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* ABSTRACT

This thesis describes the effects of.dichotic'presentations on
i!the~reading speed:of the users of-the.Lexiphone -.a reading machinevfor
the blind. The dichotic presentations investigated'are: e).single
"*dEIay: one'signal;to'one esr andna‘delayed version of this signal to
'7Athebother eari;bzvpultiple.delay; thenssme signal with three interdelayed
wersions, two signals comdng to_each ear. Experlments with the Leriphone

subjects indicated that. dichotic presentations (compared with ordinary

_binaﬁfél-ﬁ}éséﬂfééiéﬁ,fi.e; withoutwdele&)“brought a significant improve-

_;_TA S1mllar:1nvest1gation hes-alsolheenpnade_onﬂspelled speech
:which haS'been Prdposedtto replace the oode.sounds;{.The results indi- .
.ceted that multlple delay (as has been found in the case using the Lexi-
néphone subJects) produced a little lesstlmprovement than-S1ngle deley.
:"':»TNevertheless, both these two dlchotlc presentatlons produced an 1mprove—
djment on the 1ntelllg1b111ty of the materlal. The effect of the word length
'u&(number of letters contalned 1n a word) on the 1nte111g1b111ty of spelled
'-‘speech was‘also analyzed’ 1t showed that the word length has a great )
'3:effect 1t was found that the percent correctness decreases with the word
E *f:fflength. ThlS effect. also‘seems to be: dueAto _the- longer tlme requlred .y;j:
’;:to percelvevthe word fron-the spelllng, thus 1t ds suggested that a. longer
.”’prause should be prov1ded for those words w1th g large number of letters."

}3;Confus1ons of some . letter sounds were observed when spelled speech was com=

e _pressed, these=are thepconsonantjsounds whlch are”artlculafed elther at the_

“——ggme—place-or—in—the-same-manner. . - e e e
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1. INTRODUCTION

-nAt present, thefe are two chief means’ef readiné_£hat ﬁro&ide
information te the blind - the talkiﬁg book and Braille; As for printed_
matter,‘such as private documents end correspondeﬁce, newspaper, paper |
ﬁoney, and so forth, the‘blind hae to eeek the aseistance of a‘sighted
persen. éhus a machine_df.some sort that ean read printed matter is an
obvioﬁe need for the'blina. In fact,<forvmore than half a century, there

:has been ﬁuch effert devoted to the developmenf Qf such a machine; Un-
» foitunately,‘yp to the present, only a limi£ed success has been attained
and there is stilivho simple reading machine which iS'easy’to leernvand use.

Ideally;'the reading machine shouid be eas& to learn and operate,

‘  poftable and eheap so that it can be car;ied and owned by the'inaividual
blind ueer. There is a gap fefween tﬂe first two requirements and the last.
-:-Fornexample, the Optoﬁhpﬁe which was ﬁ?oposed a long time agol and is-still
:ineuse, is cheap and porteble”but difficult to learn and operate. There
are recognition types of.macﬁiﬁeez-g whieh'speak directly to the user, but
‘-fhese machines are.comblieated-end expeneive. |
Although the Optophene code is.difficﬁlt to-learnband only
a slow rate could be ettained, there-have been‘many heroic ettempts by
‘ blin&vpe0p1e:te:ﬁse it end it is their encourégemené andlthe assistenee '
..of meny_differeﬁt related organizations'that provide constantvzeal and ,v
'aséietance tO‘fhevreseerchvworkers in this field.' The Lexiphone¥vis.a.
.direct'tfanE;atibﬁ ﬁéchine ﬁhich ié rather mere.COmplex fhan.fhe Optobhoﬁe-
‘ ebut it is belieVed toAbe-eaeier to‘operate._ Fach iettef frbm'thevieiiphone
fvis*repfeeented'b& a'ehorf seund patterh<formed_b& both amplitude— andk'

frquency—mbdulation of a square wave. Thiéfgives'a-melodious_euput with

*More details about the'Lexiphone can be found in refefences 5—7;j :
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;agcharaoterlsticjrhythm; "Although the code nelody for‘each letter.is a
~funeless one,vit has been reported to be quite pleasant} |
It has_long been recognized that although a direct translation
-type of reading machinedls simple and cheap oompared with the recognition
'type; the‘maximum reading rate is severely.limited.‘ From the past ex-
vvperience; it»appears to take over two hundred'hours spread over a year
*'to learn the hexiphone code well enough'to read simple sentences and stories
at about thirty words per minute; 'Although'this is a reading speed about
L_—tw1ce that obtalned with the Optophone after an equal length of tralnlngs,

; it is still far behind the mlnlmum acceptable readlng rate of 50-60 words
}per mlnute set by Cooper.9 To this problem, a method of dichotic presen-
,.fation ofvthe code-sonnd has-beenhproposed, _This methodvprovides an increase _/’
fjiﬁ the intelligibility of the code. While the mechanism by which intelliéi—
,blllty is 1mproved is unclear,'experlmentally worthwhlle increases in in-
:'telllglblllty have been obtalned which are manlfested in a nsefulblncrease
gin the upper limit of readlng speed .

- - For. the talklng type of readlng machrne, practlcally no tralnlng

time is requlred to understand the output sound. However, a problem arises
'nhen thebmaohine comes-aoross words which are not in thevstored voeabulary.

‘. -of the computer. These words can be- spelled .but this has the dlsadvantage

fiof severely dlsruptlng the'llstener s train of thoughts;3 |

..From the length of tlme requlred to learn the code sdunds of a

'fdlrect translatlon machlne and the ultlmate speed attalnable, and the ex- -
'»ff}wpense and complex1ty of the talklng machlne Wthh still has the problem of
;,unstored:words whlch have to be spelled'out, it is worthwhlle-to develop

‘vanfintermediateftype"of reading machinelé--.a.spelled speech machine. This

" will reduce the amount of training time of the‘user and‘relieVerhim from

" the task of decoding the letters as it is required in the case of coding



- . machines and yét this will'nof be'so eipensive as it is in the casé of

- the talking maéhine; This can be done by_using prerecorded letter éounds
on a drum of diéc. Each récording is suitably addressedvso that it can be
keyed out when required b& a letter recognizerflo But then what reading
) speéd canvbe obtéined with the épelled»speech type of reading machine? - Are
‘there difficulties in producing a high raté of spelled speech? Does the
 word41ength_(number of letters contained ih a word) play an important

rble in spelled speech intelligibility? Will the dichotic presentations
' lbe appliéable to spelled épeech? The answers to fhese(questions will be

~ provided by the experimehts deécribed in later sections of this thesis.




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

2 1 Dichotic Presentation ~ Methods used to Increase the Intelligibility
of. Sound Signals

-When identical signals are presented'simultaneously to both ears
,jof'a!listener throughwa pair_of earphones,‘avsingle centrally located intra~
cranial sound.inage is perceived.  If a time delay is.introduced tvone of.
'these signals as shown in Fig. 1 (a), the single sound inage is perceived to'
t shift towards the side where the signal is leading._ As the amount of delay
fi.ﬂuis.increased up.to about O 8. ms.,,then\this -image- 1s-perceived to be located
totally either on the right or on the left according to which s1de ‘the 31gnal
'h 1s_lead1ng. This kind of presentation with a time delay is known as 'dichotic'
: presentation‘and that_with no delay, the ordinary binaural'presentation.

11-13

-Earlier research works have shown that the binaural intelli-

gibility of speech under a masking condition of noise can be 1ncreased by

means of dichotic presentation, and the intelligibility increase brought by

=19

Cit has been confirmed by Various groups of peoplel4

‘the range of 15 ms. It has also been shownzo_?l that time delay also im-

for a delay within

r\pfdves the intelligibility of'rapidly compressed speech even when there is
uno.noise;v These findings seem to suggest thatbdichoticfpresentatioh of the
‘above can also be applied‘to the Lex1phone code and spelled speech which
bare not s0. 1ntellig1ble When presented at a’ fast rate._‘ |
.Two types of dichotic presentation have been inwestigated and the
F;Farrangements appear in Fig. l (a) and Fig.‘l‘(bj;‘ In Fig.,l (a), only one
lalsiénal reaches»each ear. In Fig. 1 (b) two 51gnals w1th a separation in

time reach each ear, the purpose of the multiple delay arrangement 1is to test

e Whether or.not multiple time-delayed s1gnals would produce.a reinforcement
»teffect‘ The required conditions of time delay on the sound s1gnals were ob-

tained by programming the PDP—9 computer,.the set—up is shown in Fig.‘é.




1’,A:program written for this purpoée is shown in Appendix I. Time-delayed

waveforms. produced by this program are shown in Fig. 3.
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C 2. 2 Tlme Compres31on - Method used to Increase the Presentatlon Rate
of Sound Signals o

In order to obtain materials for presentation'to the subjects
at a faSt>rate, time codpreesion on thevsound signals is.required. ‘Time
'compression of the sound signal according to the principle of Fairbank322
was obtained from the PDP-Q computer usirg fhe same set—up.as shown in Fig.v
2. In this method, two processes are involwed._ The first process is'fo
store,alternafe eeotions of the speech-waveform ao'a sampling time interval.
Is'and to discard the remaining sections of the'speech waveform at a discard
timedinterval of Id. “The seoond prooees Is to play the recorded waveform
_fat an appropriate speed to reatore the original pitch of the voice. These
"~ two ﬁrocesses are described in Fig. 4, and forithe ease of illustration,
1 equal'sampling and discard interwale have been chosen (i.e.» IS‘= Id). The
compression ratio (which ihdioates how many times higher the rate of the
cowpressed version of the epeech sample is compared with the uncompressed

speech sample) can be defined as

.In the case of Fig; 4, a compression ratio of 2 has been achieved. A pro-
graﬁ is shown in Appendix II illustrating'how'this compression is obtained

from the PDP-9 computer using a sampling interval of 30 ms;

In the spelled speech experiﬁent,.two compreeeion ratios (1.5 and'

o 2)Vwere osed_toebring fhe originalvmaterial to 1.5 and 2 times faster. Both
'"dfhe original and the resulting eXpanded waveforms cowdng outofrom'the D/A ’
:cooverters are shown in Fig. (a) and Flg. 5 (b) The disconnected lines
1ndlcate the place where part of the waveform has been dlscarded. Time com~
'T:dfprees1on is obtalned by playlng the recorded waveforms respectlvely 5£'1,5~

and 2 times faster.
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3.. TESTS ON THE LEXIPHONE SUBJECTS

3.1 Testing Procedures and Results

In order to see how effective the dichotic presentations are
Acompared with the ordinary binaural presentation of‘the Lexiphone code under
vvariOus readlng speeds, tests were performed on two Lexiphone subjects. To
ensure that the test materials are reasonablyAunlform in'difficulty; a
lcng story23with‘a limlted_voCabulary of the first thousand words of the
'tThorndike—Lorge lists was chosen. These materials were first processed.on
- a computer to'give the‘desired SL and SR s1gnals (as shown in Flg.v (a) and
‘Flg. 1 (b)) at the tested speeds and were then recorded on a tape recorder.
g‘Tests were conducted in. the follow1ng presentatlons: H
”l) Ordinary'blnaural presentation, i.e. when there.is no delay or T= 0 ms.
' f2)?chhotic‘presentations: . | | |
"a:) Sinéle'delay: T;- 0.8 ms. and
‘ b) Multlple delay: "ri - 0.25 ms.,‘ T'z% 0.3 ms. and Ty = o‘.2‘54 ms. ,
,A tlme delay of O 8 ms. (whlch represents the longest delay experlenced t
in dally llfe.when the-sound source is elther on the rlght hand s1de or
,on the lert”hand side of the‘ears) had been’chosen because it'has not yet
”been shown.that a greater amount of delay W1ll glve additional beneflt.
;Besldes, thls“amount of tlme delay can be 1mplemented eas1ly employlng an
-; audlo delay.llne. | “ ‘ |
| | TheApassages‘were recorded at.three dlfferentvspeeds corresPond—
:arilng to 30 40 and 50 words per mlnute. The rates of 30 and 40 words per -
'"gmlnute represent the peak readlng rates of the Lex1phone sdbgects.' The '
”5.{processed materlals were presented 1nvrandom order, ‘The tests were carried
t,ont;in a qniet room-and’the suhjectS‘listenedAtc:the”recorded naterials~at

”,aiconfortahle.leyel:through'a pair of headphones; they were instructed to

el



)'*”grevealed that the dlchotlc presentatlons have deflnlte levels of s1gn1flcance

Tl show 31gn1flcant 1mprovement

13,

omit the words if they could not catch them After an:explanation of the

V testlng procedures and a run of four practlce 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.

?he scores of»these'tests are shown in the following table with each fdgure‘ﬂ'
‘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 6f”€o“§brds
The score was:

per minute. 72.2% for no delay and 98.9% for both dichotic

presentations. o S 'T-‘«ufm‘m' SR — e e
Conditiong 1 B T e BN
No Delay ' Single Delay..... | = Multiple.Delay
Speed(w.p.m. ) Subject A{Subject B vSubject.A Subject B | Subject A |Subject B
30 82.9 57.8 | 96.7 64.3 97.1 | 62.9.
40 '~ 90.2 61.7 98.9 | T73.1 9.5 72.2
' s0 83.1 58.2 S 96.2 | 66.2 98.9 62.9

. Table l ‘Scores of two Lexiphone Subjects on Code in Percent Correctness

- Note: At the tlme of thls test subject B had been away'from thetcodeffor |

several months.

Statlstlcal analys1s of the data by means of the analys1s of varlance.

'1The analys1s showed that there are hlghly S1gn1flcant dlfferences (p<ZO EV)
» 'among the dlfferent presentatlons and there are also s1gn1flcant dlfferences'
' (p<:57) among the speeds of presentatlon.

By comparlson, the results in column 2 andtcolumn—ﬁrof“tabie*i

W1th dlchotlc presentatlon, the subgects'v




~scores are higher than using normal binaural presentation at ailvfeading
‘rates. It also indicated that multiple delay is only'abOut as effective
as avsingle delay; this may be due t0’sone confusion caused by a repeti—a

tion of the same signals even though they are separated apart in time.

3.2 Efficiency of the Dichotic Presentations
'Fig;_6 shows the variation of the-rate of Lexiphone code infor-
mation learned‘versus the rate presented in the fhree fested conditions.
iThe gnaphs of‘the dichotic presentations are seen to be cloeer to tne
lideal'casevof perfect iearning;_the effeot-ie.more pfonounced in tne per-
‘7‘formance of the better subJect (subgect A) | |
. Thus message efflclency, as measured by thevnumber of-words

. learned per un;t time, increases with the dichotic presentations. Message

| efficiency starts to decline at the rate of about 40 words per minute for -

dthe_binaural presentation._

Judglng from Flg. 6; subJect A can read with the Lexiphone more
ﬁefflclently at a hlgh rate, for subgect B, becausevof the decllne around
1?the reglon of 40 We Do ﬁ., thls 1s.probably the most eff1c1ent rate of pre-

'sentation for her.

14,
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4. TESTS ON SPELLED SPEECH

-4.1 Testing Procedures and Results

ln order fo find out the efficiency of spelled speech as a
medium ofvcommunication and test phe effect of dichotic listenlng com—
pared with the ordinary binaural presentation, tesfs were performed.

The test haterial consistsvof selected lists of phonetically—balanced
'sentences.24 Each list has an_average length of_seventy—eight'nords
and consists of ten senhences. 'These lists yere spelled hyma mature
female speaker at an average.rate of flfty—four words per mlnuhe; _The
materlal was then compressed on the PDP—9.computer_to give three.dlffer—
.enﬁ rates for-presenfation, i.e. 54, 81,_and 108 words.per .minute re-
spectively.n These maferials-were again.processed on the PDP-9 computer
to'obtain the three different kinds-of presentation, i.e. no delay,
v,single delay and mulfiple délay asvit was done invthe Leriphone code
';test. Six subJects (three male and three female un1vers1ty undergraduaue
v‘students) who' are naive w1th respect to spelled speech and compressed '
-‘speech were employed'in this experiment,: Both the material’and the con-
"ditions of presentation wereerandomized in a balanced design so that all
: the testlng llsts were covered by all the subJects, all the rates of pre-
’M‘sentatlon and all the llstenlng condltlons (1nclud1ng theAthree presen—
_,tatlons. no delay, s1ngle delay and multlple delay and also the 1nter—

h change of the s1gnals to the rlght ear and the left ear) The tests were

‘carrled out in a qulet room and the subgects llstened to the recorded

v'.r’materlals at a comfortable level through a palr of headphones, they were

16.

: llnstructed to omlt the words 1f they could not catch them:~“Before the-—~--~

—i:a‘;actual test began, the testlng procedure was explalned to ‘the- subgects and

.each subJect had a practlce of" flve llsts. The scoresyof these tests are
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shown in Table 2; v » o o B : o«
"Conditions . 1 -2 T 3
Speed (w.p.m.) » No Delay Single Delay . Multiple Delay
54 77.66 77.68 78.33 .
81 63.81 72.58 68.65
108 - 56.69 - 62.41 63.98

- Table 2 Average % Correctness Scores of Six Subjects on Spelled Speech

.On analyzing the result of the spelled speech experiment,‘ithhas
been found that the effects of the different presentations are sighificant
(p<5%), the rate of pr'e‘sentationw of the material is highly sighificant
7(p<:0.1%); The‘analysis also revealed that interchanging the signals of
the tro ears has ho significant arfect at all (p>>50%), this indicates

* that it does not matter whether the'rightvear'signal leads the left ear
lor'ricevversa; : o
. 'bhlcohparing the results shoﬁn dn Table‘ép'it can be seen that
. dichotic presentatiohs gire improvements at.the three'tested speeds of
presentation.- However, at the lowest rate of presentatlon (54 W.p.m. ),
i:there is only.a minor 1mprorement This ‘may- be due to the fact that at
"~ this low rate;llt is not the 1ntelllg1b111ty that affects the performance,
‘but it is the dlfflculty of puttlng the letters into words It 1s expected
;“that a tralned subJect on spelled speech should have no dlfflculty at all”
"LAln obtalnlng a hlgh score (:>907) at thls rate of presentatlon 'The
.results at the medlum and the fastest rates seem to resemble the results
'Al;of subJect B in the Lex1phone code test.- If it is the subgect s sklll

;fh‘(such as subJect A 1n the code test) that makes dlChOth presentatlons more'




" helpful, then it is very likely that subjects %rained in spelled speech |
will 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

'Dnring the test, a large numher of.errors oocurred in those

~ words which contained a large number of letters. In view of this, a
calculation was made hased on the number of errors.observed at different
word length (the nnmber.of letters»contained in a word). The overall

. pictnregof the effect of word.length of the entire experiment is shown

ibelow.

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

_uTable 3 Overall Percent Correctness of the Words Accordlng to B

the Number of Letters Contained in the Word.

The combdned effeot of»the_rate of bresentation_and-the.word
length appears in’ Flg. 7.» From Table 3 and ng. 7, it can:be seen that'
i_the word length has a ver& great effect'on the.correctness.ofbthe response;.
JlThe longer the word the more llkely that an‘error.wlll be‘made.v It
;l‘must be p01nted out that no longer pause was allowed for long words ln
’ithe test. _This may‘create the_situatlon offinsufficlent time for the per-
:rffceptlon ofgthe longhwords fronlthe letters; and while the’snbject was
wtstlllfpondering‘on the long.words; words of the subsequentlorder“followed
..Qfandédisruntion'occurred. Thus it is snggested that for'thoselwords withV'
| four:or'more-letters,:a slightly longer pause should follow to‘oompensate a

“for the:tine reduired to“perceive_these words from their spelling;f‘
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4.3 VConfusion of Some Letter Sounds

Durlng the spelled Speech test,‘confus1on of some ietter sounds
'wes”observed in the case of compressed materials. The total number of
errors due to tﬁe coofusion of letter sounds is aboutVS.S%. A1l ‘the
confused letters are consonants. -Confusion at the'lowesf speed’(dncom—
pressed) was unnoticeable. The following’teble shows how the letter
sounds ﬁefe confused aocordihg to the manner and the place of articulation

25

of the letter sounds.

Manner of : ' - Place of Articulation.. .
Articulation Bilabial Labio-dental Lingua—alveolar Velar

Voiced Plosive - |, @v‘g?i?%).---k-} ......... (_3__5_2_)_ (5 64)’
c ’ : _.5‘[(10.56? ' ___'_,_f-k—bt._sz 1 (19) -

| S 282), L. (10456
g o 282), .- - (10.56) ¥ ﬁ@
~ |Unvoiced Plosive 1 <:::)'_ - Ne ]

|Nasal : | — ,@
N R DR o (9.85)
Voiceless Fricative | © . <:::) (il 9?§:::)‘

Table 4 Letter Sounds Confused. (Arrow head 1ndlcates the dlrectlon of

confu81on, e g. the actual sound 'm' is mlstaken to be the sound

'n', and the sound 'd’ is mistaken as the sound 't' and vice versa.

A dotted line indicates a less frequent confusing situation. The

_ flgures in brackets denote the peroent contrlbutlon of each con-

fu31ng S1tuat10n towards the total number of confus1ons )
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--:Téblé 4'indic§tes that the plosive sounds;are the_mainly con— -
”fuéed sounds. It also indicafeS‘that lefter sounds,afticulated in the
;same-manner.or at -the same élace are easier to be confuéed. There are
‘“*éome uni—direétional confusions which indicate that\sdme of themvcan be
.ﬁistaken aé others, but not &ice versa;
. The:reason that this kind of confusion occurred only in con-
"~SOnaﬁtS>with'the"compressed matérials and not-with its uﬁcompre;sed>ver—
sion is because thé duration of phonation (the length of time involved
;igjhg_pxq_éggﬁ_iqa of 2 single sound) of the consonant sounds is much

6,27

" shorter than that of the vowels-C’2!, the ratio is roughly 3 to 2 (the

B ';duratibn of.phpnafion for vowels a&erages to 0.117 sec. and the duration
'*3f phonation of dongaﬁéﬁfé"averages to 0.68 séc.27). During thevcoﬁpression
:vpfOCess,l;'paft of the iettgr'éound haé been discardei effecting a shorter
ii 5. au:a£i6n‘of‘the.iettéf spuhd.'-This makes the éompressed consohant soﬁndsv
‘*ﬁéfe:difficuit fo.diétiﬁguish (espeéiaily those wﬁich ére articulated in
- ?:théwéémé.mannef 6r at the‘same;place) and thus confusion occurred.'
| -IELVAlthqugh.cbﬁfusions of éome‘letéers may be eliminated by corréct-
o g@essiﬁg froﬁ‘thé céntéxf of the material; easy identificatibn of letter |
lisounds in spelled speéch isvimpoffant:becauée some words cbnsist of
:;;éinglé:lettérs'andfdifferentiation~of word pétfefns wgﬁldvbe facilitated-v
~‘_fjif'thére‘wex".e‘hd confusiéns among letters. Thus it-appeéfé_desirabie to

" substitute special sounds for the more frequently confused ietters'such’ -

: ];55;&;'t;VP3 m and f.




5. CONCLUSIONS AND DISCUSSIONS

- From the Lexiphone and spelled speech experiments, it has been
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found that both the single delay and multiple delay dichotic presentations .

bring significant impfovements-to the intelligibility of the materials
pfeéeﬁted thrdugh‘the earphones. ‘The Lexiphone code tests indicate

vthat dichotic preséntations are more helpful to the subject who is
"bettef skilled in the code.» The results of the spelled speech tests re-
semﬁle»fhat of sﬁbject B (the subject who is not so skilful in using the
Lexiphone) in the Lexiphone test. If it is the skill of the subject
which had produced this strong influence, ﬁhen dichotic présentatibns

~ would be’ﬁore beneficial to those who have ﬁeen trained. on spelled speech.
nghis has to be confirmed on experimenting subjécfs who have alfeady been

- gfrained dh spelled speech; Conclusions on -this factor may also be érrived
'ﬁéiﬁg other befter ékiiled Léxiphone users. Since it'takes a rather iong'
‘-;time.(ovér ZOO‘hours af tfaining) fp_learn‘thé code‘weil,.it'would'be mbre
4. :¢ésirable fo‘train subjects oﬁ spelled‘spéech fof»thié purpose. In féct,

it has been foundggifhat after a'training.time of only’abbut twenty hours,

',ifvwords were spelled rapidly'enough, the-wholevword, rather than the ind;—,

"-§idual letters,fwouid~become'thé unit of perception.

. From fheigdmménté made by the spelled speech subjects, it»indicates»

“"f‘fha%‘a_better performance may be'arrivéd at with more practice. The -

) sﬁﬁjecfsdaiso'remérked'fhat‘the fastgst rate'of bréseﬁtafiénv(lOB WeDol. )
"w;ﬁ%as9to§ fagﬁ fof’£hesper¢eption_of’the wprds; but they all felt that this

3.éifuationvmiéht chénge éfter.tﬁéy'haq beenléiﬁosed to épelled speech qu a
,]fAibﬁgiéﬁoughitimé;:”Thé'sﬁbjecfsﬂélso showed o farticulaf‘preference'to

_ ££§ §£ the }£sfé£ing'éqnditioﬁs, .H . A

‘.. 7Countihg€thé ﬁercent»correctneSé of the subjecfs‘:performance
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" in words. formed from di_fferent‘ number of letters indicates that the 'lon;ger
.the word, the easier errorsvwere_made, and while they were still pondering
on the long words, other words that followed disrupted the‘decodiné.
-process of the long words. Thus it would be helpful if a longer pause
is provided for those words containing a bigger number of letters.

.'Another finding of the spelled speech test is'thatfthere are
~-=--grrors caused by the confusioniamong the letter sounds, in particular,
‘the consonants. In order to bring spelled speech into a.more useful

medium for reading machine work, the_observed 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

alternatlve is to lengthen the duration 6f phonation of these sounds S0
that'they become more distinguishable. A similar effect can be achieved
':.byvintroducing some other variables, such as loudness, accent and intonation.
=aIt Wouid'pe'téry useful to find out the minimum duration of phonation for
‘the perception of the different'letter sonnds. One way of doing this is
fto;simulate the letter:sounds on the computer and then control the duration
'of thehietter sounds'for presentation. This will not only find out the
duration of phonation required for the perception of the letter sounds,
but also~g1ve an~idea of.the.absolute-maximum_rate of‘presentation of
Krtf;spelled speech | | A
. ' In this the51s, only two dichotic presentatlons have been 1nves—._
dhftigated:and the effect-of the sampling period of.compression has not
':4been oonsidered at great.depth It must be pOinted out that there are

o other dichotic presentations which are worthwhile for further research

these 1nclude a 1onger S1ng1e delay (1n the range of 20 ms. to 300 ms. )

'”»ﬁand‘dichoticpoompress1on (presentinggthe;samplespin the samplingvinterval-'



to one éér and thé samples in-thevdiscarded interval to the’otﬁer eér S0
that there.is no loés of inform;tion to the.ears). The sampling interval
is an impbrtant factor affecting the intelligibility of cbmpressed speech
:becéuée_it’is related to fhe amount of information re%aihéd from the ori-
ginally uncompressed information for presentation to the ears. Although
‘this has been investigated by several researéh workers in this fieldzo‘zz’29
. there is still the lack of a model for theorizing the optimum>sampling'

ihtervél for comﬁression.' An investigatioh'éf this sort would'bezvery

useful to the field of compressed speech. It is likely that thé optimum - - o o

sampling intervai ié-related to the dufation of phonafion of diffq;gntj B

Aletter sounds, the Qompression_ratio and the pitch of the voice. When

this model has been established, it will be easier to produce intelligible
3letter_éounds at different speeds of presentatidn for the spelled speech

reading machine and it will also throw some light onto better methods of

",dichotic presentations.
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Appendix T

CHART FOR THE DELAY PROGRAM

' The following is a simplified flow chart for the delay program.

Set SFC

[print on teletype 'SET DELAY'|

L§et amount of delay required on AC switéhes1

'[Eet up registers for handling daté]

wait for A/D flag

No.

" Yes

. Jclear flag|-

_{_' {Eead A/D buffer and store

deposit this sample in output| -
- and store it |

4

[}ncrement delay counter and check for the end.of buffer

125, .



'-fﬁ..TITLE DELAY . e
SR IODEV 18 . - ... Tl
ZUSFC=101287 »

2 INS52:=785217

G 0UT31:=783187

. 0UT32:703207

. SKPFLG=785301 A T
-~ CLRFLG=7085382 B T
i START  JINIT 10,1, START | ST R P T

L. WWRITE 18,2,PRINT,3 -~ © 0 o
ﬂ?a;rf.'“f~.CLOSE g T AT |
LS SFC © . . /SET THE SAMPLING PERIOD = 5@ US

CLHLT . " /HALT, SET THE AMOUNT OF DELAY
e éAi . < . /ON AC SWITCHES, PRESS CONTINUE
Seiel o o R AR S Sttt
‘v,;_»DAc,DEL# S e

.+ LAC. (DATA-1
S.t 7 DAC® (1@
S Te . N DACk (11
_{ ONE - SKPFLG
e JMP o1
;. - CLRFLG - -

Lo INS2 T e e e e T
CTSQUTEL T T L T e

SUUDACK 1@ o o T e e
c: 18T DEL
LT T U gMP ONE
= TWO -, SKPFLG . -

LT NP g =
.,CLRFLG
CINSZ e e T T e
COUTBL T T e e
<7 LAC® 1L
o 0UT32
LACx (1@ -
“'SAD (DATA+16660
*."JMP RESETI -
- LAC* (11 v
...~ "SAD (DATA+16660 -

%L JMP RESET2
BLT JMPOTIWO -

[1 - LAC (DATA-1-"
TJMP TWO TS ISR

LAC (DATA-1 SR

i DACK (1L
k U JMPOTWO -
‘TGGSQZZ ¥

© L .ASCII "SET DELAY" <15>_ R,
| .".BLOCK 16665 . . . \
. .END. START .




Appendix II

- FLOW CHART FOR TIME COMPRESSION PROGRAM

|[set the sampling period T

set the sampling interval I

and the discard interval Iz

set up a register 'R' to handle data damples

in the period (Is + Id)

|

f;——————4accept signal from the A/D converter and sample iﬁJ

depqsit in ‘register 'S'.

‘the samples obtained in the period I_

v

discard those samples obtained in the next period Id

output the samples contained in register 'S!

one at a'fime at an interval of C.T

R :[Eheck for the last sample in register 'S'

:No.

| i.L;eset-régiSter 'S']

~  Lzeséf regisfer 'R']'

27,



-/

U START

" RUN

':f;THEREV»

" UTHEN

.INIT l@ l, START

“WWRITE l@ 2 PRINT, 1O

+«CLOSE 10
LAC (-62

. SFC

LAC (DATA-1

.. 7 DACx* (10 .
ceela 0 T DACR (LY _ AR
oo NOW G R
U dMP = e TR
.2, CLRFLG . ) o
s INse
. 0UT31
.. DAC* 10
. SKPFLG
‘,;”JMP .fl'
0 <. CLRFLG.
U INS2
J0UT31.
. DACx 10
-~ LACx*-11 -
C o 0UT32
.- LAC*x (1@
., -SAD . (DATA+2257
. JMP RUN. :
- JMP NOW

SKPFLG

212002

1 WASCII 'TIME COMPRESSION, c 2'<15>_;~1 f7f
. WBLOCK 227@ . o e Lon T
LR .ENP-SIARTHHQxQ E‘

“ .TITLE TIME COMPRESSION, c 2 _
a7 -G 10DEV 10
Y. SFC=7012087

S IN52=785217
©0UT3 1783107

2. 0UT32=2703207
= SKPFLG=705301

" . CLRFLG=785302.

_/PRINT OUT TITLE

L™

.. /SET THE SAMPLING PERIOD = 58 US

. A .
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