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ABSTRACT

VOWEL RECOGNITION THRESHOLD AS A FUNCTION

OF TEMPORAL SEGMENTATION

by Richard L. Powell

The search for knowledge about how man perceives the

world about him has been perpetuated for centuries by manhs

curiosity. Included in this search are the precise dimensions

of the acoustic speech signal. One of the major procedures

in this search is modification of the airborne signal that

consists of intensity. frequency, and time. The purpose of

this study was to determine the vowel recognition threshold

as a function of temporal segmentation for the vowels /i /.

/1/. /e /- /e/. /a/: /O/o /a /o /O/o /U/o and /u/.

Previous studies had suggested three milliseconds as the

vowel recognition threshold as a function of temporal

segmentation. Each of the vowels was recorded when phonated

by a speaker sitting in a sound treated room. A Lissajous

figure produced on an oscilloscope as well as a 125 Hz tone

presented through earphones aided the speaker in attaining

vowels with 125 Hz fundamentals. These vowels were each

presented ten times to eight doctoral students with normal

hearing for validation.

A modified psychophysical method of minimal change was

selected as the means for attaining the vowel recognition

threshold as a function of temporal segmentation. The vowels

were then segmented into fifteen different temporal intervals



taken from the middle of the vowel and ranging from four to

sixty milliseconds. These stimuli were arranged in random

order on magnetic tapes in 220 ascending and descending series

and presented to six doctoral students in speech and hearing

science. Each listener responded by writing the international

phonetic symbols for each of the 3.300 stimuli presented to

him through earphones at 70 dB SPL in a sound treated room.

A The listener responses were tabulated in an order for

each vowel and listeners retaining the temporal segment

value, series order and first half second half information.

The temporal segment threshold for each series was computed

and employed in a four factor analysis of variance (2 x 2 x

6 x 10); two series order. two time orders-w-first half second

half~«-. six listeners and ten vowels. The vowel /e / was

not recognized 50 per cent of the time at the longest

temporal segment presented (60 milliseconds) and was excluded

from the analysis.

The analysis of variance yielded interactions between

and among some of the main effects. In order to visualize

these interactions, line graphs of the vowel recognition

thresholds for each subject were prepared for ascending.

descending. first half. second half. and over the entire

experiment. All of these graphs showed the interactions

clearly. But a similar pattern held for each graph; the /A /,

/u / and /o / had higher recognition thresholds than the other

Bevenvowelse /1/0 /:/9 /‘ /s /./o /°/s /0 /o and /u/0

A mean difference test was applied to these data indicating a



significant difference between the /A /, /a /, and /=>/ sounds

from the other seven vowels. Confusion matrixes were

prepared for each subject as well as a composite matrix over

all subjects. There was a great deal of confusion among the

/A /. /a /. and /o /. Mis-identification of vowels was most

often confused with the vowel sound adjacent to it on the

vowel tongue hump diagram. With the interactions and

confusion in mind the vowel temporal recognition threshold

for each vowel was reported as follows:

Vowel Milliseconds Vowel Milliseconds

i 10.3 a 27.2

I 14.4 o 21.2

5 130“ O 11.4

a 10.6 0 13.8

A 18.5 n 903

The analysis of variance indicated there was a significant

difference between or among the temporal recognition thresholds

for: vowels. subjects. ascending and descending series, subject'

vowel and time order. vowel and series order. vowel and time

order. There was no significant difference between the

cardinal and non-cardinal vowels.
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CHAPTER I

INTRODUCTION

Physical parameters of man's environmental percepts have

been the focus of many disciplines throughout the centuries.

And man's ability to communicate with his environment con-

stitutes one of the major subjects of his investigations

since the beginning of time. Even the author of Genesis. one

of the older writings. seems to have recognized the impor-

tance of sensory perception in attaining information from

our environment. In fact. Genesis 3:7 states: "Then the eyes

of both were Opened. and they knew that they were naked....”

1 in 1650. supported the doctrineMore recently. Descartes

that man was dominated by two phenomena. mind and body. with

the brain being most closely associated with mind. Philoso-

phers. as long ago as Aristotle. advocated that nothing is in

man's mind that hasn't entered through the senses. Leibnitz

and Hartley supported the parallelism between the experienced

world and processes in the body. the nervous system being the

pathway into the brain. In 183A. Weber reported his obser-

vations that a just noticeable difference (JND) in a stimulus

 

lEarly history. Descartes. Aristotle. Leibnitz and

Hartley. Weber. and Fechner taken from Ira J. Hirsh. The

Measurement of Heari (New York: McGraw-Hill Book Company.

me o 1952) 9-5p- '11-

 



required an additional amount of stimulus equal to a

constant fraction of the original stimulus. He therefore

proposed the following general formula 4% a K (for a JND)

where "I" equals the stimulus. " AI" equals the change in

stimulus. and "K" is a constant that varies with sense modality.

With these observations in mind. Fechner. in 1860. proposed

that JND's for a particular sense could be calculated for

different values on the physical scale. yielding values on a

psychological scale. And this theoretical concept can be

stated as follows: The responses of human organisms to stimuli

vary as the logarithms of those stimuli S s K log I where "8"

equals the magnitude of sensation. "I" is a dimension of the

stimulus. and "K" is a constant. This formula is known as

Fechner's Law. After much experimentation contemporary

knowledge leads us to believe that this function does not

hold true for all senses or even for all values within one

sense over its entire continuum.

In 1927 Thurston2 presented his law of comparative judg-

ment which carried the scaling of psychological behavior

ahead one more step. This method is concerned with estab-

lishing a basis for sealing psychological events by comparing

it with another psychological event rather than with a

physical scale. Thurston's law of comparative judgment is

stated in the following form

 

2 2; "“

B‘b"' Ra: zba Vda+6b' zrabdadb

 

2L. L. Thurston. "A Law of Comparative Judgment."

Psychology Review. V. No. 3“ (1927). pp. 273-286.



where "Ba" and "Rb" = mean response to stimulus "a" and "b".

"a“ = standard deviation. "Zab" = the normal deviation. or

standard measure of distance corresponding to "Pb >a'" and

"r" = coefficient of correlation between "Ba" and "Rb." In

actual practice we assume all the intercorrelations to be

zero and the last term 2 rab a; as drops out thus eliminating

one of the three unknowns. Methods deve10ped for scaling

psychological phenomena are described by Guilford.3

Many scientists have concerned themselves with recog-

nition through various sense modalities. Each sensory organ

is receptive to a particular type of physical energy. Many

commonly applied diagnostic techniques have been discovered

through experimental research of the limits of human sensi-

tivity and perception. Gamble and Cook's study of the

u Graham's vision studies in 1937.5

and the two point tactile study by Boring in 19306 exemplify

olfactory sense in 1898.

experiments utilizing psychophysical methods.

 

3J. P. Guilford. Psychometric Methods (New York: McGraw-

Hill BOOK company. 1110.. 0 Pp. ISE-3370

“Eleanor Acheson McCulloch Gamble. "The Applicability

of Neber's Law to Smell." American Journal of Psychology.

x. Nos 1 (1898).

5C. H. Graham and Carolyn Cook. "Visual Acuity as a

Function of Intensity and Exposure---Time." American Journal

2;,Pszchology. XLIX. No. 4 (October. 1937). pp. 655-6 .

6Edwin G. Boring. "The Two-Point Linen and the Error

of Localization." American Journal 9; Psychology. XLII.

TIE——no. 3 (July. 1930). pp. 536- .



The three major aspects of auditory stimuli--frequency.

intensity. and time--have also been investigated extensively

through psychophysical methods. Sivian and White reported

finding intensity thresholds attained for 21 frequencies

ranging from 100 Hz to 15.000 Hz.7 Stevens. Volkmann and

Newman8 develOped a pitch scale employing the method of

equal sense distance; and this numerical scale was later

revised by Stevens and Volkman9 and is called the mel scale.

10 in 1936 devised a numerical scale for loudness andStevens

defined one sone as the loudness of a 1.000 Hz pure tone at

#0 dB (re 0.0002 dyne/cmz) above absolute threshold. From

this reference point he devised a sone scale obtained by

using the interval and ratio experimental methods. Equal-

loudness contours have been established by Fletcher and

 

7L. J. Sivian and s. D. white. "On Minimum Audible

Sound Fields." Journal Acoustical Society g£_America. IV.

Nb. 4 (April. 1933). p . 2881321.

83. 8. Stevens. J. Volkmann and E. B. Newman. "A Scale

for the Measurement of the Psychological Magnitude Pitch."

Journal Acoustical Society g: America. VIII. No. 3 (January.

[9’i759 pp" :85‘1900

9Stanley Smith Stevens and J. Vblkmann. "The Relation

of Pitch to Frequency. A Revised Scale." American Journal

9: Psychology. LIII. No. 3 (July. l9h0). pp. 329-353.

103. S. Stevens. "A Scale for the Measurement of a

Psychological Magnitude: Loudness." Ps cholo ical Review.

XLIII. No. 5 (September. 1936). pp. EOE-RIB.



11 Stevens.12 Morgan. Garner and Galambos;13 and

Thurlow.lu The phon is the unit of measurement for this

Munson;

intensive scale for loudness. Speech reception thresholds

as a function of intensity have also been developed. A

composite of these studies plus many more have been presented

by Stevens.15 The results of these studies constitute the

.bases for the development of audiological diagnostic tech-

niques that are thoroughly described by O'Neill and Dyer.16

Attempts have been made to find significant differences

between individuals with speech defects and those without

spe‘ech defects on the bases of auditory acuity.17'18'19'2°'21

 

11Harvey Fletcher and N. A. Munson. "Loudness. It's

Definition. Measurement. and Calculation." Journal

Acoustical Society of America. V. No. 2 (October. 1933).

mp.-10 . "" "'"""‘

123. S. Stevens. "The Relation of Pitch to Intensity."

Journal Acoustical Society g£_America. VI. No. 3 (January.

0 pp. 136-1313 0

13C. T. Morgan. W. R. Garner and Robert Galambos.

"Pitch and Intensity." Journal Acoustical Societ of

America. XXIII. No. 6 (‘_""November_"5I')'.19 ." pp. - 632'

1A". R. Thurlow. "Studies in.Auditory Theory: Binaural

Interaction and the Perception of Pitch." JOurnal Egperi-

mental Psychology. XXXII. No. l (JanuarY. 19535. Pp. 17-36.

158tan1ey Smith Stevens (ed.). Handbook 91; E_xperimenta1

Psychology (New York: John Wiley and Sons. Inc.. 1951 .

16John J. O'Neill and Herbert J. Oyer. Applied

Audiometpy (Dodd Mead and Company. Inc.. New York: 1966).

17Margaret E. Hall. "Auditory Factors in Functional

Articulatory Speech Defects." Journal of gaperimental

Education. VII. No. 2 (DecembmB)."'15'p. -

18
Margaret E. Sullivan. "Auditory Acuity and It's

Relation to Defective Speech." Journal 2: Speech Disorders.



22.23.24.25
speech sound discrimination and auditory memory

span.for speech.26’27 It is generally recognized that

auditory. acuity. sound discrimination. and memory span are

essential to learning oral language. These studies and those

which follow are more thoroughly discussed in Chapter II.

One of the variables of an auditory stimulus is time. What

 

19Lee Edward Travis and Mildred G. Davis. "The Relation

Between Faulty Speech and the Lack of Certain Musical Talents."

Psychological Monographs. XXXVI. No. 2 (March. 1927). pp. 71-81.

zoSara M. Stinchfield. "Some Relationships Between Speech

Defects. Musical Ability. Scholastic Attainment. and Malad-

justment." uarterl Journal of Speech Education. XIII.

No. 3 (June. 19275. pp. 253-273.

21Howard Gilkinson. "The Seashore Measures of Musical

Talent and Speech Skill." Journal of A lied Psychology.

XXVII. No. 5 (October. 19u35. pp. EEEZE57"'

22Lee E. Travis and Bessie J. Rasmus. "The Speech Sound

Discrimination Ability of Cases With Functional Disorders of

Articulation." Quarterly Journal. Speech Education. XVII.

No. 2 (April. 19 1 . pp. 217-226.

23James A. Carrell. "The Etiology of Sound Substitution

Defects." Speech Monographs. IV. No. 1 (December. 1937).

pp. 17-37.

2“Ernest L. Kranvall and Charles F. Diehl. "The Rela-

tionship of Auditory Discrimination to Articulatory Defects

of Children With No Known Organic Impairment." Journal of

Speech pp; gearipg Disorders. XIX. No. 3 (September. I935).

25Mildred C. Templin. "A Study of Sound Discrimination

Ability of Elementary School Children." Journal pf Speech

Disorders. VIII. No. 2 (June. 1943). pp. 127-132.

26Virgil A. Anderson. "The Auditory Memory Span for

Speech Sounds." Speech Monograppy. V. No. 1 (December. 1938).

pp. 115-129.

27Ruth Watt Metraux. "Auditory Memory Span for Speech

Defective Children Compared With Normal Children." Journal

2; Speech Disorders. VII. No. 1 (March. 1942). pp. 33-36.



effect does the duration of an acoustic stimulus have on

Iauditory perception? Wever and Lawrence28 report Bekesy's

findings by stating. "Tones well above [intensity] threshold

show further that growth of loudness with duration practically

attains maximum at 0.2 sec." Munson29 found that a stimulus

with constant intensity increases in perceived loudness up

to 0.2 sec. or 0.3 sec.

Turnbull30 conducted an experiment requiring six sub-

jects to report the presence of "pitch" or "tonality" when

presented three different pure tones at 60 dB above threshold.

The time required to perceive pitch was 30 millisecond for

128 Hz. 10 millisecond for 1024 Hz and 20 millisecond for

8192 Hz.

Siegenthaler31 investigated the intelligibility of vowel

temporal segments presented from 15 to 20 seconds. Vowel

/1 / was most easily identified and /e / and /u / were most

difficult to identify.

 

28Ernest G. Wever and Merle Lawrence. P siolo ical

Acoustics (New Jersey: Princeton University Press. 1955).

P. e

29W. A. Munson. "Growth of Auditory Sensation." Journal

Acoustical Society p§.mmerica. XIX. No. 4 (July. 1947 .

pp. 1.

30William W. Turnbull. "Pitch Discrimination as a

Function of Tonal Duration." Journal of Ex erimental

Psychology. XXXIV. No. A (August. I9¢ET. pp. 552-5I3.

31Bruce M. Siegenthaler. "A Study of the Intelligibility

of Sustained vowels " uarterl Journal 2; Speech XXXVI.

No. 2 (April. 1950): W.- 8. '



Tiffany32 investigated recognition of vowel temporal

segments of 0.08. 0.2. 0.5 and 8.0 seconds. VOwel /e / and

/i / were most easily identified and /e / and /u / were most

difficult to identify.

Fairbanks and Grubb33 investigated recognition of 0.3

second vowel temporal segments. The most easily identified

were the /i / and. contrary to the above findings. the /u /

sound.

SchwartzBu studied thresholds of identification for

vowels as a function of their duration. stating. "...results

showed that mean sound pressure levels required for threshold

of identification varied inversely as a function of the

duration of the stimulus." This was true for each of the

vowels /i /. /n/. /m /. /o /. and /d / presented at five

temporal segments--32. 48. 6h. 80. and 96 millisecond--and

phonated by two speakers.

Gray35 reports a significant number of recognitions for

 

32William R. Tiffany. "VOwel Recognition Conditions."

Journal 9: Speech and Hearipg Disorders. XVIII. No. 3

(Sepeember. 9 pp. - 10

33Grant Fairbanks and Patti Grubb. "A Psychophysical

Investigation of vowel Formats." Journal Speech gpg Hearipg

Research. IV. No. 3 (September. 1961’. p . 203-219.

3“Martin F. Schwartz. "A Study of Thresholds of Identi-

fication for vowels as a Function of Their Duration." Journal

p§_Auditogy Research. III. No. 1 (January. 1963). pp. 57-32.

35Giles W. Gray. "Phonemic Microtomy: The Minimum

Duration of Perceptible S eech Sounds." Speech Monographs.

IX. No. 1 (December. l9h2 . pp. 75-90.



vowel temporal segments of 3 millisecond presented at 128 Hz

to 13 listeners. Peterson36 reports over 50 per cent recog-

nition of 3 millisecond vowel temporal segments presented at

86 Hz to 15 listeners. Yet Siegenthaler37 found only 52 per

cent recognition of vowels presented at 15 to 20 seconds to

1A expert listeners and 12 inexpert listeners. There were

no significant differences between expert and inexpert

listener scores.

PURPOSE OF THE STUDY

The purpose of this study is to determine the temporal

segment threshold required to recognize a vowel correctly.

A modified method of minimal change was used to attain the

vowel recognition threshold as a function of temporal seg-

mentation. The following questions were formulated to

define the problem:

1. What is the vowel temporal segment threshold

required to allow 50 per cent vowel recognition?

2. Are the vowel temporal segment recognition

thresholds the same for each vowel?

3. Are the vowel temporal segment recc 'ition

thresholds the same for each subjec

A. Are there an excessive subject learning or .

fatigue effects from the beginning to the end

of the experiment?

 

36Gordon E. Peterson. "The Significance of various

Portions of the Wave Length in the Minimum Duration Necessary

for Recognition of the vowel." (Unpublished Ph.D. Disser-

tation. Department of Speech. Louisiana State University.

1939).

37Siegenthaler. loc. cit.



5.

10

Is there a significant difference in the

thresholds of ascending and descending

presentation?

6. Are the recognition thresholds for cardinal

and non-cardinal vowels significantly different?

7. Are there any interrelationships among or

between the subjects. vowel series order. and

time presentation?

Question one will be answered by applying the method

suggested by Guilford38 to determine a limen when using the

method of minimal change.39 The mean of the series will

constitute the vowel temporal segment threshold.

The following null hypotheses will be tested to answer

questions 2. 3. A. 5. 6. and 7.

1. There is no significant difference between

each of the eleven vowel temporal segment

thresholds as obtained in this study.

There is no significant difference between

the six subjects' temporal segment thresholds

for the vowels as obtained in this study.

There is no significant differences between

the vowel temporal segment thresholds in the

first half of the series and second half of

the series presented to the subjects.

There is no significant differences between the

ascending series and descending series vowel

temporal segment thresholds.

There is no significant differences between the

cardinal and non-cardinal vowel temporal

segment thresholds.

There is no significant interaction between or

among the main effects of subject. vowel. series

order. and time presentation.

 

386u11f01‘d. 220 EL?" ppe 103-106.

39Ibid.. pp. 31-33.
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SIGNIFICANCE OF PROJECT

Certainly this investigation is akin to what is tradi-

tionally categorized as pure research. Determining the

minimum duration required to recognize a vowel correctly may

lead to defining the distinctive phonemic features as dis-

cussed by Jorgensen.”O Jorgensen writes. "Only when dis-

tinctive features have been phonetically defined for various

positions separately can we attempt to find a common denom-

inator." These minimum distinctive features may also

contribute to information concerning the differences between

allOphones. commonly a topic of the linguist in discussions

of close phonetic transcriptions. Light may be shed upon

the phonemic differences between languages or even within

languages such as the possible minute distinctive features

between homonyms. Admittedly. it has been hypothesized and

demonstrated that syntax is the key to lexical connotations

of homonyms. such as "there" and "their;" however. additional

identifying information may be revealed by minute differences

in the vowel complex periodic wave form.

41 states. "It should be observed. however. thatPeterson

techniques of just noticeable difference have not yet been

generally applied to the study of the acoustical properties

 

no ‘
‘ Sol Saporta. Psycholinguistics: g_Book of Readi

(New York: Holt. Rinehart and Winston. Inc.. 1961). p. 1A0.

ulGordon E. Peterson. "Acoustics of Speech. Part II."

Handbook pf_Speech Pathology. ed. Lee E. Travis (New York:

AppIeton-Century-Crofts. Inc.. 1957). p. 151.
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of actual speech. and the above method probably does not

approach the precision possible with JND techniques." Will-

fully. the present researcher endeavored to accomplish

precisely this. utilizing a modified method of minimal change.

Disregarding the initial and final vowel sound tran-

sients. virtually all the wave form variability is produced

within one cycle. Hence. the vowel recognition bearing

elements may be located within a single cycle. In fact.

researchers such as Schwartz42 and Gray43 attained 100 per

cent vowel recognition from their subjects with vowel stimuli

not possessing the initial or final transients. Thus. it

seems logical to think these vowel transients are not nec-

essary for vowel recognition. But it should be noted: this

does not mean the vowel transients play no part in vowel

identification. Also. it is recognized that slight vari-

ations in vowel production do not always change the word

meaning.4h For instance. in the United States a person from

the north can be understood by a native of the south even

though his vowel production differs. provided he eludes

colloquial terms.

Researchers have been striving to gain knowledge about

the several aspects of perception. Hopefully the results of

 

“ZSchwartz. loc. cit.

”BGray. loc. cit.

L”John S. Kenyon. American Pronunciation (Ann Arbor.

Michigan: George Wahr Publishing Company. 1950). p. 70.
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this study will be an additional stepping stone leading to

the formulation of diagnostic procedures useful to the speech

and hearing clinician. It may also be one of the building

blocks in developing a better understanding of the function

of phonemic structures in oral language.

DEFINITION OF TERMS

, Definition of the major terms employed in this study

are as follows:‘

1. Tips: Time is what is measured by a clock. Bindra

and Waksberg state. "Elasped time refers to

temporal durations as measured by standard clocks

...."45 A clock is a reliable cyclical phenomenon.

For example. the cyclical movement of a planet is

a clock. In fact. our time system on earth is

defined in terms of the cyclical rotation of this

planet. The day is divided into segments called

 milliseconds which are equal to IUUU—EHBUE 60 x 2n

= BETEUUTUUU of an average annual day duration.

One millisecond was the minimum time unit employed

in this exploration.

2. Freguency. Frequency of a periodic movement is

the number of times a cycle occurs in a second.

Therefore. if "T" is the period then f = 1/T

[cycle/sec.) or cycles per second (CPS). and also

 

uSDalbir Bindra and Helene Waksberg. "Methods and Term-

inalogy in Studies of Time Estimation." Psychological

fipllgpip" LIII. No. 2 (March. 1956). p. 157.
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designated by Hz. a more universal symbol.

Fundamental Frequenqy: The fundamental frequency

is "...that frequency whose period is equal to

that of the whole complex wave.“+6 In the

present study all vowels were vocalized with 125

Hz fundamental frequencies. The method for

attaining this required fundamental is described

in detail later in this report.

123g; Stimulus: A vowel sound is made up of a

complex periodic wave form. It refers to any of

the pure English vowels. /i /. /! /. /e /. /e /.

/./o /A/o /d /0 /O /o /O/o /U/o OT/u /1nthe

present study.

5. Vowel Tegporal gm; The vowel wave form is

made up of three temporal divisions: the initial

transient. the middle portion and the decay tran-

sient. The present study is concerned with short

segments taken from the middle portion of the

presented vowel. The 3232; temporal segments.

therefore. refer to a section of the wave form

taken from the middle portion of the vowel wave

form. These vowel temporal segments range from

2 millisecond to 210 millisecond presented in the

pilot studies and from h millisecond to 60 milli-

second presented in the major experiment.

 

#6
Hirsh. pp, cit.. p. 30.
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6. mp; Iemporal Segment Threshold p_r_ £121.22: This

refers to the shortest vowel temporal segment at

which the vowel can be recognized correctly 50 per

cent of the time when presented to the listeners

in a manner described within this study.

7. Recognition: For the purpose of this study a

vowel stimulus will be considered recognized when

the subject reSponds to the auditory stimulus by

writing the correct international phonetic symbol

for the auditory vowel stimulus presented to them

in a manner described in Chapter III of this report.

8. Psychophysical.Methods: They are procedures

encountered in the psychophysical sciences;

Guilford cites. "From the time of Fechner. psycho-

physics has been regarded as the science that

investigates the quantitative relationship between

physical events and correSponding psychological

events."u7 The method of minimal change was

modified to accommodate the stimuli employed in

this present study. The method of minimal change

and its modifications are described in detail

within the section devoted to procedures.

ORGANIZATION OF THE REPORT

Chapter I has introduced some of the research which

indicated the problems involved in determining the aspects

 

u7Guilford. pp. cit.. p. 20.
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of recOgnizing acoustic stimuli and in particular Speech

stimuli. The studies cited which deal with recognition of

vowel temporal segments indicate some controversies. and a

need to establish recognition thresholds as a function of

vowel temporal segmentation is warranted. Terms pertinent to

this study are defined.

Chapter II consists of a review of the literature

including studies that relate to pure tone acuity. memory

span. discrimination. and recognition as well as studies re-

lated to recognition of whole vowels and vowel temporal

segments.

Chapter III is divided into two major portions. apparatus

and procedures. in order to clarify the events. Special tech-

nical techniques will be discussed. Selection of listeners

and stimuli are discussed in the experimental procedures.

Chapter IV will contain a presentation of the results of

the statistical analysis. Appropriate charts and tables will

be presented to clarify the results. Also the method of

determining the limens will be thoroughly discussed. Dis-

cussion of the findings related to previous studies will also

be presented.

Chapter V will include a summary of the study and con-'

clusion which can be drawn from the results. Recommendations

for further research will also be formulated.

The Bibliography and Appendices containing the raw data

utilized in the analysis of variance and in attaining the

limens will make up the remainder of the study.



CHAPTER II

REVIEW OF THE LITERATURE

Licklider48 in an excellent discussion of Speech per-

ception divided the many aspects of the process into three

major operations: "...(1) translation of the speech signal

into form suitable for the nervous system. (2) identification

of discrete speech elements. and (3) comprehension of

meaning."

The first Operation is carried out by the auditory

receptor. The acoustic speech signal is transduced into

mechanical energy by the action of the tympanic membrane and

middle ear ossicles at the cochlear oval window. This signal

is transduced by the cochlear components into a signal suit-

able for the nervous system to accept. This first stage is

likened to a spectrograph. and Licklider cites researchers.

such as Bekesy. Hanks. and Fletcher. who support the theory

that the cochlea is an analyzer of the acoustic signal. It

is probably true that the spectrograph refines the acoustic

signal to a higher degree than the auditory receptor. The

second operation. a refining of the cochlear output. may be

 

l"8J. C. R. Licklider. "On the Process of Speech Per-

ception." Journal Acoustical Society 23 America. XXIV. No. 6

(November. 1952). pp. 590-59u.

1?
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analogous to a set of matched electronic filters that results

in a neural pattern being presented to the higher brain

centers. The third step. that of comprehension. appears to

involve a neural pattern of cross-correlation similar to the

function of the analogous electronic processes. Of course.

this last step presupposes the existence of a neural pattern

previously learned with which the different neural patterns

can be matched. Hebb"9 has developed a learning theory on

the creation of these neural patterns that he terms "cell

assemblies." His theory is also related to the knowledge of

how the neuron and synapse function. as well as the behavior

of persons with brain dysfunction.

FletcherjO has divided the perception of speech into

five major groups: interpretation. loudness. pitch. quality.

and tempo. The physical parameters of the acoustic speech

signal--intensity. frequency and time--are perceived by the

individual as loudness. pitch. quality and tempo aspects of

the speech signal. It is well recognized that meaning

attached to the neural patterns that have been transduced

physiologically from the acoustic speech signal is within

the beholder and not in the acoustic air born signa1.51 Yet.

 

ugDonald Olding Hebb. The Organization of Behavior: A

Neuro s cholo ical Theo (New York: Jo n WiIEy and Sons.

Inc.. I959). PP- 30-75

50Harvey Fletcher. Speech and Hearipg in Communication

(New York: D. Van NOrstrand Company. Inc.. 196IT: p. ix.

51John w. Black and Wilbur E. Moore. Speech Code.

Meani and communication (New York: McGraw-Hill Book

Caipm.Inno.. I9 53). pp. 126-127.
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it is also recognized that the acoustic speech signal must

carry variables that can be transduced by the auditory

mechanism into neural patterns interpreted by the person.

As StevensS2 states. "Clearly. the recognizability of the

intensity-frequency-time pattern parallels the intelligibility

of speech." Petersons3 supports this by stating. "As sug-

gested previously. when the significant dimensions of this

phonetic space have been properly identified. the phonetic

value of any vowel can be Specified quantitatively in these

(physical) dimensions." Many researchers have manipulated

the acoustic signals attempting to determine the amount of

modification required to cause the lack of sensation or

misinterpretation of the auditory stimulus. The acoustic

signals have been modified by varying the intensities.

frequencies and temporal dimensions separately or in various

combinations to determine their effect upon human perception.

MAJOR STUDIES PROBING THE AUDITORY

LIMITS OF SINUSIODAL STIMULI

Obviously. auditory intensity thresholds are important

to recognition of the acoustic speech signal. The intensity

thresholds of the human ear were reported by Sivian and

54
White. The measurements were taken in a specially con-

 

523. 8. Stevens. Handbook of ggperimental Ps%chologz

(New York: John Wiley SEE Sons. Inc.. . p. 59.

53Gordon Peterson. "The Phonetic Value of VOwels."

Eggggggg. XXVII. No. # (1951). p. 5h3.

suSivian and White. loc. cit.
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structed sound absorbant room. called the "sound stage."

The free field binaural measurements indicated the sensi-

tivity to be greatest at -10 dB (re: 0.0002 dyne/cmz) for

3000 to 4000 Hz averaged over 22 ears. The sensitivity of

the ears progressively decreased as the frequencies varied

from these most sensitive frequencies to 20 dB (re: 0.0002

dyne/cmz) for 1800 Hz and #4 dB (re: 0.0002 dyne/cmz) for

60 Hz.

55
Stevens and Davis reported the ear to be most sen-

sitive at 2000 Hz and capable of distinguishing 1500 Just

noticeable differences in pitch and 325 Just noticeable

differences in loudness.

In 1905. Titchners6 determined the threshold of audible

pitch to be 14.5 Hz. The method of minimal change was em-

ployed. and tones ranging from 25 Hz to 7 Hz were presented

in six ascending and six descending series to the observer.

The results of this study were confirmed by Wever and Bray57

in an extensive experiment utilizing a pistonphone as the

sound source. They report that acoustic energy begins to

"sound rough" as the frequency falls below 100 Hz. At 30 Hz

 

558. 8. Stevens and Howell Davis. Heari : Its Ps -

cholo and Physiology (New York: John Wi ey and Sons. Inc..

19335. Po 59.

56Edward Bradford Titchner. erimental Ps cholo .

Quantitative (New York: Macmillian. 19055. p. 3.

57E. c. wever and c. w. Bray. "The Perception of Low

Tones and the Resonance-VOlley Theory." Journal 2; Psychology.

III. No. 1 (January. 1937). pp. 101-11".
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the stimulus changed to intermittence. and at about 15 Hz

the sense of pitch ceased to exist. Wever and Lawrence58

cite research demonstrating that tones well above threshold

increase in loudness with increase in presentation time up

to 0.2 second. MunsonS9 reported a perception of increased

loudness as the presentation of a sinusoidal tone increases

up to 0.2 or 0.3 second depending upon the frequency. A

short exposure to a tone raises the threshold momentarily.

Rawnsley and Harris60 demonstrated this fatigue phenomenon in

1952. If a listener is presented with a tone well above

threshold for 300 milliseconds and then. after a silent

period of 80 milliseconds. the threshold will have shifted--

the auditory mechanism is less sensitive to the tone presented.

The more intense the initial presentation. the greater will

be the threshold shift for the second presentation. However.

fatigue recovery takes place when the silent period is about

0.5 sec. When the interval between stimuli is at least one

second. there is no need to be concerned with this threshold

shift.

Relation of {ure Ione.Acuity to Speech: A significant rela-

tionship between pure tone acuity and ability to articulate

 

58Wever and Lawrence. loc. cit.

59Munson. loc. cit.

60Anita I. Hawnsley and J. Donald Harris. "Studies in

Short Duration.Auditory Fatigue: II Recovery Time." Journal

2; erimental Psychology. XLIII. No. 2 (February. I952}.

pp. 1EB-152.
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61 They investigatedspeech was reported by Travis and Davis.

three groups of speakers: those with excellent Speech. those

with fair speech. and those with defective poor speech. All

subjects had normal hearing. but those in the poor speech

group had significantly higher intensity thresholds when

administered "the Seashore Measures of Musical Talent." This

62
same test was used by Gilkinson and Stinchfield.63 but they

failed to support the findings of Travis and Davis.

Sullivanéu conducted a hearing survey of Minneapolis

school children whose intensity thresholds were 10 dB below

normal sensitivity. She found that 18.8 per cent of the

children without speech defects and 22.2 per cent of the

children with Speech defects fell into this category. The

difference does not seem to be significant. Hall65 and

Mass66 also found no significant difference in hearing acuity

between those with and those without Speech defects who had

hearing within the normal limits.

Speech Sound Discrimination: Travis and Rasmus67 reported

Significant differences between persons with speech defects

 

61

62

Travis and Davis. 100. cit.

Gilkinson. loc. cit.

638tinchfield. loc. cit.

64Sullivan. loo. cit.

65Ha11. loc. cit.

66Darrel J. Mase. Etiolo 23 Articulatory Speech

Defects (New York: Teachers College. Columbia University. 1946).

67Travis and Rasmus. loo. cit.
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and those without speech defects in their ability to discrim-

inate syllables that sounded alike. Templin68 developed a

discrimination test that differentiated between children with

and without speech defects. Kronvall and Diehl69 in 1954

confirmed these findings. Carre11.7° Hali.71 Hansen.72 and

Mase73 did not find that children with articulation defects

differed in their ability to discriminate Speech syllables

from those children without articulation defects. Spriestersbach

and Curtis71+ directed Anderson in a study in 19h9. the results

indicated the ability to discriminate "s" sounds was difficult

for those having "s" problems. They suggested that general

discrimination of sounds may not be as Significant as the

person's ability to discriminate the particular sound with

which he has difficulty.

Studies Related to Auditorygferception as a Function of Time:

Turnbull75 first used intensity as the independent variable

 

68Templin. loc. cit.

69Kronvall and Diehl. loc. cit.

7OCarrell. loc. cit.

71Ha11. loc. cit.

72Burrell F. Hansen. "The Application of Sound Discrim-

ination Tests to Functional Articulatory Defectives With

Normal Hearing." Journal 9: Speech Disorders. IX. No. a (l94h).

73Mase. loc. cit.

7“D. C. Spriestersbach and James F. Curtis. "Misarticu-

lation and Discrimination of Speech Sounds." Quarterly Journal

2; Speech. XXXVII. No. 4 (December. 1951). pp. - 91.

75Turnbull. loc. cit.
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and adjusted duration in order to determine the minimum

number of vibrations needed to produce a sound judged by the

subject to have "pitch" or "tonality." Others. Bode. 1907:

Buerck. Kotowski. Lichte. and Kuchorski. 1905. are reported

by Turnbull to have established the threshold of perceiving

"pitch or tonality" at 2 to 15 cycles. This agreed with his

finding of from 2.7 to 17.? cycles as that required to iden-

tify pitch. Six subjects were presented three different

tones 128. 1024. and 8192 Hz at 60 dB above sensation level.

A second experiment was conducted in which the intensity as

well as the duration were varied. In this way he demonstrated

that perception was a function of the products of intensity

and duration: that is. as intensity increases. the duration

threshold decreases: and as the duration is decreased. it is

necessary to increase the intensity to establish the threshold.

Perception of pitch is not affected by durational changes

when the signal is presented at 60 dB above normal sensation

level. Small. Brandt. and Cox76 investigated loudness of

noise (a flat Spectrum up to 20,000 Hz) as a function of

duration. The psychophysical method of adjustment was

initiated by asking twelve college students to match the

loudness of the variable stimuli to the standard stimulus by

increasing or decreasing the sensation level. The standard

stimuli were presented at 500 milliseconds and at three

 

76Arnold M. Small Jr.. John F. Brandt. and Phillip G.

Cox. "Loudness as a Function of Signal Duration." Journal

Acoustical Society g£_America. XXXIV. No. b (April. 1932).

PP. 515-51“.
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sensation levels 10. 35 and 60 dB. The durations of the

variable ranged from 1 sec. to 4 milliseconds. It was neces-

sary for the subjects to increase the loudness level of a 10

dB signal presented for less than 0.05 sec. to attain equal

loudness. It was also necessary for the subjects to increase

the loudness level of a 60 dB Signal presented for less than

0.15 millisecond to attain equal loudness. "For durations

Shorter than this critical duration it was necessary for the

subjects to increase the level of the short Signal in order

that it remain equally loud as the standard."

THE PERCEPTUAL EFFECT OF MODIFYING THE ACOUSTIC

VOWEL SIGNAL

Fletcher77 studied the recognizability of vowels when

the upper or lower frequencies were filtered out of the

complex vowel Signal. The percentage of recognition de-

creased when the vowel signals were filtered either from the

high frequencies down or the low frequencies up. Only the

/1 / vowel was recognized 98 per cent of the time when the

frequencies above or below 1700 Hz were allowed to pass.

This can be interpreted to mean that there are elements on

either side of 1700 Hz that allow identification of the vowel

/i /. Recognition of the other vowels begins to decrease at

a point just above the second formant for low pass filtering.

High pass filtering causes recognition to decrease at a point

just below the first formant for each vowel. Some of the

 

77Fletcher. gp. 9_1_1_:_.. pp. his-#20.
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vowels have discriminative characteristics that extended

through out the frequency range. and others have character-

istics that are localized in a limited frequency range.

Miller and Lichlider78 filtered on going Speech and reported

equal amounts of recognition of Speech on either side of

1900 Hz.

Stevens and House79 found that vowel formant variability

differed from vowel to vowel in running Speech. but there

were certain trends. The variability of formant one is

higher for vowels with a high first formant. The variability

of second formants is highest for rounded vowels. They

suggested that the articulators may undershoot their vowel

target in a consonant environment. Lindbloom.80 in discussing

the undershooting of the articulators in producing a vowel

in a consonant environment. relates this to duration. He

suggests that with longer vowels there is less tendency for

the articulators to miss their target in producing the vowel.

81
Peterson and Lehiste analyzed spectrograms in a study of

 

78G. A. Miller and J. C. R. Lichlider. "The Perception

of Speech." Handbook of erimental PS cholo . ed. 3. 8.

Stevens (New York: 3653 W ey a one. . pp. 1000-107h.

79Kenneth N. Stevens and Arthur 8. House. "Perturbation

of vowel Articulations by Consonantal Context: An Acoustical

Study." Journal of Speech and Hearipg Research. VI. No. 2

(June. 1965). ppT—lll-lz .

80B. Lindblon. "Spectrographic Study of vowel Reduction."

WA madman“. XXXVI. No. 11 (November.

1 3 , p. l 5.

81
Kenneth Stevens. "Effect of Duration upon wael

Identification." Journal Acoustical Society p£_America. XXXI.

No. 1 (January. 1959). . 109.
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the duration of vowels. They concluded that duration of all

vowels in English is affected by the nature of the consonants

that follow. The vowel is shortest when followed by a voice-

less consonant. Therefore. in terms of the last three studies.

we may expect the articulators to be more on the vowel target

when the vowel precedes a voiced rather than a voiceless

consonant.

Stevens82 utilized a Speech synthesizer to investigate

the effect of duration upon vowel identification. He pre-

sented four front vowels and four back vowels with durations

varying from 20 to 500 milliseconds. The /1 / and /; / were

only slightly affected by duration when presented in a

consonant-vowel-consonant environment. Yet. the /u / and

/u / were strongly affected by duration.

Fry83 synthesized these words: object. subject. digest.

contract and permit. Each of these words become nouns or

verbs depending upon the point of stress. Both noun and verb

forms were recorded by adjusting the duration and stress

points. These words were then analyzed from spectrograms.

The vowel segments showed the major differences in stress

with duration being the most effective cue for stress.

 

82Kenneth Stevens. "Effect of Duration upon VOwel

Identification." Journal Acoustical Society 92 America.

XXXI. No. 1 (January. I959). p. 159.

83D. B. Fry. "Duration and Intensity as Physical

Correlates of Linguistic Stress." Journal Acoustical Society

2!. £2222- xxvn. No. a (July. 19'5'5'7."'p'p'.—6'75W;.
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Broadbent. Ladefoged. and Lawrenceah presented a synthe-

sized carrier phrase with three different final wordS--bet.

bit. and bat--to two groups of fifteen listeners. The carrier

phrases were made to differ in format frequencies. The

first group received the stimulus word with no delay between

the carrier phrase and stimulus word. but there was a 10 sec.

delay between the carrier phrase and the stimulus words pre-

sented to the second group. Fourteen of the first group

reported hearing different stimulus words and only seven in

the second group reported hearing different stimulus words.

They suggest their results indicate that speech patterns

immediately preceding the stimulus word influence the per-

ception of the stimulus words.

The intensity relationships between vowels were inves-

tigated by Curry.85 He found the intensities ranged from

lowest to highest as follows: / I/, /i /, /Rr/, /a./, /u /,

/A /. /8/. /0 /. and /O /. The /o/ was recorded at 3.90

dB (SPL) greater than /1 /. He suggests that some factor

unique to each vowel. in addition to intensity. makes the

identification of each vowel possible.

86
Schwartz experimented with recognition of the vowel

 

8”D. E. Broadbent. Peter Ladefoged. and W. Lawrence.

"vowel Sounds and Perceptual Constancy." Nature. CLXXVIII.

No. 4537 (October. 1956). pp. 815-816.

85Thayer E. Curry. "An Experimental Study of the Relative

Identification Thresholds of Nine American Vowels." Speech

Monographs. XVII. No. 1 (December. 1950). pp. 90-94.

86Schwartz. loc. cit.
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as a function of intensity and time. Five temporal segments:

32. 48. 64, 80 and 96 milliseconds of the vowels:/i /, /11/,

As /. /a>/. and /d / were phonated by two Speakers. The mean

sound pressure levels required for thresholds of vowel identi-

fication varied inversely as function of the duration of the

stimulus up to a limit.

Tiffany87 presented the /s /. /i /, /e / and /u / to 18

listeners at four temporal segments: 0.08. 0.2. 0.5 and 8.0

seconds. Four speakers phonated each vowel twice. once with

inflection and once without inflection. The inflected vowels

were most easily identified. Although he had difficulty

recording and standardizing the vowel sounds. he reports the

Short vowels were more easily identified at shorter durations

and the longer vowels were more easily identified at longer

durations.

Extensive Speed changes in reproducing recorded Speech

brings about degeneration of vowel intelligibility.88 Intel-

ligibility of vowels when the playback speed was decreased

.was investigated by Tiffany and Bennett.89 Knowing that the

vowel frequencies would be lowered under this condition. they

hoped the individuals with high frequency hearing loss would

gain more information from this Speech signal. They concluded

 

87Tiffany. 100. cit.

88Peterson. Acoustics pf Speech. p. 151.

89William R. Tiffany and Delmond N. Bennett. "Intelli-

gibility of Slow Played Speech. " Journal of S eech and

Hearipg Research. IV. No. 3 (September.1911 . pp. 248-258.
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satisfactory results and recommended further exploration of

this procedure.

The duration of homophones was studied by Oyer.90 Homo-

phones with the same number of letters tended to be equal in

duration. When the Spelling of the homophones differed by

one or two letters. durations were not as frequently Sig-

nificantly related.

91
Peterson and Barney recorded 33 men. 28 women. and 15

children phonating the following words: heed. hid. head. had.

had. hawed. hood. who'd. hud. and heard. The total number

of recorded stimulus words was 1520. The first formant was

plotted as a function of the second formant for men. women

and children forming distinct configurations for each group.

For each group the configuration was raised proportionately

on the graph. This indicated that the relationships between

the first and second formants held relatively constant for

each group. These stimulus words were presented to seventy

adults in a free field manner in an auditorium. Correct

recognition of the word was also tabulated as correct recog-

nition of the vowel. The correct vowel recognition scores

out of 152 presentations were as follows: /i /. 143. 95 per

cent: /1 /. 74. 49 per cent: /5 /. 52. 34 per cent: /0 /.

 

90Herbert J. Oyer. "Duration of Homophones." Western

Speech. XXIII. Nb. 2 (Spring. 1959). pp. 99-102.

91Gordon E. Peterson and Harold L. Barney. "Control

Methods Used in the Study of waels." Journal Acoustical

Society p§_America. XXIV. No. 2 (March. 1952). pp. 175-184.
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115. 76 per cent: /a /. 76. 50 per cent: /a /. 9. 6 per cent:

/o/. 34. 22 per cent: /u /. 76. 50 per cent. and /u /. 109.

72 per cent. When a vowel was incorrectly recognized. the

vowel was usually preceived as the sound adjacent to it on

the familiar tongue position graphs. The ease with which the

observers classified the various vowels varied greatly.

Fairbanks and Grubb92 presented 0.3 sec. temporal seg-

ments of nine vowels to eight young graduate students. These

vowels were meticulously recorded by seven male professors

from the Department of Speech. They were allowed to record

each vowel until the speaker was satisfied that his segmented

samples were typical of general American production of the

vowel. The authors state. "It is plain that the samples were

characterized by generally high identifiability." They

attained 74 per cent recognition over all vowels. and indi-

vidual vowels ranged from 53 per cent to 92 per cent correctly

recognized. Those most easily identified were /i / and /u./.

Those most difficult to identify were /1 / and /d /. The

vowel identifications tended to be greatest for those vowel

temporal segments the Speakers preferred. The variability of

the formants tended to be less for the speaker's preferred

vowel temporal segment.

An interesting experiment with vowel segments sustained

93
for 15 to 20 sec. was conducted by Siegenthaler. Recordings

 

92Fairbanks and Grubb. loc. cit.

93Siegenthaler. loc. t.2...
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of four male Speakers sustaining ten different vowels were

presented to fourteen expert and twelve inexpert listeners.

A 128 Hz tone was presented to them. and they were asked to

match their phonated pitch to the tone in order to standardize

the pitch. The middle section of the tape stimulus was cut

from the vowel tape to eliminate the initial and final tran-

sients. He found no significant difference between expert

and inexpert listeners who were able to identify correctly

only 52 per cent of the sustained vowels. The /i / was most

easily identified. and /e:/ and /u / were most difficult to

identify.

Gemelli and Pastorigu compared oscillograms of isolated

vowels with oscillograms of vowels in context. They dis-

covered. by visual inspection. a minimum isolated vowel

configuration of two wave lengths within the vowel in-context

oscillograms. Since their research was designed to determine.

by visual inSpection of the oscillograms. the duration of the

isolated vowel sound void of influencing adjacent sound.

there is no evidence to support their hypothesis dealing with

duration thresholds for aural vowel identification. Although

they hypothesized that two wave lengths are required to

perceive a vowel aurally. they could have more correctly hy-

pothesized as follows: Two wave lengths is the minimal dis-

tance of an isolated vowel configuration identified on the

 

94A. Gemelli and G. Pastori. "La durata.minuma delle

vocali sufficienti alla loro percegione." (The Minimum

Duration of vowels Sufficient to Assure Their Perce tion."

.Archovio g; Fisiologia. XXXIII. No. 3 (1934). pp. 4 0-452.
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oscillogram of a vocalized vowel produced in context.

A thorough search of the literature revealed only two

experimental studies directly concerned with recognition

thresholds of vowels as a function of temporal segmentation.

Therefore. they will both be discussed in detail. Gray95

conducted the only true experiment Specifically designed to

establish the recognition thresholds of vowels as a function

of temporal segmentation in 1939. and it was reported in the

literature in 1942. The second study was Peterson's96 dis-

sertation that was directed by Gray in 1939. He attempted

to determine which segment of a vowel wave form cycle is

most easily identified using vowel temporal segments as Short

as Gray had found to be the minimum temporal segment necessary

for vowel recognition.

Gray97 utilized three Speakers. one male and two female

voices. to present eleven vowels to fifteen listeners. The

vowel sounds were prolonged by the speaker while a swinging

pendulum tripped the on and off switches attaining twelve

different duration temporal segments of each vowel ranging

from 52 milliseconds to 3 milliseconds. The ingenious switching

consisted of a pendulum that swung from a fixed point striking

toggles of two switches. The first switch closed the Signal

circuit when the toggle was struck and the second switch

 

95Gray. loc. cit.

96Petersonw'Significance for Recognition of the vowel."

97Gray. loc. cit.
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opened the circuit when actuated by the pendulum. The

elapsed time between the actuating of the switches determined

the length of time the Signal was allowed to pass to the loud

speaker. The different intervals were attained by lengthening

the distance between switches and measuring the signal interval

with a timing mechanism. The Speakers vocalized the vowel

for each stimulus presentation: this may have caused a wide

variety in the wave form of the vowels. Also. the listeners

were seated in a classroom where the stimulus was reproduced

through a loud Speaker. But no mention of loudness level or

monitoring of the vowel quality was reported in the article.

The Speakers attempted to match the Six different vowel fun-

damental frequencies to pure tones presented to their ear.

This was no verification that the vowel produced actually had

the required fundamental frequency. Furthermore. the vowels

were not recorded and could not be analyzed at a later date.

Some of Gray's findings that appear pertinent to the

present research are as follows:

1. The minimal perception temporal segments were not

the same for all English vowel sounds.

2. Individual differences in ability to recognize

the temporal segments exist among subjects.

3. When the cycle length was computed from the data.

a significant number of stimuli were identified

when less than one complete cycle of the fundamental

frequency was present. And 0.24 cycle was correctly

identified by two listeners. but recognitions at
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0.384 and 0.64 cycle were frequent.

4. Recognition of the vowel at extremely short inter-

vals seems to depend upon the proximity of the

pitch to the normal medial pitch of the voice: 128

Hz for the male voice and 256 Hz for the female

voice.

Peterson?8 conducted a follow up study to Gray's exper-

iment by investigating the possible Significance of various

portions of the wave length presented to listeners at the

minimum duration necessary for the recognition of vowel

sounds. This dissertation was directed by Gray at the

Louisiana State University and conducted in two parts.

The ingenious pendulum switching mechanism reported by

Gray99 was described in great detail by Peterson. This

included a description of the use of a dummy impedance approx-

imately equivalent to the loud speaker impedance. This

impedance was switched off when the vowel Signal was turned

on and switched on when the vowel Signal was turned off

providing a constant impedance to the amplifier. This pre-

vented "...the initial distortion of the sound which would

result if the amplifier were switched to the speaker from a

100
load of a different value." A cathode ray oscillograph

was added to the system permitting pictoral recording of the

 

98Peterson. loc. cit.

99Gray. loc. cit.

100Peterson. pp, cit.. p. 32.
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vowel temporal segments.

The experiments were conducted in three rooms: one for

the male speaker. one for the listeners and switching mech-

anism. and a dark room housing the oscillograph. An elab-

orate system of hand and light signals was devised to coor-

dinate the efforts of various people who were employed to

actuate the equipment in the three rooms. The vowel signal

from the amplifier was sent to the switching mechanism and

the required temporal segment was reproduced by the loud

Speaker. The cathode ray oscillograph received the signal

from a point in the circuit just prior to entering the loud

speaker.

Peterson attempted to take the vowel Signal from the

loud Speaker by placing the oscillograph microphone in front

of the speaker. But as he states. "Several photographs were

made using the short sound from the Speaker. The resulting

curves showed the sounds at the required short intervals.

but extremely small additional vibrations distorted the axis.

making accurate calculation of the time interval impossible.

The source of this disturbance was never determined."101

This disturbing Signal was thought to be due to reverberation

or building noise.

Eight vowels /i/. /x /. /c /. /o/. /a/. /o /. /u/.

and /u./ were prolonged by one male speaker with a fundamental

frequency of 96 Hz in the first study. The method employed

 

1011mm. p. 41.
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to attain the required vowel fundamental was not reported.

Each vowel segment was presented randomly in five series.

One of the vowel segments was repeated in each series but

not measured in an effort to confound listener guessing

possibilities. The temporal segment for the first study was

3.59 milliseconds.

In the second study Six vowels were reproduced from a

prerecorded disc record. The /x / and /v / were deleted

from the stimuli. The vowels were then chopped into 3.1

milliseconds segments for random order presentation to

fifteen listeners. The /a / vowel segments were presented

eight times and the /0 / vowel segments nine times in a

random order along with the other four vowels. The /a / and

/o / segments were recognized by the fifteen subjects 51.7

per cent of the time in the second study. The first

study yielded 46 per cent recognition of all vowels. Based

on the second study evidence Peterson102 in his dissertation

concludes. "Gray found considerable recognition at .003 of

a second. giving .24 of a cycle: in the present investigation.

over 50 per cent recognition was obtained at an interval of

.0031 of a second. giving approximately .298 of a cycle."

In regard to the significance of various portions of

the wave length at the required temporal segments. there was

no statistical significance and he reported the following:

"It is obviously beyond the scope of this study to determine

whether segments coming from one general section of the cycle

 

102Ibid.. p. 91.
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are Senerally recognized more easily than others,n103

SUMMARY

The dimensions of the acoustic signals have been

investigated by many researchers in an attempt to determine

the acoustic parameters which contribute to the function of

human auditory speech perception. It has been demonstrated

that reduction of intensity or duration may affect recog-

nition of the speech signal. as well as the recognition of

pitch. Studies have also indicated that intensity levels

required for vowel recognition or perception of pitch varied

inversely as a function of the duration of the stimulus.

That is to say. for a vowel to be recognized or a pitch to be

perceived. it was necessary to increase the intensity when

the duration was decreased; and. conversely. it was necessary

to increase the duration when the intensity was decreased.

However. the stimulus duration has little effect upon per-

ception of auditory signals above 60 dB (SPL). The relation-

ship of the formant frequencies and especially the relation-

ship between the first and second formants contribute appreci-

ably to the recognition of the Speech signal. The vowel

formant frequencies differ depending upon the duration of the

vowel in running speech. This latter finding has been

attributed to possible undershooting of the vowel target by

the tongue when the vowel is produced in a consonant envir-

onment. The vowel duration is affected by the voicing or

 

1°3121d.. p. 83
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non-voicing of the consonant which follows it: the vowel

duration is longer when followed by a voiced consonant.

vowels that are later judged by the speaker to be most rep-

resentative of the intended vowel are also recognized most

easily by other listeners. The vowels that are preferred by

the speaker also Show 1088 frequency formant dispersion on

graphs representing first formants plotted against second

formants. One study indicated that vowel recognition is

also affected adversely by prolonging the vowel sound for 15

to 20 sec.

Although the phonetic dimensions of a vowel have not

been precisely determined. most of the researchers would

agree that there is a phonetic dimension for each vowel: and

as Peterson;°u states "...when the significant dimensions of

this phonetic space have been properly identified. the

phonetic value of any vowel can be specified quantitatively

.in these dimensions." One of the major variables in the

perception of Speech is that of duration. The vowel recog-

nition threshold. as a function of temporal segmentation.

was investigated by two researchers. Both used the same

mechanically actuated switching mechanism to take a section

from vowels at the desired length. The control of uniform

fundamental frequencies. as well as the intensity. were

lacking in these experiments. The first study by Gray.

established the vowel recognition threshold at 3 milliseconds

 

1°“Peterson. "Phonetic Value of vowels.” P- 543:
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for vowels with a fundamental of 128 Hz. The second exper-

iment failed to attain 46 per cent recognition at 3.1 milli-

seconds when eight vowels were presented to the listeners.

A second part to the experiment employing only two of the

vowels did yield a 51 per cent recognition threshold when

presented vowel temporal segments of 3 milliseconds.

Fairbanks1°5 referred to this study by stating "Gordon

Peterson. in 1939. did a study on the minimum duration

required for vowel recognition and found the value to be as

low as 5 milliseconds. From these studies we come out with

an average representative value of about 5 milliseconds for

duration up to a reapectable maximum.as high as 200 milli-

seconds. We realize now that the prior guessing probability

of the Peterson study is very high so that the minimum value

derived from that study has to be reviewed in that sense.”

 

10SGrant Fairbanks. " erimental Phonetics: Selected

Articles." (Urbana and Longon: Ufiiversity of Illinois Press.



CHAPTER III

EXPERIMENTAL APPARATUS AND PROCEDURES

The experimental procedures divide into four major

phases: 1) recording and validating the basic vowel sounds.

2) chopping the basic vowel signals into short temporal vowel

segments and recording these stimuli. 3) randomizing the

stimuli. and 4) presenting the randomized vowel temporal

segments to the listeners. To lessen the confusion brought

about by discussion of the apparatus and techniques when

intermingled with the procedures. this chapter is divided

into two sections entitled Apparatus and Procedures.

Appgyatus:

The following equipment was employed in the four phases

of the experimental procedure:

1. Recorder I (Model AG 350-2. Ampex)

2. Recorder 11 (Model 1022. Magnecord)

Z. Oscilloscope I (Model 0-9 Heath Kit)

. Oscilloscope II (Model 502A Dual-Beam. Tektronix.

Inc.

5. Oscilloscope III (Model 564 with type 3A72 and

2367 time and sensitivity plug in units.

Tektronic . Inc . )

6. Low frequency oscillator (Model 202C. Hulett

‘ Packard)

7. Polaroid Land Camera (Model 12C. Tektronix. Inc.)

8. Electronic switch (Model 8293. Grason-Stadler)

9. Digital Counter (Model 373A. Hulett Packard)

10. Audiometer filter (Model 25. Allison Laboratories.

Inc.

11. Power supply (Model 160A. Tektronix. Inc.)

12. Wave form generator (Model 162. Tektronix. Inc.)

41
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1 . Two pulse generators (Model 161. Tektronix. Inc.)

1 . Magnetic recording tapes (Low pring type 131.

Scotch Brand)

15. Sound Treated Room (Model 10-1304. Industrial

Acoustics Company. Inc.)

16. Double Wall Sound Treated Room (Model 10-1052.

Industrial Acoustics Company. Inc.)

1?. Artificial Ear (Model 4152. Bruel and Kjaer)

18. Sound Pressure Level Meter (Model 2203. Bruel

. and Kjaer)

l9. Earphones (Model TDH-39. Telephonics)

Instrumentation for Recordipg Basic yowel Lpppp:

Attaining the basic vowel tape loops was one of the

major tasks undertaken. Undistorted. recognizable vowels

with fundamental frequencies of 125 Hz were desired. A

technique utilizing an oscilloscope Lissajous figure was the

most successful. This common electronic technique enables a

sinusoidal wave frequency to be measured very accurately by

comparing the unknown frequency sinusoidal wave with a known

frequency sinusoidal wave. The known frequency Sinusoidal

wave is applied to either the horizontal or vertical input

of an oscilloscope. and the unknown frequency sinusoidal wave

is applied to the opposite input. When the frequency source

of the known signal is adjusted to match the unknown frequency.

a stable Lissajous circumference is observed on the oscillo-

scope.

When a vowel signal from an amplifier is filtered

through a high cut-off filter. it can be adjusted to allow

only the fundamental frequency to pass. This filtered signal

can then be fed to the oscilloscope horizontal input and

treated as the unknown frequency in the above discussion.

By adjusting the audio oscillator output to match the fre—
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quency emitted from the filter. a stable Lissajous circum-

ference is observed on the screen. The frequency then read

from the oscillator would correspond to the vowel fundamental

frequency. Therefore. to attain a vowel with a particular

fundamental frequency. the oscillator signal is set at the

frequency desired and the vocalization is varied to produce

the stable Lissajous circumference. To attain a 125 Hz vowel

fundamental in this present study. a 125 Hz oscillator signal

was applied to the horizontal input of oscilloscope II. The

speaker then varied the tone of the vowel: and when the

filtered vowel signal--also the fundamental--attained 125 Hz.

a stable Lissajous circumference was observed on the screen.

When an audio signal also is presented to the speaker through

earphones. as the block diagram in Figure 1 indicates. satis-

factory results was obtained.

Pictures of the vowel signal and the 125 Hz pure tone

were taken with the polaroid camera attached to oscilloscope

I. The radical or screen grid brightness was adjusted to

its highest point. The camera settings were f/5.6 and shutter

speed of 1/25 of a second. The shutter was then actuated to

obtain a picture of the grid. Next. the grid brightness was

decreased to its lowest point. With the Schmitt trigger

placed in normal position. the time base set at 2 milliseconds

per em.. and the sensitivity set at 0.5 volt per cm.. the

trigger level was set to allow one vowel signal to flash on

the screen. The camera shutter speed was then changed to

position B and the shutter held open while the trigger was
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placed in ready position. When the voltage of the signal

reached the level of the trigger. one trace of the pure tone

wave and vowel wave form was flashed on the screen and re-

corded on the film over the radical previously exposed. The

shutter was then released and the picture egressed from the

cameras. The picture was then inspected for possible dis-

tortion and correct frequency.

Instrumentation fog fiegentipg pasic Vowel aignal:

The equipment for segmenting the vowels was selected to

 

accomplish the following:

1. Ability to select any point from zero time to

unity of the total vowel signal as the initial

‘ or final chopping point.

2. Provision of an electronic switch with minimum

switching transients.

3. Ability to inspect visually and measure the wave

form of the short vowel segment before recording

it.

4. Control of the intensity to provide uniformity

of intensities.

The following equipment was selected to satisfy the

above requirements:

1. Dual channel storage oscilloscope III (Model 564

with type 3A72 and 2B6? time and sensitivity

plug in units. Tektronix. Inc.)

2. Electronic switch (Model 8293. Grason-Stadler)

3. Wave form generator (Model 162. Tektronix. Inc.)

4. Two pulse generators (Model 161. Tektronix. Inc.)

5. Power supply (Model 160A. Tektronix. Inc.)

6. Recorder I (Model AG 350-2. Ampex)

7. Recorder II (Model 1022. Magnecord)

8. Low frequency oscillator (Model 2020. Hulett Packard)

9. Magnetic recording tape. low print (type 131.

Scotch Brand)

The Tektronix. 160A. 161 and 162 series instruments are

designed specifically to supply pulse signals having ad-

justable amplitude and duration. For the present study the
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amplitude and duration of these pulses were not crucial:

however. the time elapsed between the pulses from the two

pulse generators 161(a) and 161(b) was crucial. It was

necessary to adjust the amplitude to 50 volts having a pulse

width of 1 millisecond to actuate the electronic switch. The

crucial controls for this study were the pulse delay adjust-

ments (Figure 2). These controls actually varied the re-

quired trigger voltage needed to produce an output pulse.

The wave form generator 162 was capable of producing a saw-

tooth signal with periods varying from 1 millisecond to

10.000 milliseconds. This negative sawtooth signal had a

uniform slope from the beginning to the end of its period.

With pulse generator 161(a) delay set at a relatively low

trigger level and pulse generator 161(b) delay set at a

relatively higher trigger level. the slope of the sawtooth

wave could determine the time interval between the output of

these two pulse generators. Also. with the period of the

sawtooth wave form generator 162 set at 0. 5 second. the

trigger voltage level of either pulse generator could be

adjusted to pulse at any point along the variable voltage of

the sawtooth slope. When the trigger level of pulse generator

161(a) was adjusted to actuate its output pulse at the lowest

voltage on the sawtooth slope and when the trigger level of

pulse generator 161(b) was adjusted to pulse at the highest

voltage on the sawtooth slope. the time interval between the

two pulses was 0.5 second. By increasing the trigger level

of pulse generator 161(b) and decreasing the trigger level
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of pulse generator 161(a) the interval could be adjusted from

0.5 second to an infinitely.small interval. By adjusting the

trigger levels of the pulse generators. this temporal segment

could be taken from an infinite number of intervals along the

sawtooth slope. The pulse from generator 161(a) closed

circuit A of the electronic switch and the pulse from gen-

erator 161(b) opened switch circuit A by closing circuit B.

The electronic switch was designed so that the two circuits.

A and B. were never on or off at the same time. The 50 volts

1 millisecond Signal from the pulse generators was sufficient

to trigger the switch. The length of time the signal was

allowed to pass through the switch was then determined by the

temporal interval between the pulses of the two pulse gen-

erators. In summary: the wave form generator in turn trig-

gered pulse generators 161(a) triggering switch circuit A on.

and pulse generator 161(b) triggering switch circuit A off

by closing circuit B. allowing the input signal to the switch

to pass through circuit A for the temporal interval determined

by the interval between the outputs of the 161(a) and (b)

pulse generators.

Trigger Signal Recorded on.§asic ypwel Loops:

The wave form generator 162 had a fixed 50 volt trigger

voltage that was provided by a signal recorded on channel

two of the basic vowel loops. This signal was placed stra-

tegically at a point just prior to the initial vowel tran-

sient. At first it was thought the vowel wave form could be

used to trigger wave generator 162. but the complex vowel



49

wave form had more than one maximum voltage in the time

intervals desired. This created the undesirable multi-

triggering within the temporal presentation of the vowel

signal. The provision of one signal on channel two of the

basic vowel tape 100p triggered wave form generator 162 only

once per revolution of the tape loop.

This was accomplished in the following manner: a 1000

Hz pure tone from the oscillator was connected to channel

one input of the switch. The output of circuit A. channel

one. of the switch was connected to channel one of the

oscilloscope and also in parallel to the input of recorder

I. channel two. The oscillator amplitude was adjusted to

2.8 volts and monitored on the oscilloscope. This voltage

was recommended by the switch manufacturer for its most

efficient operation. The wave form generator must complete

one period before it can be triggered a second time. The

period was set to 8 milliseconds allowing sufficient time for

the vowel Signal to be completed. The vowel signal was sent

from recorder I. channel one. to the wave form generator

trigger input. The delay controls of the pulse generators

were adjusted to allow an 0.5 millisecond pulse to be emitted

from circuit A of the switch. The vowel signal from channel

one was sent to channel two of the oscilloscope. Therefore.

when the tape loop was played. the vowel wave form and the

trigger Signal could be seen simultaneously. The oscillo-

scope time base was adjusted so the entire vowel wave form

could be seen on the screen.
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The first revolution of the tape loop actuated the wave

form generator. The pulse of generator 161(a) was delayed

causing a pulse during the second revolution of the vowel

sound. Pulse generator 161(b) was adjusted to send a pulse

to turn circuit A off 0.5 millisecond after 161(a) had

turned it on. This 0. 5 millisecond signal was recorded on

channel two of the tape loop when adjusted to a point just

prior to the initial vowel transient.

By utilizing this trigger signal recorded on the second

channel of each basic vowel tape loop. it was possible to

segment the vowels in the following way: the basic vowel

signal on channel one of the tape loop was sent to the switch

input and channel two of the oscilloscope. The output of the

switch. channel A. was transmitted to channel one of the

scope. Therefore. the unsegmented vowel signal from channel

one of recorder I and the vowel temporal segment from the

switch were monitored on the two channels of the storage

scope. The channel two Signal from the tape loop triggered

the sawtooth generator just before the initial vowel transient.

The sawtooth period was adjusted to encompass the desired

vowel temporal segment.

It was discovered that the Shorter sawtooth period made

it easier to make fine adjustments of the pulse generator

delay controls. This was due to the abruptness of the saw-

tooth slope. When the slope was steep. there was a greater

difference in voltage during a short segment of time than

when the slope was less steep as pictured in Figure 3. It
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can be seen that the voltage differences are greater for the

short sawtooth period. Thus the delay controls were more

sensitive to change as the period became lengthened and less

sensitive to change. making it more easily adjusted. as the

period was shortened. Yet it was necessary to keep the saw-

tooth period sufficiently long to include the length of the

vowel segment desired. By manipulating the delay controls

on the pulse generators. the temporal segment could be varied

to the desired temporal length. and the beginning and end of

the temporal segments could be adjusted to infinite lengths

and points on the vowel wave form.

The storage scope allowed the storage of one sweep

across the screen when triggered by the signal emitted from

the wave form generator. By placing the scope in storage

mode and triggering the scope from the output of the wave

form generator. it was possible to inspect visually the out-

put of the switch. This output. of course. was the segmented

vowel. The second channel of the scope pictured the output

wave form of the basic vowel. and the two signals were com-

pared to insure that distortion had not taken place in the

system.

sec 1 Tem Se ents:

A 0.5 second 1000 Hz tone was recorded on magnetic tape

at 5 second intervals. This signal provided a triggering

voltage to actuate the digital counter. This second channel

signal was also monitored by the experimenter and used to

time the interval between the vowel temporal segments.
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' The low frequency oscillator was set to produce a 1000

Hz tone that entered the electronic switch input channel one.

The settings on the switch were as follows: 1) fast decay.

2) period 5000 milliseconds. and 3) per cent A on 10 per cent.

This switch is made so that when circuit A is on--circuit B

is off. With the above settings the input Signal. in this

case the 1000 Hz pure tone. was emitted from terminal A for

a period of one-half second and then the circuit was opened

while circuit B was on for 4.5 seconds. This circuit A

signal was recorded on channel two over the entire length of

the tape before recording the vowel segments on channel one.

The biased voltage from the record amplifier of recorder

11 produced a transient clicking sound on the tape when the

stop button was actuated. Therefore. it was necessary that

the tape be allowed to run and erase the transient click

produced by the stop button for the previous recording. Also

tape recorder I was stopped immediately after the signal was

recorded to prevent it from being recorded a second time.

Recorder 11 was then reversed back to the point beyond the

last recorded stop transient click signal and in front of the

second channel timing signal. The next temporal segment

signal was then recorded repeating the above sequence.

ggperimental grocedures:

The psychophysical method of minimal change was selected

as the most efficient and accurate means of attaining the

vowel recognition threshold as a function of temporal segmen-

tation. The conventional method of minimal change requires
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the presented stimuli be arranged in about ten ascending and

ten descending series with equal steps between intervals.

Guilford106 recommended that the range Should extend from a

point where 95 per cent of the responses would be correct at

the upper limits and only 5 per cent correct at the lower

limits. After considerable deliberations it was decided that

approaching the threshold from the upper as well as the lower

limits was desirable. "The interdependence of judgments is

assured by the serial order of presentation. 'This helps to

stabilize all judgments."107 However. if the vowel /s / is

presented to a subject in a descending series. it is highly

probable he might think he recognized the Short temporal

segment even though. in fact. he could not recognize /a / at

this level when presented in isolation. Consequently. a

modification of the method of minimal change was needed.

Guilfordloa realized the need to modify the method to suit

particular circumstances when he stated. "The procedures may

have to be modified to some extent to meet certain peculi-

arities of some sense departments." When establishing a

threshold of intensity. the subject is either aware or not

aware of the stimulus presented. But in recognition. the

task is to identify a particular stimulus as belonging to a

definite category. The subject is aware of some presence of

 

106Guilford. pp. cit.. p. 103.

1°7Ibid.. p. 113.

108Ibid.. p. 111.
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the stimulus. but he is required to make a decision as to

what particular category it belongs. such as one of the

vowels. For example. the subject may be aware of the presence

of the sound stimulus but undecided as to whether it is an

/i / or an /1 / even though he feels positive it is an upper

front vowel and even.more positive that it is at least a vowel.

To alleviate this habituation problem. the vowels within

each series could be randomized: but this would not give each

stimulus equal opportunity of being presented at each variable

temporal segment interval. Furthermore. previous subject

knowledge that each vowel would be presented in each series

would enhance the chance of guessing. Guilford109 describes

"Raphazard Presentation of Stimuli" as used by Kraepelin in

1891. In this method the stimuli are presented in a hap-

hazard order rather than serial order. The theoretical bases

of the method of minimal change seem to be abandoned in this

method. and the desire to approach the threshold from either

side of the limit is also abandoned. Guilfordllo renounced

the method by stating. "In both reSpectS the haphazard order

of presentation in the method of minimal changes seems

inferior to the constant method." Employing this constant

method was also considered for the present study. The method

of constant stimuli required a limit of four to seven stimuli

presented to the subject a large number of times in a pre-

 

1°9lbid.. p. 113.

11°Ibid.
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arranged order unknown to the subject. The present investi-

gation is concerned with eleven vowels instead of a constant

stimulus and would require too many variable stimuli. If

each vowel were treated separately to conserve the constant

aspect. we would still have the problem as stated earlier:

that of the subject possibly thinking he recognized the

stimulus at a very short temporal segment because of his pre-

knowledge of which vowel was being presented.

To solve these problems. the decision was made to

randomize the vowel stimuli within each temporal segment

level and present them serially in the method of minimal

change because the presentation of each vowel stimulus ten

times in descending and ascending series was considered to

be important. the eleven vowels were randomized for the

ascending series and descending series separately. This

yielded a total of 220 stimuli at each temporal segment level.

It should be noted that randomizing the 110 stimuli for each

temporal segment in this manner also randomized the order of

presentation within each series and Should minimize the ha-

bituation factor in each series as well as curtailing the

chances of guessing.

Propagation of the Stimuli:

Initially the entire vowel had to be recorded on tape.

Later. seguents of these vowels were recorded and randomized

without replacement on the master tape to be presented to

111
the listeners. Gray stated:

 

111Gray. pp, cit.. p. 87.
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At the extremely short interval of .003

second. however. almost fifty percent more

recognitions are obtained at 128 c.p.s..

which is nearer the normal pitch median of

the masculine voice than is either the

higher or lower pitch.

Because of this finding. it was decided to record the vowels

with fundamentals of 125 Hz.

guipmen :

1. Tape recorder (Model AG 350-2. Ampex)

2. Oscilloscope I

3. Oscilloscope II

4. Low frequency oscillator (Model 202C. Hulett

Packard)

5. High and low cut-off filter (Model 25. Allison)

6. Sound treated room X (Model 10. 1304 IAC room)

7. Headphones (Model TDH-39. 300 Ohms telephonics)

8. Microphone (Model 3734A. Electro vox)

9. Two connection boxes

10. Digital Counter (Model 373A. Hulett Packard)

The following procedure was the most successful in at-

taining recorded vowels at the required 125 Hz fundamental

and consistent wave forms from one cycle to the next. The

speaker was a faculty member that has special interests in

the area of voice production. He has many years of experience

in teaching phonetics and also considerable experience

singing in choirs.

The Lissajous technique for matching two pure tones was

modified as described earlier under experimental apparatus

and utilized to help the speaker attain the desired vowel

tone. This technique utilized the formation of a Lissajous

circumference produced on oscilloscope II when the desired

vowel fundamental was vocalized. By transmitting the

Speaker's vocalized vowel signal through a low pass filter.

the fundamental was allowed to pass. This fundamental was
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then transmitted to the vertical input of scope II and a 125

Hz tone from the audio generated was applied to the horizontal

input. When the vowel fundamental matched the 125 Hz pure

tone. a stable Lissajous circumference was observed on the

scope screen. A block diagram of this apparatus is presented

in Figure l. The Speaker listened to the 125 Hz pure tone

through an earphone and matched his vocalized vowel to this

tone. In addition. he monitored the Lissajous pattern on

scope number two. The vowel signal was then picked up by

the microphone and entered channel one input of tape recorder

I. This signal was continually recorded on a tape loop and

simultaneously reproduced the vowel signal. This signal

entered the filter set to allow the frequencies from O to 130

to pass. The filtered signal was itinerated to the hori-

zontal input of scope II. The 125 Hz pure tone being sent

to the speaker's headset also traveled to the vertical input

of scope II. The Speaker then varied the vowel tone until

its fundamental was 125 Hz. producing a stable Lissajous

pattern on the scope screen. The speaker would say the vowel

several times until he felt confident he could produce the

required vowel tone. The speaker would then Signal he was

ready to record and remained silent for one revolution of the

tape loop. At that time the experimenter signaled to him to

produce the vowel. When the vowel had been vocalized. the

recorder was stopped to avoid erasing the signal. This vowel

signal was then played back immediately through the same

circuit. If the frequency was correct at 125 Hz. a Lissajous
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circumference was observed on scope II. If the circle was

not evident the vowel was rerecorded. When the circumference

was steady the vowel signal was sent to channel one of scope

number one along with the pure tone to channel two.

A picture was then taken of the signals on scope I. At

this time the frequency was determined by reading the distance

from one point on the wave form to the next point where the

wave began to repeat itself. This constituted one cycle and

needed to be 8 milliseconds to satisfy the requirements of a

125 Hz fundamental frequency vowel. It was necessary to

listen to the sound. in order to assure that it sounded like

the intended vowel. If the cycle deviated from 8 milliseconds

by more than one-tenth of a millisecond or the sound did not

sound like a good representation of the intended vowel. it

was discarded and the same process repeated. Each of the

eleven vowels. A /. /1 /. /e /. /e /. /as/. /A /. /d /.

/;. /. /o /. /u /. and /u /. were recorded in the above manner

on tape and in picture form as presented in Figures 4 and 5.

validation of the accorded vowels:

At the inception of this study it became apparent that

 

verification of each vowel was essential: that is. each vowel

to be segmented must be recognizable by the listeners at

least 95 per cent of the time. Each of the eleven vowels

was recorded ten times in random order to be presented to

eight listeners through earphones. The vowel tape loOps were

reproduced by recorder I and recorded on recorder II. The

output of recorder I has 600 ohm impedance and recorder II
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has an infinite impedance of 150.000 ohms and therefore no

impedance matching devices were required. The vowel tape

loop was reproduced on recorder I with the output v U meter

peaking at zero. The record gain control of recorder II was

adjusted so the v U meter peaked at zero. Channel two of

recorder II was monitored and a vowel was recorded on channel

one just after the channel two signal passed the playback

head.

The eleven vowels were each recorded ten times in random

order for presentation to eight listeners. This tape was

presented to the listener group through earphones. The

listeners were asked to write the phonetic symbol that re-

presented the sound they heard. The subjects were doctoral

students in speech and hearing science and all had normal

hearing--no hearing loss greater than 25 dB (ISO) on a con-

ventional audiogram. All stimuli were presented at 70 dB

(SPL). The pure tone on channel two was used to trigger the

digital counter and placed in the visual field of the listener.

This counter was modified by placing a diode in the negative

line so it was actuated only on a positive pulse. A capacitor

was also placed across the terminals to curtail a power build

up caused by the diode. The numbers on the counter corre-

sponded to the numbers on the listener response sheets and

helped the listener to keep track of stimuli order.

All the vowels except the /A./ and /d / reached a 95

per cent recognition level in the first listening session.

They were rerecorded in the manner stated above and /d / was
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accepted under the criteria set forth. but /A / was only

recognized 90 per cent of the time by the eight listeners.

The third attempt was successful and the following recog-

nition scores were attained: /i / 100%. /x / 97%. /e / 100%.

/c/ 98%. /o / 100%. /n / 99%. /A / 100%. /o / 100$. /0 /

100%. /v / 99% and /u / 100%. It should be pointed out that

both /1 / and /s / received 100% recognition scores during

the first two listening presentations.

Estimating the jrobable Recogpition'rhresholds:

It was necessary to determine the range of the temporal

segment values to be presented to the listeners in each

series. To estimate the probable recognition thresholds.

five individuals were asked to manipulate the delay control

on pulse generator 161(b) to produce a vowel temporal segment

ranging from 2 milliseconds up to a point where they could

recognize it. The eleven basic vowel tape loops were placed

on recorder I and reproduced through the apparatus as described

earlier. The listeners had no previous knowledge of which

vowel they would hear. The cardinal vowels / i /, /e /. /e /.

/o /. and /u / were each presented to the listeners four

times. When they had increased the temporal segment by grad-

ually increasing the delay control to a point where they

recognized the vowel correctly. the length of time was read

from the oscilloscope and tabulated. The mean length of the

recognized temporal segments are presented in Table 1 for

each of the five listeners.
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TABLE 1

VOWEL TEMPORAL SEGMENTS

IN HILLISECOHDS

 

 

 

Listener i e d o u

1 150 275 100 100 100

2 25 300 75 125 75

3 80 380 225 75 125

4 50 275 75 80 75

5 75 125 75 50 25
 

2380 1355 550 330 l‘00

I 76 271 110 66 80

 

The results of the foregoing attempt to establish the

range disagreed a great deal with the findings of Peterson112

and Gray.113 Because of this. a pilot study was initiated.

The five cardinal vowels were chopped into 21 different

temporal segments ranging from 10 milliseconds to 210 milli-

seconds. These temporal segments were recorded with equal

intensities in ascending series. and each vowel was presented

in ten ascending series. The vowel series were randomized

without replacement.

Eight doctoral students listened individually in sound

room I to ten ascending series of each vowel presented to

them through earphones. Each listener was allowed to listen

to one series before the actual study began to reduce the

novelty of the experience. The vowel temporal segments were

 

112Peterson. "Unpublished Ph.D. Dissertation."

113cm. 22. 212.. pp. 75-90.
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presented at 70 dB (SPL) and reproduced by recorder I. The

70 dB (SPL) was determined by adjusting the recorder output

applied to the earphones placed on the artificial ear and

read from the SPL meter prior to each listening session.

The results of this pilot study are presented in Table 2.

Visual inspection of the raw data indicated that once

the listener decided upon a particular incorrect response to

the vowel stimuli at a short temporal segment. he very seldom

changed to the correct response even when presented at longer

TABLE 2

RECOGNITION THRESHOLDS IN MILLISECONDS

ATTAINED IN PILOT STUDY I

 

 

 

Listeners 1 e d c u

1 40 200 180 30 210*

2 40 40 90 20 30

3 40 210* 210* 20 20

4 40 210* 106 30 30

5 40 150 20 30 30

6 40 210* 20 30 210*

7 40 40 30 30 30

8 30 100 50 210* 210*

 

2 310 1160 776 400 770

Mean 38 145 92 50 91

* was not recognized at longest temporal segment

 

segments. The listeners expressed the idea that they could

not seem to break away from their original reaponse. whether

it was right or wrong. even though they had been asked to

listen to each stimulus without a previous decision. It
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became obvious that there was a habituation effect operating

and another pilot study was initiated.

Grayllu presented his subjects with the vowels ran-

domized (without replacement) with long temporal segments in

the first series. and he diminished the temporal segment from

series to series. He reported 50 per cent recognition for

two of his subjects at the 3 milliseconds level.

It was decided to employ this technique in the second

pilot study. The range decided upon was from 2 milliseconds

to 64 milliseconds: i.e.. 2. 4. 8. 16. 24. 32. 40. 48. 56.

and 64 milliseconds. All of the basic vowel sounds were

segmented into the above temporal segments and recorded in

random order (without replacement) for each series. The first

series contained vowel temporal segments of 64 milliseconds:

each succeeding series was decreased by 8 milliseconds with

the final series being 2 milliseconds. There were ten series

of eleven vowels each yielding a total of 110 stimuli. The

same listeners individually heard the stimuli in the sound

treated room I through earphones at 70 dB (SPL) reproduced by

recorder I. Again the tape was calibrated with the artificial

ear and sound pressure level meter. The results of this

study are recorded in Table 3.

 

114lb d.
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TABLE 3

RECOGNITION THRESHOLDS IN MILLISECONDS

ATTAINED IN PILOT STUDY II

 

Listeners 1 1

 

 

 

a .a d o o u' u

l 16 32 56 16 8 8 4o 8 4 8 8

2 16 24 32 4 8 8 16 8 4 4 8

3 16 24 40 40 4O 24 56 24 8 16 24

4 24 16 64* 24 32 16 32 4o 8 16 32

5 16 8 64* 24 48 16 16 16 16 8 32

6 16 4 56 8 16 16 4 64 16 24 8

7 8 24 64* 24 24 48 2 56 4 16 16

2112 132 376 140 160 136 166 216 52 92 128

i 16 18 54 20 23 19 24 31 7 12 18
 

* was not recognized at longest temporal segment

It should be noted that in contrast to the first pilot

study only the /e / temporal segment was not recognized by

three of the seven listeners at the longest temporal segment

of 64 milliseconds. This vowel had been validated as a good

representation of the /e / in the validation study cited

earlier. Visual inspection of the raw data of both pilot

studies indicated the /e / was mistaken for the /: / in

almost every instance. It was misunderstood as the /e'/ only

a few times. Therefore. the English speaking Americans. who

use this sound rarely. seem to identify it as the /x / vowel.

The / i /. of course. makes up a portion of the /er / in the

English speaking American pronunciation. The /er / diph-
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115 116
thong is common in America and as Kenyon states.

"When the sound e loses its accent it is regularly reduced

to 1. as in daily. delxmu-Monday. mandi..." In a foot note

1?
Kenyon; states:

The relative nearness of e to x and of o tour.

also confirmed by Parmenter and Trevino (vowel

Positions as Shown by X-rays. Quarterl Journal

of Speech, June. 1932) has impo an earIng on

the historical development of these sounds. For

example. M.E. I when lengthened often became e:...

Therefore. it does not seem strange for the listeners to

perceive the short /e / vowel as an /1 /. Peterson.118

alleviated this problem by not presenting the /e /. /c>/.

/A./. or /e / which could be mis-identified as /1 /. /u /.

/c /. or /e / respectively because of short temporal segment

presentations. In the second pilot study. thresholds were

established for the /e /. /a /. and /o / stimuli. The / d/

and /a / were confused and this did cause the /A./ to have a

higher estimated recognition threshold than the remaining

nine vowels. excluding of course. the /e / stimuli that three

subjects out of the seven failed to recognize at 64 milli-

seconds. On the other hand / o / was mis-identified very few

times and. in fact. the estimated recognition threshold of

7 milliseconds was by far the shortest of the eleven vowels

presented. Because of the above evidence. it was decided to

115xenyon.:gp, cit.. pp. 171 174.

116Ibid.. p. 173.

117Ibid.. p. 60.

118Peterson. loc. cit,
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keep all eleven vowels in the final stimuli with the expec-

tation that their recognition threshold may not be attained

because the /<>/. /e /. /d / and /A / may be confused with

/tl/. /: /. /e / and /d / or /e / respectively. By retaining

these vowels. the probability of guessing was deleted and

the results might be enlightening. From the information

gathered in the pilot studies. it was decided to present the

stimuli in series of fifteen steps ranging from 4 to 60

milliseconds in 4 milliseconds steps.

‘ggeparation of Master Stimuli Tape:

A chart was first prepared for the randomization (with-

out replacement) of the stimuli. Fifteen horizontal rows

were labeled from 60 milliseconds down to 4 milliseconds in 4

milliseconds steps. Across the top. every other column was

labeled descending. and the columns between were labeled

ascending. There were 110 descending and 110 ascending

columns making a total of 220. and 15 rows yielding a grand

total of 3,300 units. Each vowel was then placed on five

cards making a total of 55 cards. These cards were shuffled

well and then as each vowel card was drawn the vowel was

transcribed in the descending square at the 60 milliseconds

level. This was done for each of the 15 temporal segment

levels down to 4 milliseconds. with cards being shuffled

between each temporal segment level. This same procedure

was carried out in randomizing (without replacement) the

ascending series. and then the whole process was repeated

for the second half of the presentations.
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Each of the eleven basic vowel Signals was pre—recorded

on loops reproduced on recorder I. The second channel signal

triggered the wave form generator. which in turn triggered

pulse generator 161(a) turning circuit A of the switch on and

pulse generator 161(b) turning circuit A of the switch off.

The segmented vowel wave form emitted from circuit A was sent

to channel one of the storage scope and channel two received

the whole vowel signal for the purpose of comparing and

inspecting segmented sections for possible distortions. The

intensity was also adjusted to provide a 2.8 peak to peak

voltage for each stimulus recorded. The segmented vowel

signal was also sent to the input of channel one of recorder

II. Channel two of each tape had been pro-recorded with the

signal that triggered the digital counter as described

earlier.

Each vowel was recorded at each desired temporal segment

inaknown order: /1/. /: /. /e /. /e /. /a /. /c /. /o /.

/o /. /u /. /u /. Each temporal segment was inSpected very

closely for possible distortion both by observing the wave

form on the oscilloscope and monitoring through earphones.

The temporal segments were next rerecorded on tape loops.

These loops were hung on a rack and labeled.

The master tapes to be presented to the subjects were

prepared by playing the loOpS on recorder I and recording

them in the prearranged randomized (without replacement)

order on eight low print tapes. These tapes were then played

on tape recorder II and reproduced through the head sets to
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the listeners seated in the double walled sound room II.

The six listeners were doctoral students in Speech and

hearing science with no hearing loss greater than 25 dB (ISO)

on conventional audiograms. The other two listeners used in

the pilot studies had left the university and were not avail-

able for the final experiment. All listeners had received

equal opportunity in listening to vowel temporal segments.

because they were members of the listening group utilized in

the pilot studies. Four series. two ascending and two

descending. were presented to diminish the novelty of the

experience. These series were not scored. The electronic

digital counter was again used to facilitate the listeners

keeping track of the stimuli. Each tape had 32 minutes and

5 seconds of recorded vowel temporal segments. totaling to

4 hours. 8 minutes and 20 seconds of listening time.

The following instructions were read to the listeners

just prior to the onset of their listening task:

The purpose of this experiment is to determine the

smallest vowel temporal segment required to recognize

it correctly. The vowel segments will be presented

to you in five second intervals through binaural ear-

phones at a uniform intensity. Each series of fifteen

stimuli will become progressively shorter in the de-

scending series and progressively longer in the as-

cending series. You will be required to listen four

half-hour periods in the morning and four half-hour

periods in the afternoon with rest periods between

each half hour period.

Your task is to listen to the stimuli and write

the international phonetic symbol that represents the

sound you hear. It is important that you listen very

carefully as the sounds become progressively shorter.

The vowels will be presented in random order through-

out the entire experiment. This means a particular

vowel may be duplicated or even triplicated in a given

series. It is also possible that a specific vowel

may not occur at all in a series. Very probably some
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vowels will be recognized at shorter temporal segments

than others. Therefore. if you do not recognize a

short temporal segment. do not feel that it will be

impossible to recognize the next shorter stimulus that

may be a vowel with a lower recognition threshold.

Therefore. it is essential that‘each stimulus be scru-

tinized independently of the preceding stimuli. The

electronic digital counter will indicate each stimulus

presentation. and the digits will correspond with the

numbers on the response sheet.

To familiarize you with the task at hand you will

first be presented two ascending and two descending

series to delete the novelty of the experience. You

may ask questions to clarify the proceedings now or

after the first four series.

Plans were made in advance to take rest periods between

each tape. but at the end of the first tape the listeners

complained about the time. A rest was given after two-thirds

of each tape was presented at the listeners request. With

break periods ranging from fifteen minutes to one-half hour

between tapes and a hour off for lunch between tape 4 and 5.

At the end of tape 6. the listeners complained that they

were too tired and were not responding as well to the stimuli.

It was noticed by the experimenter that during the presen-

tations of tapes 5 and 6. the listeners looked fatigued: but.

at the same time. they seemed to be working harder at

listening and identifying the stimuli. The decision was

made to continue the experiment but allow two rest periods

for each of the last two tapes with a break in between each

tape. The effect of fatigue is. of course. increased with

the lack of sufficient rest periods.119 With the listeners

as a group determining the number and length of rest periods.

 

119Guilrord. loc. cit.
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the entire 4 hours. 8 minutes and 20 seconds were listened

to in one day. Including rest periods. the experiment began

at 9:10 a.m. and finished at 4:55 p.m.. a total of 7 hours

and 45 minutes. Subtracting the listening periods. the

the subjects rested 3 hours. 36 minutes. and 40 seconds.



CHAPTER IV

RESULTS AND DISCUSSION

The vowel temporal segments were prepared and recorded

on a master tape as described in Chapter III. This master

stimulus tape was reproduced through earphones to six doc-

toral students seated in a sound treated room. The vowel

temporal segments were presented in 110 ascending and 110

descending series. The subjects knew the vowel temporal

segments would become progressively shorter and then pro-

gressively longer. The longest vowel temporal segment was

60 milliseconds and the shortest was 4 milliseconds. The

vowels were presented to the subjects in random order within

each temporal segment value. The ascending and descending

series stimuli were independently randomized without re-

placement. Therefore. the listeners were not aware of the

vowel presentation order. The subjects recorded their

responses using the International Phonetic Alphabet. Each

subject recorded his responses on eight listener response

sheets-~one sheet for each one half hour tape. A total of

3.300 listener responses to the eleven vowels. each seg-

mented into fifteen different temporal segments. was pre—

sented in 110 descending and 110 ascending series. For the

Six listeners there was a total of 19.800 responses.

The first task was that of recording the listener's re-

74
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sponses on a tabulation sheet for each vowel. An example of

one of these tabulation Sheets with ten ascending and ten de-

scending series is presented in Table 4. Because the vowels

were randomized within each of the fifteen segment temporal

levels. it was necessary to rearrange these into an order.

being certain that each response retained its ascending or

descending order. This procedure for rearranging the

listener responses for a particular vowel also preserved the

time-order sequence. Therefore. the first reSponse at a

particular segment temporal level represented the first pre-

sentation of this particular vowel within this level. Con-

tinuing in this way. each succeeding appearance of a particular

vowel stimulus within that segment temporal level was pre-

served. .A correct response was designated by a plus sign.

and the incorrect response was designated by tabulating the

incorrect phonetic symbol chosen by the listener. When the

listener did not respond to a stimulus. a minus Sign was

tabulated in this space. Therefore. the responses to the

300 stimuli for each vowel were represented in these tables.

The threshold values for each series were arrived at by

the procedure recommended by Guilford.120 The sequence of

correct listener responses in a particular series was not

always continuous as illustrated in Table 4. That is. any

given series may have three correct identifications. followed

by three misidentifications. then two correct identifications.

 

12C’cuilrord. pp. cit.. p. 31.
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e.g. + + + - - - + + - - - - - - -. The threshold for a

series like this was determined by moving the correct responses

toward the highest stimulus value and moving the incorrect

responses toward the smallest stimulus values. In this

manner. the correct responses were separated from the in-

correct responses. and the limen was established at a mid-

point intercalating the correct and incorrect responses. When

the responses were continuous and changed abruptly from one

mode to the next. the limen was established in the conventional

manner by selecting the mid-point between the correct and

incorrect responses. It was these scores for each series

that were used in computing the statistics in this study.

and are presented in Appendix 1. The mean of these series'

scores was designated the vowel temporal threshold for this

individual.

Guilford121 recommends a study of the homogeneity of

series thresholds by analysis of variance with the two series

orders and two time blocks--first half and second half--re-

sulting in a 2 x 2 factorial design. These are the series

order errors related to habituation and expectation effects

provoked by descending and ascending series reSpectively.

and the time error. related to learning and fatigue. In

addition to these factors. the present study used six lis-

teners instead of one: and the stimuli consisted of ten

vowels. instead of a constant stimulus. such as frequency or

 

121Guilford. loc. cit.
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intensity. Therefore. the data were subjected to a factorial

design (2 x 2 x 6 x 10) analysis of variance. A special

program was developed for the CDC 3600 Computer by Dr.

Lashbrook of the Speech Communication Research Laboratory

at Michigan State University. In addition to the error

factors between the four main effects. a fifth error factor

was injected into the formula to account for errors due to

replication. The five ascending series scores and five de-

scending scores in the second half of the presentations were

taken as the replication of corresponding scores in the first

half of the study. The results of this analysis are found

in Table 5.

The results of this analysis showed significant inter-

action beyond the 0.05 level of significance among subject.

vowel and series: and subject. vowel and time order. Inter-

action between subject and vowel: subject and series: sub-

ject and time: vowel and time order: and vowel and series was

also indicated beyond the 0.05 level of Significance.

The following interactions were not significant at the

0.05 level: subject and time: subject and series: series and

time: subject. series and time: vowel. series. and time: and

subject. vowel. series. and time.

The main effects of subject. vowel. and series order

were each significant beyond the 0.05 level. but the main

effect of time--first half and second half--were not sig-

nificantl! different at the 0.05 level. However. the above

stated interaction confounded the meaning which can be
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attached to the significance of the main effects.

Bartlett's122 test for homogeneity of variances was

applied. Homogeneity of variances is one of the assumptions

for the analysis of variance procedures. The test resulted

in an F a 1.11 with v1 - 9 and V2 - 1718.75 degrees of

freedom. An F equal to or greater than 1.88 is needed to

reject the hypothesis of homogeneity of variance with V1 - 9

and v2 greater than 120 at the 0.05 level of significance.123

Since the F a 1.11 is smaller. the assumption of homogeneous

variance is accepted for the experimental data. Thus. the

significant differences and interactions are due more likely

to mean differences rather than variance differences.

Next. graphs were plotted to display graphically the

interactions among subject. vowel and series order. The

temporal segment values are located on the vertical axis and

the vowels are located on the horizontal axis. The mean of

the series temporal segment recognition thresholds for each

of the six subjects was plotted for each vowel arranged on

the horizontal axis from high front. low central to high back

vowels. Figures 6 and 7 represent ascending and descending

temporal segment threshold values reapectively. It is readily

apparent that Subject Six established a higher temporal

segment recognition threshold for /A / on ascending than on

 

122Wilfrid J. Dixon and Frank J. Massey Jr.. Intro-

ductions 22 Statisticp; Analysis (Mew York: McGraw-HIII

WP!”. 9 pp e - e

123Ibid.. p. 388.
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descending series. Yet. Subject Two had the opposite effect

by attaining a higher descending temporal segment recognition

threshold for the /a / on the descending series than on the

ascending series. Close inspection of the graphs indicates

some subjects attained high temporal segment thresholds for

some vowels when presented in ascending series and other

vowels in descending series. One example of this is Subject

Six who attained a higher temporal segment recognition

threshold in the ascending series for /U’/ but attained a

lower temporal segment recognition threshold for /11/ in the

ascending series. Realizing that the interaction does exist.

a general pattern across the vowels for all subjects is

nevertheless apparent. This general pattern indicates lower

temporal segment recognition thresholds for the vowels: /i /.

/! /. /8 /s and /D/: and V0W°13 /O /. /v / and /u /. The

/m / temporal segment recognition thresholds raises slightly.

and the /a./. /c / and /o / have the highest temporal segment

recognition thresholds. This aspect will be investigated

more thoroughly later in this discussion. Figures 8 and 9

representing the subject mean temporal segment recognition

threshold for each vowel in descending and ascending series.

also depicts this .4... pattern. The three way interaction

among subject. vowel and time is graphically presented in

Figures 10 and 11. The interaction between vowel and subject

is evident. The effect of time on subjects and vowels is not

consistent. In the second half. Subject Four battered his

temporal segment recognition.threshold of the /u /. but
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increased the temporal segment recognition threshold of the

/o / sound. The /c / and /o / temporal segment recognition

threshold for Subject Four completely reversed between first

and second half of the listening experience. The subject

mean temporal segment recognition threshold and standard

deviations for each vowel are plotted in Figures 12 and 13.

The temporal segment recognition thresholds were slightly

lower for the following vowels: /i /, /x /. /e / and /01/ but

were slightly higher for /s /. /e /. /A./. /o /. /u / and

/u /. These differences do not look significant. and the

results of the analysis of variance did not show significant

difference in the main effect of time--first half and second

half. Therefore. the interaction of subject. vowel. and time

is most likely due to individual differences between subjects

and vowels.

The interaction between subject and vowel is also

evident in Figure 1“. This graph represents the subject

temporal segment recognition thresholds for each vowel over

the entire experiment. The mean and standard deviation for

each vowel is plotted in Figure 16. The general pattern is

again evident. with the temporal segment recognition thresh-

olds being higher in the middle of the graph. The medians

were plotted in Figure 15 and indicate the same pattern as

that in Figure 1”. This provided evidence that the use of

medians in place of means in the analysis would not appre-

ciably change the results.

Cognizant of the above discussed interactions the sub-
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ject's temporal segment recognition threshold mean was com-

puted to attain the temporal segment recognition threshold

for each vowel. These thresholds arranged from lowest to

highest threshold as established under the conditions of this

study. were: /uwfl 9.3 milliseconds: /i /. 10.3 milliseconds:

/a /. 10.6 milliseconds: /o /. 11.9 milliseconds: /s /. 13.5

milliseconds: /Il/. 13.8 milliseconds: /: /. 1h.4 milliseconds:

/a/. 18.5 milliseconds: /c /. 21.2 milliseconds: and /c /.

27.2 milliseconds. A graph depicting these vowel temporal

_
.
'
.
.

l
’
E
’
J
‘
t
a
l
.
l
l
.
C
J
-
.
m
‘
‘
1

segment recognition thresholds is presented in Figures 18

and 19 and pictures of the wave form and segments of the wave  
forms closest to these values are presented with arrows

indicating the computed temporal segment recognition threshold

for the particular vowel. A critical difference of the means

test as described by Lindquistlzu was applied to the data.

The results of this test indicated that a 6.3 difference

between means was significant at the 0.05 level. The temporal

segment recognition threshold for each vowel is plotted on

the vertical and horizontal axes in Table 6. The numbers in

the cells represent the differences between the temporal

segment recognition threshold means in.milliseconds for the

corresponding vowels.

The pattern of significant differences in Table 6 show

that the /e / and /c / are significantly different at the

 

124E. F. Lindquist. "Design and Analysis of Experiment

in Psychology and Education" (Boston: Boughton Mifflin

mp‘nye 1953)! pp. 90-960
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0.5 level from all the other vowels. but are not signifi-

cantly different from each other. The vowel /a./ temporal

segment recognition threshold is significantly different from

/c/. /u /. /a /. /c /. and /i /. but not significantly

different from /3 /. /u /. / x/. and /s/. There is a strong

tendency for the temporal segment recognition threshold of

/; /. /¢ / and / o / to be significantly different from the

other vowels. and the /c / significantly different from both

/a / and /e / at the critical level previously stated.

.After close examination of the graphs and tables pre-

sented above. as well as the results of the analysis of

variance. the following null hypotheses are rejected at the

0.05 level of significance under the conditions set forth in

this study:

1. There is no significant difference among each of

the ten vowel temporal segment recognition thresh-

olds as obtained in this study.

2. There is no significant difference among the six

subjects' temporal segment recognition thresholds

for vowels as obtained in this study.

3. There is no significant differences between the

ascending series and descending series vowel

temporal segment recognition thresholds.

b. There is no significant difference among subjects.

vowel. and series order.

5. There is no significant difference among subject.

vowel and time order.

6. There is no significant difference between subject

and vowel.

7. There is no significant difference between subject

and time order.

8. There is no significant difference between vowel

and series order.

9. There is no significant difference between vowel

and time order.

The following null hypotheses were not rejected at the

0.05 level of significance after due consideration:

 



9h

1. There is no significant difference between the

first half of the series and the second half of

the series. and the subjects' temporal segment

recognition thresholds.

2. There is no significant difference between the

first half and second half of the temporal segment

recognition thresholds.

3. There is no significant interaction among the

subject. series order. and time order.

a. There is no significant interaction between the

series order and time order.

5. There is no significant interaction among the

subject. vowel. series order and time order.

6. There is no significant interaction.among vowel.

series order and time order.

The null hypothesis. there is no significant difference

between the temporal segment recognition thresholds for the

cardinal and non-cardinal vowels. was tested by employing a

126
t-test. The cardinal vowel temporal segment recognition

thresholds were /u / 9.3 milliseconds. / i/ 10.3 milliseconds.

/¢:/ 11.4 milliseconds. and /c / 27.2 milliseconds. And the

non-cardinal vowel temporal segment recognition thresholds

were /a/ 10.6 milliseconds. /s / 13.5 milliseconds. /e /

13.8 milliseconds. /: / 1U.# milliseconds. /2./ 18.5 milli-

seconds and /o / 21.2 milliseconds. The mean cardinal vowel

temporal segment recognition threshold equals 19.5 milli-

seconds and the mean nonpcardinal vowel temporal segment

recognition threshold is equal to 15.3 milliseconds. The

computed t-test equaled 0.81 which was not significant at the

0.05 level for eight degrees of freedom.127 Thus. the null

hypothesis was not rejected.

 

126Dixon and Massey. op. cit.. PP. 121-122.

127Ibid.. p. 38h.

{
.

 



95

DISCUSSIOI

An identification matrix was constructed from the data

for each subject to visualize which vowels were mis-identified

most frequently. These tables are found in Appendix C. A

composite of these identification matrices is presented in

' Table 7. The /c / and /o / vowels were most often mis-

identified as /n /. and /i / was most often mis-identified as

/a /. This illustrates the high degree of confusion among

these vowels and may account for the significantly higher

temporal segment recognition thresholds for these vowels as

cited earlier. It should also be noted that when vowels were

mis-identified. they were most often mic-identified as the

vowel adjacent to the intended vowel located on the vowel

tongue hump position diagram. This same phenomenon was

reported by Gray.128 129

130

Peterson and Barney. and Fairbanks

and Grubb. Peterson's131 data did not concur with this

finding.

It is interesting to note in Table 7 that the /u / was

mis-identified as /i / 37 times and only mis-identified more

often as /v / 39 times. On the other hand /i / was mis-

identified as /u./ 51 times and only mis-identified as /; /

7“ times. Inspection of the vowel identification matrix

 

128Gray. loo. c; .

129Peterson and Barney. loc. cit.

13°reirbenke end Grubb. loc. cit.

131Peterson. loo. cit.
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132 reveals this samepresented by Fairbanks and Grubb

slightly confused pattern between these vowels. The magni-

tude of this confusion is very small considering the number

of times the vowels were presented. Yet. even this slight

confusion.may seem unusual until we consider that as Cooper

et. a1.133 state. "...the ear can and sometimes does perform

an averaging operation on two formants which lie close to-

gether: thus the first and second formants of back vowels

may at times be replaced by a single formant...." If the

first two formants of the /u / sound were averaged in this

manner. they could be heard as the first formant of the /1 /

sound and the third formant heard as the second formant of

the /1 / sound accounting for this confusion.

Statistically significant interaction between subject

and vowel has not been reported by other researchers. Iet.

13“ stated. "The ease with which thePeterson and Barney

observers classified the various vowels varied greatly."

after they had asked subjects to identify ten words in which

the vowel was varied in a /h-d/ consonant environment. One

of Gray's135 conclusions states. "Individual differences

 

132Fairbanks and Grubb: 22¢ 2&33' p. 207‘

133Franklin 8. Cooper. Pierre C. Delattre. Alvin N.

Liberman. John M. Borst and Louis J. Gerstman. "Some Experi-

ments on Perception of Synthetic Speech Sounds." Journal

Acoustical Society of America. XXIV. No. 6 (November. I952).

pe e

131+Peterson and Barney. loc. cit.

135Gray. 22o Eli" p. 89o
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exist among the subjects. some of them being able to identify

a significant number of vowels at shorter periods than

others." He also reports that vowels are not equally recog-

nizable by individuals. Interactions similar to those found

in the present study were probably also present in these

studies.

The /a /. /d / and /o./ were the most difficult vowels f"

to recognize and attained the highest temporal segment rec- ;

ognition thresholds. The /i /. /u / and /a / vowels were the

_
r
.
—
-

I
T
)
”

'
2
.
A

most easily identified and attained the lowest temporal

segment recognition thresholds in the present study. This  
agrees with the findings of Peterson and Barney who report

the /A /. /s / and /o./ as the most difficult to recognize

and the /i /. /a / and /u/ as the most easily identified.

This supports a suggestion made by Stevens and House136 after

they compared the data from Peterson and Barney's study of

the vowel in /h-d/ context with studies of vowels in isolation.

They suggested. "...that the /h-d/ context has a negligible

effect upon the articulation during the central portion of

the vowel. that is. the vowel in context /h-d/ is generated

with essentially the same articulatory configuration as the

vowel in isolation." .A study cited earlier initiated by

Fairbanks and Grubb137 also report the /i / and /11/ as the

most easily recognized vowels when presented to listeners at

 

136Stevens and House. 22, cit.. p. 16.

137Peirbenke and Grubb. 22. cit.. pp. 203-219.
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0.3 second temporal segments. They reported the /r / and

/s‘/ as being most difficult to recognize.

As reported earlier. the study by Gray138 was the only

previous study attempting to establish vowel recognition

thresholds as a function of temporal segmentation. The tem-

poral segment recognition thresholds for each vowel were not

reported by Gray. Yet. he did conclude that. "Some subjects

”
“
1

are able to identify a significant number of speech sounds

when presented with a duration of as little as .003 second.

Duration minima of 1/200 to 1/333 second permit recognition  
 of some of the vowels by some of the subjects." Two of the

six subjects in the present study attained temporal segment

recognition thresholds near 5 milliseconds (1/200 second)

for particular vowels: 81 /m / ’4.“ milliseconds and /u / 5.2

milliseconds: 82 /m./ 5.0 milliseconds and /u./ #.8 milli-

seconds. The mean subject vowel temporal segment recognition

thresholds. as previously reported in this report. ranged

from 9.3 milliseconds for the /u / to 27.25 milliseconds for

the /c /. Thus the temporal segment recognition thresholds

for the present study do not agree with Gray's study or with

139 report of 50 per cent recognition of the /o./Peterson's

and /m / vowels presented at 3.1 milliseconds temporal

segments.

The present study agrees with Gray's findings on the

 

1386ray. 22. 212.. pp. 75-90.

139Peterson. loc. cit.
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following points:

1. The temporal segment recognition thresholds are

not the same for all vowels. some being recognized

at shorter intervals than others.

2. Subjects differ in their ability to recognize

vowels presented at short temporal segments. some

being able to identify vowels at shorter periods

than others.

3. One of the most unstable vowels in.American

English is the /e /.

4. When a vowel was mis-identified. it was most

often mis-identified as one adjacent to it as

indicated on the tongue hump position graph.

The disagreement between the temporal segment recog-

nition thresholds as reported in this study and the "duration

minima" for the perception of the vowels reported by Peterson

in 1939 and Gray 1942 may be due to the differences in meth-

odology. As cited earlier Gray presented the vowel stimuli

consecutively at one temporal segment value and the subject

realized that each vowel would be presented during the

particular temporal segment presentation. This limited the

field of choice to the eleven vowels and after each pre-

sentation the field of choice was decreased by one. In the

present study the vowels were randomized throughout the

entire experiment and the subjects had no knowledge of which

vowel would be presented next. Yet. they did know the sounds

would be presented in ascending and descending order.

Peterson attained a 50 per cent recognition of the vowels

presented at 3.1 milliseconds only after decreasing the vowel

field of choice from eight vowels presented in the first

portion of the study to six vowels in the second portion of

his study. Even in the second study he attained the 50 per

cent on only two vowels: /m/ and / o/ when presented to
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fifteen rather than the eighteen initial subjects at 3.1

milliseconds segments. It was this methodology that

F'airbanksluo was referring to when he suggested that the

results of Peterson's study may have been influenced by a

prior guessing.

 

1)+()Fairbanlcs. loc. cit.



CHAPTER V

SUMMARI AND CONCLUSIONS

The study of how man interprets the world around him

has been the quest of researchers through the ages. Psy-

chophysical methods. as described by Fechner and Weber. have

been utilized in defining subject response scales in relation

to physical scales in attempts to measure and define the

dimensions of human perception. In addition to these psy-

chophysical scaling devices. methods have been developed to

scale psychological phenomena that are not directly related

to physical scales. The limits of various sense modalities.

such as. olfactory. visual. tactile. and auditory. have been

established by researchers employing psychophysical methods.

Many diagnostic procedures. commonly administered by pro-

fessionals in the various disciplines. are based upon the

earlier research that established absolute and difference

thresholds for the senses employing these methods.

Measuring and defining the dimensions of the acoustic

speech signal have been the goal of researchers for many years.

Attempts have been made to show that persons with functional

speech disorders have deficits in auditory acuity or general

discrimination. Although the findings conflict. most author-

ities would agree the research is not conclusive. Research

has indicated that persons with functional speech disorders

102
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do have a hard time discriminating the sounds they have

difficulty with. even though their general acoustic discrim-

ination is not different from those without speech defects.

One of the prime avenues utilized by researchers to

investigate the dimensions of the speech signal is that of

the airborn acoustic signal which is accessible to modifi-

cation by various research devices. This acoustic signal

varies in terms of intensity. frequency and time. The

intensity threshold varies with the frequency: the lower

frequency extending to 15 Hz and the upper frequency ex-

tending to 20.000 Hz require the greatest intensity. The

frequencies of 1000 Hz to 3000 Hz require the least intensity

to be perceived. There are 1500 difference thresholds for

pitch and 325 difference thresholds for loudness. Re-

searchers have provided evidence indicating that perception

of these acoustic properties is contingent upon time or

length of the stimulus presentation. as well as the frequency

and intensity. That is. the perception of an acoustic

stimulus is dependent upon the length of time the frequency

is presented at intensities near threshold. Researchers

have concluded that this holds true for pure tones as well

as vowel acoustic signals.

Only two former studies have been focused on establishing

temporal recognition thresholds for vowels. The first of

these studies was conducted by Grayln1 in 1937. This study

incorporated an ingenious mechanical switch actuating device

 

1MGray. loc. cit.
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which segmented live productions of vowels phonated at six

different fundamental frequencies. These temporal segments

were simultaneously presented through a loud speaker to his

subjects. Although he did not publish the vowel temporal

segment recognition thresholds. he did report that many of

his subjects recognized the vowel temporal segments at 3

milliseconds.

The second study was directed by Gray and conducted by

Peterson.142 This study failed to support the hypothesis that

various portions of a vowel wave length were more easily

recognized than other portions. The first portion of his

study did not support Gray's findings that the vowel temporal

segment threshold for vowels was 3 milliseconds. However. the

second portion of the study did result in over 50 per cent

recognition of two out of six vowel temporal segments pre-

sented at 3.1 milliseconds.

The purpose of the present study was to establish

temporal segment recognition thresholds for the following

vowels: /1/. /I/. /e/. /t /. /m/. /a/. /c/. /o/. /O/o

/t:/. and /u /. The vowels were phonated with 125 Hz fun-

damentals and recorded. The speaker monitored a Lissajous

figure on an oscilloscope and a 125 Hz pure tone through

earphones to help him attain the 125 Hz fundamental. Each

vowel was then presented ten times in random order (without

replacement) to eight listeners for the purpose of validation.

 

lnzPeterson. loo. cit.
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Each complete vowel was recognized at least 95 per cent of

the time before it was accepted as a valid stimulus to be

segmented for presentation to the listeners in this study.

The pilot studies provided information that was used to

determine the number and length of stimuli to be presented.

These vowel stimuli were then chopped into fifteen different

temporal segments ranging from 4 to 60 milliseconds in 0.4

millisecond steps based upon the information attained from

the pilot studies. Next the segmented vowels were ran-

domized at each temporal segment level in 110 ascending and

110 descending series and presented to six listeners in a

modified method of minimal change. These eleven vowels

presented at fifteen different temporal segments in 220 series

yielded a total of 3.300 stimuli present to the six listeners.

The listeners were all doctoral graduate students. with

normal hearing acuity. in speech and hearing science. The

stimuli were presented to the listeners through earphones in

a sound treated room. They responded to the stimuli by

writing the international phonetic symbol that represented

their perception of the vowel temporal segment presented.

They had no knowledge of the vowel presentation order. but

they did know the stimuli would be presented in temporal

descending and ascending series. Together all six subjects

listened to the stimuli for four hours over an eight hour

period with appropriate rest periods.

The subject responses were then tabulated for each vowel

maintaining the descending and ascending order as well as the
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time order--first half and second half--of the experiment.

The threshold for each series were then computed. The / e/

sound was eliminated from the analysis because 50 per cent

recognition of this vowel was not attained at the longest

temporal segment of 60 milliseconds. The Bartlet's test for

homogeneity of variance supported the assumption of homo-

geneity of variance for the data. These series temporal

segment threshold values. were subjected to a four way

analysis of variance (2 x 2 x 6 x 10) corresponding to the

two series orders. two time orders. six listeners and ten

vowels. The results of this analysis pointed to interactions

significant at the 0.05 level among and between some of the

main effects. To envision these interactions line graphs

were prepared employing the temporal segment recognition

thresholds for each subject plotted for each vowel. Although

the interactions were apparent. a general pattern emerged

when these graphs were plotted for descending and ascending.

first half and second half. and over the entire experiment.

A critical difference test of the means indicated the essen-

tial differences to be higher temporal segment recognition

thresholds for the /n /. /<1/ and /o / vowels. A vowel

identification matrix was also prepared for each subject.

These tables indicated a great deal of confusion among these

three vowels.
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CONCLUSIONS

The following conclusions are presented within the

limitations set forth in this study.

1. VOwel temporal segment recognition thresholds were

affected by the particular vowel presented to the

listeners in this study.

2. vowel temporal segment recognition thresholds are

significantly different for individual listeners.

3. The vowel temporal segment recognition thresholds

were higher when presented in ascending series than

in descending series.

4. wael temporal segment thresholds were not affected

by serial position. That is. the vowel temporal

segment thresholds were essentially the same during

the first half and the second half of the experiment.

5. There was no significant difference for the temporal

segment thresholds of recognition for cardinal and

non-cardinal vowels.

6. Differences among temporal segment recognition

thresholds for subjects. vowel and series order

seems to be the effect of individual listener

differences.

7. A low or high vowel temporal segment recognition

threshold for a particular vowel does not have a

direct relationship to the performance of the same

subject when recognizing other vowels.

8. The vowels /A./, /d / and /o / have the longest
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temporal segment recognition thresholds: these

thresholds were essentially different than the

thresholds of other vowels. This may have been due

to the mis-idontification among these three vowels.

9. Vowels mis-identified were most frequently misidentified

as adjacent vowels on the tongue hump diagram. This

phenomenon has also been reported by previous

researchers.

10. The American English speaking subjects in this study

nus-identified the / e / vowel as / : / over 50 Per

cent of the time even when presented at long

durations (60 milliseconds).

SUGGESTIONS FOR FURTHER STUD!

Further experimentation utilizing essentially the same

design and instrumentation as the present study could be

carried on by using ongoing speech rather than vowels in iso-

lation. The fundamental frequencies of these vowels would

present more natural variations than the isolated presen-

tations in the present study.

The intensity is another variable that could be increased

from the 70 dB (SPL) utilized in the present study to ascer-

tain the possibility that this would decrease the vowel tem-

poral segment recognition thresholds.

Another variation of the present design could be that

of training the subjects to a criterion. The training could

consist of presenting each vowel at 24 milliseconds segments

to each subject. informing them as to whether they are right
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or wrong until each subject is able to identify each vowel

75 per cent of the time. It is important to realize. however.

that this procedure may and probably would lead to vowel

recognition based upon different variation in the acoustic

wave form than ordinarily utilized to differenciate the

vowels. That is. the subjects may learn to identify the

vowel based upon auditory differences not attributed to dis-

criminating the vowel in natural speech. The telegraph

operator learns to "hear" /i./ when auditorily stimulated

with a particular sequence of dots and dashes. but this

auditory stimulus is not the same as the oral /i /.

Psychophysical methods other than minimal differences

could be employed. The method of adjustment could be ini-

tiated with modifications of the present apparatus. In

particular. the delay control knob on the pulse generator

could be enlarged so it would not be as sensitive to change.

This would make it easier for the subject to adjust the

temporal segments in smaller temporal amounts. This method

could only utilize the ascending series because of the nature

of the stimuli and the recognition task. The recognition

task is essentially a cortical function. whereas the intensity

detection is essentially a neural function.

VOwel temporal difference limens for the various vowels

could be established through the use of the constant stimulus

methods. This. of course. would yield the difference limens

in terms of the subject's ability to distinguish differences

in temporal segment presentations but would not yield infor-
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mation concerning the ability to recognize a particular vowel

presented at a particular temporal segment.

In the present study the initial and final transients

of the vowel were eliminated from the stimuli by taking the

vowel temporal segment from the middle of the vowel. To

establish the function of these transients in the process of

recognition. it would be possible to chop off varying por-

tions of the vowel beginning at the foremost portion of the

wave form including the initial transients and present these

stimuli to the subjects with increasing amounts chopped off.

The same procedure could be followed by chopping the wave

form from the final toward the initial portion of the vowel.

Since the present study revealed a strong confusion

factor between the /n./. /c,/ and /g)/. it would be interesting

to investigate possible existence of this phenomenon in on-

going speech. Sentences could be prepared containing these

vowels. These vowels could then be interchanged to determine

their effects upon intelligibility. If intelligibility of

the sentences was not affected by this change. it would

indicate that for some words. the vowels may be interchanged

without changing the word recognition. It may be that the

distinct characteristics of these vowels are not essential

for the recognition of some spoken words but are essential

for the recognition of other Spoken words.

Various vowel temporal segments could be placed in (h-d)

consonant environments and presented to listeners. The

listener's recognition score at particular vowel temporal
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segments would yield the vowel temporal segment recognition

threshold.

A comparison of temporal segment recognition thresholds

or temporal segment recognition threshold subject ranges

between expert and non-expert or young listeners must be

accomplished before any standardization of vowel temporal

segment recognition threshold norms would be feasible. This

type of study may indicate the degree to which past experience

influences the ability to recognize the vowels presented at

short temporal segments.
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APPENDIX B

SUBJECT VOWEL TEMPORAL SEGMENT RECOGNITION THRESHOLD:

SERIES MEANS FOR THE: ASCENDING AND DESCENDING

SERIES: FIRST HALF. SECOND HALF.

AND OVER ENTIRE EXPERIMENT
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TEMPORAL SEGMENT RECOGNITION THRESHOLD

FOR ASCENDING SERIES IN MILLISECONDS

 

 

 

 

 

 

 

 

 

i I a a A a a o u 11

S1 7.2 7.6 7.2 3.0 8.4 16.4 31.4 8.8 21.2 4.0

82 13.6 17.6 15.2 14.4 20.2 39.2 16.4 16.8 12.4 14.0

S3 10.0 32.0 22.8 32.0 21.2 20.4 9.6 4.8 14.6 9.6

34 10.8 9.2 7.6 6.0 11.2 27.6 28.8 14.0 9.2 5.6

$5 6.8 17.6 23.0 8.0 40.6 18.6 20.8 9.2 10.8 12.0

36 13.6 16.4 14.4 17.2 22.0 20.8 17.2 12.0 19.6 13.2

Total 62.0 100.4 90.2 80.61123.4 143.0 124.2 65.6 87.8 58.4

‘X 10.33 16.73 15.03 13.43 20.57 23.83 20.70 10.93 14.63 9.73

SD 4.2 7.9 6.3 4.9 10.3 7.7 7.5 3.9 4.4 3.8

TEMPORAL SEGMENT RECOGNITION THRESHOLD

FOR DESCENDING SERIES IN MILLISECONDS

W i x c a A a o o u u

81 6.0 6.4 8.0 5.2 4.0 20.0 31.2 18.0 15.6 6.4

82 12.8 9.6 5.6 14.8 12.0 50.0 18.4 14.8 12.0 10.4

83 7.6 26.0 17.2 28.0 20.0 26.4 11.6 7.2 14.8 6.4

34 12.8 9.2 9.6 4.0 8.8 33.2 28.8 16.8 9.6 3.3

S5 6.8 9.2 16.0 8.4 35.2 24.8 23.6 7.8 11.2 9.6

_ 36 15.6 12.0 12.4 16.4 15.6 29.6 14.6 15.2 13.2 17.2

Total 61.6 72.4 68.8 76.8 95.60184.0 128.2 79.8 76.0 53.3

‘E 10.27 62.07 11.47 12.80 15.93 30.67 21.37 13.30 12.73 8.88

SD 3.6 6.4 4.2 8.2 10.0 9.6 7.2 4.2 2.1 4.8

 



125

FIRST HALF MEANS

W

 

 

 

 

 

 

1 x c a A a o o u u

31 6.0 8.0 6.7 3.6 6.0 17.2 30.4 13.2 15.6 3.6

82 12.8 13.6 10.4 14.8 16.0 47.6 12.4 14.4 11.2 9.6

83 9.6 31.2 19.6 34.0 20.0 23.8 12.0 6.8 14.8 7.6

S4 13.2 9.6 9.2 3.6 12.4 35.6 22.8 17.6 8.9 5.6

85 6.8 12.8 19.2 10.8 36.0 24.4 19.5 8.4 9.6 10.0

$6 14.1 14.0 12.4 18.4 12.4 30.0 12.8 11.6 18.0 15.2

Total 62.5 89.2 77.5 54.6 102.4 178.6 108.9 72.0 78.0 51.6

'2 10.4 14.9 12.9 9.1 17.0 29.8 18.1 12.0 13.0 8.6

SD 3.2 7.6 3.0 11.6 11.0 9.8 6.9 3.6 3.5 3.6

SECOND HALF MEANS

1 I 0 a A a o o u u

81 7.2 6.0 8.4 5.2 6.4 19.2 32.3 13.6 21.2 6.8

82 13.6 13.6 10.3 14.4 16.0 41.6 22.4 17.2 13.2 14.4

S3 8.0 26.8 20.4 26.0 21.2 22.8 9.2 5.2 15.6 8.4

84 10.4 8.8 10.8 6.4 7.6 25.2 34.8 13.2 10.0 4.0

85 6.8 14.4 20.0 5.6 43.6 19.2 24.8 9.6 12.4 11.6

86 14.8 14.4 14.4 15.2 25.2 20.4 21.2 15.6 14.8 15.2

Total 60.8 89.0 84.3 72.8 120.0 148.4 144.7 64.1 87.2 60.4

'i 10.1 14.0 14.0 12.1 20.0 24.7 24.1 10.7 14.5 10.1

SD 3.1 6.5 4.7 7.4 12.7 7.8 8.3 4.3 3.5 4.0
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APPENDIX C

IDENTIFICATION MATRIXES

FOR EACH SUBJECT OVER

ENTIRE EXPERIMENT
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NUMBER OF TIMES EACH VOWEL WAS IDENTIFIED

AS EACH OTHER VOWEL BY SUBJECT 1

 

 

 

 

Intended Identified as

vowel i I a a A a o o u u

i @ 10 1 1 1 7

9 226) 1 2 1 2 6

e 15 @E] 3 2 1 2

a 1 4 81:13) 1 3 1 1

A 7 1 ELSE 6 3 1 1

a 4 11 2 62 1 1

o 2 1 11 1 116 8 (iii) 9 1

o 6 5 19 1 @223 3

u 10 8 22 38 3

u 4 9 1 2 Q. 
ZX'C* 17 56 49 4 328 18 7 52 9 18

 

*C equals number correct

NUMBER OF TIMES EACH VOWEL WAS IDENTIFIED

AS EACH OTHER VOWEL BY SUBJECT 2

 

 

 

 

 

Intended Identified as

wael 1 I e a A a a o u u

1 E 13 1 1

I S? E!!! 2

a 1 6 @ 1 1

a. 1 5 [Z33 1 5 2

. c212 2o 2
a 1 167 (E 3

o 2 1 9 4 9 1 QB 5

o 1 1 1 C239 8 2

o 2 10 [2531 3

u 1 2 2 1 [2&9]

111-0* 14 24 16 7 181 26 7 17 9 6

 

*0 equals number correct
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NUMBER OF TIMES EACH VOWEL WAS IDENTIFIED

AS EACH OTHER VOWEL BY SUBJECT 3

 

 

 

 

 

 

 

 

 

  

 

Intended Identified as

i x c a A a o o u u

1 i:§§i 7 4 3 1 15

x 1» HIE! 1 17 3 4 30 4

c 1. 2: Eng} 8 16 8 16 8 2

a. 1 NEE 13 38 63 3

A 2 1 2 Iggy} 77 4 2 2

a 1 2 4 1 87 @323 :3 5 2

O 2 2 15 ‘9 1333 :12 1

o 6 2 13 GEE] 7

u 2 3 3 2 10 1 1 BSEEQ 2

u 9 8 1 1 5 5-

ZX-C* 19 10 31 14 176 130 86 109 26 25

*C equals number correct

NUMBER 02 TIMES EACH VOWEL WAS IDENTIFIED‘

AS EACH OTHER vowEL SI SUBJECT 4

Int°nd°d _f Identified as

Vowel i I c o A a o o u u

1 Efiifi 15 1 1 24

1 5- 13 2 2 3 3

e 2 115 Eli! 3 1 1 3

. 5 62.5.3 4

A 5 4' 55 E!!! 7 3 9

a 2 2 11M) Eli) 22 7

O 2 5 72 9 22 14 @133 s; .5

o 2 7 3 5&2) 39 4

u 1 4 2 4 1 5 [:55] 12

u 4. £113

EI'C* 10 54 100 14 159 14 11 17 68 46

 

‘F— *0 equals number correct
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NUMBER OF TIMES EACH VOWEL WAS IDENTIFIED

AS EACH OTHER VOWEL BY SUBJECT 5

 

 

 

 

 

Intended Identified as

__1g1§1 i x o a A _37 a o u g_fi

1 16 2

I 1:5? C223 5 1

e .5 £318 14 l

a, 28 1 1 1

A 3 2 154 2

a 2 19 2 71 1 4

a 2 23 5 19 3o 17

6 5 11 1 (2143 1

a .3 8 11 9 4

u 22 11 2 2 23? @

21.9. 56 47 102 113 95 185 4 33 8 4
 

*0 equals number correct

NUMBER OF TIMES EACH VOWEL WAS IDENTIFIED

AS EACH OTHER VOWEL BY SUBJECT 6

 

 

 

 

Intended Identified as

wael 1 I e a A a o o a u

1 20 1 4

I 7' E!!! 2, 1 4

G 6 (2422 2 1 1 2 1

a 2 28 2 1

A 53 1 2 1

a '15 E133 ‘4

o 3 10 2 8 4 10 33

o 1 1 2 1 3 10

u 1 9 1 25 @325) 2

u 1 1 1 22
 

21-0* 13 29 41 4 94 61 11 41 35 43

*C equals number correct
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