LINGUISTICS AND LANGUAGE TEACHING
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Some Instrumental Aids to Research on Speech
FRANKLIN S. COOPER, Haskins Laboratories

Speech research shares with other areas of scientific inves-
tigation a history of dependence on the instrumental aids
avajlable to it. Very often, instruments and techniques have
set the directions, and the limits, of investigation. One could
trace this activating role of the tools of research throughout
the history of studies on speech, noting, for example, the part
played by kymographic techniques in the development of
experimental phonetics, the use of vacuum tube amplifiers in
telephony, and the application of more elzborate electronic
techniques in present-day efforts to develop speech typewriters
and other bandwidth ‘compression devices which depend on
2 knowledge of the “invariants” of speech. The aim of this
paper is, however, more specific and less ambitious: a descrip-
tion of two instruments in use at Haskins Laboratories and
a bri%fl account of the kinds of research which they have made
possible.

One of these is a sound spectrograph, a device now so well
known that it is mentioned only because of its role in the
research and because of the special design characteristics

FiGUrRe 1. Diagram of the pattern playback. The tone wheel has 50
circular sound tracks which yield pure tones at 120 cps intervals from
120 to 6000 cps when the tor: wheel is rotated at 1800 rpm by a syn-
chronous motor. Light ({rom the lamp at the extreme left) is modu-
lated by the tone wheel and directed onto the spectrogram in such a
way that the spectrographic pattern will transmit (or reflect} to a
photocel} é‘;;st those portions of the light which carry the frequencies
corresponding -to the pattern. (Reproduced by courtesy of the Ameri-
) can Journal of Psychology.)
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which make it suitable for use with the pattern playback. In

operating principle, this special-purpose spectrograph is based

on the recording spectrograph developed by the Bell Telephone

Laboratories and currently manufactured by the Kay Electric

c') 5 : Company. It differs functionally in two important respects:
5 X ‘ o (1) the spectrogram is recorded as a photographic transpar-
o ﬁ ency in order that it may be used as an optical modulator in
T 9, s - controlling the performance of the pattern playback; and
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L (2) -the spectrogram has 2 long dynamic range in order that
E N -1t may reproduce both the weak and the strong components
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of speech in their correct relative intensities. The photo-
graphic density of the film varies directly with the intensity
level of the sound over a range of approximately 40 decibels.
Also, for convenience in experimentation, the spectrograms
are fairly large (7 inches wide by 7 feet long) and each
spectrogram accommodates a comparatively long speech sam-

ple (approximately 12 seconds).

The spectrograms provide visual patterns which correspond
to the auditory patterns of speech. Because these visual pat-
terns are stationary in time and because they contain sug-
gestions about the particular acoustic events which may serve
as cues for the perception of the several speech sounds, it
i3 convenient to deal with speech as if it were primarily a
visual display. One can, then, inguire about the importance
of a particular portion of the spectrographie pattern, or how
a change or omission of some aspects of the pattern would
affect the sound as heard. ‘

Such questions can be answered experimentally by recon-
verting the modified spectrogram into sound with the aid
of an instrument called a pattern playback. The essence of
the experimental method described here is, in brief, the manip-
ulation of spectrograms as visual patterns, combined with
evaluation by ear of the resulting changes in the audible
pattern. ’ .

! : The playback, shown schematically in Fig. 1, scans a spec-
is trogram from left to right along the time ‘axis, using for this
purpose a line of light modulated by a tone wheel at some 50
different frequencies which match ‘approximately the fre-
quency scale of the spectrogram. Certain portions of the
modulated light are selected by the spectrographic pattern,

45° MIRROR

AMPLIF IER

FIGURE 1
Yoy e

TONE
WHEEL

s s B
A

FiGURE 2. The pattern playback. The light collector (F) is positioned
for use with reflection spectrograms. The component parts of the play-
backareidenﬁﬁedinthetext;tkeyareamzedabontum&1.
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either by transmission through the photographic film of an
actual spectrogram or by reflection from a painted version.
In either case, the light is led by an optical system to a single
phototube. Thus the photocurrent, amplified and fed into a
loud speaker, produces sounds which have, at every instant,
approximately the frequency components shown on the spec-
trogramn. The instrument, shown in Fig. 2, has its component
parts arranged about as in the diagram of Fig. 1. The tone
‘wheel, a sheet of photographic film about 20 inches in diameter
on which are recorded 50 sound tracks of the harmonics of
120 cycles, is located inside a square housing (C) and is
driven at 1800 rpm by a synchronous motor (A) through a
mechanical filter. The light source is a high-intensity mercury
arc in a ventilated housing (B) immediately behind the tone
wheel. The lens (D) and 45° mirror (E) direct the modu-
lated light onto the surface of a cellulose acetate tape on
which the spectrographic patterns are painted in ‘white. The
light collector and photocell (F) convert the light reflected
from the pattern into a pulsating electric current which is
led, after amplification (I), to a loudspeaker or headphones.
The spectrogram is driven past the scanning point (E) by
two rotating drums (one at H). A drawing table (G) per-

_mits convenient changes to be made in the patterns. Power

controls and electrical filters for the arc lamp are not shown
in the figure.

The method and -instrument described above provide a
very convenient basis for experimenting with the perception
of speech—that is, for making a great variety of changes in
the acoustic stimuli and then determining the effects of these

" changes on the sound that is heard. Early experimentation

was directed to the question of the intelligibility of hand-
painted simplifications based on spectrograms of spoken sen-
tences. It was found that two, or at most three, vowel form-
ants and somewhat stylized representations of the consonantal
features could yield patterns which appear much simpler to
the eye than the corresponding spectrograms of actual speech

FIGURE 3. Two versions of a sentence employing principzlly stop and
resonant consonants. The lower version is a first draft which was
painted directly from the typewritten text in accordance with the rules
derived from our. experiments. Revisions by ear (including the use of
some third-formant transitions) resulted in the upper version.  Both
were highly intelligible when converted into sound by_the playback.
(Reproduced by courtesy of thim Jm_zm:;l of the Acoustical Society of
erica.
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and which, as heard with the playback, were as intelligible

. as the complete spectrographic pattern.*

Further simplification of connected text was not aﬁtempted;
rather, the course of the experimentation was directed to a

‘study of isolated acoustic cues for single phones of American

English. One study on the stop consonants- dealt with bursts
of noise as the acoustic cues. Consonant-vowel syllables com-
prising all possible combinations of 12 brief bursts of noise
(centered at different frequencies) with seven two-formant
steady-state vowels were presented to naive subjects who
selected from the 84 combinations those which most clearly
began with p, ¢, or k." The -agreement among the listeners in
identifying these sounds was impressive. There was a very
clear indication that bursts and formant portions of the pat-
tern were not judged separately as consonant and vowel .but
rather in combination, suggesting that the ‘acoustic unit for
perceptual purposes is of syllabic dimensions.

Another study, also on the stop consonants, dealt with the
role of initial transitions (frequency variations)- of the vowel
formants as cues for the voiced stops. It is evident from this
study that these transitions are not merely trivial® conse-
quences of articulatory movements but rather are very impor-
tant determinants of the perceived phones; also, that there
is, for transitions as for bursts, a substantial overlap of the
acoustic cues for consonant and vowel. The existenceé of inter-
dependent and -overlapping acoustic cues suggests: that the
acoustic stream represents an encoding, as contrasted with an

- encipherment (in the cryptographic sense), of the message,

assuming the message to be represented most simply by a suc-
cession of phonemes. If this view is correct, the search for
the “invariants” of speech should be ‘conducted with some
caution. ' ' ’ ~

One might well ask whether the sounds produced by -the
pattern playback are indeed speech sounds, or whether they
might be so artificial and so little related to actual speech
that the results of studies like the above might have no rele-
vance for spoken communications. This seems unlikely since
the painted patterns do resemble rather closely the spectro-
graphic patterns of actual speech, and since naive listeners

! See P, Delattre, F. S. Cooper, and A. Lieberman, “Some Suggestions
for Teaching Methods Arising from Research on the Acoustic Analysis
and Synthesis of Speech,” Third Annual Round Table Meeting, 1952,
31-45, and especially Figure 1. .



: *safen3ue;
Buiyoea3 Jo 3Xe Y3 0} 2BUW UBD SII39u0Yd OIISNOVT UL SIIPnIs
YoIyMm SuoIInqrijuod s[qissod ayj pue { (yoeqie|d sd2u € Jo uoly.
-o[dwod ay3 aainbax ‘sasmoy ‘{Iim yorym) saduvy> ydoyud Jo
dfod 3y} ‘osiou ul pue 8mb ur Aypquiieiur yoseds 101 sand
snolrea ayj} jo souejrodurt 9A1E[RI dYy) {sadwndue] I3Yjo Jo
SpUnos 9Yj3 jo so1pnjs a(qeiedwod {YsIBug 10 SINd S13Snoow
J2UOl}IpPER JO UOIB[OSI @Y} JO apeUW SBM UORudwW ‘paropdxs.
9q 0} UIBWAX UYdIYa Seale Auewl 9y} J( ‘Ures} YOIBIsaI payl
-SI3AIP B JO S3I019 9a13BIad00d 3y} paxinbal sey uonyediidde 31
‘[o0} [nFosn ¥ 9q 03 usaoad sey 183 £q Juauidpn( 10] punocs o3
wdyj} 3urjrsAucdad pue sursjied oyder3orydads Sunyeindiuew
£q spunos yosads BulApnis IO poyleul syj ‘uolsnoucd uy

ssauoyd SnoLiBA JoJ sond
213sn0oe 2y} jnoqe sBuipuy [ejustirradxa oy Jo LJ1pijea syj uo
A99YD> ® Jayjex jnq ‘J[as} Ul pud U PaIsdPISU0d 3] 0} “9sinod’
Jo ‘jou St oni Aq Sisayjudg AN[IQI3[jRul 8y} vroxduir oy
pauIess SuoIISUBRI} JULULIO] PIIY} JO UOISH[OUL dY], “Ied £q
Pa3}ipd SB UOISIaa POSIASI B MOYS s2andy oy} JO. SaUY] puosss
pu® 3say ay] “USHBUH UBIIBWIY 107 23UBIS JBUMIUIOS 2IaM
siseydws pue oduraj ay3 y3noyije aiqi3j{aut a3inb sem pajured
1S4y S$€ 0ULJUIS YT, -8si0u JO §3sIng jJo suonyisod ALsuanb
-9d] pu® ‘suoijisurij ‘suoljisod JUBULIOY BIB SISSYUAS SIY}
Ul Pasn $9nd . O1snode oYY, ‘spunos usyods jo sureiloajdads o3
90UQII3I JNOYIIM ‘ST Y} ‘Ont AQ SISAYIUAS B Juosaxdal saulf
Y3Inoy pue paiy3 ay3 yarym ul ‘g "I ul umoys st sidurexs uy
‘sewpuoyd JO a3uBl PIJOLIISAL JBYMSUIOS B 0] PIJIWII] ST YoIym
3X2} P2a302uuod Jo SISYIUAS [B30} 3y} v jdweije ue jruwrsd
0} paIpnjs ue3q 2A®Y SPunos Y3nous Iol send 3y} ‘I9AdMOH
*3jejdurod sugaut ou Aq St $an2 paje|osSI JO uo1}e31IS9AUT Y],

- “S|9MOA JUBULIOJ-OM] PUR 3SI0U JO §ISING JO Ssuon
~BUIqUOY J1}9YJUAS dY} S8 JNOIABYSQ oures ayj moys yoaads
ugwny Jo S3ulplioddl W0I] pIjquuassesd sjuruosuod dojs jey;
umoys §8Y z38Ydg [018) Aq 389} J021ip ® ‘UOIIIPPE® U] ‘Suia]
-3ed 2139Yyjuss 2yj JO SUOIILOYIJUIPI Y] UO [[3M Jayjnl sai3e

DNIHOVAL FOVADNYT NI SAIV TVOINHOIL gg



