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ABSTRACT
THE RCLE OF CONSONANT CONSTRICTIVES AND
TRANSITIONS IN THE PERCEPTION
OF ONGOING SPEECH
by
Allan Karl Bird

Considerable research has been undertaken in an
effort to determine the critical acoustical elements
involved in the perception of spsech, Almost all of the
studies to date have used either nonszensa syllables or
single words as the speech sample, The major research
has proposed two major sources for identification of
consonants, One of these is the consonan®t constriction
and the second is the transition or the shift from the
constriction to the vowel, Recently the question has been
as to whether the perception of ongoing speech is similar
to the perception of syllables or words,

This study was designed to answer the following
questionss

1, Does the use of context provide cues for the
perception of words which have been acoustically
altered by the removal of various phonetic segments?

2, How much intelligibility is maintained because of

co-articulation when only the vowel sound is heard
both in context and out of con*text?
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3. Is there a significant difference in the perception
of contextual speech when transitions are removed
and when constrictive elements are removed?

4, 1If significant differences occur in ongoing
contextual speech, do the same differences also
appear in non-contextual sentences?

Eight experimental tapes were made, Four of the
tapes used sentences of five words each, The other four
tapes had the same 30 words in random order, The tapes
within an order were altered as followss one had all of
the transitions migssing; one had all of the constrictive
portions missing; one had the constriction and transition
portions missing; and one had the transitions and vowels
missing,

Different groups of 10 listeners each heard each
condition and every pérson in the group was asked 1o write
down the words which they heard,

A statistical analysis of the obtained data was
done to determine whether differences in results were
significant, The analysis of variance was used and an
P-ratio score indicated a significant difference between
orders of presentation, differences in segmentation
effect and interaction at the 0,01 level, Graphs were
made to demonstrate what the interaction effect was,

A post hoc comparison was performed showing the
significant seven crosswise comparisons to be contributing

to the overall significance, Of special importance was

the statistically significant comparison between the
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meaningful sentence with transitions omitted and the
meaningful sentence with constrictions omitted,

A confusion matrix was constructed to examine
the type of perceptual errors which were made under each
of the orders of presentation, It was found that, in
classifying errors as errors of place, voicing and
affrication, differences in these three perceptual
categories did exist,

The vowels alone were found to contain little
information although the subjects did appear to apply
some linguistic constraints to the material as shown by
the high number of the's that the subjects guessed, In
terms of five word sentences, one would expect to find a
the in each of the seﬁtences.

All of the findings of the study sugzze2at that
contextual perception is a different process than when
one hears the words only as single entities, Further,
it appeared that the segments of the speach signal

removed seemed to make a difference,
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CHAPTER I

INTRODUCTION

Of all the abilities which man possesses, the one
which gives him his most distinctive nature is the ability
to use language as a tool of communication., It is little
wonder that an active interest in speech and language
has been present in man's search for self understanding,
The question of language and speech has been of great
interest to the audiologist, the linguist, the psycholo-
gist, and the speech pathologist, From th2 communication
standpoint, there has been an active interest in the
information-bearing elements of speech, Each person's
interest in communication is concernsd with knowing and
understanding what the elements of the oral language
code are which allow man to communicate with man, How
one knows what another person has said and what allows a
person to say it are questions of extreme interest,

Traditionally, the study of speech perception
has examined the phoneme as the basic unit of speechs

and the inquiries on speech perception have been directed



at discovering what the elements were which allowed the
listener to recognize the differences in phonemes, A
myriad of studies have been conducted looking at the
phoneme as the unit of speech perception,

Recently, however, the use of the phoneme as the
unit of perception has been questioned; and it has been
suggested that perception of speech actually occurs
along more meaningful lines with more meaningful units,
Ladefoged and Broadbent (1957) suggest that the study of
the isolated phoneme is probably of only limited value
in understanding the perception of speech, Brady (1960)
and Brady, House and Stevens (1961) found an increasing
volume of evidence becpming available tihat the perception
of ongoing speech and language entails operations that
differ markedly from the perception of other acoustical
events, Mattingly and Liberman (1970) have stated that
analysis has shown that the same acoustical cues carry
information for different phonemes and, furthermore, that
the same phoneme is often signaled by differing acoustical
information.

Another problem in the study of the isolated
phoneme has been pointed out by Hendrik (1965). He
states that it is only in the study of the iszolated
signal that the listener has all possible cues available
to him, He sayss

phonemic system only pertains to the exceptional and
rather abnormal situation of isolated words enunciated



3

by one particular speaker, Application of the
phoneme system to other situations, including the
normal, is an as yet unproven extrapolation, (Hendr
p. 426)

Harris (1953) conducted a study desizned to look
at the effects of using the phoneme as building blocks
for ongoing speech, Consonant phonemes and vowel phonem
were joined together to form words, The resulting
"ongoing speech” was found to be very unnatural sounding
and highly unintelligible,

Lisker and Abramson (1967) found that certain
cues, which on the basis of acoustical analysis allowed
for the distinction between sounds in single words, were
much less useful in ongoing speech., They suggested that
in ongoing speech the cues which are available to the
listener in the isolated word either are blurred or not
present at all, They further hypothesized that correct
perception was still possible because of the linguistic
and contextual constraints which were available in
ongoing speech, Therefore, they argue that even though
the acoustical cue was not clear, the slack created was
compensated for by context, Fry (1964) has stated that
most important perceptual information that a listener
can have about an utterance is that it makes sense., The
role of context appears to be one of considerable
importance, Context can perhaps best be defined using

the concept of information theory:

ik,

es

the



If we define a message as a sequence of code symbols,
in the present case, phones, the accuracy of decoding
a message of a given length will be greater than the
accuracy of encoding the individual symbols if and
only if there are conditional provabilities that are
not all equal (Strauss, 1950, p. 709).
This idea can perhaps best be demonstrated by looking at
the graphic symbols of our language. If, for example,
a person is asked to spell a word and is given no
information as to what the first letter of the word is,
he must randomly guess what the first letter is,
Obviously even in this random guessing, the probability
of certain letters occuring is greater, Assume now that
the person has guessed that the first letter is "q.," If
the person has a knowledge of the English language, the
chances of the person correctly guessing the next letter
are excellent, Most people knowledgeable of the language
would guess the next letter to be "u,” Even when the
case is not as obvious as the previous example, the
speller is able to limit his alternatives by prior
information, There are, as a result of certain learned
or innate rules, constraints placed upon our selection,
The suggestion has then been made that the idea
of context might also apply to the perception of the
spoken code, Three tybes of context have been suggested
which may aid the listener in the comprehension of
ongoing speech (Ladefoged, 1967). The first type of

context which he suggests might be of assistance to the

listener is the "context of the situation.” These are



events which occur at the time of the utterance but are
not an intrinsic part of them, For example, a person
watching a sporting event might assume that someone
addressing him may be discussing the sporting event, The
second type of cues are the linguistic cues of the language
which the listener might apply. For exanple, the person
hearing "he say” might well be able to supply the "s" to
the utterance even though he had not heard it since he
knows some linguistic rules regarding singular and plural,
The third type of contextual cues are the acoustical

cues,

Lieberman (1967) and Fry (196%) have both
suggested that the listener relies keavily cn the
linguistic cues for speech perception,

3lack (1964) has pointed out that since English
words are not nonsense syllables, they cannot be randomly
assembled, There are limitations which are placed on the
alternatives from which a listener might select, Reed and
Wang (1951) were able to demonstrate that contextual cues
override acoustical cues for perception,

while several people have alluded to the fact
that perception of ongoing speech varies from the
perception of the isolated word, only a slight beginning
has been made to investigate this question, Warren (1970)
and Warren and Obsek (1971) found that a listener was able

to supply a phoneme even when it was not present by



simply removing one sound from a sentence. They called

this ability phonetic restoration,

STATEMENT OF THE PROBLEM AND
PURPOSE OF THE STUDY

This study seeks to answer some basic questions
regarding the perceptual ability of the speaker,
Specifically, the study is designed to determine whether
those elements of speech perception which have been
suggested as being important in the perception of the
isolated phoneme carry significance in ongoing speech,

The following questions were formulated to define
the researchs

1, Does the use of context provide cues for the
perception of words which have been acoustically
altered by the removal of various phonetic
segments?

2, How much intelligibility is maintained because of
co=articulation when only the vowel sound is heard
both in context and out of context?

3. Is there a significant difference in the perception
of contextual speech when transitions are removed
and when constrictive elements are removed?

L, If significant differences occur in ongoing

contextual speech, do the same differences also
appear in non-contextual sentences?

IMPORTANCE OF THE STUDY

It has been hypothesized that context is
important in the perception of speech, Further it has

been suggested that various portions of the speech signal
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carry varying degrees of information (Dukelskiy, 1667).
This question has not been examined in ongoing speech,
It is the purpose of this study to attempt to provide
some basic information relative to phonemic restoration
ability of the listener and to the present knowledge
about the information-carrying units of speech,

The information obtained from this study is viewed
as having practical application in the area of sound
discrimination and information processing as well as
having possible significant impact upon future research in

speech perception,
DEFINITION OF TERMS UZE

Constriction,~~The term constriction or

constrictive element as used in this paper refers to the
portion of the consonant which represents the quasi "steady"
part of that consonant, It is that portion of the
consonants which Potter, Kopp and Green (1947) refer to as
spikes and fills, The more generic term “constriction”

was selected for use in this paper,

Context.~=For the purposes of this paper, context
has reference to the effect of linguistic restraints upon
the perception of speech, It refers to the meaning the
listener might gain as a result of syntactical, semantic,

and morphological rules which the listener applies,



First order approximation.--A first order

approximation sentence for the purposes of this study
refers to a sentence which is constructed out of

randomly selected words., The 30 words from the meaningful
sentences were randomly assigned to the six first order
approximation sentences by use of random number tables,

These sentences have no contextual information.,

Phonetic restoration,--Phonetic restoration is a

term coined by Warren and Obusek (1971), It refers to
the ability of the listener to supply or restore
perception of the missing phonetic elements of a speech

signal,

Segmentation,-~-Segmentation has reference to the

process of temporally removing portions of the phoneme,

Steady state vowel,--The steady state vowel is
the portion in which the amplitude spectrum of the vowel

is quasl constant,

Transition.~~-In ongoing speech, there is a shift
which occurs as the flow of speech moves from one phoneme
to the next. In the case of a consonant-vowel syllable
this would be a shift from the constriction to the steady

state vowel,






CHAPTER II

REVIEW OF THE LITERATURE

This chapter contains a discussion of the theories
of speech perception, a review of literature relevant to
the perception of the consonants of the English language,
a review of literature on the role of context in the
perception of speech, and a discussion of time compression

and speech interruption.
THECRIES OF SPEECH PERCEPTICN

A variety of opinions has been expressed
concerning the nature of the perception of speech, The
earliest idea concerning the speech code was that speech
was a series of non-overlapping phonemes which were each
self contained, It was assumed that traditionally speech
was analyzed as a series of concatenated phonemes (Fant,
1962), Many of the early studies related to spzech used
this model,

Recently new models have been proposed in an
attempt to explain the way in which man perceives speech,
A brief discussion of these theories followss Distinctive

Feature Theory, Motor Theory of Speech Perception,
9
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Co-articulation Theory of Speech Perception, the Phrase
Theory of Perception, and the Contextual Theory,

Distinctive Features Theory
It has always been considered that the phoneme

was the smallest unit of speech which could be
differentiated, On the basis of analysis of spectral
representations of sound, Jakobson, Halle, and Fant (1961)
were able to suggest that smaller perceptual and production
units existed, These smaller units they called
"distinctive features,” They suggested that the
individual phonemes were composed of bundles of smaller
features, Twelve distinctive features were described by
them, They further postulated that each of tha features
was perceived in a dichotomic manner, i,e, each feature
was perceived as either being present or not besing present,
In the case of a phoneme, the listener decides not to

what degree a feature is present but whether it is present
or not, It was felt that in this manner the process of
perception was considerably simplified., Other systems

of distinctive features have been suggested by Chomsky

and Halle (1968), Wicklegren (1966), and Miller and Nicely

(1955).

Motor Theory of Speech Perception

Motor theory suggests that the perception of speech

is based upon awareness of articulatory movement of tha
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listener, attempting to produce unconsciously the same
speech he is receiving, It suggests that the articulatory
moverments and their kinesthetic feedbacks of the listener
mediate between the incoming acoustical events and the
perception of speech., This theory was outlined by

Cooper, et al (1952), Mattingly and Lieberman (1970)
pointed out the same acoustical cues sometimes signal the
presence of different phonemes while differing acoustical
cues are sometimes present to make the same phoneme, They
suggest that this makes clear the need for some mediational
factors in the perception of the speech other than the
acoustic information, They point out in the acoustical
analysis of speech that different articulatory patterns
are often represented 5y similar acoustical events and yet
a listener is able to make the proper perceptual decision,
Further, similar articulatory patterns are often signaled
by varying and diverse acoustical representation, Still
the listeners hear the correct sound, Lane (1965) points
out that further support is lent to this theory because
the perception of sounds more closely parallels the

articulatory changes than it does the acoustical changes,

Coarticulation Theory of Sound Production

C. M, Harris (1953) conducted a study that
recorded consonant-vowel syllables, The consonants were
then spliced away from the original vowels with which

they were recorded and spliced with new vowels, It was
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found that this yielded unnatural and unintelligible
speech, Harris suggested on the basis of his study that
the use of individual phonemes as building blocks for
speech was most likely an unrealistic assumption. He
suggested that there was some type of interaction between
sounds in combination,

The coarticulation theory of speech assumes that
one or more of the sound features characterizing a sound
segment may extend over several temporal segments of speech.
This idea was suggested by Peterson and Barney (1952) and
Hughes and Halle (1956); they concluded that it is not
usually possible to find segments of the acoustical signal
which can be uniquely identified as single and discrete
entities during the flow of normal speech production, They
speculated that this might mean that the unit of speech
perception is larger than the phoneme, Stevens and House
(1963) found evidence that the formant frequencies of
vowels are modified in a systematic way by the consonantal
contexts in which they occur and noted that the effects of
coarticulation upon the vowel could often be found
extending over one phoneme in either direction,

Stevens, House and Paul (1966) used Consonant-
Vowel-Consonant utterances and found that the formant
structures of certain vowels were modified by the
consonant environments in which they were placed and

found evidence of co-articulation over two phonemes,
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This view was further supported by Ohman (1966) using
Vowel-Consonant-Vowel syllables,

Two basic theories of coarticulation have
evolved, One stresses that the perceptual unit is
supra-phoneme in size, The other is explained on the
basis of phoneme-sized units,

Several advocates of the supra-phoneme unit have
proposed theories, Daniloff and Moll (1968) suggzested
that the unit of perception was a unit the size of the
Consonant-Vowel-Consonant, They felt that this perception
was not affected by word boundaries, Kozhevnikov and
Chistovich (1965) agree that the unit of perception is
larger than the phoneme but feel that the pasrceptual
unit is the Consonant;Consonant-Vowe1.

Henke (1966) has suggested that the unit of
perception is still phoneme-sized but that the high
level perceptual and production mechanism is responsible
for the coarticulation effect., The process is one of
higher lsvel look-ahead and scanning,

Numerous studies have been conducted which have
shown that in the production aspect of speech,
coarticulation does occur (Fujimura, 19613 Moll, 1960,

19623 Daniloff and Moll, 1968; Amerman, et al,, 1970),

Phrase Theory

It has been argued by several that the spoken

language is decoded by the listener in word groups called



14

phonemic clauses (Garrett, 1965; Garrett, Bever and

Fodor, 1966; Fodor and Bever, 19653 Dittmann and
Llewellyn, 19673 Fodor, Bever and Garrett, 1968; Bever,
Lackner and Kirk, 19693 Bever, lLackner and Stolz, 1969).
The general method of investigation was to place a click
at various locations within a sentence, A point was
marked at the place of the phrase juncture of the sentence,
This position was called the zero point, Clicks were then
recorded at the zero point and at points one syllable,

one word, etc, away from the zero point in each direction,
The findings were that the click or noise was generally
mislocated and usually in the direction of the phrase
juncture or zero point, Based upon the idea that a
perceptual unit resists interruption, the general
conclusion of the investigators was that since the noise
or click migrated toward the phrase juncture, this indicated
that the unit for decoding was the phrase or phonemic

clause,

Contextual Probability Theory
Lieberman (1967) proposed a model for the

perception of ongoing speech, He suggests that the
entire context of the sentence plays an important part in
determining how essential any particular cue is for

the perception of the message. As Black (1962) pointed
out, words are not nonsense syllables, Words in any

language have sounds that are not randomly assembled,
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Brown and Hildum (1956) ran a study in which they
constructed three sets of words, The first group of
words were highly unfamiliar words of the English
language, the second set were non-English words and the
third set were words whose phonetic context could not
occur in English, They found that the English words were
remembered by native speakers of English about 69 percent
of the time, the English non-words were recalled with
46,8 percent accuracy, while the non-English words were
only recalled 9,7 percent of the time, They concluded
that the perception of speech is directed by knowledge
of the sequential probabilities,

Reed and Wang (1961) also providad evidence of
this probability phenomenon, Three words were recorded
in their study., They were bat, pat, and spat. The /s/
was then removed from the word svat and placed before bat
and pat. Subjects perceived both g plus bat and g plus
pat as being spat. The non-English combination of sb
was not perceived even when actually present., They
concluded that if the analysis were acoustical or motor
rather than contextual probability, the listeners would
have heard bat,

Harris (1960) has suggested that there are
enough cues furnished by restriction placed on utterances
by syntax and context to give the listener a good idea

of the missing parts.,
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Lisker and Abramson (196?) conducted an
experiment using the analysis of speech in isolated
words and in ongoing speech, It was found that the time
from the onset of the burst to the onset of periodicy was
sufficient to classify the consonants as being voiced or
voiceless, However, when the voice onset time was
evaluated in ongoing speech, it became useless in
predicting voiced and voiceless, They offered two
possible explanations as to what happens, The first
possibility suggested was that there is a general
blurring of the distinctiveness of the sound, This
blurring is compensated for by the linguistic
constraints, thus taking up any slack in the intelligi-
bility., The second alternative possibility offered by
them was that there are certain cues in deliberate
speech of single words which are merely redundant,
Studies by Pickett and Pollack (1963) and Fry (1964)
suggest that the blurring and linguistic constraint is
the correct alternative,

Lieberman (1967) suggests that the perception
of ongoing speech is based on both contextual and
acoustical cues in combination, It is suggested that a
listener first performs a preliminary analysis of
the speech signal on those acoustical cues which are
available to him, When the acoustical information has

been processed, the listener postulates a hypothesis
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regarding what the message might possibly be, This
hypothesis is then referred to a process where it is
tested using those semantic and syntactic constraints
which exist in the listener's language system, If the
hypothesis appears tenable in light of the constraints,
the listener interprets the message as having been heard.
Fry's model (1964) shown in Figure 1 illustrates this

viewpoint,

Phonemes

e o o kKAM

Figure l,--Schematic diagram showing the place of an
incoming perceptual pattermn in a phoneme class with the
aid of statistical information based on the immediate
past of the message (Fry, 1964, p. 16).

In this model the incoming message is first analyzed

according to the pitch, guality, loudness, and duration
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of the component portions of the incoming message, Once
as much information as possible has been gained from the
acoustical message, on the basis of those phonemes which
have been interpreted so far, a tentative hypothesis

is formed., The hypothesis is then referred to the area
called the phoneme statistic area, The probability of
our hypothesis being correct is assessed; and if the
assumption appears reasonable, the message is considered
heard, If the hypothesis does not seem reasonable,
further analysis of the message is made or the message

is assumed not to have been heard, A further explanation
using the example in the above model may make it

clearer, Assume that tecause of the blurring which
occurs in the acoustical properties during ongoing
speech, according to the acoustical signal, we are able
to determine that the sound which was heard was one of
the nasals, i.e. /m/, /n/, or /D/l The message can then
be referred to the probability or statistical phoneme
area, Here it is found that the most likely correct
choice for that context is the /m/. This is then referred
back to see if the assumption can be supported by what is
further heard. The model as explained above would hold
true if speech perception were based on the phoneme,
However, it is very simple to expand this model to include
all possible perceptual units., The expanded model is

shown in Figure 2,
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At the present time, none of the above suggested
models have been conclusively validated as being the
model whereby perception occurs, It is further possible
that under varying conditions, differing methods of

perception are employed,

STUDIES REILATED TO THE PERCEPTION
OF CONSONANTS

Three approaches have been employed in attempting
to discover which elements of the speech signal allow
for its perception. The first method is analysis, In
this method, a recording of some speech signal is made,
This sample is then analyzed by use of electrical
equipment such as the spectrograph which allows the
speech signal to be displayed in a spectrogram, The
display is then examined for any consistency which might
occur, The basic problem existing in this method is that
one cannot be sure that those elements which are selected
for the basis of analysis are the same elements which
are used by the human auditory system in analyzing the
same signal,

The sa2cond approach, and the one used in the
current study, is distortion. In distortion.the speech
signal is altered in some way such as compression,
clipping, or bandwidth limiting, When the distortion

has occurred, the signal is then presented to listeners
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in such a way that the human ear serves as the analyzer
for the speech signal,

The third approach employed is synthesis, 1In
synthesis the speech signal is in some way artificially
created, and the signal is then presented to the human
auditory system to ascertain what it perceives, The
earliest method employed involved simplified handpainting
of spectrograms, These are drawn and then are converted
into speech sounds, This is the playback pattern system,
The main type of synthesizers presently used is the analog-
computer type. Each of the methods has some strong points
and each has some inherent weaknesses,

Various phases of the consonants have also been
explored, Liberman (1957) has suggested that cues for
the perception of the consonants can be divided into
three major classess constriction, transition, and
resonation, Constriction cues are those cues which are
the noise of the consonants, In the case of the plosives,
the constriction cues are the stops and bursts of sound,
For the fricatives, the constrictién cues are the
frictional portion of the sound. The affricate sounds
have both burst and friction constriction cues, The
transitional cues are those based on the movement of
the acoustic energy from the locus of the consonant to
the steady state portion of the vowel, Resonant cues are

used to classify the nasal sounds as nasal consonants
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and all other consonants as being non-nasal, The
majority of the studies which have been performed looking
at these classes of cues have been done using either words

or monosyllabic nonsense syllables,

Studies related to the importance
Of the constrictlon in speech
perception

One of the earliest studies relating to the
importance of the constrictive in the perception of
sounds was conducted by Liberman, et al, (1952), Using
speech synthesis, they found that the perception of the
/t/s /p/ and /k/ was based upon the presence of noise
at various frequency ranges, For the /p/ sound, the
presence of noise in the area of the first formant was
significant, For the /kx/ and /t/, it was the presence
of noise in the area of the second and third formant
areas respectively,

C. M. Harris (1953) found that the /t/, /tf7,

/f7/» /s/y /1/+ and /r/ sounds were recognized on the basis
of the constriction, regardless of the vowel context
away from which the consonant was spliced,

Harris (1954, 1958) synthesized the fricative
consonants /s/, 4]7. /¢/, end /f/. Based on the
constrictive portion of the consonants, the listeners were
aﬁle to divide the sounds into two groups, the /s/ and /f/
group and the /6/ and /f/ group. Further, on the basis of

the constrictive component, the listeners were able to
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differentiate between /s/ and 477. The /s/ was perceived
when the lower cut off frequency was at 3600 Hz, For the
{77 it was best at a lower cut off frequency of 2000 Hz,

Cooper, Delattre, et al. (1952) speculated that
it was possible to distinguish the /p/ and /k/ sound from
the /t/ sound on the basis of the burst portion of the
speech signal, These findings were based on work done
with speech synthesis,

In 1954 Fischer-Jgrgensen conducted a study of
the acoustical elements of the Danish stop consonants,
The results of this study were based upon spectrographic
analysis of the stops /v/, /t/, /%/» /b/s /d/ 2and /g/ in
the Danish, Several factors were found to be different
in the constrictive of burst portion of the /p/, /t/, and
/k/. Sinilar results were found for the ccgnates of each
of the rhonemes,

Ze found that the intensity of the explosion
showed characteristic differences, It was found that /k/
was more intense than /p/, and /p/ was more intense than
/t/. It was pointed out, however, that the results were
somewhat compounded by the environment in which the sound
occurred, Differences in duration were also present, The
/g/ cozgnates were found to be longer than the /d/, which
was longer than the /b/. Duration of the aspiration was
also found to be a factor in the spectral analysis of the

stop consonants, Several other variations were pointed
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out which were spectrally present., In summarizing the
acoustical characteristics of the stops, Fischer-Jgrgensen
suggests that adequate recognition of the plosive sounds
is based on certain characteristics, The p/b cognates
were found to have a fairly neutral explosion with
relatively low resonance qualities, The t/d cognates were
recognized by the high explosion and the relatively high
resonance qualities, The k/g were recognized by the strong
concentration of explosion in the area of the frequency of
surrounding sounds and a resonance quality which is also
greatly influenced by the presence of surrounding sounds,
An interesting observation was made by Fischer—

Jgrgensen regarding the influence of sounds which surround
the sound under investigations

From a phonemic point of view we would say that only

differences between conditioned variants (or

"allophones”) must be phonetically constant, not

differences between phonemes; thus the difference

between /k/ and /t/ before /i/ must show some

constancy if communication by means of speech is to

be possible, but even this constancy is of limited

kind, for there may be a bundle of differences which

are all present in optimal cases, but which need not

all be there, In some cases the frequency of the

explosion might be the same but the duration might

be different, or vica versa, Final /k/ and /p/ after

/u/ may have the same formant bendings but different

explosions or if they are unexploded, there must be

differences of formant bending, etc, But there has

to be some kind of consistency (p. 58).

In general, Fischer—-Jfrgensen felt that his

findings were consistent with the findings of studies
which had been conducted earlier at Haskins Laboratory

using synthetic speech,
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Gerstman (1956) found that duration of the noise
portion of the fricative was significant in its
identification, The syllable 4]5/ was recorded and
successive portions of the fricative were removed, At a
point where approximately one-~half ot the duration of
the friction had been removed, the syllable was perceived
as /ﬁj&/; If all of the fricative duration were removed,
the syllable was perceived as either /ka/ or /ta/. On
the basis of his study, Gerstman suggested that the
duration of the constriction portion of the consonant is
sufficient to allow the listener to identify the sound
as being a plosive, a fricative, or an affricate,

Hughes and Halle (1956) investigated the spectral
properties of the constriction portion of the fricative
sounds of Fnglish, The method used was analysis., The
relative energy of the various frequency components of
the conscnants was obtained, A strong energy component was
noted belcw 700 Hz for all of the voiced sounds, but this
component was never present in any of the voiceless
counterparts,

Farther analysis showed that the /s/ cognates had
a concentration of energy which was consistently higher
than those present in the 4/7 coznates, Results for the
/f/ and /v/ were somewhat confusing,

The authors devised a mathematical computation

in which three measures were made, First, the energy
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in the frequency range between 4200 Hz and 10,000 Hz was
subtracted from the energy present in the range between
720 Hz to 10,000 Hz, Second, the energy present in the
band from 720 to 6500 Hz was computed and the energy in
the band from 720 to 2150 Hz was deducted from this, The
last measurement was made by locating the peak in the
region from 1500 cps to 4000 Hz, Once this was done, the
energy in dB in a band from 720 Hz to 1370 Hz was
subtracted from energy in a 500 Hz band centered around
the peak frequency. Figure 3 shows the identification
procedure then proposed, Using this identification
procedure, Hughes and Halle were able to identify correctly
each of the sounds with no greater than a 10 percent error.
There appeared to be no consistency in the error, A
perceptual study was also conducted, and it was found that
those sounds which were within the criteria range were
more readily identified correctly by listeners,

Halle, Hughes and Radley (1957) conducted an
analysis of the stop consonants, The first question which
they were interested in was whether or not the burst, or
constrictive, portion of stops contained sufficient
Information for the correct identification'of the stops In
order to answer this question, they recorded each of the
stops and then gated the monosyllables so that none of the
transition was heard, No information was available as to

how this gating was done, The portion of the burst heard
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was 20 msec, long, The taped stimuli containing the

20 msec, bursts were then presented to subjects., The
percentage of correct identification for the five best
judges was 65 percent, 70 percent, 75 percent, 80 percent,
and 96 percent, They pointed out that the three best
scores were obtained by people having had considerable
experience in listening to isolated bursts, It was felt
that learning could be a factor in these cases, Since it
was reported that correct identification could be made on
the basis of the burst, further analysis of the burst was
undertaken, A frequency analysis of the energy in the
various frequency bands showed that for the /p/ and /b/ the
concentration of energy was in the frequency range between
500-1500 Hz, For the alveolar plosives there was a
predominance of energy in the frequencies above 4000 Hz,
The velar plosives had concentration in the middle
frequencies, These results were in good agreement with
the findings of Fischer-Jgrgensen,

Malecot (1958) found that suppression of the
release in identification of final stops drastically
altered the perception of the voiceless stops. It was
also felt that the release played a major role in
conveying the manner of articulation,

Hoffman (1958) used a speech synthesi;er in order
to compare the perception of the voiced plosives /bv/, /g/,
and /d/. The results of his study yielded findings similar



tothe I
Cooper ©
exceptic
speech s

percepti

nasal cc

identif;

nuzerowu:

that th
to alle
stops,

analysi
that ot
the ong
Serva ,
¥hile p
arpean

Fische:



29

to the results of the voiceless counterparts conducted by
Cooper et al, (1952), He further found that with the
exception of the /b/, the constrictive portion of the
speech signal provided adequate information for the
perception of the voiced plosives,

Nakate (1959) found that the duration of the
nasal consonants was significant in making the correct
identification,

Liberman (1957) in summarizing the results of
numerous studies conducted at Haskins Laboratory stated
that the position of the frequency burst was sufficient
to allow the listener to distinguish within the voiceless
stops. This seemed to agree with the findings of other
analysis and synthesis studies, Liberman also speculated
that other factors such as the duration and the nature of
the onset of noise or the intensity of the noise might
serve as cues for the perception of the consonant sounds,
While no research data were presented, these speculations
appear to agree with the analytical findings of
Fischer-Jdrgensen,

Ingeman (1960) suggested that low hiss sound,
duration of friction and the intensity of the sound were
all factors which were helpful in differentiating
between /s/ and /z/.

Lotz, et al, (1960) compared the voiced and

voiceless stops, It appeared that the lack of aspiration
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following the initial constrictive release seemed to
be the major cue in causing the listener to evaluate
a sound as being voiced rather than voiceless,

It has been found that the introduction of an
interval of silence is enough to cause the listener
to insert a plosive sound even when none was present
(Bastian, et al,, 1961), Using synthesized speech,
Bastian created the words sore and slit., A period of
silence was then introduced following the /s/. This
resulted in the hearer perceiving the words as store
rather than sore, and split rather than slit. While
no consideration was made in the article regarding the
reason for the selection of the stop which was inserted,
it appears that the selection could have been made on the
basis of meaning, since the stop inserted still maintained
a meaningful word,

Heinz and Stevens (1958) using synthetic speech
found that the center frequencies for the five consonants
/t/s /3/, 4/7, /8/, and /g/ were different. He suggested
that there is a consistent pattern which would be useful
in the identification, It was found that for the /f/,
the center frequency was around 2000 Hz, The center
frequencies were around 3500 and 5000 for the /¢/ and
/s/ respectively, No consistent difference was found
between the /f/ and /0/. This would appear t6 agree
with the findings of Harris (1958), findings which
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suggest that it is not possible to distinguish between
the /f/ and /0/ on the basis of the constrictive portion
of the consonant,

Strevens (1961), using spectrographic analysis,
studied nine fricatives, Line spectra were made from
the spectrograms, It was found that the relative
intensity and the frequency components of the nine
fricatives used in the study varied, He reported the
following findings:

1. /$&/ 1lowest frequency at which energy is visible
on the spectrogram is between 1600 and 1650 cps,

Low peaks of energy tend to occur around 1800~

2000 cps., 4000-4500 cps., and 5500 cps, Energy

rarely abvove 6500 cps, Intensity rankings

lowest of 9,

2, /f/ Lowest Trequency is around 1500-1700 cps.,

Low peaks of energy tend to occur around 1900 cps,,

%000 cps., and occasionally 5000 crs, Upper
limit of frequency is rarely below 7000 cps.,
usually around 7500 cps. In general, a higher
upder 1limit than No, 1. Intensity rankings
3~d in ascending order,

3. /,93/ ZLowest frequency varies, but lies between
1400 and 2000 cps, Low peaks of energy tend to
occur, the lowest being close to 2000 cps., the
upper peaks varying somewhat, but tending to lie

about 1000 cycles apart, Upper limit of frequency

rarely below 7200 cps.; some speakers reach
2000 cps. In general, a somewhat higher upper
1imit than No, 2, Intensity rankings 2nd in
ascending order,

4, /s/  lowest frequency almost always above
3500 cps. Peaks of energy tend to occur with
no apparent pattern, except that they do not lie
closer to one another than 1000 cycles, Upper
limit of frequency exceeds 8000 cps., in most
cases, Intensity rankings 5th in ascending
order,
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[17 Lowest frequency varies between 1600 and
2500 cps., Peaks of energy tend to occur not less
than 1000 cycles apart and the aspect of
amplitude cross-sections shows a sharp cut-off
around 7000 cps, Intensity rankings 7th in
ascending order,

/;/ Lower limit of frequency varies generally
between 2800 and 3600 cps., Peaks of energy tend
to appear at roughly 1000 cycle intervals; these
peaks are sharper than those in No, 5, Upper
frequency limit very variable, but usually
between 6000 and 7200 cps,, i.e, lower than for
either No, 4 or No, 5, The general shape of the
spectrum is like that of No, 4 /s/, but with
all values transposed 1000 cps, down, Intensity
ranking:s greatest of all 9 items,

/s/ ZLower limit of frequency usually between
1200 cps, and 1500 cps. There is always a strong
peak of energy below 2000 cps,, with others above
about 3500 cps., The aspect of amplitude cross-
sections gives a hint of formant-like structure;
the low peak is steeper than the upper peaks,
which are often double peaks, some 500-600 cycles
apart, Upper frequency limit is very variable,
usually between 5000 cps, and 7500 cps. A
considerable variety of different sound qualities
was obtained from the subjects, as was to be
expected, Versions judged in phonetic terms to
have a more back place of articulation tended to
approach more closely to a formant-like structure,
Intensity ratings 6th in ascending order,

/X/ Llower 1limit of frequency varies between

700 cps, and 1200 cps, All spectra bear a marked
resemblance to vowels, with a "formant” of one or
two high peaks between 1000 cps, and 2400 cps,
Sometimes there are 3 or even 4 "formants”
altogether, with 1 or 2 of them having rather
high peaks of intensity, in the region from

3000 cps, to 6000 cps, At first glance the
spectrographic pattern is that of a vowel rather
than a voiceless fricative, Upper limit of
frequency variable between 6000 cps, and 7000 cps,
Intensity ratings 4th in ascending order,

/h/ Lower limit of frequency usually varies
between 400 cps., and 700 cps, The peaks of
intensity which occur are so marked as to suggest
a multi-formant vowsl, One major peak occurs
around 1000 cps., one around 1700 cps. At least
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5 major peaks occur in each pattern; spectra for
women subjects exhibit more of these peaks than
for men, Upper limit of frequency is usually
around 6500 cps. Intensity rankings 8th in
ascending order, but for technical reasons the
data (and thus the ranking) for this item are

suspect (pp. 211-213),

In the most recent study conducted on the
significance of the constrictive portion of the speech
signal, Ainsworth (1968) found that the phoneme /t/ was
perceived on the basis of the frequency of the noise
burst rather than any other factor, Again, this remains
consistent with the findings of many of the other studies
cited, The results on the /p/ and /k/ were also consistent
with other findings cited, However, for the voiced
stops, the results were not as clear, as the effect of
environzment seemed to show up more strongly. For the /b/
sound, ire presence of the interval of voicelessness,
the spreald of the transitions, and the noise probabilities
were all important in order for this sound to be correctly
identifi=d, This shows some agreements with the findings
of Hoffman (1958), who found that the burst was not
sufficient to identify the /b/., The recognition of the
/e/ appeared to be based on the frequency of the noise
burst near the second formant, This view appears to be
in disagreement with the findings of Delattre (1955)
and Harris (1958), One of the most important findings
of Ainsworth's gtudy was the implication regarding the

effects of the environment in determining factors
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important for perception, It was found that the vowel
following the voiced consonants had an effect upon which
factors were important for perception and in what way
the important factors were affected, A case in point
can be made from looking at the /d/. In the situation
where the /d/ precedes one of the back vowels, it
appeared that the formant transitions were the most
important cues for perception, When the /d/ was presented
in conjunction with one of the front vowels, the
constrictive element of the sound was the cue which
provided for perception, The above generalizations did
not hold true for two vowels, however, The two vowels
which showed deviation from the rule were /¢/ and /&/,
Ainsworth explained this digression for /¢, citing the
fact that with this particular phoneme almost no second
formant transition is present and, therefore, the listener
was taking cues from the third formant transition, With
/&/» the frequency of the burst is located very near the
locus of the <transition such that it is possible to
perceive /d/ on the basis of either the burst or the
transition., The hypothesis formulated regarding these two
exceptions was not investigated,

While several people cited earlier have suggested
that high frequency components of fricatives are sources

" of identification, it has been shown (Lawrence and Byers,
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1969) that persons with high frequency hearing losses are
able to identify fricatives correctly,

Studies related to the importance
of the transition in speech

perception
The suggestion that speech perception might be

dependent in part upon the consonant-vowel transition
was first made by Potter, Kopp and Green (1947) based
upon the extensive spectrographical studies undertaken
by these authors,

Early exploration of the question was undertaken
by Coopen et al, (1952) and Liberman, et al, (1954),
They looked at the role of the transition in the
perception of the English consonants /b/, /v/, /4/, /t/»
/%x/, and /z/. They found that the direction of the
second fcrmant allowed the listener to make certain
judgments. On the basis of a rising second formant, the
listener n2ard the sound as a /b/ or as its voiceless
cognate, A falling transition caused ths sound to be
heard as z2ither of the other four sounds., Further results
showed that the difference between the voiced and
voiceless sounds could be made on the basis of the first
formant transition along with the presence or absence
of the voice bar, These findings, along vwith those
previously mentioned regarding the constrictive portions
of the same sounds, yield the following criteria for

selecting the plosive sound: The labial plosive is
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signalled by the presence of a low burst of sound and a
rising transitions the alveolar plosives have a high
energy burst and a falling transition; the velar plosives
have a characteristic low burst and falling transition,

Harris (1954, 1958) found that differentiation
between the /f/ and /6/ could be made on the basis
of the second formant transition but not on the basis of
the constrictive portion of the sound,

Fischer-Jgdrgensen (1954) felt that the
identification criteria for the stops suggested by Cooper,
et al, (1952) and Liberman, et al, (1954) were overly
simplified because they didn*'t take into account the
environment in which the sound occurred, They found, for
example that the /t/ had a rising formant when followed
vy /i/y /e/, and /5/0

Gerstman, et al, (1954) undertook to determine
which factors were important in the transition, They
found that the duration of the transition was more
important than the rate at which the transition occurred.

Schatz (1954) found that the transition had an
important role in the perception of the /k/. Actual tape
recordings were made of a speaker saying the words keep,
cop, coop, heap, hop, and hoop. Each of the consonants
was then spliced away from the context in which it was

spoken, Initial findings indicated that as long as the
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transition was present, the isolated consonant was
correctly identified but that if the transition was
removed, the perception changed,

Delattre, Cooper, and Liberman (1955) used
synthetic speech to investigate the locus of the
transition for the voiced stops. They found that for
these plosives, loci could be determined, The second
formant locus for the /d/ was at 1800 Hz, for the /b/
at 720 Hz and for the /g/ at 3000 Hz., For the /g/, this
occurred only when the adjoining vowel has its second
formant above 1200 Hz, It also was shown that a silent
period prior to the transition resulted in better
perception of the sound than when the transition began
right at the locus, There needed to be a silent period
before *ne onset of voicing, The steady state level of
the first formant appeared irrelevant except when there
was a sTraignht second formant transition occurring
about hz2iTway between the locus for the /g/ and the /d/.
In that situation, a rising first formant caused one to
perceive the /d/, whereas a falling one was perceived
as /z/.

Malecot (1956) used distortion in order to
determine the role of the transition in the perception of
the nasal sounds, Two methods of preparing the stimulus
were attempted, In the first procedure, the tape was

edited using the human ear to determine the points where
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cuts were to be made, The human judgment was aided by
the use of the oscilloscope, This method of determining
transitions was found to be unreliable, The second

- method employed used the spectrograms for editing
purposes, This method was found to be suitable, Since
this method involved the use of the peak amplitude of
the sound wave, it would have application only for the
monosyllables said in isolation, Using this technique.
Malecot determined that the transition was important
for the perception of nasal sounds,

Liberman, et al, (1956) azain using the voiced
stops, found that the duration of the transition was an
important factor in allowing for the distinction between
these consonants and certain semivowels, Using the
speech synthesizer, it was found that by increasing the
duration of the transition for the /b/ sound beyond
40 msec,, the listener perceived the stop as a /w/, When
the transition for the /g/ was increased beyond 60 msec,,
it was perceived as a /j/. Further increase resulted
in the listener perceiving a /fu/ for the /v/ and an /i/
for the /g/. This was found to be true in front of the
vowels /&, /i/ /e/s /2/y /% and /fo/.

Stevens and House (1958) found that the
perception of the /f/ from the /6/ was dependent
upon the second formant transition. The transition did

not appear important in recognizing the difference between

the /s/ and 477.
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Harris, et al, (1958) examined the importance
of the third formant transition in the speech perception
process, It was not possible to find third formant
criteria for the perception of sounds, and it was found
that the presence of the third formant did help to make
for more accurate and consistent perception of phonemes,

0'Conner, et al, (1957) suggested that the
extent and direction of the second formant transition
was an important cue for distinguishing among the /w/,
/3/s /r/s and /1/. This was again based on synthesis
studies,

Green (1958) applied speech analysis to the study
of the importance of the transition in consonant
recognition, The 1ong vowels (/i/, /ax/, /o/s /3/, and
/3¢/) were combined with 22 English consonants to form
monosyllables, The monosyllables were then presented in
the following fashions /bisbi;bi/, Through spectro-
graphic 2nalysis of the consonants, Green was able to
establish loci for all but four of the consonants, The
loci were determined as followss

;?; 288: = L60~ average
/n/ 300, 100, 700, 650, 500~

/v/ 450, 550, L50- = 480~ "
/f/ 1300-

/v/ 800, 350, 150, 700- = 660~ "
/6/ 1650, 1500, 1400~

/?/ 1250, 1200, 1250, 1400- = 1380~ "
/t/ 1600, 1600, 1700, 1850, 1850~

/d4/ 1850, 2000- = 1780~ "
/n/ 1850-

/1/ 1700, 1650, 1700, 1800~ = 1710- "
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/s/ 1800, 1850, 1750~

;z/ izgg. 1700, 1400~ = 1620~ average
r -

/// 2000~ = 2000- "
/ 2000-

;ﬁ; 2300, 2500, 2400~ = 2400~ *

k ————

e/ === ="

(p. 59)

Information on the transitions further showed that the
/v/s /v/, and /m/ phonemes had negative second and third
formants; the /kx/, /g/, and /n/ had positive second and
negative third formants; and /t/, /d/, and /n/

had both positive and negative second formants but
positive third formants, It appears, then, that these
sounds can be classed according to place of articulation
on the basis of the transition., Time lag between the
locus and the onset of the transition also appeared to be
a useful cue in assessing place of articulation, It also
appeared that it might be helpful in distinguishing
between cognate pairs.,

Nakata (1959) found that the duration of the
transition was important in identification of the nasals,
The transition alone was adequate to provide consistent
identification between the /v/ and the /J// (Delattre,
Liberman, and Cooper, 1960)., Kelly, Anthony and Uldall
(1963) found that the locus of the transition was the
important feature for perception, Lindblom and

Studdert-Kennedy (1967) found that the recognition of
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monosyllables could be altered significantly by
alterinz the rate and direction of the adjacent formant
transition,

Grimm (1966) created 42 CV syllables, These were
then altered by removing an increasing number of 10 msec.
segments from the syllables, They found that perception
was random until the segment containing the noise-non-
noise portion was present,

Delattre (1969) suggested that the first formant
transition may be important for the perception and
recognition of sounds with regard to the manner of
articulation, whereas the second formant may be
important for the determination of place, This shows
agreement with the anélytic study conducted by Green (1958),

In a study looking at initial and final consonants,
Ahmen ani Patechand (1959) used 16 consonants and
8 vowels in order to make up 80 monosyllabic consonant-
vowel-consonant meaningless words and 80 vowel-consonant
meaningless words, A large-amplitude pulse was placed
as near the start of the word as possible for the
purpose of determining the beginning of the word,

Various portions of these words were then gated out

and a perceptual task was undertaken., The main interest
of this study was the effect of duration, The duration
of the sounds was determined by the aural method,

The authors played the tape, and the gate was operated



L2

manually, The duration of the gate was adjusted

until the listeners agreed that only thg consonant

was heard without a trace of the vowel, This was
called the "pure consonant.” The "vowel contaminated
consonant” was determined by adjusting the gate to a
point where only the vowel-consonant was heard or to
that point where the consonant disappeared completely,
Similar procedures were employed to determine the length
of the "pure vowel" and the "contaminated vowel,” The
duration of the "pure vowel" was found to be from

100 msec, to 460 msec, with an average duration of

300 msec, The "contaminated vowel” was found to average
440 msec, The average initial consonant length was

70 msec, They found that it was possible to remove the
first 39 »s=2c, of the fricative and plosive with no loss
in inteX1l1igzibility, whereas 40 msec, could be removed
from the semivowels, It was further found that the
portion c¢Z the consonant nearest the vowel provided more
information than the initial portions, All of this
tends to point to the importance of the transition in
speech terception,

The results of the studies on speech perception
are often confusing, and it has been shown that possibly
any one of several cues may proﬁide adequate information
for the perception of certain consonants., Grimm (1966)

has stated:
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(1) The perception of the initial consonants was
dependent upon the different elements of the syllable-=-
i,e,, the plosive bursts, the noise between the
plosive burst and the juncture of the noise and
nonnoise portions, and the transition area itself,
Exceptions to this were with the syllables /di/ and
/bd/. These syllables were perceived with a high
probability even when all of these elements were
excised, (2) No rule could be established to show
that any one of the elements of the different plosive
syllables contributed uniformly to the perception of
all syllables, (p. 1460)

Similar statements could be made for the fricatives.

STUDIES REIATING TO THE ROLE OF
CONTEXT IN PERCEPTION

Fischer-J#rgensen (1954) found that the vowel
which followed a consonant tended to affect whether the
transition of the vowel was rising or falling,

Brown and Hildum (1956) looked at the effect
of a listener®'s expectation in his ability to recall
words, Three word lists were constructed, The first
vword list contained English words which were infrequent
in occurrence and usage, The second list was composed
of nonsense syllables whose form would be possible in the
English language, The third group were nonsense syllables
which would not be possible in English, They found that
the mean recall for the words was 69,2 percent; for ‘the
English non-words, 46,8 percent; and for the non-English
syllables, 9,7 percent, The authors concluded that the
perception of speech is directed by the knowledge of the

sequential probabilities,
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It has further been shown that the recognition
of the final consonant is improved by the knowledge of
the initial consonant of a nonsense monosyllable (Ahmen
and Fatehchand, 1959).

Reed and Wang (1961) found that when listeners
heard non-English syllables, they rejected them in
favor of the English alternative,

Shearme and Holmes (1962) studied the first
and second formants in ongoing speech and isolated
words, They found that in ongoing speech the formants
of the vowels were located in a much more neutral
position than the formants in isolated carrier words,

Swaffield, Shearme and Holmes (1941) suggested
that the differences in formant transitions for conversa-
tional speech and monosyllables based on analysis of the
acoustics are striking, They note two major differences,
The first was that the set of vowel transitions in
ongoing speech tended to be much more neutral, and the
second difference was that many times the position of the
transition in ongoing speech didn't even correspond to
the region for the monosyllable,

Pickett and Pollock (1963) found that the
intelligibility of ongoing speech depended on the
duration of the excerpt listened to, They recorded
conversational speech and then gated out all of the

message except for a single word, They found the single
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word to be unintelligible, They then allowed the gate
width to increase until the initial word was perceived,
For example, if the word to be heard was of, the listener

first heard of, then of the, then of the world, It was

found that one word was usually inappropriately
recognized and the correct perception occurred only
after a certain length of signal was allowed to pass,

In 1964 they replicated the study. However, the
interest this time was to determine whether the results
obtained in the previous study were a result of
contextual cues or the increasing acoustical information
available, Subjects read the sentence which they were
going to hear, One word was omitted from the
sentence, This word was then presented in the method
previously described for the 1963 study. It was
determined that even if contextual cues were available,
correct perception of isolated words gated out of
ongoing speech was difficult and that correct identifica=-
tion continued to improve to the point where three words
were contained within the gated segment,

Lisker and Abramson (1967) attempted to study
the time between the burst and the onset of periodicy
(voice onset time, or VOT) in order to determine its
effectiveness in classifying sounds as voiced and

unvoiced, They used both isolated words and ongoing
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speech and found that in isolated words the VOT time was
useful in making the classification, In the ongoing
speech it was found not to provide the differentiation,
They hypothesized that this was due to the fact that the
linguistic constraints take up any change in the
information lost because of the "blurring"” of ongoing
speech,

Mattingly, Liberman, Syrdal, and Halives (1969)
found that the perception of stop consonants depends on
whether or not the cue is presented in a speech-~like
context or in isolation,

It has also been shown that a sound can be
removed from ongoing speech and still be perceived
as beingz there, This.has been termed Phonemic Restoration
(PhR)., warren and Obusek (1970, 1971) found that if the
/s/ sounl were removed from a word, the listeners still
replaced it, They removed the /s/ out of the word
legislat:res in a sentence, The /s/ was replaced by
either a cough, a loud buzz, a soft buzz, a period of
silence, or a loud 1,000 Hz tone presented at 8 dB
above reax intensity of the sentence and one presented
at the peak intensity of the sentence, The listeners were
asked to locate where the noise or silence occurred in
the sentence, In all conditions except for the silence,
PhR occurred and the inserted sound was difficult to

locate, In the case of the silence, the PhR was made
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less often and location was more often correctly
identified,

In a preliminary study by Sherman (1971) it was
found that the listener was able to maintain acoustical
information long enough to wait for subsequent context
in order to perceive a message correctly. The study
presented a sentence beginning, "There was time to _ave
¢+ ¢« o o« o" The missing fragment could have been shave,
save, wave, etc, It was found that the subsequent
information allowed the listener to make the correct
selection,

Ali, et al, (1971) recorded consonant-vowel
syllables, Zach of these syllables was then combined
with either a plosive, a fricative, an affricate, or a
nasal, The tapes were then processed so that the final
consonan<t including the transition was removed using
spectreo-maas which Malecot (1956) had found to be most
reliablzs, The data were then analyzed to determine
whether it was possible for the person still to perceive
the nasal sound, It was found that five or more of the
nine nasals were perceived correctly by all persons who
listen=d, The statistical analysis showed that the
perception of nasals was better than chance, Plosives
tended to be perceived more often as nasals, The vowel
of the preceding syllable also appeared to influence

the listener's perceptlon of a nasal.
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Two tentative conclusions appear warranted based
upon the studies reviewed, The first conclusion is that
the presentation of phonemes in a contextual environment
appears to blur some of the acoustic elements which are
present when the phoneme is produced either in isolation
or in syllables, The second factor appears to be that
the listener to a language with which he is acquainted
applies constraints to what he hears based upon his
knowledge of the language system employed, This constraint
causes him to select certain choices even though

acoustically the choice may be unclear,

STUDIES RELATING TO TIME COMPRESSED
AND INTERRUPTED SPEECH

The question of how much speech could be removed
and still not cause a significant loss in correct
perception has been the subject of considerable interest,
Perhaps one of the earliest studies dealing with
interrupted speech was carried out by Miller and
Licklider (1950), They considered three factors in
looking at the intelligibility of ongoing speech, Factors
considered were the number of interruptions per second,
the proportion of time the speech was on, and the
regularity of the interruptions, The PB word lists of
Egan were employed, They found that it was possible to

remove up to 50 percent of the signal and still have
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better than 90 percent intelligibility., It was further
found that as long as the interruption occurred more
than 10 times per second, intelligibility was not
impaired, The regularity of the interruption was not a
factor in the study,

As a result of this study by Miller and
Licklider, the interest was aroused as to what might
happen if the speech segments were removed rather than
just having periods of silence., For this reason, studies
in time compression began,

Two methods of speech compression have been used,
The earliest method was that of speeding up the speech,
The messaze was recorded at a certain rate and then played
back at = much more rapid rate. This method has been
employed “y several researchers (Fletcher, 1929; Foulke,
19663 Ca=vey, 19533 Klumpp and Webster, 1961; Kurtzrock,
1957, an? ¥clain, 1962), The second method is the
samplinz zethod, This method entails removing portions
of speech from the signal., The first method used was
that of Yiller and Licklider (1950); they used a switching
arrangement which permitted a recorded speech signal to
be turnsd off periodically during the playback of the
recording, Garvey (1953) manually removed portions of the
tape and then spliced the tape together, thus resulting
in time compression, Fairbanks, et al, (1954) devised an

electro-mechanical machine for removing speech, The machine
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reproduced periodic segments of the speech signal while
discarding other segments., Computers also have recently
been used to sample the speech signal (Scott, 1965),

Several factors have emerged as being important
in the perception of time compressed speech, One of the
factors is the method of compression used,

Klumpp and Webster (1962) used the speed changing
method of compression and found that when this method
was employed, the intelligibility dropped by 40 percent
or more with only a 33 percent savings in time, This
agrees with findings by Garvey (1953), Kurtzrock (1957),
and Foulke (1966),

Using the manual sampling method, words can
withstand considerably more compression and still be
intelligible, With the speech compressed by 60 percent,
the intelligibility still remained approximately 90 percent
(Garvey, 1953)., However, the intelligibility dropped to
50 percent when the compression was increased to 75 percent,

Using the electromechanical method appears to give
results similar to the sampling-by-hand method, Fairbanks,
Guttman and Miron (1957) performed a study in which
the message was compressed at five different compression
levels, The material was factual information about
which it was hoped foreknowledge would be small, At
50 percent compression, the reduction of message

effectiveness was small, The comprehension was still
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about 90 percent of that for subjects who heard the
original version of 141 words per minute, At 60 percent
compression, however, the perception of the speech was
only at 50 percent of maximum, A sharp decline in
accurate perception occurred between 50 percent and
60 percent compression, Again, these results showed
good agreement with the findings of Kurtzrock (1967),
Fairbanks and Kodman (1957), and Dukelskiy (1967).

Another factor which appears to be imvortant in
the perception of the compressed speech is the duration
of the discarded portion, For example, it is possible
to get 50 percent time compression by discarding 10 msec,
of a 20 =sec, portion of speech or by discarding a
39 msec, oortion of a 60 msec, segment, As reported
earlier, ¥iller and Licklider (1950) found that as long
as ten sazmplings per second occurred, there was not any
loss of inztelligibility. |

Zarvey (1953) used discard intervals of 40, 60,
80, and 130 msec, intervals, The resultant intelligi-
bility scores were 95, 96, 95, and 86 percent, Fairbanks
and Kod=an (1957) also investigated this question, Their
results indicated that if intervals as large as .16 or
.24 seconds were discarded, intelligibility would never
reach 100 percent, They found a considerable loss of
intelligibility when the compression sample removed was

greater than 80 msec,
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The frequency and duration of sampling and
discarding also appears to make a difference, Fairbanks
and Kodman (1957) found that if the portion removed was
less than 10 msec,, intelligibility was also decreased,

Foulke (1966) has suggested that masking may
occur if sampling occurs with sufficient frequency. He
illustrates this by presenting the following example,

He found that if sampling occurred every 2,5 msec,, a
L0O Hz tone was generated, This then could serve to mask
the signal,

It was further found that the length of the
utterance made a difference in the perception. Henry
(1966) found that the more the number of phonemes, the
greater the intelligibility, He used words with from
3 to 9 phonemes and found a continued improvement as the
number increased, Klumpp and Webster (1961) found that
short phrases were more intelligible than single words,

In comparing the results of studies on time
compression with the study by Miller and Licklider (1950)
on interrupted speech, Garvey (1953) found that with up
" to 50 percent time compression or interruption, the
results were similar, However, when 62 percent of the
signal was discarded, the interrupted technique yielded
LO percent better results than the time compression,

Ahmend and Fatechand (1959) in their study using

clipped speech made the following observations, They found
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that where the interruption was made had an effect on
the perception, If the initial portion of the consonant
were zllowed to pass unaltered, the next segment of the
tape then gated out or suppressed, and then the remainder
of the consonant allowed to pass, the recognition for
the plosives, fricatives, and semivowels was 52, 60, and
93 percent respectively, If, however, the initial
segment was suppressed, the perception for the consonant-
vowel-consonant nonsense words was 36, 60 and 80 percent,
The results of time compression study have shown
that up to 60 percent of the signal can be removed with
only slight deterioration in the listener's ability to
werceilve the message, Frequency of removal and the
duration of removal also appear to be a factor., It was
also shouem that the more contextual cues that were
availatl:, the more one was able to compress speech
without Z:2ss of information, A further important
suggesti:-n which has been made is that the place of the

interruzsion was significant.,



CHAPTER III

EQUIPMENT, MATERIALS, SUBJECTS, AND PROCEDURES

The following sections contain a detailed
description of the subjects, experimental materials,

and procedures used in this study,
EQUIPMENT

The following equipment was used during the
various phases of the study:

Tape Recorder I  (Ampex AG 440 - recording)

Tape Recorder II (Ampex AG 600 - dubbing)

Tape Recorder III (Ampex AG 500 - playback)

Microphone (635A Electrovoice)

Level Recorder (Bruel and Kjaer 2305)

Commercial Test Room (Industrial Acoustic Company,
Inc., Single-walled booth, series 402A)

Magnetic Recording Tapes (type 201, Scotch Brand)

Permanent Magnet %Alnico V 3/16" diameter x 1" long)

Sound Spectrograph Model PV10A (Voiceprint
Laboratory)

Sound Level Meter (B & K 2204S)

Earphones (TDH 39 300 Ohms)

Filter (B & K 1613)

Measurement Amplifier (Hewlett-Packard 450 A, 20 dB gain)

MATERIALS

Six sentences were constructed to meet the

following criteriai

54
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a., At least seventy-five percent of the
consonants contained in each of the sentences
were either stops or fricatives, The
remaining consonants were nasals, affricates,
glides, and semi-vowels, This criterion
was established to allow for some comparisons
between the current study and the previous
literature written dealing with perception
of consonants in words and syllables,

b. All of the sentences used in the study were
five words in length, Miller (195%) suggests
that the human brain is able to store up to
seven items for recall with little difficulty.
Recause this study was not to be a test of
short term memory but rather one of perception
the use of five words was felt to be well
within the recall limits of ths subjects,

>, All of the sentences were of the simple,
declarative type in order to not introduce
linguistic complexity as a variable,

&, All words in the sentences were mono-syllables
selected from the mono-syllable word lists
of Moser (1969).

Using these criteria, the following sentences

were constructed for use in this studys
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1. Big dogs ate the food,

2., The boys bought five fish,

3. Cups should go up there,

L, She gave us six pigs,

5. His wife baked this cake.

6. You pushed the door shut,

These 30 words then served as the basis for
constructing 6 word lists of 5 words each, The word lists
were randomly constructed and are as followss

l. cups six go the boys

2, five cake their fish you've

3. gave baked the door bought

L, dogs this she the food

5. pushed ate should pigs big

6. shut his up wife us

PREPARATION OF MATERIALS

The master tape was recorded in the Speech Science
Laboratory at Michigan State University by one male
speaker who spoke with a General American Dialect, The
speaker is a member of the faculty in the Department of
Audiology and Speech Sciences at Michigan State University
and has had extensive phonetic training as well as voice
and diction training., The stimulus material was
recorded using the Ampex AG 400 tape recorder employing
an Electrovoice 635A microphone in a single-walled

sound-treated booth, Each of the sentences was
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recorded as naturally as possible to assure that stress
and intcnation patterns remained normal, The sentences
were read at the rate of about two and one-half words
per second, This rate is at approximately the lower
limits for normal reading, Care was taken in reading
the sentences to assure that each of the phonemes was
articulated, Following the taping of the sentences, the
sound spectrograph PV10A (Voiceprint Laboratory) was
employed to obtain spectrograms of each of the sentences
as a check to make certain that each of the consonants
was visually present, In one of the sentences all of
the phonemes were not present and so the sentence was
re-record2d4 and again visually displayed. The second
recordinz had all of fhe phonemes present and was,
therefcre, used, The master tape was then played to
three l.:zeners who had some training in speech pathology,
and these listeners were asked whether they detected
anythinz unnatural about the sentences, One stated that
the speech was slightly exaggerated, All of them felt
that rate, stress, and intonation were normal,

“his master tape provided the stimulus material
for the two additional tapes., Each of the additional
tapes, herein referred to as sub-master tapes 1 and 2,
was dubbed using the Ampex AG 440 in conjunction with
the Ampex AG 600, Each of the sub-masters was then

placed on the sound spectrograph, Use of the spectrograph
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follows the suggestion of Malecot (1956)., Spectrograms
were made of each of the sentences, Each spectrogram

was then removed from the recording drum of the
Voiceprinter and the beginning of the consonants was
marked on the spectrogram, Criteria used for establishing

this point are as follows:

Voiceless stops. The VC boundary was taken to be
the point where the last trace of the formant transi-
tion of the initial vowel was visible in the sound

spectrograms, The CV boundary was located at the
first transient spike of the release,

Voiced stops, The VC boundary was identified with
the point where the Fl first reached the low
frequency of the so-called voicing bar of the closure
segment, The boundary was put just before the voice
pulse in which the higher formants reappeared in

the segment after the closure segment.,

Voiceless Fricatives, The friction noise of all
stimulus words containing these consonants was
preceded and followed by brief aspirative segment,
the middle of which was taken as the VC and CV
boundaries,

Nasals, The segments representing the nasal murmur
of the nasal consonants were easily delimited from
the adjacent nasalized vowel segments by observing
the very different spectrum characteristics of these
two segment types. The boundaries were put where the
spectrum change was most abrupt,

Sonorants, The segmentation of the intervocalic /1/

presented no problems since the lateralized closure

of this consonant is associated with a very rapid

change of spectrum character at the VC and CV

boundaries (Ohman, 1966, p., 984),

These provided a general guide for determining

the point to be marked, Potter, Kopp and Green's (1947)
information was used to aid in determining the steady

state portion of the vowels as well as the spike and
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£ill (constrictive) portions of the consonants, Areas
between the steady state portion of the vowel and the
constrictive element of the consonant were considered to
be the transition., Spectrograms were made of the
sentences and steady state vowel, transitions and
constrictives were marked by the experimenter on the
spectrograms, A second person, an expert and recognized
authority in spectrography, was then asked to examine
the spectrograms and agreement was made regarding the
segmentation of the spectrograms, Only in two cases was
there a discrepancy, and in these cases an agreement was
reached as to where the removal should be made, In

each case the discrepancy was a minor difference,

Unce the segmentation of the sentences had been
determir2i, the tapes were again placed on the voice-
orinter :nd spectrograms made, For locating the onset
of the z2:nsonant constrictions the spectrograms were
left in zlace on the recording drum and the recording
drum of{ the voiceprinter was rotated until the printing
stylus was in direct alignment with the mark on the
spectresram indicating the onset of the consonant,

3ecause the rotation of the recording drum and
the playback head of the scanning drum are synchronized,
it was possible to find the onset of the constriction
portion of the consonant on the tape using this

synchronization,
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By locating the revolving playback head beneath
the portion of the tape which was looped about the
scanning drum of the voiceprinter, the location of the
onset of the consonant on the magnetic tape was located,
The same procedure was used for determining the onset
of the transition, the oﬁset of the steady state portion
of the signal, and the onset of the vowel-consonant
transition, These points were marked on the back of the
tape with a felt tip pen.

Removal of the segments of the tape was
accomplished by passing a permanent magnet (Alnico V
which had a 3/16" diameter) between the lines marked on
the magnetic tape, thus erasing the portions of the tape
contained between those lines,

To check that the correct portion of the speech
signal had been removed, a second spectrogram was made upon
the completion of the deletion, The two spectrograms were
then placed upon each other and the portion which was
removed was compared to the portion which should have
been removed to determine that the correct portion of the
sounds had been removed,

Sub-master 1 was altered initially so that all
of the consonant constrictions contained in each of the
six sentences were removed, This left only the
transitional section of the consonants and the steady

state portion of the vowels remaining. Sub-master 1 was
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then dubbed twice yielding experimental tape 1 and 2,
Experimental tape 1 was left unaltered at this point,
Experimental tape 2 was spliced so that each word was
contained in a separate segment of spliced tape, Words
were then randomly assigned to six word lists of five
words each and the tape was respliced, Experimental tape 1
was a meaningful sentence with consonant constrictives
removed, Experimental tape 2 was first order approxima-
tion sentences with consonant constrictives removed,

Sub-naster 1 was then further altered by removing
the transitional element, leaving only the steady state
portion of the vowel remaining, Two exparimental tapes
ware thsn dubbed from sub-master 1, yielding experimental
tapes 3 and &4, Experimental tape 3 was left and was a
meaninz?:l sentence with the consonant constriction and
transitizn removed, leaving only the steady state vowel,
Experime=ntal tape 4 was spliced and the words reordered
as in ex-erimental tape 2, resulting in a first order
approxization sentence with consonant constriction and
transition removed,

Sub-master 2 was altered by initially removing
the transitional segment of all of the words, leaving
the consonant constrictives and steady state portions
of the vowel, Two experimental tapes were then dubbad,
Experimental tape 5 was a meaningful sentence with

transition removed, Experimental tape 6 was spliced
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and the words reordered, resulting in a first order
approximation with transition removed,

Sub-master 2 was then further altered by removing
the steady state portion of the vowel, leaving only the
consonant constriction., Experimental tape 7 and 8 were
then dubbed from sub-master 2, Experimental tape 7 was
a meaningful sentence containing only consonant
congstrictions with the transition and steady state portion
of the vowel having been deleted, Experimental tape 8
had the same segmentation effect as experimental tape 7
but was rearranged in first order approximation, Figure &
shows the procedure involved in developing the eight
experimental tapes, Table 1 lists the tapes and explains
which portions were removed, the order of presentation and

the portions which the subjects actually heard,
SUBJECTS

The 80 subjects used in this study were all
adults ranging in age between 19 and 30 years old, The
mean age of the subjects was 23,8 years and the median
age was 24, There were 20 male and 60 female subjects,
All of the subjects were residents of East Lansing and
Lansing, Michigan, and all of the subjects had completed
high school and had some college education, All were
native English speaking and spoke general American English,

None of the subjects had clinically significant hearing
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TABLE 1,--Contents of the experimental tapes

64

Experi- Order of Portions
mental Presenta- Portions Subjects
Tape tion Removed Heard
1l Meaningful Consonant Transitions
Sentence Constrictions and Steady
State Vowels
2 First Order Consonant Transitions
Approximation Constrictions and Steady
State Vowels
3 Meaningful Consonant Steady State
Sentence Constrictions Vowels
and Transit-
ions
L First Order Consonant Steady State
Approximation Constrictions Vowels
and Transit-
ions
5 Meaningful Transitions Consonant
Sentence Constrictions
and Steady
State Vowels
6 First Order Transitions Consonant
Approximation Constrictions
and Steady
State Vowels
7 Meaningful Steady State Consonant
Sentence Vowel and Constrictions
Transitions
8 First Order Steady State Consonant
Approximation Vowel and Constrictions

Transitions
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losses as determined by a pure tone screening test
administered at 20 dB ISO, The subjects were tested just
prior to their participation in the present study., The
three listeners used to validate the master tape were
subjected to the same criteria as the experimental
subjects, Each of the subjects used in the study heard
only one of the eight %apes and was not aware at the time
of testing specifically how the tape had been altered,

Assignment to groups was done randomly,
PROCEDURES

The tapes were played to each of the subjects,
Each group of subjects heard ons of the four taped
conditicns, Each of the subjects was seated in a room,
The tare was then presented at 70 dB SPL to the right
ear of :ach of the listeners, The calibration of the
tape f-- —-resentation was accomplished by averaging the
peak rm3 value of the tape from the graphic level
recordi=z, A 1000 Hz puretone calibration tone was then
placed at the beginning of the tape and was used for
adjustinz the volume of presentation, The tape was
played on the Ampex AG500 with output to a Dynaco 60-watt
anplifier and was then fed to 12 s2ts of TDH 39 300 Ohnms
telepnonic headphones,

The following instructions were given to the

subjects who heard the meaningful sentences:
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You are going to hear six sentences of five words
each, Each sentence will be preceded by the phrase,
"Sentence number , . . . " Portions of the sentence
have been removed from the tape recording, Your
task is to write the sentence you hear in the
appropriate space on your answer sheet, For example,
sentence number one will be written in space number
one, After the completion of the sentence you will
have fifteen seconds, If you are uncertain of what
you have heard, you are urged to make the best
response possible, that is, leave as few blanks as
possible, Record your response only after hearing the
entire sentence, Are there any questions?

If there were any questions, they were answered,
The only question raised was regarding guessing., To
answer this question, the portion of the original
statement about uncertainty was reread,
For the subjects who heard the first order
approximations, the following directions were given:
You are going to hear six lists of five words each,
Each list will be preceded by the phrase, "List
number ., , « " Portions of the list have been
removed from the tape recording., Your task is to
write the list you hear in the appropriate space
on your answer sheet, For example, list number one
will be written in space number one. After the
completion of the list you will have fifteen seconds,
If you are uncertain of what you have heard, you are
urged to make the best response possible, that is,
leave as few blanks as possible, Record your
response only after hearing the entire list. Are
there any questions?
The tape was then played and the listeners recorded their

responses,
ANALYSIS OF THE DATA

The total number of words correctly identified

by each listener was tabulated and an initial preview
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of the data was conducted by using a two-way analysis

of variance, It was determined that the F Distribution or
F- ratio would be used to determine whether the null
hypotheses could be rejected., This test was accepted
because it analyzes the significance of the difference
between variances, A critical value at the ,01 level of
confidence was accepted as the level that must be reached
in order to reject the null hypothesis, If significance
was reached, a Sheffe post hoc comparison would then be
employed to determine where the significant difference

occurred,



CHAPTER IV

RESULTS AND DISCUSSION

The purpose of this study was to determine the
effects which context had in the recognition of meaningful
and non-meaningful sentences, A further factor considered
in the study was the importance of the transition and the
constriction in the recognition of words spoken in
context but heard both in context and out of it. To aid
in guidinz the study, the following questions were
formulateds

1. Z:2s the use of context provide cues for the

~2rception of words which have been altered by
+2e removal of various acoustic segments?

2, :w much intelligibility is maintained because of
:s=articulation when only a vowel sound segmented
Srom a word is heard both presented in context and
o2t of context?

3. Is there a significant difference in the perception
c? contextual speech when transitions are removed
and when constrictive elements are removed?

L, I7 significant differences occur in ongoing
contextual speech, do the same differences also
appear in non-contextual sentences?

The study was conducted using 80 normal hearing
adults., The subjects were divided into eignt groups of

ten, and each group heard one of the taped conditions,

68
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Scores for each person were computed based upon the
number of words which he was able to perceive correctly.
The results of the study appear to provide,
within the confines of the experimental procedure,
significant information relative to the perception of

language and the phoneme,
RESULTS OF COMPARING CONDITIONS

Initially, means and standard deviations for each
of the taped conditions were computed., The means were
based on the average number of words correctly identified
by the ten people who heard each of the conditions.
Table 2 on the following page presents the means and
standard deviations for each of the eight conditions,

Table 2 shows that the range of standard
deviations for the eight conditions is 0.,2¢€ s.d 3.7,
being the lower end for experimental tape 4 and the
upper end for experimental tape 2, The means for the
eight conditions ranged 0,6 <mean < 26,1 experimental
tape 4 to experimental tape 5 respectively, The F
distribution, or F ratio, was used to further analyze the
significance of the differences in variance of the scores
obtained, Table 3 summarizes the results of the analysis,
The differences for the columns (order effect), the
differences for rows (segmentation effect) and the

interaction effect were all significant at the 0,01 level
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TABLE 2,--Group means and standard deviations of ten
subjects for each of eight test
conditions ranked in descending

order

mtal lfean (in number Standard
Tape of words) Deviation

5 26,1 2.6

1 19,2 3.1

6 11,2 3.k

2 9.0 3.7

7 7.2 2.3

3 3.6 2.2

8 2.5 1,5

L 0.6 0.2
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TABLE 3,-=Analysis of variance

Source SS df IS F
Rows (order of

presentation) 1,371.2 1 1,371,2 133,1%
Columns

(segmentation

condition) 3,637.2 3 1,212,4 117,.7%
Interac~izn 41k, 5 3 138.2  13.4*
Error (»izhin

cell) 735 72 10.3

Totals 6,157.9 79

* = signiiicance at 0,01 level
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of confidence, An F of 2,09 was needed for significance
at this level, The magnitude of the segmentation and the
order effect allow us to conclude with considerable
certainty that both of these factors are significant in
speech perception, The F for segmentation was 117,7 and
for order, 113.3., The F for interaction was only 13.4,

In order to examine the interaction effect which
was also found to be significant, Figure 5 presents a
visual display of the results obtained in the study
relative to the interaction effect, As can be seen in
this figure, the interaction which occurs between the
segmentation condition and the order effect is that
context seems to become less significant as more and
more of the signal is removed, It might be hypothesized
that as more and more information is removed from the
contextual sentences through the segmentation process,
the contextual cues which had aided in understanding the
meaningful sentences are lost and therefore, that the
performance which occurs parallels more closely the
performance of the non-contextual or first order
approximation sentences,

As it was a concern of this study to know which
of the individual comparisons contributed to the overall
significance, a post hoc comparison according to Scheffe
(Hays, 1963) was employed, The Scheffe comparison is

suitable for this analysis because it allows one to
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correctly identified based on ten
listeners under each condition
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look at all possible pairwise comparisons, The Scheffe

analysis resulted in the following confidence interval:
Ve - 6.8 <¥e <y + 6.8

To test for significance, Table 4 was constructed to

compare each of the eight conditions with every other

condition, In order for a comparison to be significant,

the difference as shown on the table must be outside the

limits of the confidence interval.

Effects of Context

The importance of context in perception of the
spoken word can be seen by looking at the number of times
each word was correctly identified when placed in a
meaningful context compared to the number of times the
same word was correctly identified in a first order
approximation sentence, Table 5 shows the number of times
each word was identified correctly under each of the
eight presentation conditions,

As can be seen by examining Table 5, the context
has a general effect across all words, Particular
attention will be paid to experimental tape 1 (meaningful
sentence minus the consonant constrictions), experimental
tape 2 (first order approximation minus the consonant
constrictions), experimental tape 5 (meaningful sentence
minus the transitions), and experimental tape 6 (first
order approximation minus the transitions), Contrasting

experimental tape 1 with experimental tape 2, the words
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TABLE 5,--Number of correct identifications for each of

the 30 words under each of the
experimental conditions

Experimental Tape

Word 1* 2 _ 3% L g% 6 7% 8
big 6 8 1 - 8 - 1 -
dogs 1 - - -- 9 6 1 -
ate 10 8 Vi 2 10 8 1 -
the 30 22 16 L 30 23 22 12
food 7 8 2 - 8 6 2
boys 8 10 - - 10 10 6 3
bought 10 9 - - 9 6 2 -
five 10 10 1 - 10 v 1 ——
fish 3 10 1 - 10 Iy 1 -
cups 1 - - - 6 - - -
should 3 - - - 8 2 - -
go 10 7 1 - 9 = - -
up 10 8 L - 10 8 - -
there 10 9 - - 3 - - -
she -- - - - 10 2 5 2
gave 6 - - - 9 - 1 .
us 6 2 - -- 8 - -
six 6 - - -- 10 -- -- -~
pigs 6 - 1 - 6 1 1 -
his 9 ~-- -- -- 7 2 - --
wife 9 -- - - 7 2 -- —-—
baked 7 2 - - 10 5 1 -
this - - - - ? _— - 1
cake 8 - 1 - 10 -- -- --
you've 2 - - - L - - -
pushed 2 - - - 8 - 8 -
door 6 3 1 - 10 10 10 N
shut 6 =  -- -~ 10 7 9 1

*These are the contextual conditions
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in context were consistently recognized more often, In
the case of 20 of the 30 words, the words in the first
order approximation sentence were recognized only half
as often as the same words in the sentential presentation,
Only in one case did experimental tape 2 exceed experi-
mental tape 1 and that was for the word food. In this
case, the word was recognized seven times in context but
eight times in the first order approximation sentence, In
one further case the word was not correctly recognized
in either condition, This was the word she, In the
sentential order this was perceived as he, Here the
linguistic constraints known to an English speaker of
that sentence would have allowed for the use of either
word,

n comparing experimental tape 5 and experimental
tape 6, -2 same results were obtained as for experimental
tape 1 22 experimental tape 2, Words in experimental
tape 5 #2r= correctly identified more frequently than
the same ~ords in the first order approximation sentence
used in =xperimental tape 6 for all but two cases, In
these two cases the words boys and door were both correctly
identified by all of the subjects who heard these
conditions, In 21 of 30 words presented, experimental
tape 5 words were recognized at least twice as frequently
as experimental tape 6 words.

Further support can be found for the influence

of linguistic constraint by looking at the influence of



78

word position, Soderberg (1967) looked at the information
values of words in clauses of varying length, The
information value was determined by the extent to which
college studénts could predict what that word was to be,
Table 6 presents Soderberg's results, Of particular
interest to this study are the findings for five-word
clauses,

TABLE 6,--Soderberg's information values of words in
clauses classified by length

No, of Words ______
in clause 1 2 3 4 5 6 i 8 9 10 Totals

———

2 70 65 135
3 75 56 51 182
L 71 79 Lo 23 213
5 59 69 67 6L L6 305
6 76 56 52 77 52 41 354
7 76 44 71 77 35 43 61 Loy
8 82 77 74 L6 77 53 66 39 514
9 61 56 62 75 50 L3 62 35 64 508

10 97 54 68 17 62 15 50 85 59 10 517
Totals 667 556 485 379 322 195 239 159 123 10 3,135

In this current study, using sentence position as
a variable, the results in Table 7 were obtained,

It can be seen that the score for experimental
tape 5 and experimental tape 1 both follow the general
distribution of Soderberg's findings with positions one
and five being the poorest and the medial positions being
better, The first order approximations, however, do not
follow this order, In neither case is position one the

poorest, and in both cases the last position is the
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the five sentence positions

Experimental Word Position
Tape 1 2 3 4 S
5 L9 51 56 57 52
1l 28 29 53 L2 40
6 20 15 20 32 22
2 10 10 31 17 23

second best, It would appear that in the case of the
sentential ordering, the recognition of words is in some
way related to or parallels the information value of
5-word clauses as found by Soderberg, It would appear
that subjects were using some of the predictive value of
linguistic constraint just as Soderverg's college students
did, In the first order approximation sentences, however,
subjects had no linguistic information so that correct
responses were based upon the acoustic cues alone and
word position was no longer a factor in whether a word
was correctly perceived. An example of linguistic
context affecting perception is shown to demonstrate this,

In sentence cne, Big dogs ate thé food, food was perceived

as bone; The /b/ for /f/ and /n/ for /d/ were both rare
confusions in Miller and Nicely's (1955) study. All of
this would again support the fact that much of the

information of ongoing speech is determined by linguistic
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constraints as opposed to the acoustic constraints which

function in the first order approximations,

Effects of sesmentation

A comparison of the effects of temporal segmentation
was undertaken using Table 4 (page 74). First of all,
if the effects of segmentation upon the contextual
sentences are compared, it is found that those contextual
sentences in which only the transition had been removed
were superior to all of the other segmentation conditions,
This significant difference between the condition in which
only the transition had been removed and in which only
the consonant constriction had been removed will warrant
further consideration. It can also be noted that the
condition in which only the consonant constriction had
been removed, while being inferior to the experimental
tape 5 conditions (without transitions), was superior
to the other two conditions, experimental tape 3 (without
constriction and transition) and experimental tape 7
(without transition and vowel)., Between the experimental
conditions on experimental tape 7 and experimental tape 3
there were no significant differences, Among first order
approximation sentences no significant differences were
noted between experimental tape 6 (without transitions)
and experimental tape 2 (without consonant constrictions),

nor between experimental tape 8 (without vowels and
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transitions) and experimental tape 4 (without constric-
tions and transitions), However, there were significant
differences between experimental tape 6 (first order
approximation without transitions) and experimental
tape 8 (first order approximation without vowels and
transitions), between experimental tape 6 and experimental
tape 4 (first order approximation without consonant
constrictions and transitions), between experimental
tape 2 (first order approximation without consonant
constrictions) and experimental tape 8, and also between
experimental tape 2 and experimental tape 4,

Before a more indepth comparison is attempted
tetween experimental conditions in tape 5 and tape 1,
which az-ear of partiéular importance in this study, some
ganeral -cmments are deemed necessary,
“ne first question which will be raised a%t this
point iz -=2 question of what factor might account for
the di:7s=ences which were found in the segmentation
effect, n terms of the literature dealing with time
compress->n, the simplest explanation which could be
made wnu13i deal with the amount of the signal which was
removed, In accounting for the differences between
conditions in which only one portion of tha speech
signal was removed compared to those in which two portions
were removed, 1t is clear that in these comparisons

approximately twice as much of the signal was removed
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when two of the speech elements (either transition,
constriction, or vowel) was removed as when only one was
deleted, The significant differences between experimental
tape 1 as compared to 3 or 7 and experimental tape 5 as
compared to 3 or 7 are most easily explained on the basis
of this time removal factor. The fact that no differences
occur between conditions on tapes 3 and 7 can be explained
in the same way, Since approximately the same amount of
information was removed, the results would be expected

to be the same, However, when one compares the meaningful
sentences with the transitions removed with those in
which the constrictions were removed, one finds again
approximately the same amount of speech signal was removed,
This was 3detarmined by measuring the amount of the
spectrozr2a removed under each condition, In comparing
the ancun<s deleted, one finds that slightly more was
removed ~~ean all of the transitions were removed and, yet,
this ccniition was superior to the condition in which

the cons<riction was removed, The findings here that
supression of the initial part of the word is more
detrimen<tal to the speech signal is in agreement with

the findings of Ahmand and Fatechand (1959) who found
that with the transitions removed perception was at 52—

93 percent and with constrictions removed it was at 36~

80 percent, One possible explanation of why this is so
might be that the removal of the initial portion of

words makes it difficult for the listener to segment the



acoustical signal into individual words. While no
evidence of this was seen in the contextual situation,
several examples of this were seen in the non-contextual
or first order approximation sentences where subjects

tended to run words together, hearing she pig as sheep egz.

Amount of information contained in vowels

In the present study it was found that in ongoing
speech as well as in word lists, almost no information
is carried in the vowel itself, If one looks at the
findings in Table 5, it is seen that in the meaningful
sentence condition where only the vowel was remaining
(experimental tape 3) subjects were only able to give
35 correct responses, Even in these figures some doubt
exists 235 to the correct responses given, Sixteen of the
36 corre=:* responses were for the word thz, However,
during <:is particular tape, subjects reported hearing
42 the’s so that it is possible that subjects, knowing
they were to hear sentences simply guessed that many
of the s=ntences would have the in them and therefore
placed them in, The other word which was heard frequently
wag ate which was correct seven times., Here again, while
ate only occurred one time in the six sentences, the
subjects guessed this an average of 2,4 times each or a
total of 24 times, The fact that ate occurs so commonly
in English may have led tho subjects to guess zte any
time they heard /e/ plus an apparent plosive, The fact
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remains, however, that even under the most favorable
interpretation of these data the subjects who heard only
the vowels in meaningful sentences were only able to
identify an average of 1.2 words or a recognition of

4 percent,

In the non-contextual sentences similar results
were obtained, The and ate accounted for all of the
correct responses; but again, both words were guessed a
disproportionate number of times, The results of this
study in the area of vowels appears clears Vowels carry
very little meaning when said alone,

Perceptual differences in ongoing contextual
and non-contextual speech

Since it appears that the major differences which
were significant occurred in the case of the meaningful
sentences in which the transition had been removed and the
meaningful sentences in which the constrictions had been
removed, a confusion matrices of errors for these conditions
was constructed, The first order approximations of these
two conditions were also included so that some further
comparisons of perceptual confusion might be undertaken,
Because of the limited number of times each phoneme was
used, it was felt that an error matrix which would allow
for grouping the phonemes would be more helpful, Therefore,
the phonemes were grouped according to three major categories,
In order to allow for some comparisons with Miller and
Nicely®’s (1955) study, the same taxonomy system was
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employsd although two of the smaller classifications were

deleted,

The phonemes were grouped according to the

following categoriess

1,

2,

3

Voicing,=-Phonemes in which the vocal cords are
in vibration were contrasted against those in
which they do not vibrate, The voiced consonants
in this study were the /v/, /4/, /c/s /%/+ /2/,
/m/, and /n/, The voiceless ones against which
they were contrasted were the /p/, /t/. /X/s /£/,
/8/, and /n/,

Affrication.-=If the flow of air is halted
completely so that the consonant is 3 stop or
nasal or if a turbulence is only forced,
resulting in é friction noise, we gat the
iistinctions bvetween /p/, /t/, /%/» /b/y /3/,
72/ /nfy /nf and [t/ [3/s /v/s and [2/.

~ace of articulation.--The sounds were also

c-npared for errors based upon the place in the
mouth in which either the plosion or the friction
took place, For this Eategory. three places of
articulation were considereds Those consonants
which are produced in the front of the mouth,
/o/s /0/s /£/s /v/s and /m/; those which are
produced in the middle of the mouth /t/, /d/,
/s8/s /2/» and /n/; and those which are produced
at the back of the oral cavity /x/, /g/, and /h/.
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Table 8 shows the classification of the consonants used
to construct the confusion matrices,

As no errors were noted in duration which Miller
and Nicely used to distinguish the /6/ from the /s/ and
the /// from the /z/, this classification was deleted from
the study, The number of errors of each type was then
tabulated, Each time a consonant was used in place of
another consonant, the error was analyzed and counted,

For example, if a /p/ was heard as a /t/, this was
considered an error in place of articulation, If a /p/
was heard as an /f/, this was considered as an error

in affrication, If a /p/ was heard as a /b/, this was
considered an error in voicing, If a /t/ was heard as a
/v/, this was considered as an error in place, affrication
and voicing, The number of errors mads in each category
are shown in Table 9, Several omissions of words
occurred, and these could not be taken into account in

the error matrices, Figure 6 shows a graphic presentation
of this material, Miller and Nicely (1955) found that
place was most often incorrectly perceived, with
affrication being next and voicing most often correctly
perceived, When one looks at the data for first order
approximations in this current study, one finds that the
same relationship holds true, However, if one looks at
the information that is available on the contextual

sentences which were altered, it appears that there is a
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TABIE 8,-=Classification of the consonants used to
construct the confusion matrices

Consonant Voicing Affrication Place
D 0 0 0
t 0 0 1
k 0 0 2
t 0 1 0
e 0 1l 1
s 0 1 1
{ 0 1 2
b l 0 0
d 1 0 1
g 1 0 2
v 1l 1 0
S 1 1 1l
Z 1 1 1l
h 0 1 2
m 1 2 0
n 1 2 1
Yoicingzg: 0 = unvoiced Place: O = front
1 = voiced 1 = middle
Affrications 0 = plosive 2 = back
1 = fricative
2 = nasal
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TABLE 9,-~A confusion matrix for meaningful sentences with
transitions omitted or constrictions omitted
and first order approximations with
transitions omitted or constrictions omitted

Meaningful First Order
Sentences Approximations
Transi- Constric=- Transi- Constric-

tions tions tions tions

Omitted Omitted Omitted Omitted
Voicing 3 12 1 7
Affrication 10 37 22 23
Place 10 36 23 L2
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Transition
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FIGURE 6,--Confusion errors for contextual and
non=-contextual speech
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much hisher percentage of affrication errors than in the
first order approximation sentences and in Miller and
Nicely's study, It must be remembered that the types of
alterations done in Miller and Nicely's study were not
the same as for the present study; therefore, direct
comparisons with the current study are not possible,
However, that the same results occurred in the first
order approximations in the current study but not in

the contextual sentences appears to be significant and
casts further doubt upon the hypothesis that speech in
single words is perceived in the same way as speech in
context, It would appear that Fry's (1964) suggestion
that auditory information coming in is compared to the
person's linguistic model has a valid basis, These two
types of Iaformation then result in perception, Further,
results on perceptual studies using single words should

not b2 =2:-anded to ongoing speech and vice versa,






CHAPTER V

SUMMARY; CONCLUSIONS AND RECOMMENDATIONS

Eight experimental tapes were produced for the
purposes of this study. Each of the tapes presented
thirty stimulus words under differing conditions, Four
of the tapes presented words in a meaningful sentence
and four of the tapes presented the words in random
order, Under each of these conditions various portions
of the speech signal were removed, The portions removed
were the constrictions, the constrictions and the
transitions, the transitions, and the transitions and the
vowels, Eighty listeners were then randomly divided
into eight groups and one of the groups heard each of the
experimental tapes. Each person was asked to write down
what he heard.

The mean number of words correctly identified for
each of the eighty experimental conditions was then
computed and the standard deviations were determined, An
analysis of variance showed that a significant difference
existed both in terms of the portion of speech removed
and in terms of the order of presentation, Interaction

effect was also significant,

91
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A post hoc comparison was performed which showed

that the following conditions contributed to the

significance of the portion removed:

The comparison between sentences with the
constriction removed vs, the sentences with
the transition removed

The comparison between sentences with the
constriction removed vs, the sentences with
the transition and vowel removed

The comparison between sentences with the
transition removed vs, the sentences with
the constriction and transition removed

The comparison between sentences with the
transition removed vs, the sentences with
the transition and vowel removed

The comparison between first order approximation
sentences with the constriction removed vs,
first order approximation sentences with the
constriction and transition removed

The comparison between firs%t order approximation
sentences with the constriction and transition
removed vs, first order approximation sentences
with the transition removed

The comparison between first order approximation
sentences with the transition removed vs, the
first order approximation sentences with the
transition and vowel removed,

211 comparisons contributed to the significance

in contextual and non-contextual word order except the

followings
1.

2,

Sentences with transition and vowel removed
vs., first order approximation sentences with
constriction and transitions removed

Sentences with the transition and vowel removed
vs, first order approximation sentences with
the transition removed
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7.

93

Sentences with the transition and vowel removed
vs, first order approximation sentences with
the constriction removed

Sentences with the transition and vowel removed
vs, first order approximation sentences with
the transition and vowel removed

Sentences with the constriction and transition
removed vs, first order approximation sentences
with the constriction and transition removed

Sentences with the constriction and transition
removed vs, first order approximation sentences
with the constriction and transition removed

Sentences with the constriction and transition
removed vs, first order approximation sentences
with the transition and vowel removed,

Each individual word was examined and it appeared

that the differences were across all of the words,

A confusion matrix was constructed to examine

the type of perceptual errors which were made under each

of the orders of presentation, It was found that, in

classifying errors as errors of place, voicing and

affrication, differences in these three pesrceptual

categories did exist.

The vowels alone were found to contain little

information although the subjects did appear to apply

some linguistic constraints to the material as shown by

the high number of the's that the subjects guessed, In

terms of five word sentences, one would expect to find

a the in each of the sentences,

All of the findings of the study suggest that

contextual perception is a different process than when
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one hears the words only as single entities, Further,

it appeared that the segments of the speech signal

removed seemed to make a difference.,

CONCLUSIONS

Within the limitations of the instrumentation

enployed and the design of this study, the following

conclusions are warranted:

1,

3.

The use of a magnet to remove selected portions
of a speech signal in research on speech
perception appears to offer potential for
future research,

Tha context in which a word is embedded has a
wositive influence upon perception when either
<tne transitions or constrictions have been
~enoved,

“hen two of the three portions, either the
-~ansitions, the constrictions, or the vowel,

are removed, contextual listening situations

zre not significantly more intelligible than
~cn=contextual speech, It is possible that

with so much information removed context is lost.
Linzuistic rules appear to override auditory cues,
Big being heard as the at the beginning of a

sentence indicates that linguistic rules are

being applied.
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The total amount of the speech signal removed

has an effect upon perception, The more of the
signal removed, the less listeners are able to
understand correctly. This applies to both
contextual and non-contextual situations,

Despite the fact that approximately the same
amount of the speech signal is removed, the
removal of the constriction is more detrimental
to speech than the removal of the transition when
the speech signals are presented in a meaningful
linguistic context, but no significant difference
occurs in non-contextual situations,

Aovarently in a situation where a forced choice
is not required, the vowels carry little or no
information{ That is, if subjects hear only a
string of vowels and are not forced to decide

=n the vowel as a word, they appear to have no
Information,

“he perceptual errors in contextual speech differ
from the perceptual errors in isolated words,
Irrors of perception based on affrication appear
nuch higher in contextual speech than would be
expected on the basis of previous studies using
isolated words or than were found in the non-

contextual lists in the current study, This is
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rarticularly true when the constrictive portion
is removed,
9, Perception of contextual material is a different

task than perception of isolated words,

RECOMMENDATIONS FOR FURTHER
RESEARCH

In view of the findings of this research, the
following recommendations for additional research are

presented;

1. This study should be replicated to see whether the ¢
method of removal is adequate to obtain similar
results,

2. ZIantences of various linguistic transformations
snould be used to allow for further comparisons
~n context,

3. ~z2rious orders of approximation could be employed
Z2 allow for an analysis of varying degrees of
ssntext,

L, 4 large sampling of selected consonants should be
amnployed in contextual and non-contextual
situations to allow for more definitive results
in terms of perceptual confusions,

5. In looking at the anount of information available
in vowels, comparisons should be made between

forced choice and non-forced choice situations,
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Various speakers should be employed to determine

whether speaker variation results in any differences

in terms of effect of context or perceptual
removal,

An attempt should be made to compare perception
of the same listener on contextual and
non-contextual information to see whether one can
predict performance on one task based on their
performance on the other,

The study should be replicated on subjects of
various ages to see whether the influence of
context is affected by age., This would be useful
in understanding language acquisition,

Studies using similar materials could be employed

with clinical cases exhibiting various pathological

conditionss e.g.,, hearing impairment; articulation

disorders; language delayed children,
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APPENDIX
RAW SCORES FOR 10 SUBJECTS
IN THE EIGHT EXPERIMENTAL
CONDITIONS
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EXPERIMENTAL CONDITION 1

(Meaningful Sentence with the Consonant
Constrictions Removed)

Subject 1 2 Sg?tencz 5 6 Total
1 I N 3 L 2 3 20
2 b b 3 L L 1 20
3 3 L 3 0 ly ) 14
by b L L b L 1 21
5 2 5 L L &y L 23
6 3 5 3 I 4 3 22
” 3 b 3 0 L 1 15
8 i 3 3 0 5 5 20
9 3 L b 3 b 3 21
10 3 L 2 0o 3 3 16

Total 33 L1 33 23 38 24 192
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EXPERIMENTAL CONDITION 2

(First Order Approximation with the
Consonant Constrictions Removed)

Sentence

Subject 1 2 3 5 6 Total
1 3 2 1 1 1 1 9
2 2 1 L 2 1 2 12
3 2 2 2 2 2 1 11
L 2 2 1 2 1 1 9
5 1 2 1 0 1 1 6
6 1 2 0 2 1 1 7
7 3 2 0 2 1 1 9
8 2 2 1 2 1 0 8
9 2 2 2 2 1 1 10
10 1 2 1 2 2 9

Total 19 19 13 17 12 10 90
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EXPERIMENTAL CONDITION 3

(Meaningful Sentence with the Consonant
Constrictions and Transitions

Removed)
Sentence

Subject 1 2 3 L 5 6 Total
1l 2 0 0 0 0 0 2

2 3 1 1l 0 1 0 6

3 1 1 1 0 0 0 3

L 0 1 0 0 e 0 1

5 0 2 0 0 0 0 2

6 0 1 0 0 0 0 1
7 2 3 1 0 0 0 6

3 2 1 0 0 0 0 3

9 2 1 0 0 0 2 5
10 3 1 2 0o o 7
Total 15 12 5 0 1 3 36
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EXPERIMENTAL CONDITION &

(First Order Approximation with the Consonant
Constrictions and Transitions
Removed)

Sentence
Subject 1 2 3 b 5 6 Total
1 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0
3 0 0 1 0 1 0 2
L 0 0 0 0 0 0 0
5 0 1l 0 0 0 0 1
6 0 0 1l 0 0 0 1
7 0 0 0 0 0 0 0
8 1l 0 0 0 1l 0 2
9 0 0 0 0 0 0 0
10 o o o o o o 0
Total 1 1 2 1 1 0 6
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EXPERIMENTAL CONDITICN 5

(Meaningful Sentence with Transitions Removed)

Sentence

Subject Total

1l

O o N N W £ W N
&S N FE oo b W IE
T W W wu»m Wn AN

ol
o
LRU\U\U\U\U\U\FU\U\N

T
= Ic- W Wt v W oW s W W
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-
— lw GG S - R i (o N
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=
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o

Total

=
0

261
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EXPERIMENTAL CONDITION 6

(First Order Approximation with
Transitions Removed)

I

———

Sentence

Subject Total

15
17

1l

14
12
13

13
10

-
© VW ® N O W & W N
lw DONONDDNDNND W W ﬂt
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Total
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EXPERIMENTAL CONDITION 7

(Meaningful Sentence with the Transitions
and Steady State Vowel Removed)

Subject 1 2 S;ntence g 6 Total

1 0 2 0 1 0 4 7

2 0 2 0 1 0 b 7

3 2 0 0 3 0 2 ?

L 0 1 0 0 0 3 L

5 0 2 0 1 0 4 7

6 5 3 0 0 0 4 12

7 1 [ 0 1 0 Iy 10

8 1 1 0 0 o I 6

9 0 2 0 0 0 4 6
10 L 2 o o o & -}
Total 9 19 0 7 0 37 72
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EXPERIMENTAL CONDITION 8

(First Order Approximation with the
Transitions and Steady State
Vowel Removed)

Sentence
Subject 1 2 3 4 5 6 Total
1l 1l 0 1 1 0 0 3
2 0 0 2 0 0 0 2
3 0 0 0 0 0 0 0
L 0 0 2 0 0 1 3
5 0 0 3 0 0 0 3
6 1 0 0 0 0 0 1l
7 1 0 2 0 0 0 3
8 1 0 2 0 0 0 3
9 2 0 0 0 0 0 2
10 2 0 o 3 o 20 5
Total 8 0 12 L 0 1 25
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