( 1 : 2 0 )  w i l l  be r e a d ­
a b l e  w i t h  a l l  l e t t e r  s t y l e s  and a t  a l l  v i e w i n g  
d i s t a n c e s .

4.  Us i ng  a r e a d a b i l i t y  mean s c o r e  o f  75% as t h e  
c u t  o f f  p o i n t ,  t he  s m a l l e s t  r e a d a b l e  l e t t e r  
s i z e  o f  a l l  l e t t e r  s t y l e s  a t  a v i e w i n g  d i s ­
t a n c e  o f  10 f e e t  w i l l  be 1 : 5 0 ;  a t  20 f e e t  w i l l  
be  1 : 4 0 ;  a t  30 f e e t  w i l l  be 1 : 3 0 ;  and a t  40 
f e e t  w i l l  be 1 : 2 0 .



CHAPTER I I

RELATED LITERATURE

As p r e v i o u s l y  s t a t e d ,  t h e r e  a r e  a number o f  f a c ­

t o r s  which  can make t h e  r e a d i n g  o f  v i s u a l s  d i f f i c u l t .

They a r e :  (1) l e t t e r  s i z e ,  (2) i l l u m i n a t i o n  and c o n ­

t r a s t ,  (3)  v i e w i n g  d i s t a n c e  and a n g l e ,  (4)  s c r e e n  

m a t e r i a l ,  (5) c o l o r  b a c k g r o u n d ,  ( 6 ) n e g a t i v e  and p o s i t i v e  

image,  [7)  l e t t e r  s t y l e ;  and in  some c a s e s ,  the i n d i v i d ­

u a l ' s  e y e s i g h t  may c a u s e  a p r o b l e m . ^  These  f a c t o r s  a c t  

s i n g l y  o r  i n t e r a c t  i n  c o m b i n a t i o n s  t o  p r od uc e  some d eg r ee  

o f  good o r  p o o r  r e a d a b i l i t y .

L e t t e r  S i ze

I t  has  b e e n  as s umed  t h a t  t he  one s i n g l e  f a c t o r  

which has  a g r e a t  i n f l u e n c e  on r e a d a b i l i t y  o f  v i s u a l  

m a t e r i a l s  i s  s i z e .  V a r i o u s  s t a n d a r d s  have  evo l ved  which 

s p e c i f y  a recommended minimum l e t t e r  s i z e  i n  i n c he s  on 

o r i g i n a l  a r t  work o r  i n  t e r m s  o f  a number  r a t i o  sy s t e m.

i R i c h a r d  L. Snowberg ,  "The R e l a t i o n s h i p  Between 
Co l o r  P r e f e r e n c e  and R e a d a b i l i t y  o f  P r o j e c t e d  Black  
C h a r a c t e r s  w i t h  a C o l o r e d  Backg r ound ,  Under  C o n d i t i o n s  
o f  C o n t r o l l e d  Luminance  and T r a n s m i s s i o n "  ( u n p u b l i s h e d  
Ed.D.  d i s s e r t a t i o n ,  I n d i a n a  U n i v e r s i t y ,  1971) ,  p .  9.
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These  s t a n d a r d s  v a r y  f rom a r a t i o  o f  1:29 t o  1 :78 ( s ee  

T a b l e  1 ) . ^  T h i s  s y s t e m  r e l a t e s  l e t t e r  h e i g h t  t o  t h e  

o v e r a l l  h e i g h t  o f  t h e  p r o j e c t e d  image on t h e  s c r e e n .  For  

e x a m p l e ,  a 1 : 2 0  l e t t e r  s i z e  r a t i o  i n d i c a t e s  t h a t  t h e  l e t ­

t e r ' s  h e i g h t  i s  l / 2 0 t h  t h e  h e i g h t  o f  t h e  p r o j e c t e d  image 

on t h e  s c r e e n .  I f  t h e  p r o j e c t e d  image on t h e  s c r e e n  i s  

50 i n c h e s  i n  h e i g h t ,  t h e n  t h e  l e t t e r  s i z e  o f  t h e  v i s u a l  

would  be 3 i n c h e s .

A n o t h e r  method o f  d e s c r i b i n g  l e t t e r  s i z e  i s  t he  

S n e l l e n  s y s t e m ,  wh ich  i n v o l v e s  t h e  use  o f  t h e  S n e l l e n  eye 

c h a r t .  P e t e r s  r e p o r t e d  t h a t  t h e  S n e l l e n  s y s t e m i s  bo th  

a r e l i a b l e  and v a l i d  measuremen t  o f  v i s u a l  a c u i t y . ”

Whi le  t h e r e  a r e  s e v e r a l  forms o f  t h e  S n e l l e n  C h a r t ,  the 

mos t  w i d e l y  u s e d  c h a r t  has  s i x  o r  s e v e n  l i n e s  o f  l e t t e r s .  

The t o p  l i n e  has  a l l  l a r g e  s i z e  l e t t e r s  and each  s u c c e s ­

s i v e  l i n e  be l ow i t  has  s m a l l e r  c h a r a c t e r s .  Each o f  the 

l i n e s  i s  i d e n t i f i e d  by a number  r a t i o  i n d i c a t i n g  t h e  

r e l a t i o n s h i p  o f  l e t t e r  s i z e  t o  r e a d a b i l i t y  d i s t a n c e .  For  

e x a m p l e ,  t h e  2 0 / 2 0  l i n e  i s  c o n s i d e r e d  t h e  n o r ma l  a c u i t y  

l i n e .  The n u m e r a t o r  o f  t h e  f r a c t i o n  r e p r e s e n t s  t h e  r e a d ­

i n g  d i s t a n c e ,  w h i l e  t h e  d e n o m i n a t o r  i n d i c a t e s  t h e  d i s t a n c e

I j a m e s  W. C o s t e l l o ,  "The R e a d a b i l i t y  of  P r o j e c t e d  
C a p t i o n s  f o r  C h i l d r e n  6-9  Year s  o f  Age" ( u n p u b l i s h e d  
Ed.U.  d i s s e r t a t i o n ,  I n d i a n a  U n i v e r s i t y ,  1 9 69 ) ,  p .  3.

^Henry  B. P e t e r s ,  " V i s i o n  S c r e e n i n g  w i t h  a S n e l l e n  
C h a r t , "  Amer i c an  J o u r n a l  o f  Op t ome t r y  and A r c h i v e s  o f  t h e  
Amer i c an  Academy o f  O p t o m e t r y , XKXVIII ( Ï 9 6 1 ) ,  489.
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f rom which t h a t  l i n e  can be r e a d  by t h e  n o r ma l  e y e .  A 

p e r s o n  who i s  a b l e  t o  r e a d  o n l y  down t o  t h e  20 / 40  l i n e  i s  

r e a d i n g  a t  20 f e e t  wha t  n o r m a l  v i s i o n  i s  c a p a b l e  o f  

s e e i n g  a t  40 f e e t .

TABLE 1

SUMMARY OF RECOMMENDATIONS REGARDING MINIMUM LETTER 
SIZE FOR ORIGINAL ART WORK FOR PROJECTED VISUALS 

WITH HORIZONTAL FORMAT (6 3 / 4 "  x 9" ON 
8 1 / 2 "  X 11" PAPER FOR 

ADEQUATE MARGINS)

Source

R a t i o  o f  m i n i ­
mum l e t t e r  s i z e  
t o  o v e r - a l l  
h e i g h t  o f  v i s u a l

Recommended mini  
mum l e t t e r  s i z e ,  
i n c h e s  on o r i g i ­
n a l  a r t  work

Van Antwerpen 1 : 7 8 0 . 125

Amer ican Chemica l  S o ­
c i e t y ,  H i n t s  t o  
A u t h o r s 1 : 64

(Minimum)
0 . 125

Amer ican A s s o c i a t i o n  
o f  P e t r o l e u m  G e o l ­
o g i s t s ,  S l i d e  
Manual 1 :58 0 . 141

L. S.  Bonne 11 1 : 5 4 0 . 1 3 9

U n i v e r s i t y  o f
M i n n e s o t a ,  Aids  t o  
T e c h n i c a l  W r i t i n g 1 :50 0 . 1 2 0

J .  Kemp 1:50 0 . 180

Eas t man Kodak Co . ,
S . 4 L e g i b i l i t y  
S t a n d a r d s  f o r  P r o ­
j e c t e d  M a t e r i a l s 1 : 5 0 0 . 125

S o c i e t y  o f  Automo­
t i v e  E n g i n e e r s  
(no da t e ) 1 : 4 0 0 . 2 0 0



TABLE 1 - - C o n t i n u e d

R a t i o  o f  m i n i ­
mum l e t t e r  s i z e  
t o  o v e r - a l l

Recommended m i n i ­
mum l e t t e r  s i z e ,  
i n c h e s  on o r i g i -

Sour ce h e i g h t  o f  v i s u a l  n a l  a r t  work

M i n n e s o t a  Min ing  and 
M a n u f a c t u r i n g  Co. 
(3M),  C r e a t i v e  
T e a c h i n g 1:36 S c a l e d  Templ a t e

U n i t e d  S t a t e s  o f  
Amer i ca  S t a n d a r d s  
I n s t i t u t e  
Y15 .1-19S9 1:34 0 . 1 7 5  Upper  Case 

0 . 2 0 0  Upper  and 
Lower Case

Amer i can  Chemi ca l  So­
c i e t y ,  Handbook f o r  
S p e a k e r s 1 :34  

( Adopted  USA 
S t a n d a r d )

Amer i can  Chemi ca l  S o ­
c i e t y ,  H i n t s  t o  
A u t h o r s 1:32

( P r e f e r r e d )
0 . 250

B. A. J o n e s ,  S l i d e s :  
C o n f u s i n g  o r  
C l e a r ? 1:52 0 . 2 0 0

B. A. J o n e s ,  Make 
S l i d e s  Wor t hwh i l e 1:52 0 . 240

J ohn  A s h e r ,  E f f e c ­
t i v e  P h o t o g r a p h i c  
S l i d e s 1:29 By s c a l e  o n l y

In a v i s u a l  a c u i t y  s t u d y ,  Snowberg i n v e s t i g a t e d  

t h e  r e a d a b i l i t y  o f  p r o j e c t e d  b l a c k  c h a r a c t e r s  w i t h  

c o l o r e d  b a c k g r o u n d s .  In one s e c t i o n  o f  t h a t  s t u d y ,  he
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a l s o  u s e d  b l a c k  l e t t e r s  on a w h i t e  b a c k g r o u n d . ^  The l e t ­

t e r  s t y l e  and l e t t e r  s i z e  r e p o r t e d  i n  t h e  Snowberg s t u d y  

were s i m i l a r  t o  s t y l e  "A" and t h e  f o u r  l e t t e r  s i z e s  t o  be 

u s ed  in t h i s  s t u d y .  The r e s u l t s  o f  S n o w b e r g ' s  l e t t e r  

s i z e  r a t i o  mean s c o r e s  a r e  as f o l l o w s ;  1: 20  = 1 0 . 0 0 0 , 

1 :30  = 9 . 8 9 6 ,  1 :40  = 9 . 0 4 2 ,  and 1 :50  = 7 . 1 8 8 .  These  r e ­

s u l t s  w i l l  be compared  w i t h  t h e  r e s u l t s  o f  t h i s  s t u d y  i n  

a l a t e r  s e c t i o n  o f  t h i s  p a p e r .

I l l u m i n a t i o n  and C o n t r a s t  

Two f a c t o r s  a f f e c t i n g  d i s c r i m i n a t i o n  a r e  i l l u m i ­

n a t i o n  and  b r i g h t n e s s  c o n t r a s t .  S t u d i e s  by T i n k e r ^  and 

G i l b e r t  and Hopk i ns on^  p o i n t  o u t  t h a t  v i s u a l  a c u i t y  

i n c r e a s e s  when i l l u m i n a t i o n  i s  i n c r e a s e d .  ( V i s u a l  a c u i t y  

r e f e r s  t o  t h e  s h a r p n e s s  o f  an i n d i v i d u a l ' s  e y e s i g h t . )  

Riggs  d e f i n e d  v i s u a l  a c u i t y  as " t h e  c a p a c i t y  t o  d i s c r i m ­

i n a t e  t h e  f i n e  d e t a i l s  o f  o b j e c t s  i n  t h e  f i e l d  o f  v i e w . "4 

S l o an  recommends an i l l u m i n a t i o n  l e v e l  o f  12-18  f o o t  

l a m b e r t s  ( F L ) , b e c a u s e  t h i s  i s  "mos t  r e p r e s e n t a t i v e  o f

^Snowberg ,  0£ .  c i t . , p .  49.

^Mi l e s  A. T i n k e r ,  " B r i g h t n e s s  C o n t r a s t ,  I l l u m i n a ­
t i o n ,  I n t e n s i t y  and V i s u a l  E f f i c i e n c y , "  Amer ican  J o u r n a l  
o f  O p t o me t r y  and A r c h i v e s  o f  Amer i can  Academy o f  Optom­
e t r y , XXXVI [May,  1 9 5 9 ) ,  234.

^M. G i l b e r t  and R. G. H o p k i n s o n ,  "The I l l u m i n a t i o n  
o f  t h e  S n e l l e n  C h a r t , "  B r i t i s h  J o u r n a l  o f  O p h t h a l mo l o g y ,  
XXXIII (May, 1 94 9 ) ,  307.

^ L o r r i n  A. R i g g s ,  " V i s u a l  A c u i t y , "  i n  V i s i o n  and 
V i s u a l  P e r c e p t i o n , ed .  by  C l a r e n c e  H. Graham (New York : 
J ohn  Wi l ey  and S on s ,  I n c . ,  1 9 6 5 ) ,  p .  321.
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c o n d i t i o n s  u n d e r  which t h e  eyes  a : e  n o r m a l l y  u s e d . " ^  

R e s ea r c h  h a s  show^ t h a t  t h e  i d e a l  l e v e l  o f  l u mi n an c e  f o r  

r e a d i n g  i s  10 FL. i t  seems r e a s o n a b l e  t o  t e s t  s c r e e n  

v i s i o n  in t h i s  p r o j e c t  a t  t he  10-20 FL l e v e l .

Th e r e  i s  some d i s a g r e e m e n t  i n  t h e  l i t e r a t u r e  r e ­

viewed r e g a r d i n g  c o n t r a s t ,  b e c a u s e  t he  t e rm  i s  u s ed  in 

d i f f e r e n t  c o n t e x t s .  B a r t l e y  has  c l a r i f i e d  t h i s  by d i f ­

f e r e n t i a t i n g  b e t wee n  i n t e n s i t y  c o n t r a s t  and b r i g h t n e s s  

c o n t r a s t .  He d e s c r i b e s  i n t e n s i t y  c o n t r a s t  as a p r o p e r t y  

o f  t h e  s t i m u l u s ,  w h e r ea s  b r i g h t n e s s  c o n t r a s t  i s  t h e  s e n ­

s o r y  e x p e r i e n c e  t h e  e ye  r e c e i v e s . ^  In  a d d i t i o n  t o  

b r i g h t n e s s  and c o n t r a s t ,  L u c k i e s h  b e l i e v e s  t h a t  t h e  s i z e  

o f  l e t t e r s  and  t i me  a v a i l a b l e  f o r  s e e i n g  a r e  i m p o r t a n t  

f a c t o r s  r e g a r d i n g  t he  r e a d a b i l i t y  o f  v i s u a l  m a t e r i a l s . ^

In a s t u d y  by M e t c a l f ,  an a t t e m p t  was made t o  d e t e r m i n e  

the  s e p a r a t e  and j o i n t  e f f e c t s  o f  image s i z e ,  b r i g h t n e s s ,  

and c o n t r a s t  o f  v i s u a l  m a t e r i a l s  i n  t e rms  o f  t i me  r e ­

q u i r e d  f o r  d i s c r i m i n a t i o n .  His  c o n c l u s i o n s  were  t h a t  

when v i s i b i l i t y  i s  m e a s u r e d  by b o t h  r e a c t i o n  t i me  and a c ­

c u r ac y  of  r e s p o n s e ,  i t  i s  ( 1) s i g n i f i c a n t l y  a f f e c t e d  by 

the v i s u a l  a n g l e ,  ( 2) s i g n i f i c a n t l y  a f f e c t e d  by c o n t r a s t

^ Lo u i s e  L. S l o a n ,  "Measurement  o f  V i s u a l  A c u i t y , "  
A.M.A. A r c h i v e s  o f  O p h t h a l m o l o g y , XXXXV ( J u n e ,  1951},  
725.

^Howard S.  B a r t l e y ,  P r i n c i p l e s  o f  P e r c e p t i o n  (New 
York:  H a r p e r  and  B r o s . ,  1 9 6 8 ) ,  p.  113.

^Mat thew L u c k i e s h ,  L i g h t ,  V i s i o n  and S e e i n g  (New 
York:  Van N o s t r a n d  C o . ,  19 4 4 ) ,  p.  56.
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b e t wee n  t h e  image and b a c k g r o u n d ,  and (3)  n o t  s i g n i f i ­

c a n t l y  a f f e c t e d  by the  b r i g h t n e s s  o f  t h e  b a c k g r o u n d . ^

A c l o s e  r e l a t i o n s h i p  e x i s t s  be t we e n  a c u i t y ,  c o n ­

t r a s t ,  and i l l u m i n a t i o n .  As t h e  c o n t r a s t  r a t i o  o f  a 

v i s u a l  t a r g e t  d e c r e a s e s ,  i t s  o v e r a l l  i l l u m i n a t i o n  must  

be i n c r e a s e d  t o  m a i n t a i n  t he  same v i s u a l  a c u i t y .  S t a n ­

d a r d i z e d  a c u i t y  t e s t i n g  r e q u i r e s  b o t h  a c o n t r o l l e d  

i l l u m i n a t i o n  and a d e f i n i t e  t a r g e t  d i s t a n c e .  The 

u n i v e r s a l l y  a c c e p t e d  s u b j e c t - t o - t a r g e t  d i s t a n c e  f o r  t e s t ­

i n g  i s  20 f e e t . 2 At 20 f e e t ,  t h r o u g h  i n f i n i t y ,  the  

l i g h t  r a y s  a r e  n e a r l y  p a r a l l e l  when t h e y  e n t e r  t h e  eye .

I t  p r o v i d e s  a v a l i d  i n d e x  f o r  m e a s u r i n g  a c u i t y  f o r  a l l  

l o n g  d i s t a n c e s .

Viewing D i s t a n c e  and Angle  

The c u r r e n t  r ecommenda t i ons  f o r  v i e w i n g  d i s t a n c e  

f rom t h e  s c r e e n  a r e  g e n e r a l l y  b a s e d  on a s c r e e n  w i d t h  t o  

maximum v i e w i n g  d i s t a n c e  r e l a t i o n s h i p  o f  1 t o  6 ; a l t h o u g h  

i n  some c a s e s ,  t h e y  may r a n g e  f rom a low o f  1 t o  2 . 5  to 

a h i g h  o f  1 t o  7 [ s ee  T a b l e  2 ) . 3

- R i c h a r d  M. M e t c a l f ,  "The E f f e c t s  o f  V i s u a l  Angle ,  
B r i g h t n e s s ,  and C o n t r a s t  on t h e  v i s i b i l i t y  o f  P r o j e c t e d  
M a t e r i a l s "  [ u n p u b l i s h e d  Ed.D.  d i s s e r t a t i o n ,  I n d i a n a  U n i ­
v e r s i t y ,  1968 ) ,  p .  56,

^ " V i s i o n  S c r e e n i n g  in S c h o o l s , "  The S ig h t - Sa v i ng ,  
R e v i e w , XXXI [ S p r i n g ,  196 1 ) ,  51.

^ Mi l t o n  I .  P a t r i e ,  "The R e l a t i o n s h i p  Between View­
i ng  P o s i t i o n  and Achievement  S e l f - P a c e d  R e s p o n s e s  t o  
P r o j e c t e d  Al p h a n u me r i c  C h a r a c t e r s "  [ u n p u b l i s h e d  Ed.D.  
d i s s e r t a t i o n ,  S y r a c u s e  U n i v e r s i t y ,  1968 ) ,  p.  31.
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The a n g l e  a t  which t h e  v i e w e r  s i t s  f rom t he  s c r e e n  

h a s  a d i r e c t  r e l a t i o n s h i p  t o  t h e  r e a d a b i l i t y  o f  t h e  v i ­

s u a l .  S t u d i e s  by P a t r i e ^  and C o s t e l l o ^ ,  who t e s t e d  

s t u d e n t s  and a n g l e s  up t o  45° l e f t  and r i g h t  o f  0° p r o ­

j e c t i o n  a x i s ,  showed t h a t  t h e  g r e a t e r  t h e  a n g l e  f rom 0 °,  

t h e  g r e a t e r  t h e  number o f  e r r o r s  t h a t  were r e c o r d e d  in  

t h e i r  a c u i t y  t e s t i n g .  Most  a u t h o r i t i e s  recommend a 

v i e w i n g  a n g l e  o f  30° f rom t h e  s c r e e n  c e n t e r  ( s ee  T a b l e  2 ) .

S c r e e n  M a t e r i a l  

In t h e  s t u d i e s  j u s t  m e n t i o n e d ,  b o t h  P a t r i e  and 

C o s t e l l o  u s e d  a ma t t e  s u r f a c e  s c r e e n .  The m a n u f a c t u r e r ' s  

recommended v i e wi n g  a r e a  f o r  a m a t t e  s u r f a c e  s c r e e n  i s  

30° f rom t h e  c e n t e r  a x i s ,  and f o r  a b e a d e d - g l a s s  s c r e e n  

t h e  v i e w i n g  a r e a  i s  22°.  The b e a d e d  s c r e e n  does  have 

g r e a t e r  r e f l e c t i o n . ^  However ,  b e c a u s e  o f  t h e  w i d e r  v i e w ­

i n g  a n g l e  and economic f a c t o r s ,  t h e  m a j o r i t y  o f  p r o j e c t i o n  

s c r e e n s  i n  s c h o o l s  today a r e  t h e  m a t t e  s u r f a c e  m a t e r i a l .

A m a t t e  s u r f a c e  s c r e e n  w i l l  be u s e d  in  t h i s  s t u d y .

I P a t r i e ,  0£ .  c i t . ,  p .  31.

Z C o s t e l l o ,  o£.  c i t . , p.  23.

3A u d i o v i s u a l  P r o j e c t i o n , Kodak Pamph l e t  No. S-3 
( R o c h e s t e r ,  N. V. :  Eastman Kodak Company,  1971},  p .  3
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TABLE 2

VIEWING AREAS RECOMMENDED BY AUTHORITIES

Vi ewi ng  Viewing
D i s t a n c e  Angle

A u t h o r i t y ( d e g r e e s ) Comments^
Min.  Max.

Dale 2W 6W 30 With r e s e r v a t i o n s

DA VI 2 . 5W 5W 30

Eastman Kodak 2W 6W 30 Beaded min.  d i s t .  2.E

EEL 2W 6 W 45 Fan o r  o v a l  a r e a

E r i c k s o n 2W 6W 30 G r e a t e r  d i s t a n c e s  i f  
v i s u a l s  good

Foy Cross  5 Cypher 2W 6 W 30

Freedman § Berg 2W 6W 30

I n d i a n a 2W 6W 30

Ki n d e r 2W 6W 30 20-25°  Beaded  s c r e e n

Los Ange les  S c h o o l 2W 6W 30

R. P. I . 2W 6-7W 30 Edge a n g l e  measure

Sands

S i l v e r s t o n e  G

2W 6 W 30 Measure  a n g l e  from 
s c r e e n  edge

Brandon 2W 6W 50^

Sumner 2.5W 7W 20

Thomas  ̂ S w a r t o u t 2W 6W 50 F a n - s h a p e d  a r e a

U. S.  0.  E.

W i t t i c h  5 S c h u l l e r

2W 6W 30

5b3 rd  ed. 2W 6W 2 2 .

^Viewing a r e a  s i d e s  c o n v e r ge  a t  s c r e e n  c e n t e r  u n ­
l e s s  o t h e r w i s e  s t a t e d .

^ H a l f  o f  recommended t o t a l - i n c l u d e d - a n g l e .
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C o l o r  Backg r ound  

A n o t h e r  f a c t o r  a f f e c t i n g  r e a d a b i l i t y  o f  a v i s u a l  

i s  t h e  c o l o r  b a c k g r o u n d .  A s t u d y  by Snowberg c o n c l u d e s  

t h a t  i n  t e r m s  o f  v i s u a l  a c u i t y  ; a w h i t e  b a c k g r o u n d  

s h o u l d  be u s e d  f o r  s u p e r i o r  l e g i b i l i t y . ^  However ,  f o r  

n o n - c r i t i c a l  v i e w i n g ,  Snowberg recommends t h a t  g r e e n  

b a c k g r o u n d s  s h o u l d  be  u s e d  r a t h e r  t h a n  t he  more p o p u l a r  

y e l l o w ,  wh i c h  i s  i n  c u r r e n t  u s e .  T h i s  r ecommenda t i on  i s  

b a s e d  on t h e  f a c t  t h a t  y e l l o w  was t h e  l e a s t  p r e f e r r e d  

c o l o r  in  h i s  s t u d y  w h i l e  g r e e n  r a n k e d  n e a r  b l u e  as  t h e  

most  p o p u l a r .  Both  g r e e n  and y e l l o w  r a n k e d  h i g h  on t h e  

s c a l e ,  a l t h o u g h  l o w e r  on t h e  o v e r a l l  c r i t i c a l  a c u i t y  

s c a l e  t h a n  w h i t e .

N e g a t i v e  and P o s i t i v e  Image 

A s t u d y  by Weaver  u s i n g  p o s i t i v e  and n e g a t i v e  

i m a g e s ,  b l a c k  l e t t e r s  on w h i t e  b a c k g r o u n d  and w h i t e  l e t ­

t e r s  on b l a c k  b a c k g r o u n d ,  f o u nd  t h a t  t h e  p o s i t i v e  image 

was s i g n i f i c a n t l y  b e t t e r  t h a n  t h e  n e g a t i v e  i ma ge . ^

As a r e s u l t  o f  t h e  two above m e n t i o n e d  s t u d i e s ,  

t h e  c u r r e n t  s t u d y  w i l l  be c o n d u c t e d  u s i n g  a p o s i t i v e  

( b l a c k )  image on a w h i t e  b a c k g r o u n d .

^Snowberg,  o£.  c i t . , p.  78.

^ T e r r y  D. Weaver ,  "A S t udy  o f  t h e  C o m p a r a t i v e  Leg­
i b i l i t y  o f  P r o j e c t e d  P o s i t i v e  and N e g a t i v e  B l a c k  and 
Whi te  S l i d e s "  ( u n p u b l i s h e d  Ed.D.  d i s s e r t a t i o n ,  I n d i a n a  
U n i v e r s i t y ,  1 9 7 1 ) ,  p .  52.
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L e t t e r  S t y l e

Whi le t h e r e  has  been  some a t t e n t i o n  g i v e n  t o  most  

o f  t h e  f a c t o r s  a f f e c t i n g  t he  r e a d a b i l i t y  o f  p r o j e c t e d  

v i s u a l  m a t e r i a l s ,  t h e r e  i s  one  i m p o r t a n t  a s p e c t  f o r  which 

a r e a l  p a u c i t y  o f  e v i d e n c e  e x i s t s :  t h a t  i s ,  t h e  l e t t e r

s t y l e  o f  a v i s u a l .  There  has  been  v e r y  l i t t l e  r e s e a r c h  

c o n d u c t e d  on t h e  r e l a t i v e  a c u i t y  o f  t h e  d i f f e r e n t  s t y l e s  

o f  l e t t e r i n g  a v a i l a b l e  f o r  p r o d u c i n g  v i s u a l  m a t e r i a l s .

For  t h e  most  p a r t ,  r e s e a r c h  h a s  be e n  c o n d u c t e d  on type  

f o n t s  a v a i l a b l e  t o  p r i n t e r s  and  t y p e  f o r  t y p e w r i t e r s .  

Adams,  R o s e m i e r ,  and Sleeman s t u d i e d  t h e  r e a d a b i l i t y  o f  

t y p e w r i t e r  l e t t e r i n g  f o r  o v e r h e a d  t r a n s p a r e n t  v i s u a l s . ^  

The r e s u l t s  o f  t h e i r  i n v e s t i g a t i o n  i n d i c a t e d  t h a t  t h e  

s m a l l e r  s i z e  l e t t e r s  ( e l i t e  and  p i c a )  s h o u l d  be a v o i d e d  

in t h e  p r e p a r a t i o n  o f  p r o j e c t u a l s .  They a l s o  r e p o r t e d  

t h a t  f o u r  o u t  o f  t h e  f i v e  g r oups  t e s t e d  found t h a t  t he  

0 / 32  inch p r i m e r  s i z e  t y p e  w i t h  s e r i f s  was more r e a d a b l e  

t h a n  t h e  6 /52  i n c h  b u l l e t i n  t y p e  w i t h o u t  s e r i f s .

C e r t a i n  l e t t e r s  a r e  more e a s i l y  r e c o g n i z e d  t ha n  

o t h e r s ,  b e c a u s e  o f  t h e i r  g e n e r a l  f orm or  s h a p e .  S h e a r d  

s t a t e d  t h a t  l e t t e r s  u s ed  f o r  r e s e a r c h  p u r p o s e s  s h o u l d  be
9

s e l e c t e d  f rom s e v e r a l  d i f f e r e n t  l e v e l s  o f  d i f f i c u l t y . “

I S a r a h  Adams, R o b e r t  R o s e m i e r ,  and P h i l l i p  
S l e e ma n ,  " R e a d a b l e  L e t t e r  S i z e  and V i s i b i l i t y  f o r  O v e r ­
he a d  P r o j e c t i o n  T r a n s p a r e n c i e s . "  A u d i o v i s u a l  Communica­
t i o n  Rev i ew, X I I I  ( W i n t e r ,  1 9 6 5 ) ,  p .  416.

^ C h a r l e s  S h e a r d ,  "Some F a c t o r s  A f f e c t i n g  V i s u a l  
A c u i t y , "  Amer i can  J o u r n a l  o f  P h y s i o l o g i c a l  O p t i c s , I I  
( A p r i l ,  1921) , 170.
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In a  s t u d y  c o n d u c t e d  by R i c h a r d s ,  l e t t e r s  w i t h  and w i t h ­

out  s e r i f s  were  u s e d . l  Hi s  s u b j e c t s  were f i r s t  t e s t e d  

w i t h  10 FL of  l u m i n a t i o n  and t h e n  a g a i n  w i t h  1 FL. The 

s e r i f  l e t t e r s  were  m i s c a l l e d  l e s s  o f t e n  a t  10 FL and more 

so a t  1 FL. T h e r e  were  l e s s  m i s t a k e s  i n  naming t h e  l e t ­

t e r s  w i t h o u t  s e r i f s  a t  b o t h  l u m i n a n c e s .  (The l e t t e r  

s t y l e  S tymi e  Medium has  s e r i f s . )  S l o a n  has  r a t e d  l e t ­

t e r s  a c c o r d i n g  t o  t h e i r  r e l a t i v e  d i f f i c u l t y  l e v e l .  In 

t e s t s  c o n d u c t e d  on 234 e y e s ,  t he  l e t t e r  S was t h e  most  

d i f f i c u l t  t o  r e a d ,  and t h e  l e t t e r  Z was t h e  e a s i e s t -  ( s e e  

T a b l e  3) .

Exposu r e  Time 

Exposure  t i me  i s  a n o t h e r  v a r i a b l e  which may a f f e c t  

t h e  i n d i v i d u a l ' s  a b i l i t y  t o  d i s c r i m i n a t e  d e t a i l .  The 

u s u a l  s t u d y  i n  which  e x p o s u r e  i s  c o n s i d e r e d  a v a r i a b l e  

d e a l s  w i t h  e x p o s u r e s  o f  s h o ^ t  p e r i o d s  o f  t i m e ,  i . e . ,  a few 

s ec o n ds  o r  f r a c t i o n s  o f  s e c o n d s .  ̂ In t h e  c u r r e n t  s t u d y ,  

as i n  most  c l a s s r o o m  s i t u a t i o n s ,  p r o j e c t i o n  o f  v i s u a l  

m a t e r i a l s  i n v o l v e s  medium t o  l ong  e x p o s u r e  t i m e s  o f  a p ­

p r o x i m a t e l y  15 s e c o n ds  o r  l o n g e r .  Under  t h e s e  c o n d i t i o n s .

i Q s c a r  W. R i c h a r d s ,  "A Compar i son o f  A c u i t y  T e s t  
L e t t e r s  With and  W i t h o u t  S e r i f s , "  Amer ican  J o u r n a l  o f  
Op t ome t r y  and A r c h i v e s  o f  t h e  Amer ican Academy o f  Optom­
e t r y . XXXXI ( 1 9 6 4 ) ,  592.

^Lou i s e  L. S l o a n ,  "New T e s t  C h a r t s  f o r  t h e  M e a s u r e ­
ment  o f  V i s u a l  A c u i t y  a t  F a r  and Near  D i s t a n c e s , "  Amer ican 
J o u r n a l  o f  O p h t h a l m o l o g y , XXXXVIII (December ,  1 9 59 ) ,  808.

^Snowberg,  0£ .  c i t . ,  p .  19.
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TABLE 3

RELATIVE DIFFICULTY OF SLOAN LETTERS

L e t t e r

P e r c e n t  o f  c o r r e c t  
r e s p o n s e s  a t  

t h r e s h o l d

D e v i a t i o n  from 
a v e r a g e  p e r ­
c e n t  c o r r e c t

Z 94 . 0 1 2 . 0

N 9 1 . 6 9 . 6

H 8 9 . 3 7 . 3

R 8 6 . 3 4 . 3

V 8 4 . 6 2 . 3

K 8 2 . 1 0 . 1

D 79.5 - 0 . 5

C 71. 4 - 1 0 . 6

0 71.0 - 1 1 . 0

S 7 0 . 6 - 1 1 . 4

Average  82 . 0

s t u d e n t s  have a d e q u a t e  t i me  to r e a d  t h e  v i s u a l  i n f o r m a ­

t i o n ;  and t h u s ,  e x p o s u r e  t i me  i s  n o t  a main c o n c e r n  o f  

t h i s  s t u d y .

V i s u a l  F a t i g u e  

S t u d i e '  by C a r m i c h a e l  and D ea r b o r n  r e p o r t e d  t h a t  

a book can be r e a d  c o n t i n u o u s l y  f o r  s i x  h o u r s  by a normal  

s u b j e c t  w i t h o u t  undue s i g n s  of f a t i g u e . ^  They a l s o

^Leona r d  C a r m i c h a e l  and W a l t e r  F. D e a r b o r n ,  Re a d ­
i n g  and V i s u a l  F a t i g u e  (Bos ton:  Houghton  M i f f l i n  C o . ,
1 94 7 ) ,  p .  358.
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r e p o r t e d  t h a t  m i c r o f i l m  r e a d i n g  can be c a r r i e d  on f o r  s i x  

h o u r s  w i t h o u t  u n d u l y  f a t i g u i n g  t h e  no r ma l  s u b j e c t .  In 

t h i s  s t u d y ,  whe re  a s u b j e c t  w i l l  be r e q u i r e d  t o  c o n c e n ­

t r a t e  on v i s u a l  t a r g e t s  f o r  a p p r o x i m a t e l y  15 s e c o n d s  p e r  

t a r g e t ,  d u r i n g  a  t o t a l  t i me  s pan  o f  15 t o  20 m i n u t e s ,  

f a t i g u e  s h o u l d  n o t  be a  f a c t o r  o f  i m p o r t a n c e .



CHAPTER I I I  

METHODOLOGY

The p r o c e d u r e s  u s e d  i n  t h i s  s t u d y  a r e  d i s c u s s e d  

u n d e r  t h e  f o l l o w i n g  h e a d i n g s :  ( 1) s e l e c t i o n  o f  p o p u l a ­

t i o n ,  (2)  i n s t r u m e n t a t i o n ,  (3) s t i m u l u s  m a t e r i a l s ,

(4) i n s t r u c t i o n s  and p r o c e d u r e s ,  (5)  i n d e p e n d e n t  v a r i ­

a b l e s ,  ( 6 ) d e p e n d e n t  v a r i a b l e s ,  and  (7) d e s i g n .

S e l e c t i o n  o f  P o p u l a t i o n  

S i x t y  s u b j e c t s  we re  s e l e c t e d  t o  p a r t i c i p a t e  i n  t h i s  

s t u d y .  The s u b j e c t s  were  u n d e r g r a d u a t e s  and g r a d u a t e s  i n  

t h e  18-30 age g r ou p .  A l l  were  e n r o l l e d  i n  e d u c a t i o n  

c o u r s e s  a t  t h e  U n i v e r s i t y  o f  W i s c o n s i n - W h i t e w a t e r . P a r ­

t i c i p a t i o n  i n  t h e  s t u d y  was on a v o l u n t e e r  s i g n - u p  b a s i s .  

The s u b j e c t s  were  r andoml y  a s s i g n e d  t o  i n i t i a l  v i e w i n g  

d i s t a n c e  g r o up s  ( 10 ,  20 ,  30,  o r  40 f e e t )  by u s i n g  a t a b l e  

o f  random d i g i t s . ^

A p r e - t e s t  was u s e d  t o  d e t e r m i n e  t h e  c o n d i t i o n  o f  

t h e i r  e y e s i g h t .  Those  s t u d e n t s  whose  e y e s i g h t  t e s t e d  

below no r ma l  20 / 20  on t h e  S n e l l e n  Eye C h a r t  were  r e t a i n e d

^E. R. L i n d q u i s t ,  Des i gn  and  A n a l y s i s  o f  E x p e r i ­
ments  i n  P s y c h o l o g y  and E d u c a t i o n  ( B o s t o n :  Houghton
M i f f l i n  Company,  1 9 6 4 ) ,  385.
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in  t h e  s a m p l e ,  b e c a u s e  t h e  i n t e n t i o n  was t o  employ a 

g roup s i m i l a r  t o  t h a t  wh i ch  mi gh t  be found i n  a t y p i c a l  

c l a s s r o o m  w i t h  a l l  t h e  v a r i a n c e s  i n  v i s u a l  a c u i t y  n o r ­

ma l l y  p r e s e n t .  Fo r  t h i s  same r e a s o n ,  s t u d e n t s  who wore 

c o r r e c t i v e  l e n s e s  r e g u l a r l y  wore them d u r i n g  t h e  e x p e r i ­

ment .

I n s t r u m e n t a t i o n  

P r o j e c t i o n  f a c i l i t i e s  were  s t a n d a r d i z e d  u n d e r  

c a r e f u l l y  c o n t r o l l e d  c o n d i t i o n s .  The p r o j e c t i o n  s c r e e n  

s e l e c t e d  f o r  t h i s  s t u d y  was a Da L i t e  Model C w h i t e  ma t t e  

s u r f a c e  s c r e e n  w i t h  a me a s u r ed  w i d t h  o f  8 f e e t .  The 

t e s t i n g  room was an i n s i d e  room w i t h  no windows and the  

s c r e e n  b r i g h t n e s s  was c a l c u l a t e d  t o  be 12 . 5  FL.

The s t i m u l u s  m a t e r i a l s  were  p r o j e c t e d  by Model  750 

Kodak C a r o u s e l  2" x 2" s l i d e  p r o j e c t o r .  T h i s  model  was 

e q u i p p e d  w i t h  a s i x  i nch  f / 3 . 5  l e n s  and a 500 w a t t  CBA 

I amp.

S t i m u l u s  M a t e r i a l s  

S t i m u l u s  m a t e r i a l s  u s e d  i n  t h i s  s t u d y  c o n s i s t e d  

o f  a s e r i e s  o f  12 b l a c k  on w h i t e  p o s i t i v e  35mm t e s t  

s l i d e s .  The l e t t e r  s t y l e s  chos en  f o r  use  i n  t h i s  s t u d y  

were t h e  f o l l o w i n g  l e t t e r  t e m p l a t e s :  (1)  LeRoy S t a n d a r d ,

# 61 - 0250 ;  (2)  LeRoy S tymi e  Medium, # 61 - 1150 ;  and (3)

LeRoy Condensed  G o t h i c ,  #61-0600 ( s e e  F i g u r e  1 ) .  A

^ A u d i o v i s u a l  P r o j e c t i o n ,  S - 3 ,  o£.  c i t . , p .  14.
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LETTER STYLES 

STYLE A.
THIS IS A SAMPLE OF 
LEROY STANDARD, 61-0250

Z N H R V K D C O S

STYLE B.
THIS IS A SAMPLE OF 
LEROY STYMIE MEDIUM, 
61-1150

Z N H R V K D C O S

STYLE C.
THIS IS A SAMPLE OF LEROY 
CONDENSED GOTHIC, 6 1 - 0 6 0 0

Z N H R V K D C O S
F i g u r e  1.  L e t t e r  S t y l e s  Used on t he  V i s u a l  A c u i t y  S l i d e s
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number  t h r e e  pen s i z e  was u s e d  wi th a l l  t h r e e  l e t t e r i n g  

t e m p l a t e s  i n  o r d e r  t o  m a i n t a i n  the same l e t t e r  s t r o k e  

w i d t h .

Each t a r g e t  s l i d e  was d e s i g ne d  t o  i n c l u d e  one l i n e  

o f  t e n  l e t t e r s .  The l e t t e r s  us ed  i n  t h i s  s t u d y  were t h e  

c a p i t a l  l e t t e r s  Z, N, H, R, V, K, D, C,  0 ,  and S,  t h e  

same ones  r e s e a r c h e d  and d i f f i c u l t y  r a t e d  by S l o a n .  The 

se q u e n c e  o f  l e t t e r s  on e ac h  s l i d e  was r andoml y  a s s i g n e d  

by u s i n g  a t a b l e  o f  random d i g i t s . ^  The l e t t e r s  were 

d e s i g n e d  t o  p r o j e c t  t o  a s p e c i f i c  l e t t e r  h e i g h t  t o  s c r e e n  

image h e i g h t  r a t i o  w i t h i n  a r ange  o f  s i z e s  known t o  d i s ­

c r i m i n a t e  l e g i b i l i t y .  The r a t i o  of  1 :20  was s e l e c t e d  f o r  

t he  l a r g e s t  s i z e  by C o s t e l l o ,  b ec a u s e  t h i s  l e t t e r  s i z e  

c o u l d  be i d e n t i f i e d  by n e a r l y  a l l  o f  h i s  s u b j e c t s .  ̂ The 

o t h e r  l e t t e r  s i z e s  u s e d  i n  h i s  s t u d y  h a d  t h e  r a t i o s  o f  

1 : 3 0 ,  1 : 4 0 ,  and  1 : 5 0 .  These  r a t i o s  were  a l s o  employed i n  

t h i s  s t u d y  ( s e e  F i g u r e  2 ) .

In o r d e r  t o  s t a n d a r d i z e  a l l  t h e  t a r g e t  s l i d e s ,  t h e  

1:40 r a t i o  l i n e  was d e s i g n a t e d  as t h e  20 / 20  a c u i t y  l i n e .  

Th i s  t a r g e t  s l i d e  was p r o j e c t e d  on t h e  s c r e e n  and c e n ­

t e r e d  on t h e  S n e l l e n  Eye C h a r t  ( #1930) .  The s l i d e  

p r o j e c t o r  was moved f o r w a r d  u n t i l  t h e  1 :40  r a t i o  l i n e  

c o i n c i d e d  w i t h  t h e  S n e l l e n  20/20  l i n e  on t h e  S n e l l e n

^ L i n d q u i s t ,  0£ .  c i t . , p .  385. 

^ C o s t e l l o ,  0£ .  c i t . , p .  27.
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1 : 2 0 K D R Z N S O V C H

:3ü h r d v o k n z s c

40 C Z V H S U O N K R

SO O D Z H S N R V K C

F i ' i i r o  L.  L e t t e r  S i z e  R a t i o s  Used on V i s u a l  A c u i t y  S l i d
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C l h a r t . Both t h e  1:40 r a t i o  l i n e  on t h e  s l i d e  and  t h e  

20 / 20  l i n e  on t h e  c h a r t  were  m e a s u re d .  Both s i z e s  were 

5 / 8 "  i n  h e i g h t .  The d i s t a n c e  f rom t h e  ' : ' ' de  p r o j e c t o r  t o  

t h e  p r o j e c t i o n  s c r e e n  was m e a s u r e d ,  and found t o  be 5 ’ 4 " .  

The d i s t a n c e  f r om t h e  s l i d e  p r o j e c t o r  t o  t h e  p r o j e c t i o n  

s c r e e n  w i l l  va ry  as t h e  f o c a l  l e n g t h  o f  t h e  p r o j e c t o r  

l e n s  i s  changed.

A l l  of t h e  t a r g e t  s l i d e s  were  p r e p a r e d  w i t h  opaque 

b l a c k  l e t t e r s  on c l e a r  b a c k g r o u n d s .  High c o n t r a s t  f i l m  

was u s e d  t o  p roduce  35mm p o s i t i v e s .  The p o s i t i v e s  were  

t h e n  mounted i n  2" x 2" s l i d e  f r a m e s .  A l l  p h o t o g r a p h i c  

and mou n t in g  p r o c e d u r e s  we r e  c a r e f u l l y  c o n t r o l l e d  t o  i n ­

s u r e  u n i f o r m  s l i d e s .

I n s t r u c t i o n s  and P r o c e d u r e s  

P a r t i c i p a n t s  i n  t h i s  s t u d y  were  t e s t e d  i n d i v i d ­

u a l l y .  The t e s t s  began  by a s k i n g  t h e  s u b j e c t  t o  s t a n d  

a t  a d e s i g n a t e d  p o s i t i o n  ( 20  f e e t  f rom t h e  s c r e e n )  in  a 

d a r k e n e d  room. A f t e r  a l l o w i n g  a b r i e f  p e r i o d  o f  t i me  

f o r  t h e  s u b j e c t ' s  eyes  t o  a d a p t  t o  t h e  beam o f  l i g h t  p r o ­

j e c t e d  on the s c r e e n ,  e a c h  was g i v e n  a S n e l l e n  Eye T e s t ,  

u s i n g  t h e  American O p t i c a l  C h a r t  #1930,  t o  e s t a b l i s h  t h e  

v i s u a l  a c u i t y .

P r e l i m i n a r y  S c r e e n i n g  o f  Eyes

The i n s t r u c t i o n s  t o  t h e  s u b j e c t s  were  as f o l l o w s :

" ( S u b j e c t s '  n a m e ) ,  p l e a s e  s t a n d  on t h i s  l i n e  
and cover  y o u r  l e f t  e y e .  Do n o t  p r e s s  on y ou r
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e y e ,  b u t  c o v e r  i t  c o m p l e t e l y  so t h a t  you  do n o t  
s e e  t h e  l e t t e r s .  S t a r t  r e a d i n g  t h e  l e t t e r s  on 
t h e  t o p  l i n e ,  l e f t  t o  r i g h t ,  r e a d i n g  o u t  loud  
u n t i l  you c a n n o t  d i s t i n g u i s h  t h e  l e t t e r s . "

The r i g h t  eye  r e s p o n s e  was r e c o r d e d  on t h e  t e s t  s h e e t .

" ( S u b j e c t s '  name) ,  w i l l  you p l e a s e  c o v e r  
y o u r  r i g h t  eye  and u s i n g  the  same p r o c e d u r e ,  
r e a d  t h e  l e t t e r s ,  s t a r t i n g  w i t h  t h e  t o p  l i n e  
u n t i l  you  c a n n o t  d i s t i n g u i s h  t h e  l e t t e r s . "

I'lie l e f t  eye r e s p o n s e  was r e c o r d e d  on t h e  t e s t  s h e e t .

T e s t  O r i e n t a t i o n

ba c h  s u b j e c t  was i n s t r u c t e d  t o  s i t  i n  a d e s i g n a t e d  

c h a i r  (2Ü f e e t  f rom the  s c r e e n ) .  A f t e r  t h e  room was 

d a r k e n e d ,  and t h e  s u b j e c t ' s  eyes  h a d  become acc u s t ome d  

t o  t h e  beam o f  l i g h t  on t h e  s c r e e n ,  t h e  f o l l o w i n g  i n ­

s t r u c t i o n s  were r e a d  to e a c h  s u b j e c t :

" P l e a s e  look  a t  t h e  p r o j e c t e d  l i g h t  w h i l e  
1 g i v e  you i n s t r u c t i o n s  f o r  v i e w i n g  t h e  s l i d e s .
You w i l l  be l o o k i n g  a t  a t o t a l  o f  48 s l i d e s ,  
l iach s l i d e  w i l l  c o n t a i n  one l i n e  o f  l e t t e r s ,  
bach l i n e  i s  composed o f  10 l e t t e r s .  The r e  
w i l l  be 12 s l i d e s  a t  e a c h  o f  t h e  f o l l o w i n g  d i s ­
t a n c e s :  20,  40,  30,  an d  10 f e e t .

When a s k e d  t o  b e g i n ,  you w i l l  be e x p e c t e d  
t o  r e a d  t h e  l e t t e r s  o u t  l oud ,  r e a d i n g  f rom 
l e f t  t o  r i g h t .  Do n o t  r us h  t h r o u g h  t h e  l i n e ,  
b u t  n e i t h e r  s h o u l d  you  h e s i t a t e  n o r  s pe nd  
undue t i me  on any one p a r t i c u l a r  l e t t e r .  Any 
t i me  a l e t t e r  i s  u n c l e a r  to y o u ,  m e r e l y  s ay  ' x ' ,  
and  go on t o  t h e  n e x t  l e t t e r .  Le t  me r e p e a t  
t h a t  a g a i n .  Say ' x '  f o r  any l e t t e r  wh i ch  you  
c a n n o t  i d e n t i f y .  T h i s  p a r t i c u l a r  l e t t e r  i s  n o t  
u s e d  i n  t h i s  s e r i e s  o f  s l i d e s  and  t h u s  you ne e d  
n o t  wor r y  a b o u t  y ou r  u s e  of  ' x ' f o r  unknown 
l e t t e r s .

P l e a s e  r ema i n  c o m f o r t a b l y  s e a t e d  t h r o u g h o u t  
t h e  s e r i e s  o f  s l i d e s .  Do n o t  move f o r w a r d  or  
bend  f o r w a r d .  S imply  r e l a x  and i d e n t i f y  t h o s e  
l e t t e r s  t h a t  you can s e e .  I t  i s  n o t  n e c e s s a r y  
n o r  d e s i r e d  t h a t  you s q u i n t .



26

Upon c o m p l e t i o n  o f  i d e n t i f i c a t i o n  o f  a 
s l i d e ,  t h e  o p e r a t o r  w i l l  change  the  s l i d e ,  
and  w i l l  a sk  you  t o  b e g i n  i d e n t i f i c a t i o n  o f  
t h e  n e x t  s l i d e . "

At t h e  c o n c l u s i o n  o f  t h e  i n s t r u c t i o n s ,  t h e  o p e r a ­

t o r  a s k e d  e a c h  s u b j e c t  i f  he  o r  she  had any q u e s t i o n s .  

Be f o r e  any o f  t h e  r e s p o n s e s  were  r e c o r d e d  f o r  t he  f i r s t  

s l i d e ,  t he  o p e r a t o r  e x p l a i n e d  t o  t h e  s u b j e c t  t h a t  t he  , 

a n s we r s  were  t o  be r e c o r d e d  on a t e s t  s h e e t  ( s e e  Appen­

d i x )  . Wi th t h e s e  p r e l i m i n a r y  i n s t r u c t i o n s  out  o f  t h e  

way,  t h e  s u b j e c t  b e g a n  t o  i d e n t i f y  t h e  l e t t e r s  on t h e  

t a r g e t  s l i d e s .

I n d e p e n d e n t  V a r i a b l e s

The i n d e p e n d e n t  v a r i a b l e s  o f  t h i s  s t u d y  were  l e t ­

t e r  s t y l e ,  l e t t e r  h e i g h t ,  and v i e w i n g  d i s t a n c e .  A l l  

o t h e r  v a r i a b l e s  s u c h  as  i l l u m i n a t i o n ,  v i e wi n g  a n g l e ,  

s c r e e n  m a t e r i a l  and  s i z e  were  c o n s t a n t  o r  were h e l d  a t  

l e v e l s  o f  n o n - s i g n i f i c a n c e .

Pep ’d e n t  V a r i a b l e

The d e p e n d e n t  v a r i a b l e  i n  t h i s  s t u d y  was r e a d a ­

b i l i t y ,  o r  t h e  a b i l i t y  t o  r e s p o n d  t o  t he  l e t t e r s  v i ewed  

on t h e  48 t a r g e t  s l i d e s .  The number  of c o r r e c t  r e s p o n s e s  

on e a c h  s l i d e  was 10,  w i t h  a t o t a l  o f  480 r e s p o n s e s .

Des i gn

A t h r e e  way A n a l y s i s  o f  V a r i a n c e  was used  f o r  t h e  

s t a t i s t i c a l  d e s i g n .  T h i s  d e s i g n  a c c o u n t s  f o r  t h e
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r e s p o n s e s  t e  t h e  i n d e p e n d e n t  v a r i a b l e s :  5 ( l e t t e r  s t y l e s ,

LeRoy S t a n d a r d ,  LeRoy Stymi e  Medium, and LeRoy Condensed 

Got h i c )  X 4 ( l e t t e r  s i z e s ,  1 : 2 0 ,  1 : 3 0 ,  1 : 4 0 ,  and 1 :50  

l e t  t e r - h e i g h t -  t o - s e r e  en - image h e i g h t  r a t i o s )  x 4 (viewing 

d i s t a n c e s ,  10,  20,  30,  and 40 f e e t ) .

Each  o f  t h e  60 s u b j e c t s  were  ex p o s e d  t o  t h e  f o u r  

l e t t e r  s i z e s  o f  eac h  o f  t h e  t h r e e  l e t t e r  s t y l e s  and t h e  

four  v i e w i n g  d i s t a n c e s .  When s i g n i f i c a n t  F - r a t i o s  a t  

t he  . 01  s i g n i f i c a n c e  l e v e l  were  found t o  e x i s t ,  t h e  

S c h e f f e '  M u l t i p l e  Compar i son  T e s t  was u s e d  t o  d e t e r m i n e  

t he  d i f f e r e n c e s  be t wee n  i n d i v i d u a l  means.  The S c h e f f e ' 

method u s e s  t h e  c r i t e r i o n  t h a t  t h e  p r o b a b i l i t y  o f  r e ­

j e c t i n g  t h e  n u l l  h y p o t h e s i s  when i t  i s  t r u e ,  a Type 1 

e r r o r ,  s h o u l d  n o t  e x c e e d  . 01  f o r  any of  t h e  c o mp a r i s on s  

made. ^

The raw d a t a  was r e c o r d e d  on d a t a  punch  c a r d s  and 

a n a l y z e d  by a compu t e r  u s i n g  t h e  NWAYl: G e n e r a l  A n a l y s i s

of  V a r i a n c e  p r og r a m,  w r i t t e n  and s u p p o r t e d  by t h e  A c a ­

demic Comput ing C e n t e r  a t  t h e  U n i v e r s i t y  o f  W i s c o n s i n ,  

M a d i s o n . 2 Means f o r  t he  i n d e p e n d e n t  v a r i a b l e s  a r e  p r e ­

s e n t e d  i n  T a b l e  4.

^George A. F e r g u s o n ,  S t a t i s t i c a l  A n a l y s i s  i n  P s y - 
cho l ogy  and E d u c a t i o n  (New York:  McGr aw- Hi l l ,  1 971 ) ,
270.

^NWAY 1: G en e r a l  A n a l y s i s  of  V a r i a n c e , Academic
Comput ing C e n t e r ,  (The U n i v e r s i t y  of  W i s c o n s i n ,  Ma d i s on ,  
19 70) .



TABLE 4

CELL MEANS OF 60 SUBJECTS IX EACH OF THE THREE 
L E T T E R  S T Y L E S  BY FOUR L E T T E R  S I Z E  R A T IO S  

BY FOUR VIEiSiNG DISTANCES

Style A Style B Style C

Dis - 
tance 1 : 20

Size 
1 ; 30 1 ; 4 0 1 : 5 0 1 : 20

Si ze 
1 : 3 0  1 : 4 0

Size
1 : 5 0  1 : 2 0  1 : 30  1 : 4 0  1 : 5 0

1 0  f t  . 1 0 . 0 0 0  1 0 . 0 0 0  1 0 . 0 0 0  1 0 . 0 0 0  1 0 . 0 0 0  1 0 . 0 0 0  1 0 . 0 0 0  1 0 . 0 0 0  9 . 9 8 3  9 . 9 8 3  9 . 9 6 7  9 . 7 3 3

2 0  f t .  1 0 . 0 0 0  9 . 9 8 3  9 . 1 0 0  7 . 6 6 7  9 . 9 6 7  9 . 7 3 3  8 . 5 5 0  6 . 9 0 0  9 . 9 0 0  8 . 9 5 0  5 . 6 0 0  1 . 6 6 7

30  f t .  9 . 8 0 0  9 . 3 6 7  6 . 1 1 7  2 . 3 6 7  9 . 8 8 3  9 . 1 3 3  6 . 3 8 3  1 . 8 3 3  9 . 2 5 0  5 . 4 8 3  . 9 6 7  . 1 6 7

4 0  f t .  9 . 1 6 7  6 . 8 8 3  1 . 4 5 0  . 0 3 3  9 . 4 0 0  7 . 0 5 0  1 . 7 1 7  . 0 3 3  7 . 3 5 0  1 . 4 6 7  . 0  3 3  . 0 0 0

r s j
CO



CHAPTER IV 

RESULTS

Th i s  c h a p t e r  c o n s i s t s  o f  tv.'o s e c t i o n s .  The f i r s t  

s e c t i o n  c o n t a i n s  t h e  a n a l y s i s  o f  v a r i a n c e  and t h e  a s s o c i ­

a t e d  m u l t i p l e  c o mp ar i s o n  t e s t s  u s e d  t o  d e t e r m i n e  t h e  

d i f f e r e n c e s  b e t w e e n  i n d i v i d u a l  m e a n s . The s e c o n d  s e c t i o n  

d e s c r i b e s  t he  a t t a i n m e n t  o f  s p e c i f i c  o b j e c t i v e s .

A n a l y s i s  o f  V a r i a n c e

The summary o f  t h e  a n a l y s i s  o f  v a r i a n c e ,  as  p r e ­

s e n t e d  in T a b l e  5,  i n c l u d e s :  t h e  i n d e p e n d e n t  v a r i a b l e s - -

l e t t e r  s t y l e ,  l e t t e r  s i z e ,  and v i e wi n g  d i s t a n c e  ; t h r e e  

t w o - f a c t o r  i n t e r a c t i o n s  - - l e t t e r  s t y l e  a nd  l e t t e r  s i z e ,  

l e t t e r  s t y l e  and  v i e wi ng  d i s t a n c e ,  and l e t t e r  s i z e  and 

v i e w i n g  d i s t a n c e ;  and one t h r e e  f a c t o r  i n t e r a c t i o n - - l e t - 

t e r  s t y l e ,  l e t t e r  s i z e ,  and v i e wi n g  d i s t a n c e .  The .01 

l e v e l  o f  s i g n i f i c a n c e  was a d o p t e d  f o r  e x a m i n i n g  e x p e r i ­

m e n t a l  e f f e c t s .

L e t t e r  s t y l e  (L) was s i g n i f i c a n t  a t  t h e  p < [ . 0 1  

l e v e l  w i t h  F = 263 . 47 8 .

L e t t e r  s i z e  (Z) was s i g n i f i c a n t  a t  t h e  p < . 0 1  

l e v e l  w i t h  F = 9 0 8 . 39 2 .

29
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Viewing d i s t a n c e  (D) was s i g n i f i c a n t  a t  t h e  p < . 0 1  

l e v e l  w i t h  F = 11 8 6 . 51 6 .

T h r ee  t w o - f a c t o r  i n t e r a c t i o n s  a r e  shown i n  T a b l e  5. 

The i n t e r a c t i o n s  b e t we e n  l e t t e r  s t y l e  and l e t t e r  s i z e  

(LZ) were  s i g n i f i c a n t  a t  t h e  p<^ . 01  l e v e l  w i t h  F = 14 . 20 3 .  

A s i g n i f i c a n c e  o f  F = 28.  222 , p < | . G l  was found  i n  t he  

i n t e r a c t i o n  b e t we e n  l e t t e r  s t y l e  and v i e w i n g  d i s t a n c e  

(LD) . A l s o ,  t h e  i n t e r a c t i o n  b e t we e n  l e t t e r  s i z e  and v i e w ­

ing d i s t a n c e  was found  t o  be s i g n i f i c a n t  w i t h  an F = 

1 4 1 . 0 4 0 ,  p ^ . O l .

One t h r e e - f a c t o r  i n t e r a c t i o n  i n v o l v i n g  t h e  t h r e e  

i n d e p e n d e n t  v a r i a b l e s  i s  shown i n  t h e  a n a l y s i s  o f  v a r i ­

ance  on l i n e  LZD o f  T a b l e  5. T h i s  i n t e r a c t i o n ,  which  

i n c l u d e d  l e t t e r  s t y l e  by l e t t e r  s i z e  by v i e w i n g  d i s t a n c e ,  

was s i g n i f i c a n t  w i t h  an F = 1 9 . 0 6 2 ,  p<C. 0 1 .

The S c h e f f e ' M u l t i p l e  Compar i son  T e s t  was computed 

t o  d e t e r m i n e  t h e  s i g n i f i c a n t  d i f f e r e n c e s  be t we e n  t h e  

moans f o r  t he  t h r e e  l e t t e r  s t y l e s . ^  T h e r e  was no s i g n i f ­

i c a n t  d i f f e r e n c e  be t we e n  l e t t e r  s t y l e  "A" (LeRoy S t a n d a r d )  

and l e t t e r  s t y l e  "B" (LeRoy S t ymi e  Medium) . Th e r e  was a 

s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  l e t t e r  s t y l e  "A" (LeRoy 

S t a n d a r d )  and l e t t e r  s t y l e  "C" (LeRoy Condensed  G o t h i c  

a t  t h e  p ^  .01 l e v e l .  T h e r e  was a l s o  a s i g n i f i c a n t  d i f ­

f e r e n c e  be t we e n  l e t t e r  s t y l e  "B" (LeRoy S tymi e  Medium)

^ F e r g u s o n ,  o£.  c i t . , p .  270.



TABLE 5

SUMMARY OF ANALYSIS OF VARIANCE OF THE INDEPENDENT 
VARIABLES AND INTERACTIONS OF LETTER STYLE, 

LETTER SIZE, AND VIEWING DISTANCE FOR 
THE NU M B E R  OF CORRECT RESPONSES

Source df SS MS
F

Requi re d
F

Obtained

Letter Style (L) 2 2371.300 1185.651 4 . 60 263.478*
Letter Size (Z] 3 12263.300 4087.766 3. 78 908.392*
Viewing Distance (D) 3 16017.960 5939.320 3. 78 1186.516*
LZ 6 383.490 63.914 2 . 80 14 . 203*
LD 6 761.990 126.998 2 . 80 28.222*
ZD 9 5712 . 110 634.679 2.41 141.040*
LZD 18 1544.030 85.779 1.93 19.062*

* p < .  01
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and l e t t e r  s t y l e  "C" a t  t h e  p ^ . O l  l e v e l  ( s e e  T a b l e  6) .

TABLE 6

RESULTS 01- THE SCHEFFE' MULTIPLE COMPARISON 
TEST FOR THE SIGNIFICANCE BETWEEN PAIRS 

OF MEANS FOR LETTER STYLES

5 . 6 5 6  7 . 545  7.614

"C" 5 . 6 5 6  1 . 889*  1.958*

"B" 7 . 545  .068

"A" 7 . 614

S c h e f f e '  v a l u e  = . 293
* p < .  01

The S c h e f f e ' t e s t  was u s e d  t o  o b t a i n  t h e  s i g n i f i ­

c a n t  d i f f e r e n c e s  be t wee n  t h e  means f o r  t h e  f o u r  l e t t e r  

s i z e  r a t i o s  ( s e e  Tab l e  7 ) .  The r a t i o s  1 : 2 0 ,  1 : 3 0 ,  1:40 

and 1 :50  were  a l l  s i g n i f i c a n t l y  d i f f e r e n t  f rom eac h  o t h e r  

a t  t h e  p < ( . 0 1  l e v e l .

T a b l e  8 shows t h e  r e s u l t s  o f  t h e  S c h e f f e ' t e s t  f o r  

d e t e r m i n i n g  t h e  s i g n i f i c a n t  d i f f e r e n c e s  b e t we e n  t h e  means 

f o r  t h e  f o u r  v i e wi ng  d i s t a n c e s  o f  10,  20,  30,  and 40 f e e t .  

They were  a l l  s i g n i f i c a n t l y  d i f f e r e n t  f rom ea c h  o t h e r  a t  

t h e  p <^. 01  l e v e l .

T a b l e  9 shows t h e  r e s u l t s  o f  t h e  S c h e f f e ' t e s t  on 

t h e  d i f f e r e n c e  be t ween  t h e  l e t t e r  s t y l e  means and the 

1:20 l e t t e r  s i z e  r a t i o .  The r e  was no s i g n i f i c a n t  d i f f e r ­

ence  a t  t h e  p<C . 01  l e v e l  b e t w e e n  t h e  t h r e e  l e t t e r  s t y l e s .
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TABLE 7

RESULTS OF TUE SCHEFFE'  MULTIPLE COMPARISON
TEST FOR THE SIGNIFICANCE BETWEEN PAIRS

OF MEANS FOR LETTER S I Z E  RATIOS

4 . 2 1 2  5 . 8 2 3  8 . 161  9 . 558

1:50 4 . 212  1 . 611*  3 . 948*  5 .345*

1:40 5 . 82 3  2 . 337*  3 .734*

1:30 8 . 161  1 .397*

1:20 9 . 55 8

S c h e f f e '  v a l u e  = . 376
* p <  . 01

TABLE 8

RESULTS OF THE SCHEFFE' MULTIPLE COMPARISON TEST 
FOR THE SIGNIFICANCE BETWEEN PAIRS OF 

MEANS FOR VIEWING DISTANCES

3. 715  5 . 89 5  8 . 159  9 . 9 8 4

40'  3 . 715  2 . 180*  4 . 444*  6 . 269*

30'  5 . 89 5  2 . 263*  4 . 088*

20'  8 . 159  1 .824*

10'  9 . 9 8 4

S c h e f f e '  v a l u e  = . 376
*p< . 0 1
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TABLE 9

RESULTS ÜE TUE SCHEFFE'  MULTIPLE COMPARISON TEST
ON TUE DIFFERENCE BETWEEN LETTER STYLE

MEANS AT THE 1 : 2 0  LETTER SIZE RATIO

9 . 1 2 1 9 . 74 2 9 . 8 1 3

"C" 9 . 1 2 1  

"A" 9 . 7 4 2  

"B" 9 . 8 1 3

.621 .692

.071

S c h e f f e '  v a l u e  = 1 .05 
. 0 1

T a b l e  10 shows t h e  r e s u l t s  o f  t h e  S c h e f f e '  t e s t  on 

t h e  l e t t e r  s t y l e  means and t h e  1:30 l e t t e r  s i z e  r a t i o .

At t h e  p < . 0 1  l e v e l ,  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  

b e t we e n  l e t t e r  s t y l e s  "A" and  "B".  However ,  t h e r e  was 

s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  p <  . 01  l e v e l  be t ween  l e t t e r  

s t y l e s  "B" and "C" and b e t we e n  s t y l e s  "A" and  "C".

The r e s u l t s  o f  t h e  S c h e f f e ' t e s t  f o r  d e t e r m i n i n g  

t he  d i f f e r e n c e s  b e t w e e n  t h e  l e t t e r  s t y l e  means  and t h e  

1 :40 l e t t e r  s i z e  r a t i o  a p p e a r  i n  T a b l e  11.  At t he  p < . 0 1  

l e v e l ,  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  be t wee n  l e t ­

t e r  s t y l e s  "A" and "B" .  Be t ween  l e t t e r  s t y l e s  "A" and 

"C" and  b e t we e n  s t y l e s  "B" and  "C" ,  t h e r e  was s i g n i f i c a n t  

d i f f e r e n c e  a t  t h e  p < . 0 1  l e v e l .

T a b l e  12 shows t h e  r e s a l e s  o f  t h e  S c h e f f e ' t e s t  on 

t h e  d i f f e r e n c e  b e t we e n  t h e  l e t t e r  s t y l e  means and t h e  

1 :50 l e t t e r  s i z e  r a t i o .  Once a g a i n  t h e r e  was no
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s i g n i f i c a n t  d i f f e r e n c e  be t we e n  l e t t e r  s t y l e s  "A" and " B " , 

b u t  t h e r e  was s i g n i f i c a n t  d i f f e r e n c e  b e t we e n  l e t t e r  

s t y l e s  "A" and "C" and b e t we e n  s t y l e s  "B" and  "C" a t  p < . 01 

l e v e l .

TABLE 10

RESULTS OF THE SCHEFFE' MULTIPLE COMPARISON TEST 
ON THE DIFFERENCE BETWEEN LETTER STYLE MEANS 

AT THE 1:30 LETTER SIZE RATIO

6 . 47 1 8 . 979 9 . 0 3 3

"C" 6 . 4 7 1  

"B" 8 . 979  

"A" 9 . 0 3 3

3.508* 2 . 562*

.054

S c h e f f e ' v a l u e  = 1 . 05
*p < . 0 1

TABLE 11

RESULTS OF THE SCHEFFE' MULTIPLE COMPARISON TEST 
ON THE DIFFERENCE BETWEEN LETTER STYLE MEANS 

AT THE 1 :40  LETTER SIZE RATIO

4. 142 6 . 66 3 6 . 66 7

"C" 4 . 142  

"B" 6 . 6 6 3  

"A" 6 . 6 6 7

2.521* 2 . 525*

.004

S c h e f f e ' v a l u e  = 1 . 05
*p < . 0 1
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TABLE 12

RESULTS OF THE SCHEFFE'  MULTIPLE COMPARISON TEST
ON THE DIFFERENCE BETWEEN LETTER STYLE MEANS

AT THE 1 : 5 0  LETTER S I Z E  RATIO

2. 892 4 . 729 5. 017

"C" 2 .892 

"B" 4 . 729 

"A" 5 . 017

1 . 837* 2.125*

.288

S c h e f f e '  v a l u e  = 1 . 05
* p < . 0 1

The r e s u l t s  o f  t h e  S c h e f f e ' t e s t  f o r  d e t e r m i n i n g  

t h e  d i f f e r e n c e  be t wee n  t h e  l e t t e r  s i z e  r a t i o s  f o r  l e t t e r  

s t y l e  "A" a r e  shown i n  T a b l e  13.  At t h e  p < . 0 1  l e v e l ,  

t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  b e t we e n  l e t t e r  s i z e  

r a t i o s  1 :20  and 1 : 3 0 ,  b u t  t h e r e  was s i g n i f i c a n t  d i f f e r ­

ence a t  t h e  . 01  l e v e l  b e t we e n  t h e  r e m a i n d e r  o f  t h e  l e t t e r  

s i z e  r a t i o s .

T a b l e  14 shows t h e  r e s u l t s  o f  t h e  S c h e f f e ' t e s t  

f o r  d e t e r m i n i n g  t h e  d i f f e r e n c e s  b e t we e n  l e t t e r  s i z e  

r a t i o s  f o r  t h e  l e t t e r  s t y l e  " B " . At t h e  p<T.01  l e v e l ,  

t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  l e t t e r  s i z e  

r a t i o s  1 : 20  and 1 : 3 0 ;  b u t  t h e r e  was s i g n i f i c a n t  d i f ­

f e r e n c e  a t  t h e  . 01  l e v e l  b e t w e e n  t h e  r e m a i n d e r  o f  t he  

l e t t e r  s i z e  r a t i o s .

The r e s u l t s  o f  t h e  S c h e f f e ' t e s t  f o r  d e t e r m i n i n g  

t he  d i f f e r e n c e  be t ween  t h e  l e t t e r  s i z e  r a t i o s  f o r  l e t t e r
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TABLE 13

RESULTS OF THE SCHEFFE'  MULTIPLE COMPARISON TEST
FOR THE SIGNIFICANCE BETWEEN LETTER SIZE

RATIO MEANS FOR LETTER STYLE "A "

5 . 01 7  6 . 6 6 7  9 . 0 3 3  9 . 742

1:50 5 . 0 1 7  1 . 650*  4 . 01 6 *  4 . 725*

1:40 6 . 6 6 7  2 . 36 6 *  3 . 075*

1:30 9 . 0 3 3  .709

1:20 9 . 7 4 2

S c h e f f e '  v a l u e  = 1 . 05  
* p < . O I

TABLE 14

RESULTS OF THE SCHEFFE' MULTIPLE COMPARISON TEST 
ON THE DIFFERENCE BETWEEN LETTER SIZE RATIO 

MEANS FOR LETTER STYLE "B"

4 . 7 2 9  6 . 6 6 3  8 . 9 7 9  9 . 8 1 3

1:50 4 . 729  1 . 934*  4 . 25 0 *  5 . 0 8 4 *

1:40 6 . 6 6 3  2 . 31 6 *  3 . 150*

1:30 8 . 979  .834

1:20 9 . 8 1 3

S c h e f f e ' v a l u e  = 1 . 05
*p< . 0 1

s t y l e  "C" i s  shown on T a b l e  15.  At t h e  p<^ . OI  l e v e l  t h e r e  

was s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  a l l  o f  t h e  l e t t e r  s i z e  

r a t i o s .
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TABLE 15

RESULTS OF THE SCHEFFE'  MULTIPLE COMPARISON TEST
ON THE DIFFERENCE BETWEEN LETTER S I Z E

RATIO MEANS FOR LETTER STYLE " C "

2 . 8 9 2  4.142 6 . 4 7 1  9 . 121

1 :50  2 . 892  1.250* 3 . 579*  6 . 229*

1:40  4 . 142  2 . 329*  4 .979*

1:30 6 471 2 . 650*

1:20  9 . 12 1

S c h e f f e '  v a l u e  = 1 . 05
* p < . 0 1

In T a b l e  16 t h e  r e s u l t s  o f  t h e  S c h e f f e ' t e s t  f o r  

d e t e r m i n i n g  t h e  d i f f e r e n c e s  be t ween t he  l e t t e r  s t y l e  

means a t  t h e  v i e w i n g  d i s t a n c e  o f  10 f e e t  may be f ound .

At t h e  p < ^ . 0 1  l e v e l  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  

be t wee n  t h e  l e t t e r  s t y l e s .

TABLE 16

RESULTS OF THE SCHEFFE' MULTIPLE COMPARISON TEST 
ON THE DIFFERENCE BETWEEN LETTER STYLE MEANS 

AT A VIEWING DISTANCE OF 10 FEET

9 . 9 1 7  10 . 000  10 . 000

"C" 9 . 9 1 7  .083 .083

"B" 10 . 000  .000

"A" 10 . 000

S c h e f f e ' v a l u e  = 1 . 05
* p < . 0 1
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The r e s u l t s  o f  t h e  S c h e f f o '  t e s t  f o r  d e t e r m i n i n g  

the  d i f f e r e n c e s  b e t we e n  t h e  l e t t e r  s t y l e  means a t  a v i e w ­

ing  d i s t a n c e  o f  20 f e e t  a r e  shown i n  Tab l e  17.  At  t h e  

] ) < . 0 1  l e v e l  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  b e t we e n  

l e t t e r  s t y l e s  "A" and " B " ; howeve r ,  t h e r e  was s i g n i f i ­

ca n c e  a t  t h e  .01 l e v e l  b e t we e n  l e t t e r  s t y l e s  "A" and "C" 

and be t we e n  l e t t e r  s t y l e s  "B" and "C" .

TABLE 17

RESULTS OF THE SCHEFFE' MULTIPLE COMPARISON TEST 
ON THE DIFFERENCE BETWEEN LETTER STYLE MEANS 

AT A VIEWING DISTANCE OF 20 FEET

6. 529 8 . 7 8 8 9 . 1 6 3

” C" 6 . 529  

"B" 8 . 7 8 8

"A" 9 . 163

2 . 259* 2 . 6 3 4 *

. 3 7 5

S c h e f f e '  v a l u e  = 1 . 05
* p <  .01

In T a b l e  18 a r e  t h e  r e s u l t s  o f  t h e  S c h e f f e '  t e s t  

f o r  d e t e r m i n i n g  t h e  d i f f e r e n c e s  b e t w e e n  t h e  l e t t e r  s t y l e  

means a t  a v i e w i n g  d i s t a n c e  o f  30 f e e t .  At t h e  p <^ . 0 1  

l e v e l  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  b e t we e n  l e t t e r  

s t y l e s  "A" and ” B",  b u t  t h e r e  was s i g n i f i c a n c e  be t we e n  

l e t t e r  s t y l e s  "A" and  "C” and b e t w e e n  l e t t e r  s t y l e s  "B” 

and "C".
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TABLE 18

RESULTS OF TUE SCHEFFE’ MULTIPLE COMPARISON TEST 
ON THE DIFFERENCE BETWEEN LETTER STYLE MEANS 

AT A VIEWING DISTANCE OF 30 FEET

3 . 96 7 6 . 8 0 8 6. 913

” C" 3 . 9 6 7  

"B" 6 . 8 0 8  

"A" 6 . 913

2.841* 2 . 9 4 6 *

.105

S c h e f f e '  v a l u e  = 1 . 05  
* p < . O I

The r e s u l t s  o f  t h e  S c h e f f e '  t e s t  f o r  d e t e r m i n i n g  

t h e  d i f f e r e n c e s  b e t w e e n  t h e  l e t t e r  s t y l e  means a t  a 

v i e w i n g  d i s t a n c e  o f  40 f e e t  a r e  shown i n  T a b l e  19.  At 

t he  p<^ . OI  l e v e l  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  

be t wee n  l e t t e r  s t y l e s  "A" and " B " ; howeve r ,  t h e r e  was 

s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  . 01  l e v e l  b e t w e e n  l e t t e r  

s t y l e s  "A" and "C" and  b e t we e n  s t y l e s  "B" and  ” C".

In T a b l e  20 a r e  t h e  r e s u l t s  o f  t h e  S c h e f f e '  t e s t  

f o r  d e t e r m i n i n g  t h e  d i f f e r e n c e s  b e t wee n  t h e  v i e w i n g  d i s ­

t a n c e  means a t  t h e  1 : 2 0  l e t t e r  s i z e  r a t i o .  At t h e  

p<C.OI l e v e l  t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  be t ween 

v i e w i n g  d i s t a n c e  o f  10 and 40 f e e t .  Between t h e  r e m a i n ­

d e r  o f  t h e  v i e w i n g  d i s t a n c e s  t h e r e  was no s i g n i f i c a n t  

d i f f e r e n c e .

In T a b l e  21 a r e  t h e  r e s u l t s  o f  t h e  S c h e f f e '  t e s t  

f o r  d e t e r m i n i n g  t h e  d i f f e r e n c e s  b e t wee n  t h e  v i e w i n g
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d i s t a n c e  means a t  t h e  l e t t e r  s i z e  r a t i o  o f  1 : 3 0 .  There  

was no s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  p <^. 01  l e v e l  be t ween  

v i e wi ng  d i s t a n c e s  o f  10 and  20 f e e t .  At t he  r e m a i n d e r  o f  

t h e  v i e w i n g  d i s t a n c e s  t h e r e  was s i g n i f i c a n t  d i f f e r e n c e  a t  

t he  . 01  l e v e l .

TABLE 19

RESULTS OF THE SCHEFFE' MULTIPLE COMPARISON TEST 
ON THE DIFFERENCE BETWEEN LETTER STYLE MEANS 

AT A VIEWING DISTANCE OF 40 FEET

2 . 2 1 3  4 . 3 8 3  4 . 550

"C" 2 . 2 1 3  2 . 170*  2 .337*

"B" 4 . 3 8 3  .167

"A" 4 . 5 5 0

S c h e f f e '  v a l u e  = 1 . 05
* p < . 0 1

TABLE 20

RESULTS OF THE SCHEFFE' MULTIPLE COMPARISON TEST 
ON THE DIFFERENCE BETWEEN THE VIEWING DISTANCE 

MEANS AT THE 1 :20  LETTER SIZE RATIO

8. 639  9 . 6 4 4  9 . 956  9 . 994

40'  8 . 6 3 9  1 . 005 1 . 317  1 .355*

30'  9 . 6 4 4  .312 .350

20'  9 . 9 5 6  .035

10'  9 . 9 9 4

S c h e f f e '  v a l u e  = 1 . 3 3
* p <  . 01
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TABLE 21

RESULTS OF THE SCHEFFE'  MULTIPLE COMPARISON TEST
ON THE DIFFERENCE BETWEEN THE VIEWING DISTANCE

MEANS AT THE 1 : 3 0  LETTER S I Z E  RATIO

5 . 1 3 3 7.994 9 . 52 2 9 . 994

40'  5 . 1 3 3 2. 861* 4 . 389* 4 . 761*

30'  7 . 9 9 4 1 . 528* 2 . 0 0 0 *

20'  9 . 5 2 2 .472

10'  9 . 9 9 4

S c h e f f e '  v a l u e  = 1 . 33
* p < . 0 1

The r e s u l t s  o f  t h e  S c h e f f e '  t e s t  f o r  d e t e r m i n i n g  

t h e  d i f f e r e n c e  b e t we e n  t h e  v i e w i n g  d i s t a n c e  means a t  

t he  l e t t e r  s i z e  r a t i o s  o f  1 :40  and 1 : 50  a r e  shown in 

T a b l e s  22 and 23 r e s p e c t i v e l y .  At t h e  p < ^ . 0 1  l e v e l  t h e r e  

was s i g n i f i c a n t  d i f f e r e n c e  b e t we e n  a l l  o f  t h e  v i e wi ng  

d i s t a n c e s  a t  b o t h  t he  1:40 and 1 :50  l e t t e r  s i z e  r a t i o s .

T a b l e  24 shows t h e  r e s u l t s  o f  t h e  S c h e f f e '  t e s t  

f o r  d e t e r m i n i n g  t h e  d i f f e r e n c e s  b e t w e e n  t h e  l e t t e r  s t y l e  

means and  t h e  v i e w i n g  d i s t a n c e  means a t  t h e  l e t t e r  s i z e  

r a t i o  o f  1 : 2 0 .  At t h e  p<C-01 l e v e l  t h e r e  was no s i g n i f i ­

c a n t  d i f f e r e n c e  be t ween  t h e  l e t t e r  s t y l e s  and v i e wi n g  

d i s t a n c e s .
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TABLE 22

RESULTS OF THE SCHEFFE' MULTIPLE COMPARISON TEST 
ON THE DIFFERENCE BETWEEN THE VIEWING 

DISTANCE MEANS AT THE 1:40 
LETTER SIZE RATIO

1 . 66 7  4 . 489  7 . 750  9 . 98 4

40'  1 . 6 6 7  2 . 8 2 0 *  6 . 083*  8 . 317*

30'  4 . 489  3 . 261* 5 . 495*

20'  7 . 750  2 . 234*

10'  9 . 9 8 4

S c h e f f e '  v a l u e  = 1 . 33
*p< . 0 1

TABLE 2 3

RESULTS OF THE SCHEFFE' MULTIPLE COMPARISON TEST 
ON THE DIFFERENCE BETWEEN THE VIEWING

DISTANCE MEANS AT THE 1:50 
LETTER SIZE RATIO

.022 1 . 456  5 . 411 9 . 9 61

40' . 0 2 2 1 . 434*  5 . 389* 9 . 9 3 9*

30' 1 . 4 5 6 3. 955* 8 . 505*

2 0 ’ 5 . 41 1 4 . 550*

1 0 ' 9 . 9 6 1

S c h e f f e ' v a l u e  = 1 . 33
* p < . 0 1



TABLE 2 4

RESULTS OF THE SCHEFFE' MULTIPLE COMPARISON TEST 
ON THE DIFFERENCE BETWEEN LETTER STYLE MEANS 

AND VIEWING DIST.ANCE MEANS AT LETTER 
SIZE RATIO 1:20

Style Dist 7.350 9.167 9.250 9.400 9.800 9.883 9.900 9.967 9.983 10.000 10.000 10.000

c 40 ' 7. 350 1.817 1.900 2.050 2.450 2.533 2.550 2.617 2.633 2 .650 2 .650 2 .650
A 40 ' 9.167 .083 .233 .663 . 716 . 733 . 800 .816 . 833 . 833 . 833
C 30 ' 9.250 .150 .550 .633 .650 . 717 . 733 .750 .750 . 750
B 40 ' 9 . 400 . 400 . 483 .500 . 567 . 583 . 600 .600 . 600
A 30 ' 9 . 800 .083 . 100 . 167 .183 . 200 .200 . 200
B 30 ' 9 . 883 .017 .084 . 100 .117 .117 . 117
C 20 ' 9 . 900 . 067 . 083 . 100 . 100 . 100
B 20 ' 9.967 . 016 .0 33 .033 .033
C 10 ' 9.983 .017 .017 .0 17
A 20 ' 10.000
B 10 ' 10.000
A 10 ' 10.000

Scheffe' value = 3.66
* p <  .01
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The r e s u l t s  o f  t he  S c h e f f e '  t e s t  f o r  d e t e r m i n i n g

t h e  d i f f e r e n c e s  b e t we e n  t h e  l e t t e r  s t y l e s  means and t h e

v i e w i n g  d i s t a n c e  mean a t  l e t t e r  s i z e  r a t i o s  o f  1 : 3 0 ,

1 :40  and 1 : 50  a r e  shown i n  T a b l e s  25 ,  26,  and  27 r e s p e c ­

t i v e l y .

A t t a i n m e n t  o f  S p e c i f i c  O b j e c t i v e s

O b j e c t i v e  one was t o  compare t h i s  s t u d y ' s  f i n d i n g s  

on l e t t e r  s t y l e  and l e t t e r  s i z e  w i t h  f i n d i n g s  r e p o r t e d  by 

o t h e r  r e s e a r c h e r s .  The f i n d i n g s  o f  t h i s  i n v e s t i g a t i o n  

c o n c e r n i n g  l e t t e r  s i z e  were  i n  c l o s e  a g r e e me n t  w i t h  t h r e e  

d i f f e r e n t  s t u d i e s  r e p o r t e d  by C o s t e l l o , ^  Snowbe r g , ^  and 

W e a v e r . ^  In a l l  o f  t h e s e ,  t h e  l e t t e r  s i z e  r a t i o s  u s e d  

were t h e  same as t h o s e  u s e d  i n  t h i s  s t u d y ,  and  t h e y  were  

a l l  s i g n i f i c a n t  a t  t h e  p<C-01 l e v e l .  A l s o ,  i n  ea c h  s t u d y ,

t h e  l a r g e s t  l e t t e r  s i z e  ( 1 : 2 0 ) was t h e  most  r e a d a b l e  a t

20 f e e t ,  as  i t  was i n  t h i s  s t u d y .

The r e s u l t s  o f  t h e  l e t t e r  s t y l e  p o r t i o n  o f  t h e  i n ­

v e s t i g a t i o n  were  i n  a g r e e m e n t  wi t h  a s t u d y  r e p o r t e d  by 

R i c h a r d s , ' ^  b u t  i n  d i s a g r e e m e n t  w i t h  a s t u d y  r e p o r t e d  by 

Adams,  R o s e m i e r ,  and  S l e e ma n . ^  In b o t h  of  t h e s e  s t u d i e s .

I C o s t e l l o ,  o£ .  c i t . ,  p .  52. 

^Snowberg ,  o£_. c i t . , p .  76. 

^Weaver ,  0£ .  c i t . , p .  48.  

^ R i c h a r d s ,  o£.  c i t . , p .  592 . 

^Adams, 0£ .  c i t . ,  p .  416.



TABLE 2 5

RESULTS OF THE SCHEFFE' MULTIPLE COMPARISON TEST 
ON THE DIFFERENCE BETWEEN LETTER STYLE MEANS 

AND VIEWING DISTANCE MEANS AT LETTER 
SIZE RATIO 1:30

Style Dist 1.467 5.483 6.883 7 . 050 8.950 9.133 9 . 366 9.733 9.883 9.883 10.000 10.000

C 40 ' 1 . 4 6 7 4.016 5 . 416 5.583 7 . 483 7.666 7 . 899 8 .266 8 .416 8.416 8. 533 8.533

C 30 ' 5. 483 1. 400 1.567 3 . 467 3 . 650
*

3.936 4.250
*

4 . 400 4 . 400 4.517 *
4.517

A 40 ' 6 . 883 . 167 2.067 2.250 2 .483 2 . 850 3.000 3.000 3.117 3. 117
B 40 ' 7.050 1 . 900 2.083 2 . 316 2.683 2.833 2 . 833 2.950 2.950
C 20 ' 8. 950 . 183 .416 . 783 .933 . 9 3 3 1 .050 1.050
B 30 ' 9.133 .233 . 600 . 750 . 750 . 867 . 867
A 30 ' 9 . 366 . 367 .517 . 517 . 634 .634
B 20 ' 9 . 733 . 150 . 150 .267 . 267
A 20 ' 9 . 883 .117 .117
C 10 ' 9.883 .117 .117
B 10 ' 10.000
A 10 ' 10 . 000

Scheffe' value = 3.66 4^
*P <  - 01 CT'



TABLE 2 6

RESULTS OF THE SCHEFFE' MULTIPLE COMPARISON TEST 
ON THE DIFFERENCE BETWEEN LETTER STYLE MEANS 

AND VIEWING DISTANCE MEANS AT LETTER 
SIZE RATIO 1:40

Style Dist .035 .967 1 . 450 1.717 5 . 600 6.117 6 . 383 8 . 550 9 . 100 9 . 967 10.000 10 . 000

C 40 ' .033 . 934 1.417 1.684 *5.567 A6.084
A6.350 A8.517 9 . 067 9.934 9 .967 9.967

C 30 ' .967 . 483 . 750 4.633 A5 . 150 5.416 A7.583 A8 . 133 9 . 000 9.033 9.033
A 40 ' 1 . 450 .267 4 . 150 4.667 4.933 7 . 100 7 . 650 A8.517 8. 550 8 . 550
B 40 ’ 1. 717 3 . 883 4 . 400 4.666 6 . 833 7 . 383 8.250 8.283 8.283
C 20 ' S . 600 . 517 . 783 2.950 3. 500 4 . 367 4 . 400 4.400
A 30 ' 6.117 .266 2.433 2.983

A
3. 850

A3.883 A3. 883
B 30 ' 6 . 383 2.167 2.717 3. 584 3.617 3.617
B 20 ' 8. 550 . 550 1.417 1.450 1. 450
A 20 ' 9 . 100 . 867 . 900 . 900
C 10 ' 9 .967 .033 .033
B 10 ' 10.000
A 10 ' 10.000

Scheffe' value = 3.66
*p<: . 01



TA BL E 2 7

RESULTS OF THE SCHEFFE' MULTIPLE COMPARISON TEST 
ON THE DIFFERENCE BETWEEN LETTER STYLE MEANS 

AND VIEWING DISTANCE MEANS AT LETTER 
SIZE RATIO 1:50

Style Dist .000 .033 .033 1.667 1.667 1.833 2.367 6.900 7.667 9.733 10.000 10.000

c 40 ' . 000 . 0 3 3 . 0 3 3  1.667 1 . 667 1 . 833 2 . 367 6.900 7. 667 9 . 7 3 3
n10 . 000 10.000

B 40 ' . 0 3 3 1 . 634 1 . 634 1 . 800 2 . 334 6 . 867 7 . 634 9 . 700 9 . 967 9 . 967
A 40 ' .033 1.634 1 . 634 1 . 800 2 . 3 3 4 6 . 867 7 .634 9 . 700 9 . 967 9 . 967
C 30 ' 1 . 667 . 166 . 700 A5.233 6. 000 8.066 8 . 3 3 3 8 . 3 3 3

C 20 ' 1.667 . 166 . 700 A5.233 6 . 000 8.066 8 . 3 3 3
A

8 . 3 3 3

B 30 ' 1.833 . 534 5 .067 5 .834 7 . 900 8. 167 8. 167
A 30 ' 2 . 3 6 7 4 . 533 5 . 300 7 . 366 7 . 6 3 3 7 . 6 3 3

B 20 ' 6.900 . 767 2.833 3 . 100 3. 100
A 20 ' 7 . 6 6 7 2 . 066 2 . 333 2 . 333

C 10 ' 9 . 7 3 3 . 2 6 7 . 2 6 7

B 10 ' 10.000
A 10 ' 10 . 000

S c h e f f e '  v a l u e  = 3 . 6 6
A p < %  . 0 1  oo
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t h e r e  was a c o m p a r i s o n  be t we e n  l e t t e r  s t y l e s  w i t h  and 

w i t h o u t  s e r i f s .  In  each  s t u d y  t h e  l e t t e r  s i z e  was a p ­

p r o x i m a t e l y  t h e  same and t h e  v i e w i n g  d i s t a n c e  was 20 f e e t .  

T h i s  i n v e s t i g a t i o n  and t h e  s t u d y  by R i c h a r d s  r e p o r t e d  

t h a t  t h e  l e t t e r s  w i t h o u t  s e r i f s  were  more r e a d a b l e .  How­

e v e r ,  t h e  s t u d y  by Adams,  Ro s e m i e r ,  and  S l eeman r e p o r t e d  

t h a t  f o u r  o u t  o f  f i v e  g r oups  f o u nd  t h e  l e t t e r s  w i t h  s e r i f s  

were  more r e a d a b l e .

O b j e c t i v e  two was t o  compare  t h e  a c c u r a c y  o f  r e ­

s p o n s e s  t o  v i s u a l  m a t e r i a l s  o f  s e l e c t e d  l e t t e r  s t y l e s  and 

l e t t e r  s i z e s  when l u m i n a n c e  was h e l d  c o n s t a n t  w i t h  o t h e r  

s i m i l a r  s t u d i e s .  The r e s p o n s e s  were  s i m i l a r  t o  t h o s e  

r e p o r t e d  by t h e  Snowberg s t u d y . ^  For  i n s t a n c e ,  t h e  p o p u ­

l a t i o n  was 50 i n  S n o w b e r g ' s  s t u d y ,  60 i n  t h i s  on e ;  t he  

s u b j e c t s  were  o f  c o l l e g e  age i n  b o t h ;  t h e  l e t t e r  s i z e  

r a t i o s  were  t h e  same;  t h e  l e t t e r  s t y l e  Snowberg u s e d  was 

s i m i l a r  t o  l e t t e r  s t y l e  "A" ( w i t h o u t  s e r i f s )  i n  t h i s  s t u d y ;  

b o t h  u s e d  t h e  v i e w i n g  d i s t a n c e  o f  20 f e e t ,  b l a c k  and w h i t e  

p o s i t i v e  2" x 2" s l i d e s ,  a Model  750 Kodak C a r o u s e l  s l i d e  

p r o j e c t o r  w i t h  a 500 w a t t  l amp,  and t h e  s l i d e s  were  p r o ­

j e c t e d  on a m a t t e  s c r e e n  i n s i d e  a c l a s s r o o m  w i t h  no 

windows.  The r e a d a b l e  s c o r e s  ( c e l l  means)  f o r  t h e  two 

s t u d i e s  were  as  f o l l o w s :

^Snowberg,  o£ .  c i t . , p . 49.
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L e t t e r  S i z e  R a t i o  Snowberg G r o o t e r s

1 : 20  1 0 . 0 0 0  1 0 . 0 0 0

1:30  9 . 89 6  9 . 9 8 3

1:40  9 . 04 2  9 . 100

1:50  7 . 188  7 . 667

O b j e c t i v e  t h r e e  was t o  compare t h e  r e a d a b i l i t y  r e ­

l a t i o n s h i p  b e t we e n  l e t t e r  s t y l e  and  l e t t e r  s i z e  p r o j e c t e d  

a t  d i s t a n c e s  o f  10 ,  20,  30,  and 40 f e e t .  Us ing a mean 

s c o r e  o f  7 . 5  as  t h e  r e a d a b i l i t y  l e v e l ,  t h e  r e s u l t s  i n d i ­

c a t e  t h a t  a t  10 f e e t  a l l  l e t t e r  s i z e s  o f  t h e  t h r e e  l e t t e r  

s t y l e s  were  r e a d a b l e .  As t h e  v i e w i n g  d i s t a n c e  was i n ­

c r e a s e d ,  t h e  number  o f  r e a d a b l e  l e t t e r  s i z e s  d e c r e a s e d .

The d e t e r m i n a t i o n  o f  t h e  s m a l l e s t  l e t t e r  s i z e  

r a t i o  r e a d a b l e  a t  t h e  f o u r  v i e w i n g  d i s t a n c e s  m e n t i o n e d  

as t h e  f o u r t h  o b j e c t i v e  w i l l  be  d i s c u s s e d  i n  t h e  summary 

u n d e r  t h e  h e a d i n g  C o n c l u s i o n s .



CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

The p u r p o s e  o f  t h i s  s t u d y  was t o  i n v e s t i g a t e  a num­

b e r  o f  l e t t e r  s t y l e s  (LeRoy S t a n d a r d ,  LeRoy S tymi e  Medium, 

and LeRoy Condensed G o t h i c ) ,  l e t t e r  s i z e s  ( 1 : 2 0 ,  1 : 3 0 ,  

1 : 4 0 ,  and  1 : 50  l e t t e r - h e i g h t - t o - s c r e e n - i m a g e - h e i g h t  r a ­

t i o s ) ,  and v i e wi n g  d i s t a n c e s  (10 ,  20,  30,  and 40 f e e t )  

commonly u s e d  in t h e  p r e p a r a t i o n  and s howi ng  o f  v i s u a l s  

i n  o r d e r  t o  f i n d  t h e  most  r e a d a b l e  c o m b i n a t i o n  o f  t h e s e  

v a r i a b l e s .  S i x t y  s t u d e n t s  were  s e l e c t e d  t o  p a r t i c i p a t e  

in t h i s  s t u d y .  Each  s u b j e c t  was r e q u i r e d  t o  r e s p o n d  t o  a 

s e r i e s  o f  12 b l a c k  on w h i t e  p o s i t i v e  35mm s l i d e s  shown a t  

d i s t a n c e s  o f  10, 20 ,  30,  and 40 f e e t .  Each s l i d e  had one 

l i n e  o f  t e n  l e t t e r s ,  o r  a t o t a l  o f  480 r e s p o n s e s .

L e t t e r  s t y l e  "A" ,  LeRoy S t a n d a r d ,  p r o v e d  t o  be 

more r e a d a b l e  t h a n  l e t t e r  s t y l e  "B" ,  LeRoy S tymi e  Medium, 

( 7 . 6 1 5  t o  7 . 5 4 6 ) ,  and l e t t e r  s t y l e  " C" ,  LeRoy Condensed 

G o t h i c ,  ( 7 . 6 1 5  to 5 . 6 5 6 ) .  L e t t e r  s t y l e  ” B" was a l s o  more 

r e a d a b l e  t h a n  l e t t e r  s t y l e  " C" ,  ( 7 . 5 4 6  t o  5 . 6 5 6 ) .  Th i s  

d a t a  i s  shown in T a b l e  6 and  i l l u s t r a t e d  i n  F i g u r e  3.

The l e t t e r  s i z e  r a t i o  o f  1 :20  ( t h e  l a r g e s t )  p r o v e d

t o  be t h e  mos t  r e a d a b l e  ( 1 : 2 0  - 9 . 5 5 8 ,  1 :30  - 8 . 1 6 1 ,

51
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1:40 - 5 . 8 2 4 ,  1 :50 - 4 . 2 1 3 ) .  Th i s  d a t a  i s  shown in Ta b l e  

7 and i l l u s t r a t e d  in  F i g u r e  4.

F i g u r e  5 and T a b l e  8 show t h a t  a t  a v i e w i n g  d i s ­

t a n c e  o f  1 0 ' ,  t h e  t e s t  d a t a  was more r e a d a b l e  t ha n  a t  t h e  

o t h e r  v i e w i n g  d i s t a n c e s  ( 10 '  - 9 . 9 8 4 ,  20 '  - 8 . 1 6 0 ,  30'  - 

5 . 8 9 6 ,  40 '  - 3 . 7 1 5 ) .

F i g u r e s  6 - 9  i l l u s t r a t e  t h e  r e a d a b i l i t y  o f  t h e  

t h r e e  l e t t e r  s t y l e s  f rom t h e  f o u r  v i e w i n g  d i s t a n c e s .  At  

a v i e w i n g  d i s t a n c e  o f  10 f e e t ,  t h e  mean s c o r e  o f  a l l  t h r e e  

l e t t e r  s t y l e s  was 9 . 7  o r  h i g h e r .  As t h e  v i e wi ng  d i s t a n c e  

i n c r e a s e d ,  t he  r e a d a b i l i t y  d e c r e a s e d .

The l e t t e r  s t y l e  r e a d a b i l i t y  o f  t h e  f o u r  l e t t e r  

s i z e  r a t i o s  a t  t he  f o u r  v i e w i n g  d i s t a n c e s  i s  i l l u s t r a t e d  

in F i g u r e s  10 - 12.  In a l l  t h r e e  c a s e s ,  t h e  l a r g e s t  l e t ­

t e r  s i z e  r a t i o  ( 1 : 2 0 ) and c l o s e s t  v i e w i n g  d i s t a n c e  (10  

f e e t )  ha d  t h e  h i g h e s t  r e a d a b i l i t y  mean s c o r e .

C o n c l u s i o n s

H y p o t h e s i s  one s t a t e d  t h a t  l e t t e r  s t y l e  "A" would  

be more r e a d a b l e  t h a n  l e t t e r  s t y l e s  "B" and "C" .  The 

d a t a  o b t a i n e d  t h r o u g h  t e s t i n g  s u p p o r t s  t h i s  s t a t e m e n t  

( s e e  T a b l e s  4, 6 and F i g u r e  3 ) .

H y p o t h e s i s  two p r e d i c t e d  t h a t  l e t t e r  s t y l e  "B"

( w i t h  s e r i f s )  would  be more r e a d a b l e  t h a n  l e t t e r  s t y l e  

"C" ( w i t h o u t  s e r i f s ) ,  b u t  l e s s  r e a d a b l e  t ha n  l e t t e r  s t y l e  

"A".  T h i s  s t a t e m e n t  i s  a l s o  s u p p o r t e d  by d a t a  i n  T a b l e s  

4,  6 and F i g u r e  3.
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H y p o t h e s i s  t h r e e  p r e d i c t e d  t h a t  t h e  l a r g e s t  l e t t e r  

s i z e  r a t i o  ( 1 : 20 ) wou ld  be  more r e a d a b l e  t h a n  t h e  o t h e r  

l e t t e r  s i z e s  f o r  a l l  s t y l e s  and  v i e wi n g  d i s t a n c e s .  Data 

f rom T a b l e s  4,  7 and F i g u r e  4 s u p p o r t  t h i s  s t a t e m e n t .

H y p o t h e s i s  f o u r  p r e d i c t e d  t h a t  u s i n g  a mean s c o r e  

o f  75°o o r  7 . 5 ,  t h e  s m a l l e s t  r e a d a b l e  s i z e  f o r  a l l  l e t t e r  

s t y l e s  would  b e :  1:50 a t  10 f e e t ,  1 :40 a t  20 f e e t ,  1:30

a t  30 f o o t  and  1:20 a t  40 f e e t .  The d a t a  i n  T a b l e  4 in

p a r t  s u p p o r t s  t h i s  s t a t e m e n t .  L e t t e r  s t y l e s  "A" and "B"

mean s c o r e s  a r e  a l l  above 7 . 5  f o r  t h e  p r e s c r i b e d  l e t t e r  

s i z e s  and v i e w i n g  d i s t a n c e s .  In l e t t e r  s t y l e  " C" ,  on l y  

t h e  l e t t e r  s i z e  r a t i o  o f  1 : 50  a t  a v i e wi n g  d i s t a n c e  o f  10 

f e e t  meet s  t h e  r e q u i r e m e n t  o f  7 . 5  o r  above .

From t h e  r e s u l t s  o b t a i n e d  i n  t h i s  s t u d y ,  t h e  f o l ­

l owing  c o n c l u s i o n s  h a v e  been  made:

( I j  At a v i e w i n g  d i s t a n c e  o f  10 f e e t  o r  l e s s ,  a l l  

f o u r  l e t t e r  s i z e s  o f  t h e  t h r e e  l e t t e r  s t y l e s  

u s e d  in  t h i s  s t u d y  a r e  a c c e p t a b l e  f o r  u s e  on 

v i s u a l s .

(2) At  a v i e w i n g  d i s t a n c e  o f  20 f e e t ,  a l l  l e t t e r

s i z e s  o f  l e t t e r  s t y l e  "A" and "B" a r e  a c c e p t ­

a b l e ,  b u t  on ly  t h e  two l a r g e s t  l e t t e r  s i z e s  o f  

l e t t e r  s t y l e  "C" a r e  a c c e p t a b l e .

(3) At a v i e w i n g  d i s t a n c e  o f  30 f e e t ,  o n l y  t h e  two 

l a r g e s t  l e t t e r  s i z e s  o f  l e t t e r  s t y l e s  "A" and 

" B " , and t h e  l a r g e s t  l e t t e r  s i z e  o f  l e t t e r  

s t y l e  "C" a r e  a c c e p t a b l e .
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(4) At  a v i e w i n g  d i s t a n c e  o f  40 f e e t ,  o n l y  t h e  

l a r g e s t  l e t t e r  s i z e  ( 1 : 2 0 ) o f  l e t t e r  s t y l e s  

"A" and "B" a r e  a c c e p t a b l e  f o r  use  i n  t he  

p r e p a r a t i o n  o f  p r o j e c t e d  v i s u a l s .

Recommendat ions  

A wide  v a r i e t y  o f  r ecommenda t i ons  have  been  made 

c o n c e r n i n g  s t a n d a r d s  f o r  p r o j e c t i n g  v i s u a l  m a t e r i a l s ,  i n ­

c l u d i n g  t h e  minimum l e t t e r  s i z e  in i n c h e s  on o r i g i n a l  

a r t  work ,  t h e  r a t i o  o f  l e t t e r  h e i g h t  t o  s c r e e n  image 

h e i g h t ,  t h e  S n e l l e n  Sys tem r a t i o ,  t h e  6W d i s t a n c e  r u l e ,  

and o t h e r s .  I t  i s  f e l t  t h a t  t h e r e  i s  a n e e d  f o r  a s i m p l e  

p r a c t i c a l  s y s t e m  f o r  d e t e r m i n i n g  t h e  mos t  r e a d a b l e  l e t t e r  

s i z e  f o r  v i s u a l s  f rom v a r i o u s  v i e w i n g  d i s t a n c e s .  Ta b l e  

28 was d e v e l o p e d  as a r e s u l t  o f  t h e  r e s e a r c h  f o r  t h i s  

s t u d y ,  and i s  a s u g g e s t e d  s t a n d a r d i z a t i o n  f o r  s e l e c t i n g  

t h e  minimum l e t t e r  s i z e  in r e l a t i o n  t o  t h e  v i e w i n g  d i s ­

t a n c e  .

F u t u r e  R e s ea r c h  

T h e r e  i s  a ne e d  f o r  a d d i t i o n a l  r e s e a r c h  i n  t h e  a r e a  

o f  r e a d a b i l i t y  o f  p r o j e c t e d  v i s u a l  m a t e r i a l s .  L e t t e r  

s t y l e s  s h o u l d  be exp a n d e d  t o  i n c l u d e  a  number  o f  t h e  

l a t e s t  p h o t o  and m e c h a n i c a l  l e t t e r i n g  d e v i c e s ,  t h e  p r e s s - 

on t y p e  l e t t e r i n g ,  and v a r i o u s  l a r g e - t y p e  t y p e w r i t e r  

l e t t e r i n g .  The mos t  r e a d a b l e  c o m b i n a t i o n  o f  l e t t e r  s i z e  

and v i e w i n g  d i s t a n c e  s h o u l d  be c o n s i d e r e d  a l o n g  w i t h  t he  

v a r i o u s  s t y l e s  o f  l e t t e r s .
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RECOMMENDED STANDARDS FOR LETTER 
SIZE AND VIEWING DISTANCE

Room S i z e  
(From s c r e e n  t o  
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Minimum L e t t e r  
S i z e  Of V i s u a l  On 

S c r e e n

1 0 ' 5 / 1 6 "
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30' 1 / 2  "
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APPENDIX



TEST RESPONSE SHEET

STUDENT #  GLASSES   CONTACTS   LEFT EYE 2 0 / _

AGE ___  SEX ___  UN. GRAD   GRAD   RIGHT EYE 2 0 / _

SLIDE # LETTER ORDER SCORE STYLE

15 N 0 R H z V D c K S 3 0 - B - 2 0

27 K 0 V C z H D N S R 4 0 - C - 2 0

36 H 0 R C V N D Z K S 5 0 - C - 2 0

1 K D R z N S 0 V C H 2 0 - A - 2 0

24 S R Z H V K 0 N D C 4 0 - B - 2 0

10 H R I) V 0 K N Z S C 3 0 - A - 2 0

33 N S z 11 V 0 R c K D 5 0 - B - 2 0

9 R C s z V K H N 0 D 2 0 - C - 2 0

19 C Z V H s D 0 N K R 4 0 - A - 2 0

6 S c D 0 V Z H R K N 2 0 - B - 2 0

28 0 D z H s N R V K C S O - A - 2 0

18 D V s R 0 Z K H C N 30-C-20

18 D V s R 0 Z K H C N 30-C-40

28 0 D 2 H s N R V K C 5 0 - A - 40

6 S C D 0 V Z H R K N 2 0 - B - 4 0

19 c z V H s D 0 N K R 4 0 - A - 4 0

9 R c s 7 V K H N 0 D 2 0 - C - 4 0

33 N S z H V 0 R c K D S O - B - 4 0

10 H R D V 0 K N z S C 3 0 - A - 4 0

24 S R z H V K 0 N D C 4 0 - B - 4 0

1 K D R Z N S 0 V C H 2 0 - A - 4 0

36 H 0 R c V N D z K S 
69

S O - C - 4 0
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2 7 K 0 V C z H D N s R 4 0 - C - 4 0

15 N 0 R H z V D C K S 5 0 - B - 4 0

I S N 0 R H z V D C K S 5 0 - B - 3 0

2 7 K 0 V C z H D N S R 4 0 - C - 3 0

56 H 0 R C V N D Z K S 5 0 - C - 5 0

1 K D R Z N S 0 V C 11 2 0 - A - 3 0

2 4 S R Z H V K 0 N D c 4 0 - B - 5 0

10 H R u V 0 K N Z S c 5 0 - A - 3 0

5 3 N S Z H V 0 R c K D 5 0 - B - 3 0

9 R C s Z V K H N 0 D 2 0 - C - 5 0

19 C z V H s D 0 N K R 4 0 - A - 5 0

6 S c D 0 V Z H R K N 2 0 - B - 3 0

2 8 0 D z H s N R V K C S O - A - 5 0

18 D V s R 0 Z K H C N 5 0 - C - 5 0

1 8 Ü V s R 0 Z K H C N 5 0 - C - I O

2 8 0 Ü z H s N R V K C 5 0 - A - 1 0

6 S c IJ Ü V Z H R K N 2 Ü - B - 1 0

19 C z V li s D 0 N K R 4 0 ■A ' 1 0

9 R c s Z V K H N 0 D 2 0 - C - 1 0

5 5 N s z n V 0 R C K D 5 0 - B - 1 0

10 H R D V 0 K N z S C 3 0 - A - 1 0

2 4 S R z H V K 0 N D C 4 0 - B - 1 0

1 K D R z N S 0 V C H 2 0 - A - 1 0

56 H 0 R c V N D z K S S O - C - 1 0

2 7 K 0 V c z H D N S R 4 0 - C - 1 0

I S N 0 R H z V D C K S 3 0 - B - 1 0
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