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Our concern in this paper is with the choice of an auditory output for a
reading machine. We shall consider the choice primarily from the point
of view of the blind person who is to use it. This may mean that we end
by throwing the burden on the engineer, but that is what engineers are for, -
after all, and it is not unreasonabl¢ that the blind user who must listen -
to the machine should have a say in what it sounds like. So it is on the
blind person’s needs and human limitations that we shall dwell. -

First, his needs. They are simple. He needs a device that will permit
him to read at a rate, if not as high at least of -the same order as that of
the sighted reader. A reasonable aim would perhaps be the rate of normal
speech, that is, about 150 to 200 w~rds per minute. Such a rate is neces-
sary for two reasons. First, slow reading is irksome, especially when, as
is often the case with newspapers and magazines, the ratio of content to
text is deliberately kept low to facilitate fast reading, easy comprehension,
and mass circulation. Second, slow reading is inefficient; immediate mem-
ory is short and the slow reader may forget the beginning of the paragraph
or even the sentence before he reaches the end. The fast reader takes in
the sweep even if he occasionally misses the detail; the slow reader may
take in neither sweep nor detail. In the interest, then, of both pleasure
and efficiency the blind reader may reasonably ask for a device that will
read to him at least at a normal speaking rate.

We are not, of course, denying the utility of less ambitious devices. A’
cheap, portable machine, even of limited performance, has obvious value
for the personal use of many blind persons, and we have no wish to be-
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little -r_eseafch efforts directed toward the dei/elopment and improvement
of such de_’vices.‘ Here,. however, we have chosen to confront the larger
challenge of a high performance reading machine, the library installation,

-that will give the blind reader access to the world of ‘books from which

he is presently shut out. : _

. Turning now to the larger matter of the listener’s limitations, we find
it .illuminating to compare spoken with written language. Speech, the
primary medium, is a continuous flow of sound ,arrayed In time; written
language is its discontinuous visual representation arrayed in space. This

~ discontinuity or segmentation of written language is the crux of our prob- )

lem. Alphabets were surely good solutions to the problem of segmenting
the acoustic stream for symbolic presentation in nonacoustic form. Bat
from our immediate point of view the solution was all too gooed, since
‘we are now faced with the reverse problem of how to put the pieces to-
* gether again. '
“How does the sighted reader do this? First he scans the spatial array
of print and in so doing transforms it back into a temporal array. But he
does not do this continuously; though the ‘subjective impression may be
of his cyes steadily sweeping the print, in fact they are moving in small
discrete leaps, called saccadic movements, each lasting some 10 to 40
‘millisecorids. Between movements his eyes fixate the print and it is only
" during fixation that retinal stimulation is effective. The number of fixations
per line varies with the reader and with the material being read. A good
college freshman studying a text of average difficulty will fixate four or
five times a line. Each fixation will last aroi-md; 200 to 250 milliseconds and
total fixation time will be 90 to 95 percerit of total reading time (19).
Dti'rihg each fixation the reader “takes in” several words. Since the fovea,
the retinal region of highest acuity, covers a visual angle of approximately
2 degrees, only one or two letters are clearly in focus; the letters peripheral
to the fovea are somewhat blurred. The reader takes another peripheral
look at the blurred letters during his next fixation and thus achieves a visual
substitute for the continuity of speech. Strictly, of course, he is still seg-
mer_iﬁng the flow. But by grouping lines into letters and letters into syllables,
words, and phrases during fixation and by cutting the dead time of sac-
cadic movement between fixations to a minimum, he effectively achieves a
continuous’intake at a rate even faster than that of spoken language.
~ We may remark that exactly the same sequence of rapid eye movement
interspersed with relatively long fixations is followed when we look around
us and group the chags of the external world into people, trees, houses,

and objects. We do not, of course, see every detail any more than the
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reader, but by long practice we have learned. to focus on the essential

.cues—brightness. contrast, continuity of line or surface, pattern repetition

—and so broadly organizé the visual world “at a glance,” as we somewl.iap
inaccurately say. It is this spatial span of vision that the automatic scanning
guidance device is unable to recover from the free field. Perhaps a reading
machine can do a better job for the printed text.

© We have stressed the organizing power of vision;, and we have implied
that for a high performance reading machine we must provide some audi-
tory counterpart of this power. The question now arises as to where the
organization is to take place, in the machine or in the listener? To be more
exact, how much organization should take place in the machine and how
much in the listener? . : ‘

If we place all the burden of organization on the listener we are chqos-
ing what has been called a direct translation, nonintegrating type‘:v of ma-
chine; the Optophone is a famous example. Such a machine presents the .
listener with a series of sounds that “are generated from, and vary in ac-
cordance with, the continuously changing contours of the print” (2),‘
Certainly this is a faithful translation of the text, but how unlikely it is
to yield high reading rates one can judge by imagining oneself visually
.reading a text through a slit so narrow as to offer only a.fragment of a
iettér at a time. One’s level of organization would hardly develop beyond
the letter. And we surely want our translation to catch more than the
letter of the text, : S , ;

There is a more important reason why we cannot expect optimal ‘read-
ing rates from such a device, and this is the fact that the ear has relatively
low résolving’power in time. A series of clicks or other brief sounds are
heard as discrete only so Iong as they are not repeated more than about
20 times a second. Above that rate they merge and are heard first as a
buzz and then as a steady tone of rising pitch: Clicks merge into a buz;»
- even when they differ from each other in frequency composition, intensity,
and duration. In International Morse Code; for example, eaqh letter is
coded into a distinctive series of long and short wave trains of a 1000 cps
tone with an average of three wave trains per letter. Since the .average
English word contains 5 letters (or'15 Morse Code elements), a rate of 1
word per sccond or 60 words per minute is close to buzz thresho]ci‘ -and th¢
presumptive upper limit for Morse Code reception. In fact, operating rates
are considerably lower than this: commercial radio stations send and re-
ceive at no more than 30 to 40 words a"mihgte, federally licensed radio
amateurs at 13 words a minute (2). ‘ . -

An upper limit of roughly the same ratc may be cxpected from such
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devices as the Optophone. In fact, the most proficient user of the Opto-
phone, Miss Mary Jameson, gave public demonstrations of reading at
reported rates of 60 words a minute (2). Other users achleved much lower-
rates .

The fact that most users of such codes: achneve rates so far below the
theoretxcal upper limit is, 1ncxdentally, of some interest. Both International
- Morse Code and the Optophone use umdlmensmnal codes; that is to say,
the letter symbols. differ from each other along a single dimension—dura-
tion pattern for Morse Code, frequericy for the Optophone. Pollack. (16,
17) -and others (5, 11 14) have shown that listeners identify more ac-
curately stimuli that djffer along severalv dimensions, and it may be that
some improvcment in rate could be achieved by suitable complication
of the signal. Of course, increased accuracy of identification may not
yield increased speed of 1dent1ﬁcat10n but Eriksen (5) has found an in-
creased rate of identification for complex vzsual stimuli under certain con-
ditions, and it is possible that a similar gain mlght be achieved with auditory
stlmuh : - :
Be that as it may, no amount of stlmulus complexxty can overreach
the ear. There is a physiological upper limit to the rate at which a listener
can discriminate between successive dxscrete auditory stimuli, and if he
cannot discriminate between them he. clearly ‘cannot organize them. Our
first conclusjon, then, is that we cannot place all the burden of organization
on the listener; the machine must do s somethmg, too. The question is, how
much should it do?

Let us recall the sxghted reader. His ﬁrst level of organxzatlon is the
letter. If we assign this task to the machine we are choosing what has been
called a recognition, letter-reading type of machine (2). Such a machine
identifies each letter discretely and ylelds a corresponding sound. The
sound need not resemble the letter, but the task of the listener is simpler
if he does not have to learn a new code, and letters are the obvious choice.
To attain reasonable speeds the letters or their phonemic equivalents must .
be emitted rapidly and in close succession. Even if phonemic equivalents
are selected there is a limit on how rapidly they can follow each other.
One does not arrive at speech by simply compressing the intervals be-
tween. phonemes; the result of high compression will be an unintelligible
blur, not the smooth flow of speech. In-other words, the letters or phonemes
must remain discrete and an upper limit on their rate of emission will
again be set by the ear’s temporal acuity. Each pronounced letter con-
stitutes a syllable composed on the average of two elements or phonemes
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Each spelled word five letters long will thus have approximately ten ele--
ments. These, one may predict, will merge a high rates of spelling, say
around 100 words a minute. in. theory, somewhat less in practice. This is
certainly an advance on the direct translation, nomntegratmg type of -
machine. There are perhaps advantages in this system from:certain-points
of view which Dr. Metfessel describes.* We still cannot expect, however,
optimal reading rates from the method.

- Nor is this weakness solely due to the ear’s limited temporal acuity;
it is inherent in the display itself, as becomes clear if we consider how
the visual system would handle such a-display. As we know, the visual
system can process printed text at @ high rate; but could it do so if the
text consisted of single letters brxeﬂy presented in rapid succession—the
visual counterpart of spelled speech? Surely not. In short, if we want an
auditory display comparable with the visual display of printed text we
must ask more of our machine than that it should spell out loud.

‘To see how much more let us récall once again the sighted ‘reader..
If his first level of orgamzatlon is -the Ietter his second is at least the
syllable, if not the word or phrase. And if we .assign. this task to the ma-
chine—as -it seems we ‘must—we. are choosing a recognition, sy]lable'or
word-reading type of machine. That is to say, we are choosing a machme
with a speech or at the very least a speech-like output.

The nature of the machine or machines that could yield such an output
we will discuss-below. Here we may remark that spoken language has one
obvious advantage over spelled language: the phoneme elements that
carry the information are encoded into hlgher order units—syllables. This
is not to say that the. minimal acoustic unit of- speech is-necessarily the
syllable or that the phonemic segments interact and lose their identity in
some higher Gestalt. On the contrary, the evidence is that speech—as
produced and very possibly as perceived—may be described as the sum
of independent, articulatory components at a level below even that of -
the phoneme (13). Nonetheless, the packaging of the phonemic segments
into syllables in speech, as compared with their discrete delivery in spelled
specch, has the consequence that whether we regard -the phoneme or the
syllable as the essential acoustic element, the number of elements per
word is reduced. If we take the phoneme as our element, we have instead"
of approximately. 10. elements per word as in spelled speech. an average'
of around 3 or 4—a reduction by a factor close -to 3. Thus we rmght_

* See below, following paper.
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expect that speech would become ‘an’ unintelligible buzz at a rate of
about 5 words a second or 300 words a miriute. With the syllable as our
element we would predict an even higher upper limit. In practice, around
200 words a minute is probably as fast a rate as one can . comfortably
listen to for any extended time. A reading machine with such.an output
will therefore still yield reading rates below those of sighted readers. Buit
that is in the nature of the auditory stimulus. and of the ear, and we may
be confident that we shall find no auditory display with a higher rate of
information transfer than speech. =~ .

Perhaps we may seem to have sidestepped the problem. We started
by asking how a reading machine might best recover the acoustic flow
that Janguage lost when it went into print, and our answer turns out to be:
by recovering the acoustic flow that language lost when it went intc print.
Obviously we would not be rash enough to make the suggestion were a
reading ‘machine with 2.speech or ‘speech-like output not feasible. But
recent work suggests that it is. Furthermore, a speech output has more
advantages over nonspeech than a mere reduction in the number of discrete
elements per word and the consequent increase in reading rate. Before we

turn to the machine itself, perhaps it would be worth digressing for a -

moment to consider. these advantages and some of the reasons for them.

“First and foremost, of course, speech is speech—that is to say, a
highly- efficient auditory code with-which the listener is already familiar.
If the output of the machine is plain English—or plain any other lan-
guage—what more can we ask? The listener is ready to use the maehme
with no more training than is needed to operate it.

But are the advantages of speech simply those of familiarity? We
said above that we might be confident we would find no auditory display
- with a higher rate of information transfer than speech. The sounds of
speech are indeed efficient vehicles of information, for they may not only
pour. from the speaker at a rate close to.the limit of the human receiver’s

temporal resolving power, but they may also be accurately identified at
that rate. Now it is well known that man’s ability to discriminate (that is,
to -determine whether two stimuli are the same or different) is very good,
but that his ability to identify in absolute terms (that is, to determine
which stimulus it is) is relatively poor. But, as we have already remarked,
- much experimental work in recent years has shown that humans identify
member’s of a'set of complex or multidimensional stimuli with considerably

more accuracy than they do members of a set of unidimentional stimuli.
For example, Pollack and Ficks (17) found that they were able to transmit -

to their subjects as much as 6.9 bits of information per stimulus when their
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stimuli were drawn from sets of auditory stimuli taking one of two values
along each of eight dimensions. This is considerably more than the upper
limit of 2.3 bits that Pollack (16) was able to transmit when stimuli.
were drawn from a set of audltory stimuli varymg along the single dimen-

“sion of pitch.

Some of our capacity for rapxd and accurate identification of speech-

-sounds may be due, then, to the complex1ty of these sounds. But we ‘may

note that Pollack and Fick’s subjects did not work under pressure; in fact,
they took as much time as they needed to identify the stimuli by marking.
a check Iist. Whether the rate of information transmission’ is increased
as much as its quartity by comphcatxon of the stimulus we do not know;
but we may reasonably suppose that the multidimensional nature of speech
sounds is a necessary, 1f not a sufﬁment condition of their’ bemg SO pre-,
cisely identifiable,

There are, in fact, good reasons for believing that there s more 10 the ,
perception of speech than this: Several lines of evidence suiggest that speech.

‘stimuli are perceived by reference to articulatory as well as acoustic. di-

mensions. For example, the ‘acoustic stlmulus does not always dlsplay the
invariance that our invariant perceptual response would lead us to*expect:
The acoustic cues for the pereeption of a given phoneme sometimes dis-
play abrupt discontinuities that are not reflected in the response: the re-

'sponse like the articulation remains unchanged. Again, there are other

situations in which precisely the reverse occurs: discontinuities appear. in
both the perception and the articulation, but not in the acoustic stimulus.
For example, many speech sounds are perceived categorically; that is to
say, the change from the perception of one phoneme to the perception of
another as we move smoothly along some acoustic continuum is not
gradual, but abrupt. This categorical perception is paralleled by cate-
gorical articulation. .

The explanation for these dxscrepanmes may lie in' a theory of speech

" perception that we have developed more fully elsewhere (12), namely,

that the perception of speech is linked to the feedback from the speaker’s
own articulatory movement. According to this theory, the listener learns
a connection between speech sounds and their appropriate -articulations.
In time, the articulatory movements (or, more likely, the corresponding
neurological processes) come to mediate between the incoming acoustic

 stimulus and its ultimate perception. If this is so, we should expect that

at points where artlculatxon and sound divide, pereepuon should follow

articulation.

Thus there is a body of evxdence——treated in detail eBewhere——sug—
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gesting that” speech sounds are perceived by reference to the articulatory
movements that produce them and that this’ articulatory reference is im-
portant for their rapid, absolute 1dent1ﬁcatron

Returning now to our theme, we may draw a conclusion. If our ac-
count of the perception of speech by reference to articulation is valid the
advantages of accurate and rapid identification of sound elements will ac-
crue to any output that may be articulated, but not to “unspeakable”
stlmuh that merely resemble speech acoustrcally Thus even if the output

of a readmg machine is far from standard English—or any other known .

language—but is rather some strange yet pronounceable machine dialect,
the listener will be able to follow it at a rapid rate.

~ Of course he will have to learn the dialect. But here again speech has

an advantage over nonspeech: it is more easrly learned. At the Haskms
Laboratories some years ago experiments were conducted on the ease of
learning real and simulated nonspeech outputs from various types of read-
ing machines. “A synthetic pronounceable language (known as Wuhz)
based on a transliteration of written English which preserved the phonetic
patterrrs of the wor_-ds”A was also used for purposes of comparison (2).
Wuhzi was learned far more rapidly and yielded a markedly higher terminal
performance than any of the nonspeech outputs. More recently, House et al.
(8), have demonstrated a similar learning advantage for speech over non-
speech stimuli that resembled speech acoustically but were not pronounce-

able. In commentmg ‘on their results the authors say, .. . an understanding -

“of the process of speech perception cannot be achieved through experi-
ments that study classical psychophysical responses to complex acoustic
_stimuli. Although speech stimuli are accepted by the peripheral auditory
mechanism, ,rhe_ir interpretation as linguistic events transfers their processing
to some nonperipheral center where the detailed characteristics of the
peripheral analysis are irrelevant.” :
To sum up, a speech or speech-like output from a reading machine
has several advantages. First, compared with both nonspeech and spelled
speech, speech reduces the number of discrete elements per word and
permits the transmission of information at a rate that is both rapid and

“well within the resolving power of the ear. Second, compared with non-

speech speech sounds are highly distinctive and may be identified with
far greater accuracy and speed. Third, any coded output in a speech-like
~—that: is, pronounceable—form is readily learned, and, of course, if the
language is plain English the learning has already been done and the
Irstener is at home from the start.
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We have said. that a reading machine with a spoken output may be
feasible. Now we would like to support our statement by descnbmg briefly.
two classes of machine that are being developed at the Haskins Labora-
tories. The first generates speech by rule from the individual letters of
the text; the second compiles speech by sorting recordmgs of the 1nd1v1dual

‘words of the text into appropriate sequences. Both machines require char-

acter recognition units. The first will also require a logic. unit containing
rules for selecting the phonemic equivalents of Jetters approprlate to their
context; the second will require a large random access memory or. dlc-
tionary for storage of the prerecorded words. While thes¢ hardware re-
qurrements may well be met in the not too distant future,- -they are the
province of the engineer. Here we are concerned solely with the spoken
output of the machines. N
~ First, let us consider the synthesrs of speech by rules from a phonemrc

input. The basis for such a set of rules has been laid by a long series of
researches in our Laboratories into the acoustic cues for the 'perce"ption
of speech. In this research spectrographic analyses of speech have been
studied minutely and teduced to a skeletal form in which only their es-
sential features are preserved. Figure 1 illustrates the procedure The top

*line shows a print of the original spectrogram of the words, “Never kill a

snake.” The middle line shows a reduced version painted by hand. The
bottom line shows the final simplified, painted versron arrived at by trial
and error in which the essential acoustic cues are preserved and even
brought into relief. This pattern is effectively a set of graphic instructions
for the frequency and amplitude display and its changes. over time necessary
to yield an.‘intel‘livgible version of the original sentence. If the patte}_rnxis
reconverted into sound (by means of a photoelectric device known as the
Pattern Playback [4]) such a version will be heard.

By extensive research over the last ten years, techniques have been

‘developed for the hand painting of srmphﬁed spectrograms—or, in other

words, for the synthesis of: speech——thhout reference to original spec-
trograms, and these techmques have been explicitly formu}ated as a set
of rules for the synthesis of speech by Liberman et al. (13). These rules
are designed to be “few in number, simple in structure, and susceptrb]e of
mechanization” to convert a string of phonemes into reasonably, mtelhgrbie
speech- at normal speaking rates. While this is not the place for an ex-
haustive discussion of the ru]es, 1t may be of mterest for us bneﬂy to

examine their structure.
Barlxcr we remarkcd that the phonemxc elements of speech, even though
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Figure 1| Spectrogram Patlerns, Top: spectrogram of the wotds, “Never
kill a snake.” Middle: a reduced version of the spectrogram painted by hand.
Bottom: a further simolification. with the principle features accentuated:
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blended by the articulatory process into higher order syllabic units, do not
lose their identity: they are independent or additive. This is not to say that
the context in which a phoneme occurs is irrelevant. In applying the rules
for the production of a given phoneme one must know the appropriate
formant levels for adjacent phonemes so that the units may be sequentially
combined into a smoothly flowing pattern. For some few phonemic com-
binations it is even necessary to write qualifications or “position modifiers”
of the basic rules, but for the most part the rules may be so written that
satisfactory sequential accommodations are achieved without modifiers.
In principle the number of rules need scarcely be greater than the number
of phonemes.

Furthermore, since the acoustic cues for the perception of phonemes
fit readily into the linguist’s articulatory classification, a further reduction
in the ratio of rules to phonemes is achieved by writing the rules in terms
of the subphonemic or articulatory dimensions of place, manner, and
voicing. Statements must then, of course, be included within the sub-
phonemic rules to permit their simultancous combination. The rule for a
stated class of phoncmes thus consists of all the statements necessary to
specify the acoustic cues on each of the subphonemic dimensions and to
permit their simultancous and sequential combination.

An example of synthesis by minimal rules is shown in Figure 2. The
general comments about the rclations between rules apply in the case of
the phoneme /b/, for example, as follows. The set of rules for /b/ contains
separate rules for the stop consonants /pbtdkg/, the labials /pbfvm/, and
the voiced consonants /bdg,/; certain statements in these rules must be com-
bined simultancously to specify, for example, the “silence”; and certain
other statements must be combined sequentially with the rules for /2/ and
/z/, in particular those that generate formant transitions.

We have so far made no mention of prosodic features. In particular we
have not mentioned stress, for which some provision in the rules is clearly
essential. In natural speech stress is signaled by variations in one or more
of the acoustic dimensions of fundamental frequency, intensity, and duration.
In the minimal rules of Liberman et al. (13), only duration is used and only
one stress modifier is included in the sct of rules. An example of this is
illustrated in Figure 2 in the position cell for /&=/.

To round out this brief discussion, Figure 3 gives an example of a
longer utterance painted by rule. This was one of the earliest attempts and
was painted for use on the Pattern Playback. Figure 4 shows a more elab-
orate example, also painted without reference to a spectrogram, this time
for use with the Voback synthesizer (1). Note that this includes a pitch
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synthe51s of the word, “Labs”
painted by hand according
L For further explanation see

Ficure 2 Word Synthesis. Top: rules for the
(ﬂaebz{) Bottom a reduced -spectrogram,
to. the rules, for use on the Paftern Playbac
text,. - ‘ '
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line, providing. an added cue for intonation. A tape recordmg of these
utterances has been made. : ‘ :
Obviously, such a set of rules achleyes its. parsmony and simplicity by
reducing the acoustic, spemﬁcatlons to those elements essential for recog-
nition of the phoneme. Consequently the resultmg speech is not entirely
natural. It is readily intelligible and -the rules do provide an explicit pro-
cedure for converting a phonemic transcription into control signals for a
speech synthesizer. In practice, they have been used satisfactorily not only
at Haskins Laboratories, but also at the University of Edinburgh (9). At
the Bell Telephone Laboratories rules based on those desctibed above have
been used to program a digital computer, which then generated control
. signals and drove a simulated resonant speech synthesizer (10)

n dit?

FIGURE 3 An Early Example of a Reduced - ‘Spectrogram Pamted by Rule
_for Use with the Pattern Playback
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FIGURE 4 A More Elaborate Example of a Reduced Spectrogram, ’
Painted by Rule for Use with the Voback Synthesizer (1). Note the pitch
instructions which provide an added cue for intonation. :
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EFinally,v let us-consider briéﬂy the-second method of generating speech "

under development at Haskins: speech by compilation. Here the first prob-
lem is the size of the speech segnient to be used: phoneme, syllable, word,
or phrase. The difficulties of using short segments have been discussed by
séve:al authors: (7, 13, 15,:18). We' have already remarked that the
phonemic elements of speech, though linguistically discrete, are merged
acoustically into higher order units. Just -as: we cannot specify clearly the
tempc)ral boundaries of the phbnemé on the spectrogram, for example, so
t0o we cannot synthesize the smooth flow of speech from discrete pre-
recorded phonemic elements. Peterson et al. (15) have attempted to by-pass
this problem by using phonemic pairs or dyads that contain “parts of two
phones with their mutual influence in the middle of the segment.” However,
the difficulties of matching the cut ends afc-not eliminated. Furthermore,
Sivertsen (18) has shown that “the segment inventory becomes dispro-
portionately large when the segments are not co-terminous with linguistic
units.” Similar problems are encountered with the syllable as a prerecorded

- element. It would seem in fact that words are the smallest elements we can A

hope to combine into reasonably natural cursive speech.

Yet the use of words is not without difficulties. Not least is the instru- -

mental problem of how to store and retrieve the necessarily very large
number of recordings, perhaps as many as 10 to 20 thousand in a satis-
factory reading machine for the blind. By present-day techniques such a
number would require a pair of very large disc or drum memory units.
However, a smaller device with a vocabulary of some 7000 words is al-
ready being developed at Haskins Laboratories (3). This pilot Word
Reading Machine will be used to evaluate the word compilation method
. for use in a reading machine for the blind. :
The most important problem in developing the device has been how to
record a single version of each word that will be acceptable for a variety
of syntactical uses. The solution has been to assign each word to a gram-

~ matical class according to its most frequent usage, and to assign to each
grammatical class an appropriate pattern of duration, intensity, and pitch
change. A practised speaker is then instructed in terms that he can apply
to the monitoring of his own output and, after some trial and error, a satis-
factory recording is made (6). When the separate recordings are combined
they yield an output that is highly intelligible at slow-to-average reading
rates and that approximates. the phrasal patterns of normal speech. Of
course, the quality would be improved if the machine were provided with
several versions of each word and with linguistic rules and logical circuitry
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. to select the version most appropriate to the syntactical context. With the

increase in quality would come, however, a perhaps disproportionate in-
credse in complexity and cost.. S S

‘In sum, we ha‘ye argued that while there is obvious value i_n cheap and
portable reading aids for the pé:sonal u_s'e of the blind, fql; a<fce§S, to 01.11
libraries can only be given by a high performance reading machmc that will
enable the blind to read at the comfortable rate of normal specch. The
auditory output of the machine should be speech or at the very least speech-
like. Such an output requires little or no training of the bljnd user. We may
be confident for several reasons that we shall find no other auditory dispjay
capable of transmitting information either as rapidly or as accurate}y. Two
methods of .proViding a speech display are currently being developed a}t _t.he
Haskins Laboratories:. one method synthesizes speech from a phonemic in-
put; the other compiles speech from a dictionary of prerecorded .words. The
program of development is still at too early a stage for a ﬁna} chq_xce between
them to be made. The hardware required- to link these outputs with 'thf:
printed page is not yet available, but may well be so in the not too distant
future. Granted this, we may reasonably hope that high performance read-
ing machines with speech outputs Wi11 one day be installed in our public
libraries and educational institutions.
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