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.ABSTRACT 

This t h e s i s d e s c r i b e s the e f f e c t s of d i c h o t i c -presentations on 

the-reading speed.of the users of the Lexiphone - a r e a d i n g machine f o r 

the b l i n d . The d i c h o t i c p r e s e n t a t i o n s i n v e s t i g a t e d are: a) s i n g l e 

"delay: one s i g n a l to one ear and.a delayed v e r s i o n of t h i s s i g n a l to 

the other ear; b) m u l t i p l e delay: the same s i g n a l w i t h three i n t e r d e l a y e d 

v e r s i o n s , two s i g n a l s coming to each ear. Experiments w i t h the Lexiphone 

su b j e c t s i n d i c a t e d t h a t d i c h o t i c p r e s e n t a t i o n s (compared w i t h o r d i n a r y 

b i n a u r a l p r e s e n t a t i o n , i . e . without delay) brought a s i g n i f i c a n t improve

ment to'"their r e a d i n g "speed. 

A s i m i l a r i n v e s t i g a t i o n has also_b.een.made on..spelled speech 

which has been proposed to r e p l a c e the code sounds. . The r e s u l t s i n d i - . 

cated t h a t m u l t i p l e delay (as has been found i n the case u s i n g the L e x i 

phone su b j e c t s ) produced a l i t t l e l e s s improvement than s i n g l e delay. 

Nevertheless, both these two d i c h o t i c p r e s e n t a t i o n s produced an improve

ment on the i n t e l l i g i b i l i t y of the m a t e r i a l . The e f f e c t of the word l e n g t h 

(number of l e t t e r s contained i n a word), on the i n t e l l i g i b i l i t y of s p e l l e d 

speech was a l s o analyzed, i t showed that the word l e n g t h has a great 

e f f e c t ; i t was found t h a t the percent c o r r e c t n e s s decreases w i t h the word 

l e n g t h . This e f f e c t . a l s o seems to be due to the longer time r e q u i r e d 

to perceive the -word.from.'the' s p e l l i n g , thus i t i s suggested that' a longer 

pause should be provided f o r those words w i t h -a l a r g e number of l e t t e r s . 

.Confusions of some l e t t e r sounds were observed when s p e l l e d .speech was com

pressed, these are the consonant sounds which are a r t i c u l a t e d e i t h e r a t the. 

-same- place- -or -in the-same -manner. :-. - ~ -••--:-;' 

http://also_b.een.made
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1. 

. 1. INTRODUCTION 

• At present, there are two chief means of reading that provide . 

information to the blind — the talking book and Braille. As for printed 

matter,'such as private documents and correspondence, newspaper, paper 

money, and so forth, the blind has to seek the assistance of a sighted 

person. Thus a machine of some sort that can read printed matter is an 

obvious need for the blind. In fact, for more than half a century, there 

has been much effort devoted to the development of such a machine. Un

fortunately, up to the present, only a limited success has been attained 

and there is still.no simple reading machine which is easy to learn and use. 

Ideally, the reading machine should be easy to learn and operate, 

portable and cheap so that i t can be carried and owned by the individual 

blind user. There is a gap between the first two requirements and the last. 

For. example, the Optophone which was proposed a long time ago"'" and is s t i l l 

in use, is cheap and portable but difficult to learn and operate. There 
2-4 

are recognition types of machines . which speak directly to the user, but 

these machines are complicated and expensive. 

Although the Optophone code is difficult to learn and only 

a slow rate could be attained, there have been many heroic attempts by. 

blind people to use i t and i t is their encouragement and the assistance 

of many different related organizations that provide constant zeal and . 

assistance to the research workers in this field. The Lexiphone* is a 

direct translation machine which is rather more complex than the Optophone 

but i t is believed to be easier to operate. Each letter from the Lexiphone 

is represented by a short sound pattern formed by both amplitude- and 

frequency-modulation of a square wave. This.gives a melodious ouput with 
*More details about the Lexiphone can be found in references 5-7. 
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: a - c h a r a c t e r i s t i c rhythm. A l t h o u g h the code melody f o r e a c h l e t t e r i s a 

t u n e l e s s one, i t has been r e p o r t e d t o be q u i t e p l e a s a n t . 

I t has l o n g been r e c o g n i z e d t h a t a l t h o u g h a d i r e c t t r a n s l a t i o n 

..type o f r e a d i n g machine i s s i m p l e and cheap compared w i t h the r e c o g n i t i o n 

t y p e , t h e maximum r e a d i n g r a t e i s s e v e r e l y l i m i t e d . From the p a s t ex

p e r i e n c e , i t a p p e a r s t o t a k e o v e r two h u n d r e d h o u r s s p r e a d o v e r a y e a r 

t o l e a r n the L e x i p h o n e code w e l l enough t o r e a d s i m p l e s e n t e n c e s and s t o r i e s 

a t a b o ut t h i r t y words p e r minute._ A l t h o u g h t h i s i s a r e a d i n g speed about 
> ' 8 

- t w i c e t h a t o b t a i n e d w i t h t h e Optophone a f t e r an e q u a l l e n g t h o f t r a i n i n g , 

i t i s s t i l l f a r b e h i n d t h e minimum a c c e p t a b l e r e a d i n g r a t e o f 50-60 words 

9 

. p e r m i n u t e s e t by Cooper. To t h i s p r o b l e m , a method o f d i c h o t i c p r e s e n 

t a t i o n o f t h e code sound has been p r o p o s e d . T h i s method p r o v i d e s an i n c r e a s e 

i n t h e i n t e l l i g i b i l i t y o f the code. W h i l e t h e mechanism by w h i c h i n t e l l i g i -

, b i l i t y i s i m p r o v e d i s u n c l e a r , e x p e r i m e n t a l l y w o r t h w h i l e i n c r e a s e s i n i n 

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

i n the "upper l i m i t o f r e a d i n g speed. . 

' F o r . t h e t a l k i n g t y p e o f r e a d i n g machine, p r a c t i c a l l y no t r a i n i n g 

t ime i s r e q u i r e d t o u n d e r s t a n d the o u t p u t sound. However, a p r o b l e m a r i s e s 

when th e machine comes a c r o s s words w h i c h a r e n o t i n the s t o r e d v o c a b u l a r y 

o f t h e computer. These words c a n be s p e l l e d , b u t t h i s has the d i s a d v a n t a g e 
3 : 

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

.From the l e n g t h o f time r e q u i r e d t o l e a r n t h e code sounds o f a 

. d i r e c t t r a n s l a t i o n machine and t h e u l t i m a t e s p e e d a t t a i n a b l e , and t h e ex-

pense and c o m p l e x i t y o f the t a l k i n g machine w h i c h s t i l l has t h e p r o b l e m o f 

u n s t o r e d words w h i c h have t o be s p e l l e d o u t , i t i s w o r t h w h i l e t o d e v e l o p 

an i n t e r m e d i a t e t y p e ' o f r e a d i n g machine - — a s p e l l e d s p e e c h machine. T h i s 

w i l l r e d u c e the amount o f t r a i n i n g t i m e o f t h e u s e r and r e l i e v e him f r o m 

t h e t a s k o f d e c o d i n g the l e t t e r s as i t i s • r e q u i r e d i n t h e c a s e o f c o d i n g 
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machines and yet t h i s w i l l not be so expensive as i t i s i n the case of 

the t a l k i n g machine. This can be done by u s i n g prerecorded l e t t e r sounds 

on a drum or d i s c . Each r e c o r d i n g i s s u i t a b l y addressed so that i t can be 

keyed out when r e q u i r e d by a l e t t e r r e c o g n i z e r . " ^ But then what reading 

speed can be obtained w i t h the spelled-speech type of reading machine? Are 

there d i f f i c u l t i e s i n producing a high r a t e of s p e l l e d speech? Does the 

word-length (number of l e t t e r s contained i n a word) p l a y an important 

r o l e i n s p e l l e d speech i n t e l l i g i b i l i t y ? W i l l the d i c h o t i c p r e s e n t a t i o n s 

be a p p l i c a b l e to s p e l l e d speech? The answers to these, questions w i l l be 

provided by the experiments described i n l a t e r s e c t i o n s of this- t h e s i s . 



2. ' SCHEMES USED TO PRODUCE DICHOTIC SIGNALS AND TIME COMPRESSION 

2.1 Di c h o t i c Presentation - Methods used to Increase the I n t e l l i g i b i l i t y 

..of..Sound Signals 

When i d e n t i c a l signals are presented simultaneously to both ears 

of a l i s t e n e r through a p a i r of earphones, a s i n g l e c e n t r a l l y located i n t r a 

c r a n i a l sound.image i s perceived. I f a time delay i s introduced to one of 

these s i g n a l s as shown i n F i g . 1 (a), the s i n g l e sound image i s perceived to 

s h i f t towards the side where the s i g n a l i s leading. As the amount of delay 

-is--increased- up—to-about -0.8 -ms.., -then- t h i s , .image-is-perceived to be located 

t o t a l l y e i t h e r on the r i g h t or on the l e f t according to which side the s i g n a l 

i s leading. This kind of presentation with a time delay i s known as 'dichotic 

presentation and that with no delay, the ordinary b i n a u r a l presentation. 
11-13 

E a r l i e r research works have shown that the binaural i n t e l l i 

g i b i l i t y of speech under a masking condition of noise can be increased by 

mean's of d i c h o t i c presentation, .and the i n t e l l i g i b i l i t y increase brought by 
14-19 

i t has been confirmed by various groups of people f o r a delay within 
20 21 

the range.of 15 ms. I t has also been shown ' that time delay also.im

proves the i n t e l l i g i b i l i t y of r a p i d l y compressed speech even when there i s 

no noise.. These f i n d i n g s seem to suggest that dichotic- presentation of the 

above.can also be a p p l i e d to the Lexiphone code and s p e l l e d speech which 

are.not so, i n t e l l i g i b l e when presented at a f a s t r a t e. .• 

: Two types of d i c h o t i c presentation have been-investigated and the . ••" 

arrangements appear i n F i g . 1 (a) and Fig... 1 (b). In F i g . l (a), only one 

s i g n a l reaches each ear. In F i g . 1 (b), two s i g n a l s with a separation i n 

time reach each ear; the purpose of the multiple delay arrangement i s to t e s t 

whether or not multiple time-delayed s i g n a l s would produce a reinforcement 

-effect. The required-conditions of time delay on the sound signals were ob

tained by programming the PDP-9 computer,.the set-up i s shown i n F i g . 2. 



A program w r i t t e n f o r t h i s purpose i s shown i n Appendix I. Time-delayed 

waveforms.produced by t h i s program are shown i n F i g . J. 
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(t) 
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S L(t) 
T I S R ( 0 

r 

f 

(a) S L ( t ) = S j ( t - r ) 

"S R ( t ) = Sj (t) 

Si(t) 
- DELAY DELAY DELAY 

T 1 
— ? 

r 3 

SL(t) SR(t) 

(b) S L ( t ) = S (-(t - r 1 ) + S j ( t - T T 1 - t 2 - r 3 ) 

SR.(t) = Sj(t) + S i ( t - r 1 - r 2 ) 

Fig. 1 Arrangements to Produce Dichotic Signals: (a) Single Delay; 
(b) Multiple Delay. • 
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Fig. 2 Computer Set-up for Processing Sound Signals. 



"(a) A Waveform "and "its "Delayed Version. 

(b) Lower Waveform being Delayed by a 
Different Amount. 

Fig. 3 '.Time-delayed'Waveforms 



2.2 Time Compression - Method used to Increase the Presentation Rate 
of Sound Signals 

In order to obtain materials for presentation'to the subjects 
at a fast rate, time compression on the sound signals i s required. Time 

22 
compression of the sound signal according to the principle of Fairbanks 
was obtained from the PDP-9 computer using the same set-up as shown i n Fig. 
2. In this method, two processes are involved. The f i r s t process i s to 
store alternate sections of the speech waveform at a sampling time interval 
I and to discard the remaining sections of the speech -waveform at- a discard 
time interval of I . The second process i s to play the recorded waveform 
at an appropriate speed to restore the original pitch of the voice. These 
two processes are described i n Fig. 4, and for the ease of i l l u s t r a t i o n , 
equal sampling and discard intervals have been chosen (i.e. I = I ). The 
compression ratio (which indicates how many times higher the rate of the 
compressed version of the speech sample i s compared with the uncompressed 
speech sample) can be defined as 

I + I, 
0 = _§ i 

I 
s 

In the case of Fig. 4, a compression ratio of 2 has been achieved. A pro
gram i s shown i n Appendix II i l l u s t r a t i n g how this compression i s obtained 
from the PDP-9 computer using a sampling interval of 30 ms. 

In the spelled speech experiment, two compression ratios (l.5 and 
2) were used to bring the original material to 1.5 and 2 times faster. Both 
the original and the resulting expanded waveforms coming out ofrom the D/A 

converters are shown i n Fig. 5 (a) and Fig. 5 (b). The disconnected lines 
indicate the place where part of the waveform has been discarded. Time com
pression i s obtained by playing the recorded waveforms respectively at 1.5 
and 2 times faster. 



Fig. 4 Sound Wave Compression Processes: (a) Original Sound Wave; 
(b) Expansion of the Sampled Sound Wave; (c) New compressed 
Sound Wave obtained on Playback; 
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V i/V v\ vV 

V V A A, A/ 
-

.-(a) The O r i g i n a l Waveform and i t s Expanded V e r s i o n 
f o r C = .1.5. 

• 

v/ V V N V 

/ r 
: 9 "' 

(b) The O r i g i n a l Waveform and i t s Expanded V e r s i o n 
.'• . f o r C = 2. 

P i g . 5 Waveforms obtained from the Computer. 
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3. TESTS ON THE LEXIPHONE SUBJECTS 

3-1 T e s t i n g P r o c e d u r e s and R e s u l t s 

I n o r d e r t o see how e f f e c t i v e the d i c h o t i c p r e s e n t a t i o n s a r e 

compared w i t h t h e o r d i n a r y b i n a u r a l p r e s e n t a t i o n o f the L e x i p h o n e code under 

v a r i o u s r e a d i n g speeds, t e s t s were p e r f o r m e d on two L e x i p h o n e s u b j e c t s . To 

e n s u r e t h a t the t e s t m a t e r i a l s a r e r e a s o n a b l y , u n i f o r m i n d i f f i c u l t y , a 
23 

l o n g s t o r y w i t h a l i m i t e d v o c a b u l a r y o f the f i r s t t h o u s a n d w o r d s ' o f the 

T h o r n d i k e - L o r g e l i s t s was c h osen. These m a t e r i a l s were f i r s t p r o c e s s e d on 

a computer to g i v e the d e s i r e d S and S„ s i g n a l s ( a s shown i n F i g . 1 ( a ) and 
h K 

F i g . 1 ( b ) ) a t the t e s t e d speeds and were t h e n r e c o r d e d on a t a p e r e c o r d e r . 

T e s t s were c o n d u c t e d i n t h e f o l l o w i n g p r e s e n t a t i o n s : 

1) O r d i n a r y b i n a u r a l p r e s e n t a t i o n , i . e . when t h e r e i s no d e l a y o r T = 0 ms. 

2) D i c h o t i c p r e s e n t a t i o n s : 

a) S i n g l e d e l a y : T = 0.8 ms. and 

b) M u l t i p l e d e l a y : T± = 0.25 ms., = 0.3 ms. and = 0.25 ms. 

A time d e l a y o f 0.8 ms. ( w h i c h r e p r e s e n t s t h e l o n g e s t d e l a y e x p e r i e n c e d 

i n d a i l y l i f e when the sound s o u r c e i s e i t h e r on the r i g h t hand s i d e o r 

on t h e l e f t hand s i d e o f t h e e a r s ) had been c h o s e n because i t has n o t y e t 

been shown t h a t a g r e a t e r amount o f d e l a y w i l l g i v e a d d i t i o n a l b e n e f i t . 

B e s i d e s , t h i s amount o f t i m e d e l a y c a n be i mplemented e a s i l y e m p l o y i n g an 

a u d i o d e l a y l i n e . 

The p a s s a ges were r e c o r d e d a t t h r e e d i f f e r e n t speeds c o r r e s p o n d 

i n g t o 30, 40 and 50 words p e r m i n u t e . . The r a t e s o f 30 and 40 words p e r 
Q 

m i n u t e r e p r e s e n t t h e peak r e a d i n g r a t e s o f t h e L e x i p h o n e s u b j e c t s . The 

p r o c e s s e d m a t e r i a l s were p r e s e n t e d i n random o r d e r . The t e s t s were c a r r i e d 

o u t , i n a q u i e t room and t h e s u b j e c t s l i s t e n e d t o the r e c o r d e d m a t e r i a l s a t 

a c o m f o r t a b l e l e v e l t h r o u g h a p a i r o f headphones; t h e y were i n s t r u c t e d t o 
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omit the words i f they could not catch them. After an'explanation of the 
testing•procedures and a run of four practice passages, the actual tests 
were carried out. The scores were based on the response of 90 words in 
the middle of the passages each of which consisted of about 120 words. 
The scores of these tests are shown in the following table with each figure 
representing the mean of five tests. In view of the good results of 
subject A, an additional test was performed on her at a rate of 60 words 
per minute. The score was: 72.2$ for no delay and 98.9$ for both dichotic 
presentations. - • ~- •• 

V s \ ^ ^ C o n ^ 

Speed(w.p.m. 

•1 • 2 '... " — . ... . . . . . . . , 3 - . . . . . 
V s \ ^ ^ C o n ^ 

Speed(w.p.m. 

Ko Delay . Single Delay Multiple-Delay 
V s \ ^ ^ C o n ^ 

Speed(w.p.m. Subject A Subject B Subject A Subject B Subject A Subject B 

30 
40 

: 50 

82.9 
90.2 
83.1 

, 57.8 
61.7 
58.2 . 

96.7 
98.9 
96.2 

64.3 .. 
73.1 
: 66.2 

97.1 
96.5 
98.9 

62.9 • 
72.2 
62.9 

Table 1 'Scores of two Lexiphone Subjects on Code in Percent Correctness 
Note: At the time of this test, subject B had been away from the code- for 

..several months. 

• • ..Statistical analysis of the data by means of the analysis of variance 
.revealed that the dichotic presentations have definite levels.of. significance. 
The analysis showed that there are highly significant; differences (p<0.1$) 
among the different presentations and there are also significant differences 
(p< 5$) among the speeds of presentation. 

.. ..- By comparison,' the results i n column 2 and coluEn_3.-~of"'table 1 
show .significant improvement. • With dichotic presentation, the subjects' 
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s c o r e s a r e h i g h e r t h a n u s i n g n o r m a l b i n a u r a l p r e s e n t a t i o n a t a l l r e a d i n g 

r a t e s . I t a l s o i n d i c a t e d t h a t m u l t i p l e d e l a y i s o n l y a b out as e f f e c t i v e 

as a s i n g l e d e l a y ; t h i s may be due t o some c o n f u s i o n c a u s e d by a r e p e t i - . 

t i o n o f t h e same s i g n a l s even though t h e y are s e p a r a t e d a p a r t i n t i m e . 

3.2 E f f i c i e n c y o f t h e D i c h o t i c P r e s e n t a t i o n s 

F i g . . 6 shows t h e v a r i a t i o n o f t h e r a t e o f L e x i p h o n e code i n f o r 

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

The g r a p h s o f t h e d i c h o t i c p r e s e n t a t i o n s a r e s e e n t o be c l o s e r t o the 

i d e a l c a s e o f p e r f e c t l e a r n i n g , t h e e f f e c t i s more pronounced i n the p e r 

formance o f t h e b e t t e r s u b j e c t ( s u b j e c t A ) . 

Thus message e f f i c i e n c y , as measured by the number o f words 

l e a r n e d p e r u n i t t i m e , i n c r e a s e s w i t h t h e d i c h o t i c p r e s e n t a t i o n s . Message 

e f f i c i e n c y s t a r t s t o d e c l i n e a t t h e r a t e o f about 40 words p e r m i n u t e f o r 

t h e b i n a u r a l p r e s e n t a t i o n . 

- ' J u d g i n g f r o m F i g . 6, s u b j e c t A c a n r e a d w i t h t h e L e x i p h o n e more 

e f f i c i e n t l y a t a h i g h r a t e ; f o r s u b j e c t B, because o f . t h e d e c l i n e a r o u n d ' 

th e r e g i o n o f 40 w.p.m., t h i s i s p r o b a b l y t h e most e f f i c i e n t r a t e o f p r e 

s e n t a t i o n f o r h e r . 



3 0 4 0 50 

R a t e P r e s e n t e d (w. p.m.) 

Fig. 6 Graph Showing the Variation of Rate Learned Versus the Rate of 
the Material Presented in the" Lexiphone Code Test on Two Blind 
Subjects A and B. 



4. TESTS ON SPELLED SPEECH 

•4.1 T e s t i n g P r o c e d u r e s and R e s u l t s ' •• 

I n o r d e r t o f i n d o u t t h e e f f i c i e n c y o f s p e l l e d s p e e ch as a 

medium o f c o m m u n i c a t i o n and t e s t the e f f e c t o f d i c h o t i c l i s t e n i n g com

p a r e d w i t h t h e o r d i n a r y b i n a u r a l p r e s e n t a t i o n , t e s t s were p e r f o r m e d . 

The t e s t m a t e r i a l c o n s i s t s o f s e l e c t e d l i s t s o f p h o n e t i c a l l y - b a l a n c e d 
24 

s e n t e n c e s . Each l i s t has an average l e n g t h o f s e v e n t y - e i g h t words 

and c o n s i s t s o f t e n s e n t e n c e s . These l i s t s were s p e l l e d by a mature 

f e m a l e s p e a k e r a t an aver a g e r a t e o f f i f t y - f o u r words p e r m i n u t e . The 

m a t e r i a l was t h e n compressed on t h e PDP-9 computer t o g i v e three"! d i f f e r 

e n t r a t e s f o r p r e s e n t a t i o n , i . e . 54, 81, .and 108 words ..per .minute r e 

s p e c t i v e l y . These m a t e r i a l s were a g a i n p r o c e s s e d on t h e PDP-9 computer 

t o o b t a i n t h e t h r e e d i f f e r e n t k i n d s o f p r e s e n t a t i o n , i . e . no d e l a y , 

s i n g l e d e l a y and m u l t i p l e d e l a y as i t was done i n t h e L e x i p h o n e code 

t e s t . S i x s u b j e c t s ( t h r e e male and t h r e e f e m a l e u n i v e r s i t y u n d e r g r a d u a t e 

s t u d e n t s ) who a r e n a i v e w i t h r e s p e c t t o s p e l l e d s p e e ch and compressed 

speech were employed i n t h i s e x p e r i m e n t . B o t h the m a t e r i a l and the con

d i t i o n s o f p r e s e n t a t i o n were r a n d o m i z e d i n a b a l a n c e d d e s i g n so t h a t . a l l 

t h e t e s t i n g l i s t s were c o v e r e d by a l l t h e s u b j e c t s , a l l t h e r a t e s o f p r e 

s e n t a t i o n and a l l t h e l i s t e n i n g c o n d i t i o n s ( i n c l u d i n g t h e t h r e e p r e s e n - . 

t a t i o n s : •.- no delay,- s i n g l e d e l a y and m u l t i p l e d e l a y and a l s o t h e i n t e r 

change o f t h e s i g n a l s t o t h e r i g h t e a r and the l e f t e a r ) . The t e s t s were 

c a r r i e d Out i n a q u i e t room and t h e s u b j e c t s l i s t e n e d t o t h e r e c o r d e d 

m a t e r i a l s a t a c o m f o r t a b l e l e v e l t h r o u g h a p a i r o f headphones; t h e y were 

i n s t r u c t e d "to o m i t t h e words i f t h e y c o u l d n o t c a t c h - t h e m ; — B e f o r e t h e 

a c t u a l t e s t began, t h e t e s t i n g p r o c e d u r e was e x p l a i n e d t o the s u b j e c t s and 

ea c h s u b j e c t had a p r a c t i c e o f f i v e l i s t s . " The s c o r e s o f t h e s e t e s t s a r e 



shown i n T a b l e 2. 

"̂""-'--̂ ^̂  C o n d i t i o n s 

Speed (w. p.m. ) ^ ^ ~ ~ ^ ~ ^ ^ 

1 2 3 "̂""-'--̂ ^̂  C o n d i t i o n s 

Speed (w. p.m. ) ^ ^ ~ ~ ^ ~ ^ ^ No D e l a y S i n g l e D e l a y . M u l t i p l e D e l a y 

54 77.66 77.68 78.33 

81 63.81 72.58 68.65 

108 56.69 62.41 63.98 

T a b l e 2 Average fo C o r r e c t n e s s S c o r e s o f S i x S u b j e c t s on S p e l l e d Speech 

. On a n a l y z i n g t h e r e s u l t o i t h e s p e l l e d s p e e c h e x p e r i m e n t , i t has 

been f o u n d t h a t t h e e f f e c t s o f t h e d i f f e r e n t p r e s e n t a t i o n s a r e s i g n i f i c a n t 

( p < 5 $ ) , t h e r a t e o f p r e s e n t a t i o n o f t h e m a t e r i a l i s h i g h l y s i g n i f i c a n t 

( p < 0 . 1 $ ) . The a n a l y s i s a l s o r e v e a l e d t h a t i n t e r c h a n g i n g the s i g n a l s o f 

t h e two e a r s has no s i g n i f i c a n t a f f e c t a t . a l l ( p > 5 0 $ ) , t h i s i n d i c a t e s 

t h a t i t does n o t m a t t e r w h e t h e r t h e r i g h t e a r s i g n a l l e a d s t h e l e f t e a r 

o r ' v i c e v e r s a . 

On c o m p a r i n g t h e r e s u l t s shown i n T a b l e 2, i t c a n be seen t h a t 

d i c h o t i c p r e s e n t a t i o n s g i v e improvements a t t h e t h r e e t e s t e d speeds o f 

p r e s e n t a t i o n . However, a t the l o w e s t r a t e o f p r e s e n t a t i o n (54 w.p.m.), 

t h e r e i s o n l y a m i n o r improvement. T h i s may be due t o t h e f a c t t h a t a t 

t h i s low r a t e , i t i s n o t the i n t e l l i g i b i l i t y t h a t a f f e c t s the p e r f o r m a n c e , 

but i t i s t h e d i f f i c u l t y o f p u t t i n g the l e t t e r s i n t o words. I t i s e x p e c t e d 

t h a t a t r a i n e d s u b j e c t on s p e l l e d s p e e c h s h o u l d , have no d i f f i c u l t y a t a l l " 

i n o b t a i n i n g a h i g h s c o r e ( > 9 0 $ ) a t t h i s r a t e o f p r e s e n t a t i o n . The 

r e s u l t s a t t h e medium and t h e f a s t e s t r a t e s seem t o r e s e m b l e t h e r e s u l t s 

o f s u b j e c t B i n t h e L e x i p h o n e code t e s t . I f i t i s t h e s u b j e c t ' s s k i l l 

( s u c h as s u b j e c t " A i n t h e code t e s t ) t h a t makes d i c h o t i c p r e s e n t a t i o n s more 
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helpful, then i t i s very l i k e l y that subjects trained in spelled speech 
w i l l be more beneficial from the dichotic presentations. This has to be 
confirmed after training a group of subjects on hearing spelled speech. 

4.2 Effect of Word Length 

During the test, a large number of errors occurred in those 

words which contained a large number of letters. In view of this, a 

calculation was made based on the number of errors observed at different 

word length (the number of letters contained i n a word). The overall, 

picture of the effect of word length of the entire experiment i s shown 

below. 

Word Length (letters) 3 or less 4 5 6 7 8 
% Correctness 86.22 66.74 51.84 43.13 29.67 32.04 

-Table 5 Overall Percent Correctness of the Words According to 
the Number of Letters Contained i n the Word. 

The combined effect of the rate ef presentation and the word 
length appears in' Fig. 7. From Table 3 and Fig. 7, i t can be seen that 
the word length has a very great effect on the correctness of the response. 
The longer the word, the more l i k e l y that an error w i l l be made. It 
must be pointed out that no. longer pause' was allowed for long words i n 
the.test. This may create the situation of'insufficient time for the per

c e p t i o n of, the long words from the letters, and while the subject was 
' s t i l l pondering on the long words, words of the subsequent order followed 
. and disruption occurred. Thus i t i s suggested that for those words with 
four or more letters, a slightly longer pause should follow to compensate 
for the.time required to perceive these words from their spelling. 



r u n 54 w.p.m. 

Y/A 81 w.p.m. 

} | 108 w.p.m. 

3 or less U 5 6 7 8 

NUMBER OF LETTERS IN A WORD 

Fig. 7 Combined Effect of the Rate of Presentation and the Word Length on / 
the' Percent Correctness of Spelled Speech' Perceived by the Subjects. 



4.3 C o n f u s i o n o f Some L e t t e r Sounds 

D u r i n g t h e s p e l l e d s p e e c h t e s t , c o n f u s i o n o f some l e t t e r sounds 

was o b s e r v e d i n the case o f compressed m a t e r i a l s . The t o t a l number o f 

e r r o r s due t o t h e c o n f u s i o n o f l e t t e r sounds i s about 5.5$. A l l the 

c o n f u s e d l e t t e r s a r e c o n s o n a n t s . C o n f u s i o n a t the l o w e s t s p e e d (uncom

p r e s s e d ) was u n n o t i c e a b l e . The f o l l o w i n g t a b l e shows how the l e t t e r 

sounds were c o n f u s e d a c c o r d i n g t o t h e manner and t h e p l a c e o f a r t i c u l a t i o n 
25 

o f t h e l e t t e r sounds. 

Manner o f 
A r t i c u l a t i o n 

P l a c e o f A r t i c u l a t i o n . -
B i l a b i a l L a b i o - d e n t a l L i n g u a - a l v e o l a r V e l a r 

V o i c e d P l o s i v e 

U n v o i c e d P l o s i v e 

N a s a l -

V o i c e l e s s F r i c a t i v e 

-:f(io.56) t ( 1 9 ) y^W 
[Z&2)\ -(10.-56) i 

V.V ( 1 2 . 7 0 K - V 

• G)-—-— -G) 

G —W3i0\ 
Table'4 L e t t e r . Sounds C o n f u s e d . ( A r r o w head i n d i c a t e s t h e d i r e c t i o n o f 

c o n f u s i o n , e.g. t h e a c t u a l sound 'm' i s m i s t a k e n t o be t h e sound 
•In', and t h e sound 'd' i s . m i s t a k e n as t h e s o u n d ' ' t 1 and v i c e v e r s a . 
A d o t t e d l i n e i n d i c a t e s a l e s s f r e q u e n t c o n f u s i n g s i t u a t i o n . The 
f i g u r e s i n b r a c k e t s d e n o t e the p e r c e n t c o n t r i b u t i o n o f each c o n 
f u s i n g s i t u a t i o n t o w a r d s t h e t o t a l number.of..confusions...)._ 
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T a b l e 4 i n d i c a t e s t h a t the p l o s i v e sounds a r e the m a i n l y con

f u s e d sounds. I t a l s o i n d i c a t e s t h a t l e t t e r sounds a r t i c u l a t e d i n the 

same manner o r a t the same p l a c e a r e e a s i e r t o be c o n f u s e d . There a r e 

--"some u n i - d i r e c t i o n a l c o n f u s i o n s w h i c h i n d i c a t e t h a t some o f them can be 

m i s t a k e n as o t h e r s , b u t n o t v i c e v e r s a . 

. The r e a s o n t h a t t h i s k i n d o f c o n f u s i o n o c c u r r e d o n l y i n c o n -

—-sonants w i t h t h e - c o m p r e s s e d m a t e r i a l s and n o t - w i t h i t s uncompressed, v e r 

s i o n i s because t h e d u r a t i o n o f p h o n a t i o n ( t h e l e n g t h o f time i n v o l v e d 

i n j t h e ^ p r o d u c t i o n o f a s i n g l e sound) _ o f _ t h e c o n s o n a n t sounds i s much 
2(5 27 

s h o r t e r t h a n t h a t o f t h e v o w e l s ' ., t h e r a t i o i s r o u g h l y 3 t o 2 ( t h e • 

' d u r a t i o n o f p h o n a t i o n f o r v o w e l s a v e r a g e s t o 0.117 s e c . and t h e d u r a t i o n 

• o f p h o n a t i o n o f c o n s o n a n t s a v e r a g e s t o 0.08 s e c . ). D u r i n g t h e c o m p r e s s i o n 

p r o c e s s , a p a r t o f t h e l e t t e r sound has been d i s c a r d e d e f f e c t i n g a s h o r t e r 

- d u r a t i o n o f t h e . l e t t e r sound. T h i s makes t h e compressed c o n s o n a n t sounds 

more- d i f f i c u l t t o d i s t i n g u i s h ( e s p e c i a l l y t h o s e w h i c h a r e a r t i c u l a t e d i n 

'-the same manner o r a t t h e same p l a c e ) and t h u s c o n f u s i o n o c c u r r e d . 

•". A l t h o u g h c o n f u s i o n s o f some l e t t e r s may be e l i m i n a t e d by c o r r e c t 

• g u e s s i n g f r o m t h e c o n t e x t o f the m a t e r i a l , e a s y i d e n t i f i c a t i o n o f l e t t e r 

sounds i n s p e l l e d s p e e c h i s i m p o r t a n t b e c a u s e some words c o n s i s t o f 

. - . _ s i n g l e l e t t e r s and, d i f f e r e n t i a t i o n ..of word p a t t e r n s w o u l d be f a c i l i t a t e d 

r i f t h e r e were no c o n f u s i o n s among l e t t e r s . Thus i t a p p e a r s d e s i r a b l e t o 

. • s u b s t i t u t e s p e c i a l sounds f o r t h e more f r e q u e n t l y c o n f u s e d l e t t e r s s u c h 

. as d, t , p, ra and f.' -
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5. CONCLUSIONS AND DISCUSSIONS 

Prom the Lexiphone and s p e l l e d speech experiments, i t has been 

found that both the s i n g l e delay and multiple delay d i c h o t i c presentations 

bring s i g n i f i c a n t improvements to the i n t e l l i g i b i l i t y of the materials 

presented through the earphones. The Lexiphone code tests i n d i c a t e 

that d i c h o t i c presentations are more h e l p f u l to the subject who i s 

better s k i l l e d i n the code. The r e s u l t s of the s p e l l e d speech tests r e 

semble that of subject B (the subject who i s not so s k i l f u l i n using the 

Lexiphone) i n the Lexiphone t e s t . I f i t i s the s k i l l of the subject 

which had produced t h i s strong influence, then d i c h o t i c presentations 

would be more b e n e f i c i a l to those who have been trained.on s p e l l e d speech. 

This has to be confirmed on experimenting subjects who have already been 

trained on s p e l l e d speech. Conclusions on t h i s f a c t o r may also be a r r i v e d 

using other better s k i l l e d Lexiphone users. Since i t takes a rather long 

time (over 200 hours of t r a i n i n g ) to l e a r n the' code well, i t would be more 

desir a b l e to t r a i n subjects on s p e l l e d speech for t h i s purpose. In f a c t , 
23 

i t has been found , that a f t e r a t r a i n i n g time of only about twenty hours, 

i f words were sp e l l e d r a p i d l y enough, the whole word, rather than the i n d i 

v i d u a l l e t t e r s , would become the u n i t of perception. 

.r From the comments made by the s p e l l e d speech subjects, i t i n d i c a t e s 

that a better performance may be-arrived' at with more, p r a c t i c e . The 

subjects also remarked that the f a s t e s t rate of presentation (108 w.p.m.) 

was too f a s t f o r the perception of the words, but they a l l f e l t that t h i s 

s i t u a t i o n might change a f t e r they had been exposed to s p e l l e d speech f o r a 

long enough time,. The subjects also showed no p a r t i c u l a r preference to 

any of the l i s t e n i n g conditions./ 

Counting the percent correctness of the subjects• performance 



i n words, formed from different number of letters indicates that the longer 
-the word, the easier errors were made, and while they were s t i l l pondering 
on the long words, other words that followed disrupted the decoding 
•process of the long words. Thus i t would be helpful i f a longer pause 
i s provided for those words containing a bigger number of letters. 

Another finding of the spelled speech test i s that there are 
"errors caused by the confusion among the letter sounds, i n particular, 
the consonants. In order to bring spelled speech into a.more useful 
medium for reading machin.e._.wo,rk ̂_the.__obs.er.v.ed_-Confusions...should be re
moved. This can be done by substituting these letter sounds with special 
sounds, but this has the disadvantage of learning the special sounds. An 
alternative i s to lengthen the duration of phonation of these sounds so 
that they become more distinguishable. A similar effect can be achieved 
b y introducing some other variables, such as loudness, accent and intonation. 
-It would be very useful to find out the minimum duration of phonation for 
the perception of the different letter sounds. One way of doing this i s 
to simulate the letter sounds on the computer and then control the duration 
of the. letter sounds for presentation. This w i l l not only find out the 
duration of phonation required for the perception of the letter sounds, 
_but also give an idea of- the. absolute-maximum rate of presentation of 
spelled speech. 

In this thesis, only two dichotic presentations have been inves
tigated and the effect of the sampling period of. compression has not 
been considered at great depth. It must be pointed out that there are 
other dichotic presentations which are worthwhile for further research: 
these include a longer single delay (in the range- of 20 ms. to 300 ms.) 
.and: dichotic compression (presenting: .the .samples ,in -the sampling interval 



to one ear and the samples in the discarded interval to the other ear so 
that there i s no loss of information to the ears). The sampling interval 
i s an important factor affecting the i n t e l l i g i b i l i t y of compressed speech 
because i t i s related to the amount of information retained from the o r i 
ginally uncompressed information for presentation to the ears. Although 

20-22 
this has been investigated by several research workers i n this f i e l d ' 
there i s s t i l l the lack of a model for theorizing the optimum sampling 
interval for compression. An investigation of this sort would be very 
useful to the f i e l d of compressed speech. It i s l i k e l y that the optimum 
sampling interval i s related to the duration of phonation of different 
letter sounds, the compression.ratio and the pitch of the voice. When 
this model has. been established, i t w i l l be easier to produce i n t e l l i g i b l e 
letter sounds at different speeds of presentation for the spelled speech 
reading machine and i t w i l l also throw some light onto better methods of 
dichotic presentations. 



Appendix I 

FLOW CHART FOR THE DELAY PROGRAM • 

The f o l l o w i n g i s a s i m p l i f i e d flow chart f o r the delay program. 

Set SFC 

p r i n t on t e l e t y p e 'SET DELAY' 

set amount of delay r e q u i r e d on AC switches 

set up r e g i s t e r s f o r h a n d l i n g data 

w a i t f o r A/D f l a g 

No 
—<— 

Yes 

c l e a r f l a g 

• read A/D buffer.and s t o r e 

d e p o s i t t h i s sample i n output 
and s t o r e i t -

increment delay counter and check f o r the end of b u f f e r 

No 

Yes 

r e s e t 



26. 

•TITLE DELAY 
./ .IODEV 10 
SFC=701207 
IN52=705217 
OUT3U703107 
OUT32=703207 
SKPFLG: 705301 
CLRFLG=705302 
START .INIT 10,1,START 

. .WRITE 10,2ePRINT,3 
; .CLOSE 10 
LAC (-62 
SFC 
HLT 
LAS 

' CMA 
TAD (1 
DAC DEL# 
LAC.(DATA-1 
DAC* (10 

^ DAC* (11 
ONE SKPFLG 

; JMP .-1 
CLRFLG 
IN52 
0UT31 
DAC* 10 
ISZ DEL 

- JMP ONE . 
TWO :, SKPFLG 

JMP .-1 
CLRFLG 
IN52 
0UT31 
DAC* 10 
LAC* 11 
0UT32 
LAC* (10 
SAD (DATA+16660 

' JMP RESET 1 
LAC* (11 
SAD (DATA+16660 
JMP RESET2 

• JMP TWO 
RESET 1 LAC (DATA-1 

DAC* (10 
JMP TWO 

RESET2 LAC (DATA-1 
DAC* (11 
JMP TWO 

PRINT 003002 
0 
.ASCII 'SET DELAY*<15> 

DATA .BLOCK 16665 
.END START 

/SET THE SAMPLING PERIOD = 50 US 
/HALT, SET THE AMOUNT OF DELAY 
/ON AC SWITCHES, PRESS CONTINUE 



Appendix II  

FLOW CHART FOR TIME COMPRESSION PROGRAM 

set the sampling period T 

set .the sampling interval I 
and the discard interval I 

set up a register 'R' to handle data damples 
in the period ( i + 1^) 

* accept signal from the A / D converter and sample i t 

deposit i n register 'S' 
the samples obtained in the period I s 

discard those samples obtained i n the next period 1^ 

• 

> output the samples contained in register 'S' one at a time at an interval of CT 

check for the last sample i n register 'S' 

No 

Yes 
reset register 'S' 

reset register 'R' 

' — : — ' • :  



28. 

:. .TITLE TIME COMPRESSION, C = 2 -
• .IODEV 10 . '• 

•VSFCr701207 . :_,:'V'. .V".: = • 
IN52=705217 . ; : V-.:.:. r.::[-^r"-' 
0UT31=703107 
0UT32= 703207 V ' - V 
SKPFLG=705301 • p-V\'.-;" -
CLRFLG= 705302 .:' .\, V• i ; \: 

START .INIT 10,1,START /PRINT OUT TITLE 
•WRITE 10,2,PRINT,10 
.CLOSE 10 • 

• •• LAC (-62 , • 
SFC /SET THE SAMPLING PERIOD = 50 US 

RUN LAC (DATA-1 
• DAC* (10 . 
DAC* (11 

NOW SKPFLG 
JMP .-1 
CLRFLG 
IN52 
0UT31 -

- DAC* 10 • • . 
THERE SKPFLG 

JMP .-1 
CLRFLG 
IN52 
0UT31 
DAC* 10 

THEN LAC* 11 
0UT32 
LAC* (10 
SAD (DATA+2257 
JMP RUN 

• • JMP NOW ' • 
PRINT 010002 

0 
.ASCII 'TIME COMPRESSION, C=2*<15> 

DATA .BLOCK 2270 
.END START 
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