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BECAUSE THE INTERFERENCE FROM HIS NATIVE LANGUAGE CAUSES
A LINGUIST TO HEAR AND IDENTIFY THE SOUNCS OF A FOREIGN
3 LANGUAGE IN TERMS OF HIS OWN, THE AUTHOR HAS PROFOSEC A
PROCEDURE CESIGNED TO (1) MAKE THE TASK OF PHONEMICIZING A
LANGUACE SHORT AND OBJECTIVE,; (2) EQUATE THE FHONEMES OF A
LANGUAGE WITH THE FERCEFTION OF THE USERS OF THAT L ANGUAGE,
4 AND (3) MAKE THE TASK OF TYPOLOGIZING LANGUAGES ON THE BASIS
OF PHONEME PATTERNS OBJECTIVE. THIS FROCEBURE 1S AS
FOLLOWS--(1) TAPE RECORDINGS OF SYNTHETIC SFEECH SOUNDS ARE
MADE. THESE TAPES CONTAIN A SUFFICIENT NUMBER AND RANGE OF
STIMULI TC EXHAUST THE POSSIBLE FHONETIC BASES FOR THE
FHONEMIC SYSTEMS OF THE LANGUAGES OF THE WORLE. (2) THESE
TAPES ARE PRESENTEC TG NATIVE SPEAKERS OF LANZUAGES UNCER
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INFORMANT'S LANGUAGE. RESULTS SHOW THAT WHILE SOME OF THE
TAPED SOUNDS HAVE TESTED SUCCESSFULLY (E.G. WEAK FRICATIVE
STIMULI) , OTHERS HAVE PROVED INADEQUATE (E.G., VOICELESS STOF
STIMULI) AND REQUIRE FURTHER RESEARCH. (AMM)
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i ntroduction

The purpose of this work is to develop a procedure which will:

1) make the process of phonemicization an objective task.
2) make the process of phonemicization a short task.

; 3) equate the phonemes of a language with the perception of
5 the users of that language.

’ 4) make the task of gypologizing languages on the basis of
: phoneme patterns objective,

e SR

At present, phonemicizing a language is neither short nor objective,
The standard procedure may be outlined as follows: '

a) the analyst gathers a large corpus of utterances of
the object language

b} the corpus is transcribed--i.e,, written in some
form of a phonetic notation

c) the transcribed corpus is scanned for cases of
phonetically similar sounds in complementary
distribution,

Although much work follows Step c), this will be sufficient to
demonstrate our point,

The gathering and transcribing of the sufficiently large corpus
typically takes several months--the analysis may occupy several more months,
The procedure we will propose takes at most a few hours,

The biases of the anaiyst come in both the transcribing of the corpus
and in its analysis., The phenomenon of hearing a foreign language as merely
a distorted form of one's own is too well known to bear documentation here,
Not only is the analyst's native language a cause of ''interference' in his
hearing of a new one, the same linguistic background will dictate in large
part the set of pseudo~phonetic symbols with which he will transcribe it
(e.g., note the Indo-European biases in the International Phonetic Alphabet).

The major deterents to objectivity and explicitness are, however, in
: Step c) and involve the notions ''phonetically similar" and ''compiementary
| distribution', Not only has the obvious question as to just how similar
} two sounds have to be in order to be considered with respect to distribution
; has never been answered, the more basic questicn of what is meant by the term
| at all is largely unexplored. As for complementary distribution, any two
sounds can be shown to be in complementary distribution if the context is
extended far enough, For example, given a sound x and a sound y which are
"'ohonetically similar' where x always occurs in the context A_B and y never
occurs in the context A B, we then say that x and y are allophones (variants)
of a single phoneme; if, however, both x and y occur in the context X_B
(where X may be anything, including A) we say that they are different phonemes
since they contrast in the environment X_B. So long as the notion of context
with respect to distribution is not defined, there is no way of determining
which statement regarding x and y is true and which false,




Such problems do not arise at all in the procedure proposed
herein,

The procedure we have in mind is as foilows:

1. Tape recordings of synthetic speech sounds are made,
These tapes contain a sufficient number afd range of
stimuli to exhaust the possible phonetic bases for the
phonemic systems of the languages of the world,

2., These tapes are presented to native speakers of
languages under investigation., The informant responds
to each stimulus by saying whether or not it sounds
like one of the speech sounds of his language, and if
it does, which sound,

3. His responses are plotted against acoustic mappings of
the stimuli to determine the number and types of
phonemes in the informant's language.

Method

The tapes are first tested for adequacy in & forced-choice situation,
Suppose, for example, a tape is prepared which varies the formant transitions
between & rapid onset of voicina and an /a/-typz vowel==thus exploring the
cases of initial voiced stops, This tape would be presented .o speackers of
wel I-known languages who were furnished with varled inventories of responses;
say, ba , da , ga , none____, and who would be asked to respond to each
stimulus in the appropriate way. If the results of these tests indicate
informant categorizations compatible with recognized phoremicizations, the
tape is accepted.

The second kind of testing involves open-ended responses of informants
to these same stimuli. In these tests, no choices are furnished, and infor-

mants are asked to respond to stimuli with any words containing similar sounds
or with no response at all,

The forced-choice testing determines the comparability of responses to
the stimuli to known and accepted phonemicizations. Only after a tape has
been judged to yield results compatible with known facts regarding well-
analyzed languages may it be used in open-ended testing.

The purpose of the open~ended testing,is, of course, the phonemicization
itself.

Results

During the term of this contract, numerous tapes of synthetic speech
sounds have been prepared and tested. Some of thase have been rejected as
inadequate, others have been modified, others retained as generated. We will
describe results of our work in terms of those tapes and stimuli with which
we are working at this point, There is no assurance, at this time, that these
will prove to be adequate for our purpvses; they may well require medifications
in terms of some or all of the acoustic parameters involved.




At present, we are working with three sets of stimuli: voiceless stops,
voiceless strong fricative, and voiced stops: The stop consonant stimuli
were done on the Haskins Laboratories speech synthesizer; the fricatives
were done with equipment in the Communication Sciences Laboratories., The
generation and specification of these stimuli will be described in detail
in the appendix; here we will discuss the generalities of their production
and perception,

Voiceless Strong Fricatives

Voiceless strong fricatives are those fricatives which do not require
formant transiticns into contiguous vowels for their identification--e.g.,
/s/, /¥/. Such sounds were generated by driving a formant vowel synthesizer
with a noise source and increasing tape speeds to gain higher frequencies
of the formants, Trained phoneticians were asked to judge the place of
articulation of these stimuli and it was found that:

1) there was some patterning in their judgments in

that the highest formant frequencies were judged

to be /f/-1ike, next highest were /s/=1ike, next
highest were /{/-like, and the lowest were /h/-like,
most stimuli were judged as '‘none'', meaning that

the listener could not assign a place of articu=-
lation,

INY
S

Voiceless Stops

We are currently working with a set of 62 synthetic voiceless stops in
which all parameters are held constant throughout the set save the second
and third formant transitions over the first 50 msecs, F2 initial values
go from 543 cps to 2837 cps in ten steps, terminating at 1232 cps; F3 initial
values go from 1190 to 3530 cps in seven steps, ecach transition terminating
at 2525 cps.,

These stimuli have been presented to speakers of various languages
who were asked tc respond with example words to each of the stop +/a/ stimuli
they found to resemble sounds of their languages; they have been presented
to English speakers in both forced-choice and open ended tasks, In general,
each of these studies has shown the stimuli to be quite adequate for pre-
velar places of articulation (/p/, /t/), but questionable for velar and
post=-velar stops (/k/, /q/). There is, therefore, little more to be said
until the questions of the acoustic cues relevant to the production and
perception of back stops has been clarified, A figure is given in the
appendix which illustrates the forced-choice p-t-k-none judgments of 25
English speakers for these stimuli,

Voicad Stops

The initial voiced stops seem, according to the testing done to date,
to be satisfactory, The identification by 21 English speakers shows suffi-
cient numbers of b, d, and g judgments, and these judgments appear in the
expected order, The stops differ from the voiceless set with respect to two
parameters--the type of source over the first 35 msecs, and the ampl i tude
of the fricative over the first 25 msccs,




! . . .
f Discussion ke

| The results of these investigations have been less than conclusive
| due to a number of fuctors. First mong thesc is the lack of information 7.
on the ccoustic cues ror post-velar speech sounds. Synthcsizing . set N
o7 consonants is a reasoncbly straight~forward tesk so long «s one deais o
with places of articulation within the p-t-k, b-d-g, range; i, however, A
onc wants to exhaust the possible distinctions within the entire bilabiul .‘:
to yloital spectrum, then a good deal of basic anclysis on post-velars must N
be done. Ue have attempted to circumvent this analysis by simply extending o
the known parameters (supplicd, vor the most part , by researchers at Haskins)
for front-to-back distinctions in our synthesis. This has not been shown QL
to be adequate, although it may well turn out to be so later. ‘e have to o
some extent gotten /k/-/q/ type judgments, but not necrly as many as we
would like, and those stimuli judged to be post-velar on some occasions do

not cppear to be clearly or consisten{: ' so judged.

[P
. e

The lack of post-velar jddgments is also a factor of the languuge
buckorounds of the subjects used, e have not found enough native speakcrs
of languages which have phonew.c post=velars to be able to say with much
confidence what their judgments will typically be. This lack will be madc
up in curther testing. ;‘@L-

At this point, thereiore, our attention for all stimuli-stops and
‘ricatives-is being devoted to the adequacy of the parametric velucs ior
veler and post-velar places of articulation. These studies involve tests
for the identirication and discrimination of the stimuli by speakers o¢
various languaces.

Conclusions

For the voiceless stop stimuli, wc uppear to have inadequate tapes ior Y
the purposes described. Problems in these stimuli arve that 1) too meny oy
the stimuli are of the bilabial and alveolar types, while 2) not enough o
of them are o the velar and post-velar types. Research on these stimuli -
will be continued in an attempt to identify and correct the reasons ror PRy
these problems. M

For fricatives, it wes round nccessary to distinguish between weak ;Jj@
and strong types. WYeak fricative stimuli have been prepcrec and tested .

with some indicaticus of success. iIn these stimuli formant transit.ons o
like those used for stops are employcd over a longer time span thun in ‘33}{
the stops and with less abrupt onsets. Strong voiceless fricatives were -]
cenercted with a shaped noise source. This stimuli havc been judged to b3

he speech-like by Englisit speakers.

The basic question to be asked of o1l oi these stimuli cannot, however,
be cnswered at the moment. VYhether they ure adequate for the identificaciion
o7 such speech sounds in the langucges of the world has not been cstablisheu.
It would appear that they urc not to the extent that stops and fricatives
of post-velar places or orticulation are not exhaustively illustrated in the
stimuli. This shortcoming will be rectified in the Futurc researci.




Summary

Having shown that synthesized vowels could be used in open-ended
identification tasks to establish the vowel phoneme patterns of most ianguages
the techniques used in this work are being applied to consonantal stimuli,

Four sets of consonantal stimuli have been selected for this work:

1) voiceless stops before /a/

2) voiced stops before /a/

3) voiceless weak fricatives before /a/
L) woiceless strong fricatives, isolated

Attempts have been made to generate sets of these stimuli, using
cquipment here at CSL and at Haskins Laboratories, such that the range and
increamental differences within each such set is sufficient to cover the
known place-of-articulation types within cach manner described. Each stimuli
tape should then as a whole be casily identifiable according to manner,
and within each such tape there should be stimuli illustrative of every
known type--from bilabial to glottal (insofar as such places of articulation
are known to be employed in natural languages).

Success to date has been characterized by various degrees for each set
of stimuli. The voiced stop onsets appear to be satisfactory at least for
the b=d-=g~ range, but no data on their utility for languages employing finer
or more far ranging divisions have been gathered, The voicecless stops are
not identified as velar or post velar, even by English speakers; these stimuli
require at least moderate revision, The shaped-noise stimuli used for strong
fricatives can be identified as /s/ and /§/ (but also /f/ and /h/) by
phoneticians, but their lack of naturalness has hindered further testing,

The voiceless weak fricatives before /a/ have defied our attempts altogether.
Two runs have produced stimuli which did not sound different from each other
at all and stimuli which were much to loud with respect to the following
vowel to be natural,

Consequently, the prognosis for this rescarch centers on the generation
of adequate synthetic stimuli, rather than on extensive testing. At worst,
some information on what not to do has been gathered; at best, the acoustic
characteristics of thesc consonant types is becoming better understood.




APPENDIX

Details of Synthesis and Test Results
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A Descriptive Chronology of Research Activities

February 1, 1967-April 31, 1967

Stimuli delimited to
Voicing in stops
Voicing in fricatives
Place in weak fricatives
Place in strong fricatives
Place in voiceless stops.,

Place in voiced stops

Exploratory visit to Haskins (April 10-14)
Dr. E. C, Trager visits CSL

May 1, 1967-July 31, i967

Preparation of Stimuli

Voiceless stops~-place range-~75 stimuli
variations in Fl, F2, F3 transitions

F1 = 260, 412, 562 cps

F2 = 543, 769, 1075, 1620, 2234, 2837 cps
F3 = 1190, 1524, 1849, 2525, 3195, 3530 cps
steady state values

Fo 120 cps

Fl1 743 cps

F2 1075 cps

F3 2525 cps

F1 amp 0 db

F2 amp -3 db

F3 amp ~9Q db

Fric amp n/a

Overall amp . 0 db

Source buzz

Type of Fric, n/a

Voiceless weak fricatives--place~=67 stimuli

All parameters like those above except:
no F3 at 1524
onset time is 75 (vs 50) msec,

Voiceless strong fricatives--place~-96 stimuli
These stimuli were gencrated by driving the
CSL formant synthesizer with a noise source
and raising frequency by mulitiplying tape
speed.

Visit to Haskins (2) June 15-17, July 20-24
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August 1, 1968=-0ctober 31, 1967

Testing the stimuli
Voiceless strong fricatives (shaped noise)

288 shaped noises were judged according to
place of articulation by four trained phone-
ticians, Oniy 34 of these received same~place -
judgments by three of the judges--the others

being assigned to two or morc places by the
judges. In general, those shaped noises and
corresponding judgments which seemed clear

were:
F1 = LOO cps
F2 = 900 -~ 1200 cps /h/
F1 = 800 - 1200 cps
F2 = 1800 - 2400 cps /§/ :
HeP filt 1 ke »
F1 = 2400 -~ 3200 cps ’if
F2 = 3600 -4800 cps /s/ S
H-P filt 2 kc
F1 = 40c0o - 6400 cps
F2 = 7200 - 9600 cps

H-P filt 2 or 3 k¢ /f/
Voiceless weak fricatives before /a/

Judgments indicated that differences in fricative onsets werc not
detcctable, and plans wcre made to re§encrate the stimuli,

Voiceless stops before /a/ f.

Results from seven trained phoneticians who judged place~of-
articulation indicated that F1 initial values did not contribute
to such judgments, Both F2 and F3 transitions do contribute to
such judgments, /p/ judgments werc most frequent when both F2
and F3 initial values are low; /t/ judgments occur when F2 and
F3 iaitial values are both high; /k/ judgments occur when F2 )
transition is slightly rising and F3 transition is falling., 5

November 1, 1967-January 31, 1568

Generating Stimuli

Voiccless stops before /a/

A new set of initial voiceless stops was gencrated
which extended the range of F2 and F3 transitions and
uscd.only F1 transition, This new sct contains 62 stimuli
where the initial values for F2 and F3 werec:




2156, 2387, 2615, 2837. cps
F3 = 1199, 1524, 1849, 2180, 2525, 2862

3195, 3530 cps

Steady state values: F2 = 1232
‘F3 = 2525

Voiced stops before 7a/

A sect of 62 initial voiced stops werec gencrated
which are exactly like the voiceless stop onsets
except for the onset of voicing (buzz source) which
here occurs during the very first time-=siot. (for
the voiceless stops, the first 35 msecs have a
hiss source).

Voiceless weak fricatives before /a/

An attempt was made- to regenerate cliear voiceless
weak fricatives. In this set, the fricatives are
better heard than in the first, but do not sound
Y"natural''=~they are too strorg, and reskmbie stop
onsets as much as weak fricative onsets,

Visit to Haskins was made November 7-5.:

Testing Stimuli

Voiceless stops

The voiceless stops have becen tested in a variety of ways.
They have been presented to speakers of English and other languages
who have been asked to classify them in both forced-choice and
open~ended tasks.

Twenty=-five speakers of various languages were run in an
open-ended classification test (give an example word for sounds
like those in your language)

Twenty=five spcakers of English were run in a forced=choice
test {is the sound n, t, k, or none of these).

Both types of tests showed a serious lack of velar and post
velar initial stops in the set of stimuli, but quite clear /p/
and /t/ types.

Voiced stops

Voiced stop stimuli are being run in forced-=choice tests
(b, d, g or none) with 25 speakers of English. Results indicate
that this sct of stimuli may be satisfactory.




Voiceless weak fricatives

These stimuli, although not adequate for their intended
use are being used by the principal investigator and by a
doctoral candidate in laterality experiments,

Projected Activities
Voiced and voiceless initial stops

These stimuli will be regencrated where, according to results
to date, the range of values used in F2 and F3 transitions need
not be so large, the number of such transitions within the
lesser range can bec cxpanded (i.c,, smaller increments in initial
values). Pending the outcome of the results of testing the voiced
stop onsets, it would appear that the consonantal onset duration
should be extended from the prescent 50 msecs to 75 or so, It
would also seem that the steady state values of the three formants
should be altered so as to permit perception of the onsets to be
interms of being beforec an unrounded vowel=~the present patterns
correspond to results of the perception of stops before rounded
vowels==i,e,, a p~k=t (rather than p-t-k) progression,

Fricatives

Strong fricatives will be attempted by modifying the existing
tapes of shaped noise stimuli anc by programming the Haskins
synthesizer,

Weak fricatives will be re=done on the Haskins synthesizer
attempting to rcach a happy medium betwecen the present tapes
where they are cither too weak or too strong in relation to the
vol lowing vowel,

The Voiceless Stop Stimuli, Set 1

The voiceless stop stimuli were generated from a basic pattern on
the Haskins Laboratories speech synthesizer. On this machine one specifies
each of eleven acoustic parameters for each of n time slots where the time
slats may be 5 or 10 msecs, in length, Sce Figure | for parametric values,

We used 65, five msec,, time slots fur these stimuli, giving an overall
length of 325 msecs, The initial 50 msecs is termed the onset and all
variations in the set of stops occur in this segment. The middle 250 msecs
is termed the steady state and no variations occur in this segment; the only
parameter which changes at all is the fundamental frequency which rises and
falls to give a normal contour, The final 75 msecs., is termed the decay
and no variations within the set occur here; the decay segment is that
portion wherein the amplitude and fundamental frequency are lowered to
give a natural sounding to the syllable,




The entire syllable thus consists of a voiceless stop onset plus an
/a/ vowel steady state and decay. The steady state and decay parameter
values for the eleven parameters are given below:

Parameter Acoustic Value
Analogue Used
0 F1 frequency 743 cps
] F2 frequency 1075 cps
2 F3 frequency 2525 cps
3 F1 amplitude 0 db
L F2 amplitude -3 db
5 F3 amplitude -9 db
6 Fricative amplitude none
7 Fundamental frequency peak at 120 cps
8 Over-all amplitude peak at 0 db
9 Type of source buzz
10 Type of fricative none

The variations in the set of stimuli were located in the frequency
onsets of the first, second, and third formants, all other parameters:
bceing constant throughout the set. Each formant frequency was made to
progress linearly from an initial value to the steady state value over
the pceriod of 5C msecs, The voiceless stop nature of the onset is given
by an initial 5 msec, burst which has a noise source driven through the
formants at considerable amplitude; this is foliowed by a 35 msec, portion
where the noise source drives the output through the formants at a reduced
amplitude; gradually the buzz (voicing) source takes over, coming on full
at 45 msec,

The stimuli generated, with the initial formant values for each of
the three formants is given below:

£3
Fl F2 1190 1524 1849 2525 3195 3530
543 ] 2 3 L 5 6
769 7 8 9 10 N 12
260 X 1075 13 14 15 16 17 18
1620 19 20 21 22
2234 23 24 25
2837 26 27
543 28 29 30 31 32 33

769 3k 35 36 37 38 39




L12 X 1075 40 L 42 L3 4h Ls

, 1620 46 47 L8 49

J 2234 50 51 52

! 2837 53 5h
. 543

769 55 56 57 53 59 60

562 X 1075 61 62 63 it 65 66

| 1620 67 68 69 70

¢ 2234 71 72 73

] 2837 74 75

The gaps in the chart above are due to the fact that no initial
formant value is used which is higher than the initial vatue of the
next-higher formant-~to do so would produce an unnatural configuration,
See Figures 2 and 3 for results.

Vicak Voiceless Fricatives, Run 1,

The weak voiceless fricaiives were produced in a similar way to the
stops: Dr, Haggard generated an /fa/ pattern on which variations in the
formant frequency initial values were made. We are thus looking at the
affect of first, second, and third formant transitions on the place per-

ception of voiceless weak fricatives. The stimuli by Fi, F2, and F3
initial values used in this tape were as below:
E El- F2 1190 1849 2525 3195 3698
h |
543 1 2 3 b 5
769 6 7 8 9 10
» 260 X 1075 11 12 13 14 15
,f 1620 16 17 18 19
2234 20 21 22
2837 23 24
543 25 26 27 28 29
769 30 31 32 33 34
12 X 1075 35 36 37 38 39
1620 Lo | L2 43
2234 Ly 45 L6
2837 47 L8
543
769 L9 50 51 52 . 53
562 X 1075 5k 55 56 57 58
1620 59 60 61 62
2234 63 64 65
2837 66 67
The same restriction on formant crossings applies here as to the
voiceless stops.




Noise~driven vowel synthesizer

The vowel synthesizer in use here at the Communication Sciences
Laboratory was driven by a noise saurce to produce noise spectra with
the following first and second formant values:

F1: 300, 400, 500, 600, 700, 800 cps
F2: 6c0, 800, loco, 1200, 1400, 1600 cps

The resulting stimuli were then boosted up in frequency by increasing
tape speeds by factors of 2, 4, and 8. See Table ! for results,

Stimuli.. Run 2,

The voiceless stop plus /a/ syllables used in these studies were
generated on the terminal analog speech synthesizer of Haskins Laboratories.
This synthesis system permits the uscr to specify each of eleven acoustic
parameters of the signal at every five milliseconds., Once a sigrail has
been constructed, changes by parameter or by time slot can be made by very
simpie instructions,

For these stimuli, 61 five msec. time slots were used, giving the
syllables an overal! length of 305 msecs. Cf this total length, the first
50 msecs are of interest in the studies to be described. The other 255 msecs
contain no parametric changes other than a linear drop in fundamental fre-
quency over the final 16 time slots (80 msecs). The fundamental frequency
thus rises from 116 cps at time slot to 138 cps at time slot 17, remains at
138 cps until it begins a gradual fall at time slot 45. Parameter 11, which
is concerned with the type of fricative =/s/, A/, or f«f-9 /- is not used
at all for these stimuli.

During the first 50 msecs various parameters are specified so as to
produce the general class of initial voiceless stops. These parameters and
the changes specified are:

Para 10: Type of source. A hiss (noise) source is specified
through the first 30 msecs, buzz (voice) source is specified at cime
slot 7 (35 msecs) and continued throughout the syllable.

Para 9: Overall amplitude. Overall amplitude rises steeply
from an initial value of =10.5 db to full volume at time slot
6 (30 msecs). .

Para 6: Fricative amplitude, The fricative source is given
an amplitude of =3 db through the first 15 msecs., then brought
down to zero at 25 msecs,

Para 5: F3 amplitude. The amplitude of F3 begins at =15 db,
falls to =21 db, then rised gradually to its steady state value
of =12 db.

Para 4: F2 amplitude. The amplitude of F2 begins at a value of
-6 db, falls immediately to =15 db and rises gradually to its steady
state value of =3 db,




Para 3: F1 amplitude. The amplitude of Fl begins at =9 db
and rises gradually to its steady state value of =0 db.

Para 3 and Para 1, the frequencies of the third and second
formants will be discussed separately since these are the variable
across stimuli,

Para #: F1 frequency: The first formant transition is a
linear rise from 260 to 743 cps over the first 50 msecs.

The second and third formant vaiues over the steady state portion of
the stimuli are F2 = 1232 cps and F3 = 2525 cps. These values, together
with the F1 value of 743 cps give a slightly fronted, slightly rounded
(due to energy of F3) vowel /a/. These formant vaiue are quite compatible
with the attempt to use a vowel which is found throughout the languages
of the world (see Scholes, 1966).

The sixty=two stimuli used in these experiments were constructed
by specifying 11 different initial frequency values for F2 and 8 different
initial frequency values for F3. The transitions from these initial values
were linear and occurred during the first 50 msecs, of the stimulus, One
of 11 F2 initial values--543, 769, 996, 1232, 1465, 695, 1920, 2156, 2387,
2615, or 2837 cps was combined with one of 8 F3 values=~1190, 1524, 1849,
2180, 2525, 2862, 3195, or 3530 to produce each stimulus. There was the
restriction that F2 could not be higher than F3; a stimulus with an initial
value of F2 at 2837 cps and F3 at 2180 cps, for .xample, was not generated,

The various transitions of F3 and F2 are shown in Figure 2, The left-
most column shows the counts in cycle-per~second values; and the third column
is the magnitude of change, in cycles-per-second, between the initial and
steady state values of the formant frcquencies--a higher initial value is
designated by a plus, a lower value by a minus. These third column figures
will be used to designate stimuli throughout the remainder of this report,

Table 2 shows the forced~choice identifications of the voiceless stop
stimuli. Table 3 shows the forced=-choice identifications of the voiced
stop stimuli,
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Third Formant Initial Values

1190 1524 1845 2180 2525 2862 3105 3530

p p p p P P p p 543
P P p P P P p p 769
wn
p p P P p P P p 996 @
(o]
3
p P p P p p p 1232 o
m
0
p P p p p P p 1465 .
1))
- k t t t t 1695 A
t t t t t 1920 =.
t t t t 2155 L
o
t t t t 2387 =
(0]
t t ot 2615
t t 2837

Table 2. Preferred choices in forced=choice
test, 25 subjects

Voiccless initial stops, Run 2,




Third Formant tnital Value

1190 152& 1849 2180 2525 2862 3195 3530 1

b b b b b b - n 543
b b b b o b - n 769

b b b b b b b - 9% g

O

b b b b b . g 1232 &

o

S g g g d g d 1465 3

4]

g g - g d - 1695 =4

g g d g - 1926 =

g d d g 2156 =

>

9 g 9 g 237 gz

@

g g q 2015 ‘
g g 2837 »

Table 3. HMajority judgments for voiced stop = /a/
stimuli, Forced-choice; p-d-g-none

N = 21 English spcakers

P

- = no majority opinion
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