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ABSTRACT

A STUDY OF FACTORS THAT INFLUENCE THE
IDENTIFICATION OF ENGLISH SOUNDS
IN LIPREADING

by John Richard Franks

The general purpose of this study was to examine the influence
of factors other than visibility on the identification of English
sounds by lipreading. The influence of redundancy derived from the
association of a sound with other elements of a word was studied.

The specific approach used was to investigate the influence of the
known -VC (vowal-consonant) stems of monosyllabic words on the
identification by lipreading of the initial consonants of the words.
The basic hypothesis tested was that the same consonant united with
different stems would be identified with different degrees of
accuracy when the stems were known by the subjects but the initial
consonants could be identified only by lipreading.

To test this hypothesis, each of seven consonants--[f, k, p, T,
S, t, 0 ] -- were united with different -VC endings so that seven |
sets of monosyllabic stimulus words were developed. The words within
each set had the same initial consonant, and the vowel environment
for the consonant in each set was also held constant. Thus the
monosyllables within a set differed only as to final consonant.

Four speakers were filmed uttering the resulting seventy-six
stimulus words. The silent film was shown to four groups of twenty

subjects each. Before each word was seen by the subjects, they
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heard the -VC stem of the word; and were also able to read the
possible printed forms of the auditory stem on their answer sheets.
With the stem known, the subjects were then shown the full stimulus
word and were asked to identify the initial consonant.

Analyses of variance were made of the differences in the number
of errors of identification among the words in each separate conson-
ant set. On the basis of the results of these analyses, the following
conclusion seemed justified:

The degree of accuracy of identification by lipreading of the
same initial consonant united with different -VC stems is influenced
by the linguistic characteristics of the stem, if the stem is known
but the initial consonant is unknown. However, the magnitude of the
influence is not the same for all speakers.

In addition to the examination of the basic hypothesis dis-
cussed above, three corollary hypotheses were investigated. It was
postulated that the differences found in the identification of the
same consonant united with different stems were related to the influ-
ence of three factors: (1) the frequency of occurrence of the
stimulus word, (2) the number of rhyming alternatives suggested by
knowing the stem of the stimulus word, and (3) the frequency of the
rhyming alternatives in relation to the frequency of the stimulus
words.

For each consonant set, correlations were determined between
error scores for the stimulus words and corresponding values of each
of the hypothesized factors. On the basis of the statistical

findings the following conclusions seemed warranted:
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1. Accuracy of identification of an initial consonant by lip-
reading is not influenced by the frequency of occurreace of the word
formed by the union of that initial consonant and a known -VC stem.

2. In some cases the accuracy of identification of an initial
consonant by lipreading is inversely related to the number of alter-
native rhyme words suggested by a known -VC stem; however, this rela-
tionship cannot be generalized to all cases.

3. Accuracy of identification of an initial consonant by lip-
reading has an inverse relationship in some cases to the relative
frequency of the alternative rhyme words suggested by the known stem;

but this relationship cannot be concluded to exist in all cases.
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CHAPTER 1

STATEMENT OF THE PROBLEM

Introduction

Lipreading can be described as.a process of communication in
which information is received by visual means from a speaker through
a medium to the lipreader. The elements involved in this process
can be shown to conform roughly to the schematic used by Shannon in
his description of a mathematical theory of communication.1 He
pictures the electronic communication process as involving an infor-
mation source and transmitter, the signal, the transmission medium,
and the receiver and destination. In lipreading, the source of
information is the mind of the speaker; the transmitter is the
physical speech mechanism of the speaker; the signal consists of the
visible aspects of the speech situation; the transmission medium in
the normal face-to-face situation is the space between the speaker
and lipreader; and the eyes and mind of the lipreader constitute the
receiver and destination of the signal.

However, it will be recognized that in order for communication

to take place, a signal must carry the potential to evoke some meaning.

The signal becomes potentially meaningful when it is arranged into a

symbolic pattern representing a concept. This is referred to as

1C. E. Shannon, "A Mathematical Theory of Communication,'" Bell
System Technical Journal, XVII (1948), 379-423, 623-656.




coding. The information originating in the mind of the speaker must,
therefore, be encoded into a symbolic signal pattern; and in order
for the signal to be meaningful to the lipreader, it must be decoded
at its destination. Thus, if in an analysis of the lipreading
process, one follows the above analogy, one must consider (1) the
mind and encoding process of the speaker, (2) the nature of the
encoded signal, (3) the medium through which the signal travels, (4)
its reception through the visual sense organs, and (5) the decoding
process at its destination in the mind of the lipreader.

As in an electronic communicaton system, each of the above
elements is critical; trouble at any particular point can cause failure
in the communication process. Furthermore, in an electronic system,
the process of improvement of the system to avoid failure of communi-
cation and to increase the efficiency of the system involves a thorough
understanding of each sub-system involved. So in lipreading, if one
is to improve the system, each aspect of the process must be thoroughly
understood. It is the objective of this study to contribute some
fundamental information relating to one particular aspect of the com-
plex process of lipreading.

Continuing the analogy cited, the signal in lipreading is con-
sidered as being made up of the visible elements of the lipreading
situation, which may include gesture and facial expression, as well as
movements of the articulators. This signal is rendered potentially
meaningful by developing a coded pattern of signals which symbolizes
a concept or concepts. The code in lipreading would thus appear to
be made up of two parts: (1) the signal itself and (2) the patterned

arrangement of the signal.



There has been a significant though inconclusive amount of
research concerning the aspects of the code in lipreading related
to the signal, but little reasearch has been conducted which considers
that aspect of the code which results from the patterning of the
signal. This study will be concerned with this latter aspect.

When patterning of the signals in communication is considered
carefully, it is quickly recognized that the patterning is actually
the arrangement of the signals into symbolic language, and that the
characteristics of the patterning are governed by the rules of the
language structure of a particular culture. Hence, a study of the
signal patterns involved in the code in lipreading becomes a study
of the characteristics of language structure, and the present investi-
gation becomes an inquiry into the influence of an aspect of language
structure on the perception of the code through lipreading.

There are certain weaknesses and failures in the oral language
process--elements of the code are not always distinctly discriminable
from some of the other elements; there are frequent interferences such
as noise; and the listener is not always absclutely attentive and
accurate in his preception of the code. Consequently, in speech com-
munication, essential parts of the code may be lost and the message
may be rendered confused and ambiguous. Cherry speaks of speech com-
munication as involving a listener's testing hypotheses concerning a
speaker's message by means of fragmentary evidence provided in the

speech signal.1 This would seem to be a rather apt description of the

1Colin Cherry, On Human Communications: A Review, a Survey, and
a Criticism (New York: The Technology Press of Massachusetts Institute
of Technology and John Wiley and Sons, Inc., 1957), p. 233.




situation and can be said to be true for lipreading even more than
for normal speech communication, since the signal reaching the lip-
reader represents only a fraction of the original message.

Fortunately, however, language structure has been evolved in
such a way that its characteristics are uniquely suited to the human
communication system. Language has been structured so that in most
cases there is a surplus of evidence carried by the speech code.
This makes the loss of fragments of the code of less consequence,
since reserve evidence in the surplus may serve to identify accurately
the symbol to be correctly associated with its referent. This surplus
of evidence is referred to as redundancy. Redundancy may occur from
a number of sources. In fact-to-face speech communication, the redun-
dancy involved in seeing the production of a speech sound and also
being able to hear it is obvious. But there are less obvious sources
of redundancy that are of more concern in this study. The sources to
be considered here result from the statistical and semantic structure
of the language.

The studies of Shannon,l Black,2 and Garner and Carson3 dis-
tinguish two sources of statistical redundancy--that resulting from

the independent distributional characteristics of the language

1Shannon, loc. cit.

2John W. Black, "The Information of Sounds and Phonetic Diagrams
of One- and Two-syllable Words,' Journal of Speech and Hearing Dis-
orders, XIX (1954), 397-4l11.

3W. R. Garner and D. H. Carson, "A Multi-Variate Solution of
Redundancy of Printed English,' Psychological Reports, VI (1960),
131-141.




elements and that due to the sequential nature of language, Distribu-
tional redundancy exists due to the fact that some elements in the
language occur with greater frequency than others, and so have a
greater probability of use. Sequential redundancy results from the
fact that succeeding sounds, letters, or words depend to a certain
degree on the number and nature of the preceding element. There is
a certain amount of constraint imposed by the structure of the language
that restricts what language elements may appear together and in what
order they may appear. This latter source of redundancy is also
referred to as transitional probability, or constraint due to context,
and has been shown by Garner and Carson to contribute substantially
more information than distributional redundancy or con-trnint.l

The redundancy resulting from the distributional and sequential
constraint of written language was shown in one study by Shnnnon to
be about 50 per cent,2 and in another study to be as much as 75 per
cent.3 This means that it is possible that one-half or even three-
fourths of what we write is determined by the structure of the
language, and the remainder is chosen freely.

That the statistical structure of English also influences

oral communication has been shown by Miller, Heise, and Lichten,4

libid., p. 124.

2Shannon, op. cit., p. 398.

3C. E. Shannon, "Prediction and Entropy of Printed English,"
Bell System Technical Journal, XXX (1951), 50.

4George A. Miller, George A. Heise, and William Lichten, '"The
Intelligibility of Speech as a Function of the Context of the Test
Materials,”" Journal of Experimental Psychology, XLI (1951), 329-335.




and others,l’z’3 However, statistical estimates of the magnitude of
the redundancy are not given by these studies and may be expected to
differ somewhat from that of written language.

Redundancy resulting from the semantic structure of language
has been demonstrated by word association studies in which one word
of a pair acts as a stimulus for the recall of the second word of a
pair. It has been demonstrated that some words are associated more
frequently than others because of certain semantic interdependencies.4
However, Johnson has shown that even semantic redundancy may have a
basic statistical origin, since it was found that words that are
associated most frequently are those which, to a large degree, occur
most frequently in the langunge.5 Perhaps it would be the safest
procedure to refer to statistical and semantic types of redundancy as
merely constraint due to the structure of the language and not attempt

to discriminate them.

1John W. Black, "Accompaniments of Word Intelligibility,"
Journal of Speech and Hearing Disorders, XVII (1952), 409-417.

2Dnvis Howes, "On the Relation Between the Intelligibility and
Frequency of Occurrence of English Words,'" Journal of the Acoustical
Society of America, XXIX (1957), 296-305.

3M. R. Rosensweig, "Intelligibility as a Function of Frequency
of Usage," Journal of the Acoustical Society of America, XXVIII (1956),
759.

4G. H. Kent and A. J. Rosanoff, "A Study of Association in
Insanity," American Journal of Insanity, LXIX (1956), 125-127.

5Donald M. Johnson, "Word Association and Word Frequency,"
American Journal of Psychology, LXIX (1956), 125-127.




Regardless of the basic origin of structural redundancy in
the language, it is the influence of such constraint in lipreading

that will be the focus of this study.

Definition of Terms

Alternative rhyming words.--The term alternative rhyming words

refers to the rhyming words that can be derived from a given stimulus
word. Thus the alternative rhyming words for the word tense are
dense, fence, flense, hence, pence, sense, thense, and whence. If

the stem '"_ense" of the word tense were known, but the initial con-
sonant were unknown, then the identification of the word would involve

a choice from the rhyming alternatives listed.

Consonant category.--In this study each of seven consonants is

used as an initial consonant with vowel-consonant endings to form
seven sets of monosyllabic words. A consonant category is composed of
those words which have the same consonant as their initial sound.

Criterion variable.--In multiple regression and multiple corre-

lation calculations, the criterion variable is the variable about
which prediction is being made--the dependent variable. In this inves-
tigation the criterion variable refers to the error scores associated
with the stimulus words.

Digram.--The term digram is used to refer to paired letters in
written English. Shannon uses the term in feference to units of two
symbols in which the second symbol of the pair is chosen on the basis

of its frequency of occurrence with the first symbol.1

1Claude E. Shannon and Warren Weaver, The Mathematical Theory of
Communication (Urbana, Illinois: University of Illinois Press, 1949),
p. 13.




Entropy.~-This term has been borrowed by the communication
theorists from thermodynamic theory and is used to express the degree
of freedom of choice available in the construction or reconstruction
of a message. Weaver states that "In the physical sciences, the
entropy associated with a situation is a measure of the degree of
randomness . . . in the situation," and he explains further:

That information be measured by entropy is after all, natural
when we remember that information, in communication theory, is
associated with the amount of freedom of choice we have in
constructing messages. Thus for a communication source one can
say, just as he would say it of a thermodynamic ensemble,

"This situation is highly organized, it is not characterized by
a large degree of randomness or of choice--that is to say the
information (or entropy) is low."1l

The ratio of the actual to the maximum entropy is called
relative entropy of the source. If the relative entropy of a
certain source is, say .8, this roughly means that this source
is, in its choice of symbols to form a message, about 80 per
cent as free as it could possibly be with these same symbols.
One minus the relative entropy is called redundancy. This is
the fraction of the structure of the message which is determined
not by the free choice of the sender, but rather by the accepted
statistical rules governing the use of the symbols in question.2

Error score.--In this experiment error score refers to the
total number of errors in the identification of the initial consonant
of a given stimulus word.

Experimental variables.--In correlation and regression the term

experimental variable refers to the predictor or independent variables.
Specifically, in this study, these variables include (1) the frequency
of occurrence of the stimulus words, (2) the number of alternative
rhyme words, and (3) the ratio of the mean frequency of the five most

frequent rhyme words to the frequency of the stimulus words.

libid., pp. 103-104. 21bid., p. 104.




Order of approximation to the statistical structure of

English.--This refers to the amount of statistical constraint employed
in arranging linguistic units in a sequence. Zero-order approximation
would involve a completely random selection of units. A first-order
approximation would result from selection of the symbols on the basis
of their independent frequency of occurrence in the English language.
A second-order approximation would be based on the frequency of occur-
rence of pairs of language units, and higher order approximations
would be based on the frequency of progressively larger numbers of
interdeperdent units.

Redundancy.--A general definition of redundancy is given by
Cherry as follows: '" . . ., redundancy is a property of languages,
codes, and sign systems which arise from a superfluity of rules, and
which facilitates communication in spite of all the factors of uncer-
tainty acting against it."l When applied to communication theory,

redundancy is defined by the following formula:

H “H
max

H
max

x 100 per cent

where H equals the observed information rate (bits per sign, or second)
and Hmax equals the maximum information rate which it could possess if
recoded into the same alphabet of signs by equalizing all sign probabil-~

ities, thus rendering them independent.2 (See also the definition of

entropy.)

1Cherry, op. cit., p. 18. Ibid.
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Stem,--In this study stem refers to a linguistic unit composed

of a vowel followed by a consonant or consonant combination which,
when united with an initial consonant or consonant combination, forms
a monosyllabic word. An example of a stem as here defined is the
unit "_og" which, when united with the consonant [ d |, forms the
monosyllabic word ''dog."

Stimulus word.--This term refers to any one of the words in this

study which was formed by the union of seven selected initial conson-
ants with vowel-consonant endings and were spoken by a filmed speaker
for identification by lipreading subjects.

Trigram.--A trigram is a combination of thrge letters in written
English that occur together in a sequence. In communication theory, a
trigram may refer to combinations based on the frequency of their

occurrence together as a unit.

Statement of the Problem and Hypotheses

This projéct was conducted to investigate the influence of the
perceived stem of monosyllablic wordson the identification of initial
consonants by lipreading. The basic hypothesis is that the identifi-
cation of an initial consonant is influenced by the stem associated
with the initial consonant, when the stem is known and the consonant
is unknown. In other words, when a certain stem is known but the
initial consonant is unknown, a configuration of expectancy and prob-
ability is associated with the linguistic structure of the stem that
will assist or hinder the correct identification of the initial conson-

ant by lipreading.
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It is further postulated that (1) the familiarity of the word
formed by the union of an initial consonant and a given stem, (2) the
number of possible alternative rhyming words that may be derived from
a particular stem, and (3) the degree of familiarity of the alterna-
tive rhyming words are factors associated with the stem of a particular
monosyllable that influence the identification of the initial consonants.

More specifically, the hypotheses to be considered in this study

are stated as follows:

I. Basic Hypothesis

If the stem of a monosyllabic word is known and the initial con-

sonant is unknown, the correct or incorrect identification of the

initial consonant by lipreading is influenced by the linguistic charac-

teristics of the known stem. Hence the number of errors of identifica-

tion of the same initial consonant by lipreading will differ from word

to word due to the differential influence of the known stems.

For example, let us suppose that [r] is united with stems having
common vowels, so as to control the immediate sound environment of
[ r] , but that the stems have different consonant endings so that
Several monosyllabic words are formed which differ only as to stem.
Let us further suppose that these -VC stems are known by a group of
Sub jects, but the initial consonant is unknown. The subjects are
then confronted with the task of identifying by lipreading the initial
COongonant of these words when each stem is known. It is postulated
that the correct identification of the initial consonant, and hense

the word, will vary significantly from word to word and that the
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difference will be due to the influence of the stems, since the stem

is the only uncontrolled variable present,.

II. Corollary Hypotheses

Now let it be assumed that the basic hypothesis is supported
by the findings of the study, so that it is confirmed that the stem
of a monosyllable does influence the identification of the initial
consonant. The question then may be asked as to what factors assoc-
iated with the stems of the words account for the variation in iden-
tifying the initial consonants. In an attempt -o answer this question,
the following hypotheses have been formulated:

A. Errors in the identification of initial consonants of

monosyllables occur in inverse proportion to the frequency

of occurrence of the word formed by the union of an initial

consonant and a given stem. For example, it is suggested

that [ t | associated with the stem [ -un] (tune) would be
incorrectly identified more frequently than [t ] associated
with the stem [-u] (to), if the stems are known; since
"to" is a highly familiar word, being among the 500 most
frequently used words according to the Thorndike count;
and tune is less familiar, since it occurs only 32 times
per million words according to the Thorndike count.

B. The frequency of errors in the identification of an initial

consonant united with different stems differs in proportion

1Edward L. Thorndike and Irving Lorge, The Teacher's Word Book of
€§14<)oo Words (New York: Bureau of Publications, Teachers College,
©lumbia University, 1959).
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to the number of alternative rhyming words that may be

formed from a given stem. For example, it is hypothesized

that [ r] will be identified incorrectly more frequently
with the stem [-111], which can produce twenty-five rhyming
words, than with [ -1Isk], which will produce ten rhyming
words.

The frequency of errors in the identification of an initial

consonant united with different stems varies proportionately

with the relative frequency of occurrence of the alternative

rhyming words that may be derived from a given stem. Stated

in another way, it is hypothesized that there will be more
errors in the identification of the initial consonant
associated with a given stem if the possible alternative
rhyming words are of comparable or greater familiarity in

relation to the actual stimulus word.



CHAPTER II

REVIEW OF LITERATURE

Introduction

There has been a limited amount of research and writing directly
concerned with the code in lipreading. As 0'Neill and Oyer point out,
** . . . this area seems to offer the greatest possibility for future,
controlled research."l Thus, a review of the literature directly re-
lating to the code in lipreading can not be very extensive. However,
there is an area in which a significant amount of research has been
done which seems to relate quite meaningfully to the nature of the code
as it is used in lipreading. This is the area of psycholinguistics--
an area which has received far too little attention from the investi-
gators of lipreading.

Since in this review of the literature some attention will be
given to related psycholinguistic studies as well as studies concerned
directly with lipreading, the review is divided into two parts. Part
I contains a review of the literature concerned directly with the
code in lip reading and Part II reviews some of the pertinent research

carried out in studies in the area of psycholinguistics.

———————

1John J. O0'Neill and Herbert J. Oyer, Visual Communication for
the Hard of Hearing: History, Research, and Methods (Englewood Cliffs,
New Jersey: Prentice-Hall, Inc., 196l), p. 47.

14
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PART I: REVIEW OF LITERATURE DEALING WITH THE
CODE IN LIPREADING

The Contributions of the Visible Aspects
of Speech to Communication

The fact that the visible manifestations of speech, which
constitute the code in lipreading, are useful to communication is
well accepted; but it is of interest to examine the degree to which
the visible aspects of speech are useful and the nature of its inter-
action with auditory stimuli. The relative contribution that lip-
reading makes in person-to-person communication has been studied by
O'Neill. Thirty-two experimental subjects listened to each of
three speakers under eight experimental conditions. These consisted
of four speech~to-noise ratios. In each of these four conditions,
the listeners viewed and did not view the speakers. It was found
that individuals with normal hearing made appreciable use of visual
cues to gain information. Visual recognition was always greater than
non~visual recognition for all materials under all four of the speech-
to-noise ratios employed in the study. The results showed that vision
contributed 44.5% to understanding of vowels, 72% for constants, 64.1%
for words, and 25.9% for phrases.1

Another investigation relating to the contribution of vision to
communication was conducted by Neely. Using the Pensacola-Ohio State
Multiple-Choice Intelligibility Tests, Forms C and D, Neely had each

of thirty-five listeners listen to the two lists with the speech

1John J. O'Neill, "Contributions of the Visual Components of

Oral Symbols to Speech Comprehension,' Journal of Speech and Hearing
Disorders, XIX (1954), 429-439.
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masked by 100 db of white noise. Each listener sat at each of eleven
test positions. At test positions 1, 2, and 3, the observers sat at
an angle of 90 degrees to the speaker at distances of 3, 6, and 9 feet.
Test positions 4, 5, and 6 were situated at the same distances with

the observers facing the speaker at an angle of 45 degrees. At test
positions 8, 9, and 10 the observers faced the speaker directly at

the same distances as before. At test positions 7 and 11 the observers
heard the speaker with earphones while facing away from the speaker.
Positions 7 and 11 differed in that in the former the answer sheet was
before the observer, while in the latter the observer did not see the
answer sheet,

Results of the study indicated no difference in the correctness
of responses in relation to distance from the speaker; but a signifi-
cant difference was shown with regard to the angle of viewing the
speaker. There was a highly significant difference in scores between
seeing and not seeing the speaker. It was found that the addition of
visual cues to auditory cues raised the intelligibility of received
speech by approximately twenty per cent.

The contribution of the visible elements of speech to the com-
munication of deaf children is illustrated by a study conducted by
Numbers and Hudgins. Twenty-five subjects ranging in age from ten
to sixteen were given the task of identifying fifty familiar

monosyllables. With a hearing aid only, 21 per cent correct responses

were obtained; with lipreading and the hearing aid, 65 per cent correct

1Keith K. Neely, "Effect of Visual Factors on the Intelligibility
of Speech," Journal of the Acoustical Society of America, XXVIII (1956),
1275 -1277.
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responses were obtained.1

The studies just cited indicate the relative general importance
of the visual component of the speech code in situations where commun-
ication by means of the auditory modality is made difficult. Other
studies examine more minutely the nature of the visual component of
speech that is utilized for lipreading.

The Visibility and Discriminability of
Sounds in Lipreading

One of the earliest analytic studies relating to the code in
lipreading was conducted by the New York Board of Education. In this
study visibility values of English sounds were derived.2 By "Paying
meticulous attention to the formulation and revelation of each sound,"3
a chart was developed which rated the Qisibility of each sound by
giving it a value of 1, .75, .5, or 0. A rating of "l" represented
high visibility and the other numbers represented consecutive degrees
of decreasing visibility. The visibility values which were derived
for the various Englishsounds are shown in Table 1.

A more recent study of the comparative visibility of English
sounds was carried out by Heider and Heider.4 This investigation made

use of students at the Clarke School for the Deaf. Two tests were

developed in their investigation, one for vowels and one for consonants.

1M. Numbers and C. V. Hudgins, "Speech Perception in Present Day
Education for Deaf Children," The Volta Review, L (1948), 449-456.

2New Aids and Materials for Teaching Lip-Reading (Washington, D.C.:
The American Society for the Hard of Hearing, 1943), 1-23.

31bid., p. 22.

4F. K. Heider and G. M. Heider, "An Experimental Investigation of
Lip-Reading," Psychological Monographs, LI (April, 1960), 124-153.
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TABLE 1

1

VISIBILITY VALUES FOR THE SOUNDS OF ENGLISH

Consonants

b as in baseball . 1 ng as in song .... O
c " " comb ..... 0 p " " puppy ... 1
ch " " child .... 1 r " o rain .... oS
d " " dad .¢o0v. .5 s """ sign ... .5
£f " " face ..... 1 sh " " ship .... 1
g " " game ..... O t oM tar s.... W5
g " "gem ...... 1 th " " thumb ... 1
h " " horse .. 0 th " ' this .... 1
k " " kite ..... 0 v "oMoyeil ... 1
1 "™ ' laugh . .75 %) " " ywind .... 1
m " " mail ..... 1 wh " " whip .... 1
n " " nine ..... .5 y " " yacht *
z " " azure . 1 z """ zebra ... .5
Vowels and Diphthongs
a as in make ..... .75 ir as in bird .... 5
a " " father.... 1 o " "no ...... 1
a " " all ...... 1 o " " move.,.... 1
a " ' cat ..... 1 o " " not. 5
e n " he ..... .75 ol " "oi1L ... .
e " "open ...... ) ou " " house ... 1
i " " night .. .75 u " " male .... 1
u " " full ..... .5 u " " hut ..... .5

1New Aids_and Materials for Teaching Lip-Reading

D, C.: The American Society for the Hard of Hearing,

(Washington,
1943), p. 23

#Fuses with vowel that follows and therefore receives no

separate value,
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The vowel test was made up of sixteen syllables like "parp," '"pip,"
and "poop." The consonant test was composed for forty nonsense syl-
lables, twenty with the diphthong [ 9] and twenty with the vowel
{I]. The per cent of cases in which a sound was recognized correctly

by eighty-one subjects is presented in Table 2,

TABLE 2

PER CENT OF CASES IN WHICH SOUND WAS RECOGNIZED CORRECTLY1

Per Cent
Correct Consonants Vowels
90 1, r, th oo
80 f ur, ou, aw
70 ee, o-e, i-e
60 s, k, v oi, u-e, -i-, ar
50 h, m,
40 t, n
30 d, p, sh, j
20 b, g -e-, -u-
10 ch, y -a-
1

F. K. Heider and G. M. Heider, "An Experimental Investigation
of Lip Reading,'" Psychological Monographs, LII (April, 1940), 124,

It was also found that there was a surprisingly high correlation
between ability to understand single vowels on the lips and general
lipreading ability; however, this was not true for consonants., Heider
and Heider suggest that the reason is found in the fact that each
vowel is different and the good lipreader learns the difference; whereas
there are more homophenous sounds among the consonants which makes it

impossible to learn the differences.
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0'Neill examined the relative visibility of a small number
of English consonants and vowels and made comparisons of his ratings
with those of the two studies reviewed immediately above. 1In this
study, visibility ratings of seven vowels and seven consonants were
obtained. The visibility values given the sounds considered by
0'Neill were as follows--for consonants: [£], 83;[p] , 83;[ 51, 73;
[8) 73;[k], 70; [t], 56; for the vowels:[ o ], 60; [u], 53;
(1], 53;[ U], 50; [e], 36:[1 ], 27: (€], 27.1

A comparison of these ratings with the ratings given the same
sounds in the study by the New York Board of Education2 showed no
apparent correspondence between the two ratings. However, comparison
with visibility ratings obtained from the study by Heider and Heider3
resulted in a coefficient of correlation for consants of .58, and for
vowels a coefficient of correlation of .55.4

Brannon and Kodman investigated the relative intelligibility by
lipreading of the basic elements of the speech code and compared the
intelligibility of these elements for skilled and unskilled lipreaders.
The words from PB List Number Six were used as the lipreading material
analysed.5

The relationship of intelligibility of (1) rated visibility,

(2) vertical mouth opening, and (3) the frequency of occurrence of the

1O'Neill, op. cit., p. 433.

2New Aids and Materials for Teaching Lip-Reading (Washington,
D. C.: The American Society for the Hard of Hearing, 1943), pp. 1-23.

3Heider and Heider, loc. cit. 4O'Neill, loc. cit.

4john B. Brannon and Frank Kodman, ''The Perceptual Process in
Speechreading," A.M.A. Archives of Otolaryngology, LXX (1959), 114-119.
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PB words was studied. It was found that words composed of highly
visible elements were identified correctly with greater frequency by
both the skilled group and the unskilled group. A small positive but
non-significant correlation was shown in a comparison of intelligi-
bility and vertical mouth opening; and the same type of relationship
was found between the intelligibility of the words and the frequency
of occurrence of the words.

It was determined that the most intelligible isolated sounds
for the skilled group were [w],[f], [m], and [s] among the conson-
ants and [qU] , [i], [al], and [>U] among the vowels and diphthongs.
For the unskilled group, the most intelligible consonants were [ f ],

L w ], (o ], and [p ]; the most intelligible vowels and diphthongs
were [aU ], [u], [2#] and [a].

The rank order of the intelligibility of the sounds relative
to phonetic class was found to be labio-dentals, labials, postdentals,
lingua-dentals, velars, and glottals.

For both groups word fragments and sounds were more easily
identified than words.

Closely related to the visibility of sounds and perhaps more
important in lipreading is the relative discriminability of sounds
from each other. 1In association with the John Tracy Clinic, Woodward
and Barber have conducted rather extensive investigations of the rela-

tive visibility of differences among phonemes.1

1Mary F. Woodward and Carrol G. Barber, '"Phoneme Perception in
Lipreading," Journal of Speech and Hearing Research, III (1960), 212-
222.
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In an initial study, Woodward and Barber used a paired-
comparisons technique to determine discriminability of word-initial
allophones of English consonants.1

Two hundred and twenty-nine monosyllabic nonsense words were
presented to 185 subjects. The 229 monosyllables represented a
selection from 525 syllable pairs which were derived by varying both
the initial consonant and syllable order. The task of the subjects
was to respond to each pair as '"alike" or '"different.

According to the results of this study, there are only four
groups of consonants that are visually contrastive; and hence the

sounds within each of these groups are essentially homophenous.

The sounds according to their groupings are presented as follows:2
Unit 1: [ p, b, m]
Unit 2: [ w, hw, 1]
Unit 3: [ £, v ]
Unit 4: [ t,d, n, 1,08,%,8,2,¢t,d3,5, 7, 1,
k, g, h]

A high visibility value was inferred for the '"labial and
labialized consonants (Units 1, 2, and 3) since they were found to
contrast with all the members of all other units."3

In a follow-up of the initial study cited above, 198 English
monosyllables were presented for identification by 219 subjects in

order to investigate additional variables relating to perception of

ibid. 21bid., p. 219.
3

Ibid., pp. 219-220.
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phonemes. The discriminability of vowels was one of the variables

examined in this study. The following groups of vowels were found to

be visually contrastive to a limited degree:l
Unit 1: (i, I, £, >, ai, A, q]
Unit 2: [ I ]
Unit 3: [ aU ]

Unit 4: [ u, U, U, O ]

It was reported that " . . . even though the groups contrast
with each other, the internal confusions are sometimes considerable

and correct responses to individual vowel nuclei are sometimes very
2

low."

It is interesting to note that an analysis of the confusions in
the identification of the consonants revealed a great deal of non-
reciprocity. It was found that [r ] is frequently perceived as [ W],
but the reverse is not true. The same is true of [ 1] and the dental
spirants. The sound [n] was perceived as a velar just as often as an
alveolar. And [ j ] had more alevolar responses than any other kind,
but only three subjects identified any of the seventy-five initial
consonants as [ j ]. The consonant [m] was identified as[ p] or [ b]
88 per cent of the time, while [p ] and [ b Jwere rarely identified as
[m] . It was found also that combined responses of all voiceless-
voiced pairs showed higher frequencies for the voiceless member of

the pairs.3

luary F. Woodward and Carrol G. Barber, Education of the Aurally
Handicapped: A Psycholinguistic Analysis of Visual Communication,
School of Education, Cooperative Research Project No. 502, University
of Southern California (Los Angeles: John Tracy Clinic, 1960), p. 47.

21b1d., p. 46. 3Ibid., pp. 53-56.
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Investigations of Other Characteristics of the
Code of Lipreading

The visibility and discriminability of individual speech sounds
most certainly are to be considered as factors which contribute to
the relative ease or difficulty with which material is lipread. But
other characteristics associated with the code have also been shown
to affect the ease or difficulty of lipreading. Brannon investigated
the effect of the visibility of the phonetic components of words on
the lipreadability of the words, and in addition he compared the rela-
tive difficulty encountered in lipreading three different kinds of
material.l

The material consisted of the Utley Lipreading Test, PB words
(List Number Six), and ten Spondee words. The PB words were divided
into six categories of visibility based on phonetic composition. The
ten Spondee words were divided equally into two categories of visible
and less visible words.

It was found that there were more correct identifications of
both PB and Spondee words in the categories of words with the greatest
numbers of visible elements. In addition the results showed that when
words were presented in sentences (Utley Test Form A), they were iden-
tified with 50 per cent accuracy, whereas only 35 per cent of the PB
words and 30 per cent of the Spondee words were identified correctly.
These latter findings suggest that words in context are easier to lip-

read than words in isolation. The influence of context on accuracy of

lJ. B. Brannon, ''Speechreading of Various Speech Materials,"
Journal of Speech and Hearing Disorders, XXVI (1961), 348-353.
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perception will be examined in more detail later in this chapter.

Another study which investigated variables associated with the
code in lipreading was that of Taaffe and WOng.l The stimulus
material analyzed in this investigation was a filmed sentence test of
lipreading. Results were obtained from 52 male and 121 female
examinees.

A number of variables were found to show relationships to
difficulty of lipreading the items on the test used. One of the para-
meters which showed a relationship to lipreading difficulty was the
number of words in a sentence. Some irregularity of relationship
was shown, but in general the greater the number of words in the
sentence, the more difficult it was to lipread. The numbers of syl-
lables per sentence was also examined and a significant positive cor-
relation was found between the number of syllables in each sentence
and lipreading difficulty. When the number of consonants and vowels
per sentence were considered, a relationship was shown to exist
between the number of consonants and sentence difficulty and between
the vowel-consonant ratio and sentence difficulty. But the number of
vowels per sentence did not appear to be related to lipreading dif-
ficulty.

The relative difficulty of interrogative and declarative
sentences was another variable analyzed. The results showed that, on
the average, declarative sentences were more difficult to lipread than

the questions.

1Gordon Taaffe and Wilson Wong, ''Studies of Variables in Lip
Reading Stimulus Material," John Tracy Clinic Research Papers, III
(Los Angeles: John Tracy Clinic, 1957).
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Another part of the analysis dealt with the relationship between
parts of speech and lipreading. It was found that sentences with
fewer nouns tended to be more easily lipread. The authors contend,
ﬁowever, that this could be related to sentence length, which was not
controlled in the analysis. The number of verbs and pronouns did not
appear to relate to success or difficulty in lipreading sentences. It
was revealed also that pronouns and verbs were easiest to lipread, and
nouns, adverbs, adjectives, and prepositions were next in order of
difficulty.

Further analysis examined the relationship of the lipreading
difficulty of the test sentences to the visibility of the speech
sounds as rated by the study of the New York Board of Education.1
No significant relationship was found.

An examination of word position and word size in relation to
lipreading difficulty revealed that there were no consistent trends
regarding the effect of word position, but that word size did seem to
be a factor relating to ease or difficulty in lipreading. Three-
letter words were found to be easier to lipread than one- or two-
letter words, but words longer than three letters were systematically
more difficult to lipread.

Further information concerning characteristics of the code in

lipreading was provided in a study by Morris.2 She corroborated the

1New Aids and Materials for Teaching Lip-Reading, op. cit., pp.

1-23.

2D. M. Morris, "A Study of Some of the Factors Involved in Lip

Reading" (unpublished M.A. thesis, Smith College, 1944).
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findings of Wong and Taaffe1 that the longer a sentence is the more
difficult it is to lipread, and she produced some additional findings
as well. Morris found that the lipreadability of a sentence is not
markedly influenced by its position within a group of sentences; and
that there is no influence on lipreading performance of the position
of a group of sentences within a sequence of groups.

Since the visual and auditory aspects of speech are conjoint
manifestations of a single process, the question arises as to the
intelligibility relationship between the two modalities. The relatiomn-
ship of the intelligibility of the auditory speech code masked by
noise to the intelligibility of the code when lipread has been examined
by McEachern and Rushford. Comparable forms of a lipreading test were
used for the investigation. It was concluded that although lipreading
and listening to masked speech are related, they are not related in a
linear manner. The authors suggest that further research into these
relationships is necessary.

In an application of the techniques of the information theorists
to lipreading, Tatoul and Davidson4 conducted a study which deals with

the synthetic ability of lipreaders, but also makes use of the code in

1Taaffe and Wong, op. cit., pp. 3-5.

2Morris, op. cit., pp. 19-20.

3A. W. McEachern and Georgina Rushford, "Lipreading Performance
as a Function of Characteristics of Unknown Communicators,'" John Tracy
Clinic Research Papers, VIII (Los Angeles: John Tracy Clinic, 1958),
12-17.

4
Corrine Tatoul and G. Don Davidson, '"Lipreading and Letter Pre-
diction," Journal of Speech and Hearing Research, IV (1961), 178-181.
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a way that would seem to have some relationship to the present study.
The purpose of the investigation was to determine whether good lip-
readers were significantly better than poor lipreaders in their ability
to synthesize, as measured by their scores on a letter prediction test.
Twenty sentences from a lipreading test were used. A key word was
given and then each of 100 subjects attempted to predict, one at a
time, the letters of each word of the twenty sentences, the space
between the words included. 1If the subject failed to predict a letter
correctly on the first try, the examiner supplied the letter and the
subject attempted to predict the succeeding letter.

""The results provided no evidence of a difference between good
and poor lipreaders with respect to letter prediction ability or of
any important relationship between lipreading ability and letter pre-
diction ability."1

However, it should be noted that with a possible maximum pre-
diction score of 56.8, the good lipreaders obtained a mean score of
49.8 and the poor lipreaders obtained a mean score of 49.3.2 This
would seem to suggest that although degrees of lipreading ability do
not appear to be differentiated by letter prediction scores, informa-
tion resulting from the transitional constraint of language structure
was utilized by the subjects in making correct predictions. And even
though letter prediction did not play a differentiating role, it would

seem likely that the redundancy demonstrated by letter prediction

libid., p. 181.

21b1d., p. 179.
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might be considered a factor that would assist in the lipreading taske--
perhaps in a way and to a degree that is generally the same for all

lipreaders.

PART 1I. REVIEW OF PERTINENT PSYCHOLINGUISTIC
LITERATURE

The part of psycholinguistics which is of concern in this study
related to the probability structure of language and the effects of
language habits on perception. Linguists, information theorists,
learning theorists, experimental psychologists, acousticians, and
speech and hearing scientists have all contributed to knowledge in
this area. Consequently, the findings reviewed here come from a
number of disciplines and represent a variety of points of view. But
it is believed that all may contribute something to the understanding
of the influence of language structure on communication through lip-
reading.

Language structure has been spoken of as though it were an
autonomous physical entity, but in reality this is not true. Language
exists only for those who use language, and the influence of its
structure depends entirely on the learning of the users of the language.

Therefore, learning theory is fundamental to an examination of the

influence of language structure.
This relationship can be seen in theories of learning such as
Tolman's Sign-Gestalt Theory which is summarized by Osgood as follows:

This system stresses contiguity of stimuli in building up
expectations. The closer in time two stimuli occur the
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greater the likelihood that an expectation will be set up.
Practice plays a role in confirming and strengthening expecta-
tions. The more often S, follows S; the higher is the expectancy.
It may be seen that expectancy can be viewed as & cognition of
the probability that a given event will follow another.l

The direct application of such a theory to language is explained
by Osgood who states that,

Since the linguistic structure of the language and 'semantic
structure' of the culture is such that certain message events
co-occur more often than others (frequency of S-R) and certain
message events appear closer together in the temporal sequence
than others (contiguity of S-R), it must follow that . . .
Hierarchies of habits of varying strength will be developed,
and these will correspond to sets of transitional probabilities.

Studies of Language Habits and Statistical
Probability in Communications

What Osgood has stated as theory has been demonstrated by a number
of studies of transitional dependency in language which illustrate the
operation of language habits and show their possible influence in
communication.

One of the earliest studies was that of Shannon. This study
involved prediction of letters from a short passage of printed material
which was unfamiliar to the person who was to do the predicting. Each
subject was asked to guess the first letter in the passage. If the
guess was correct, he was so informed, and proceeded to the prediction
of the second letter. If the guess was not correct, he was told the
correct letter and proceeded to guess the second letter. In one such

experiment Shannon found that for a total of 129 letters, eighty-nine

1C. E. Osgood, Psycholinguistics: A Survey of Theory and

Research Problems, Part II Supplement to Vol. XLIX of the Journal of
Abnormal and Social Psychology (October, 1954), p. 29.

ZIbid., p. 96.
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(or 69 per cent) of the letters were guessed correctly on the first
attempt.

An extension of the experiment described above required the
subject to guess the letters in the same manner, but he was told if
he had guessed wrong and was asked to continue to guess until he
found the correct letter. He was informed.when he found the correct
letter and proceeded to guess the second letter in the same manner.
In one such experiment, out of 102 symbols, the subject guessed
seventy-nine letters correctly on the first guess, two on the fourth
and fifth guesses. Only eight letters required more than five guesses.

In order to determine how predictability depends on the number
of preceding letters known to a subject, a more involved experiment
was carried out. One hundred samples of English text were selected
at random from a book. Each sample was fifteen letters in length.
The subject was asked to guess the text, letter by letter, for each
sample. 'To aid in prediction the subject made such use as he wished
of various statistical tables, letters, digram and trigram tables, a
table of the frequencies of initial letters in words, a list of the
frequencies of common words and a dictionary."1

The data obtained from the subjects on the basis of the 100
samples were summarized in a table. The entries in the columns of
this table corresponded to the number of preceding letters known to
the subject plus one; the row was the number of the guess. The entry

in column N at row S was the number of times when (n-1) letters were

lC. E. Shannon, "Prediction and Entropy of Printed English,"”

Bell Telephone System Technical Publications, Monograph 1819 (January,
1951), 1-15.
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known. It was found that the prediction gradually improved with
increasing knowledge of the past (preceding letters known to the sub-
ject).l

In a study patterned after Shannon's, Burton and Licklider
examined the extent to which estimates of redundancy of English
texts are dependent upon the number of preceding letters known to the
subjects. The findings indicate that relative redundancy did increase
as the knowledge of the previous text was extended from zero to approxi-
mately thirty-two letters, but that increasing the known number of
letters beyond thirty-two does not result in any notable rise in
redundancy.2

The effect of language habits in letter prediction was also
shown by Mulder. 1In this study, each subject was provided with six
answer sheets. Each answer sheet consisted of fifteen columns of
twenty-seven symbols each and was coded by means of a chemical solution
with a message in English which was fifteen letters in length. Each
subject predicted the letters by marking the symbols in each column
with green ink. When the correct letter was found, the green ink
turned brown. Three scores were obtained for each subject: (1) the
total number of trials, not exceeding ten; (2) the total number of
correct predictions on the first trial; and (3) the total number of

correct predictions after ten or more previous trials.

l1bid., p. 14.

2N. G. Burton and J. C. R. Licklider, ''Long Range Constraints in

the Statistical Structure of Printed English,'" American Journal of
Psychology, LXVIII (1955), 650-655.
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A statistical comparison was then made between native and non-
native speakers of English. On all three scores native speakers were
significantly more successful than non-native speakers. This would
seem to indicate the influence of native language habits in determipriry
expectancy in the letter prediction.

The effect of redundancy due to language probability was also
studied by Black.2 Samples of five-syllable phrases of similar lergth
were selected from the language of flight instruction and newspapers
and were presented to subjects who were asked to predict the successive
lteters with a knowledge of the preceding ones.

It was ascertained that the subjects were somewhat familiar with
the staristics of English, since approximately 60 per cent of the first
guesses to phrases were divided between [t ] and[ g, which are the two
most frequent sounds in the initial position. It was also determined
that,

Young male adults know with eleven per cent accuracy the letter
that will begin a phrase; there is one chance in three that they
know the second letter, given the first. With three to five
letters of a phrase known there is one chance in two that they

know the next letter, and their ability to predict a next letter
may exceed two chances in three with a single line of newsprint.

1R. L. Mulder, "A Comparative Study of the Competence cof Groups
of International and Native Students in Aspects of Language that Hold
Relevance to Speech" (unpublished Ph. D. dissertation, Ohio State
University, 1953), pp. 87-144.

2John W. Black, The Prediction of the Words of Varied Materials,
Joint Project Report No. NM 00l 104 500.57 (Pensacola, Florida: The
State University Research Foundation and U. S. Naval School of Aviation
Medicine, 1955).

3Ibid,, p. 1ll.
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The potency of the influence of increased knowledge of preceding
material on the ability of a subject to predict succeeding material is
shown by the accuracy with which the final letters of the phrases were
guessed. Seventy-six per cent of the terminal letters were guessed
and 73 per cent of the letters which preceded the terminal letters
were guessed.

It was also found that increased length of a language unit,
whether a word or a phrase makes prediction easier when averaged over
the entire unit. Furthermore it was found that the letters of words
were less predictable than three letter words irrespective of the word
in the phrase.

In another study Black examined redundancy characteristics of
individual sounds and sounds treated in pairs as well.1 He concluded
that English sounds in words do not have the same frequency in the
language both in isolation and as paired units and that the occurrence
of these sounds depends to a degree on the preceding and succeeding
sounds.

When two sounds were considered as paired units, the average
redundancy was found to be at least .20, and within the categories of
words sampled reached .37. The data indicated that in a sequence of
English sounds, transitional probabilities exist to a degree that
there is at least one chance in ten that a particular sound will be

next. And in some cases these chances may be greater than one in three.

1Black, "The Information of Sounds and Phonetic Digrams of One-

and Two-syllable Words," op. cit., pp. 397-411.
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The influence on communication of redundancy due to the different
probabilities of sound sequences is shown more directly by a study
by Miller, Bruner, and Postman.1 They used a tachistoscope to present
pseudo-words to subjects at exposure durations varying from 10 to 500
milliseconds. Recognition thresholds were obtained for eight-letter
pseudo-words composed according to zero-, first-, second-, and fourth-
order approximations to the statistical structure of English. For the
first-order words the letters were selected according to their relative
frequency of occurrence in written English. For the second-order words,
selection was made on the basis of relative frequency of pairs of
letters, and for the fourth-order the relative frequency of four-letter
sequences was used as the basis for selection.

The results showed that the fourth-order words were consistently
easier to recognize than the zero-order words, and the first- and second-

order words fell in between.,

Investigations of the Effects of Context in Communication

The redundancy due to the interdependence of language parts is also
shown by the studies of the effects of context on the accuracy of com-
munication. As in the case of letter prediction, these studies shcw
that language patterns exist and that they can contribute information
which is greater than the sum of the contributions of the individual
components in isolation. The information provided by these patterns
provides insurance against errors and can assist perception in difficult

communication situations.

1G. A, Miller, S. J. Bruner, and Leo Postman, "Familiarity of
Letter Sequences and Tachistoscopic Identification,'" Journal of General

Psychology, L (1954), 129-139.
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An investigation in this direction was carried out by Brown and
Hildum.1 Using ( )vc contexts such as [ () ol ] as stimulus units,
the experimenter pronounced the monosyllables and the subjects were
asked to supply an initial consonant cluster. Sometimes the experi-
menter would pronounce a consonant cluster that actually occurs in
that position in English, thereby making an English word, e.g., [or J1]
thrall. 1In other cases the experimenter used a consonant cluster that
does occur in English in the initial position, but does not result in
a word, e.g. [ pr ol J. A final variation was the pronunciation of a
syllable with an initial consonant cluster that never occurs in that
position in English.

The sets of syllable triplets were presented to two groups of
subjects. One group was linguistically trained, the other was not.
There were thirty-seven subjects in the naive group and twelve subjects
in the trained group. The findings are summarized as follows:

When subjects uninstructed in linguistics hear speech that

is expected to be in the native language, their perceptual
identifications are directed by their knowledge of sequential
probabilities in the language as well as by the acoustic
stimulus. When the speech includes an initial consonant
cluster that never occurs in that position in the native
language, and when acoustic conditions are not perfect, nearly
everyone fails to identify the cluster correctly. The identi-
fications made tend to stay close to the presented stimulus.
Most errors involve only one phoneme and most changes of one
phoneme involve only one distinctive feature (e.g. [p] to [t ],
k ]J,[b], or [£]). When subjects err by as much as two or
more phonemes it seems to be in order that they may identify

what they have heard as a relatively probable occurrence--an
actual word. When subjects who mistake only a single phoneme

1Roger W. Brown and Donald C. Hildum, '"Expectancy and the
Perception of Syllables,' Language, XXXII (1956), 411-419.
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mistake that phoneme by as much as two distinctive features, they
also are usually following the lure of an actual word. It would
seem that the confidently identified portions of a syllable
operate as a context in which some phonemes are probable and
others improbable. When a given phoneme or cluster of phonemes
is so probable as to yield a familiar word, the presented
syllable may be identified as that word even though considerable
distortion of the stimulus is involved. When a given phoneme or
cluster of phonemes is very improbable, the presented stimulus

is unlikely to register accurately with anyone, in the less-than-
perfect acoustic conditions we have used.l

It will be noted that the experimental task involved in the study
of Brown and Hildum resembles somewhat the experimental task in the
present study. In the latter, however, the focus is on the stem as the
context variable rather than the initial consonant cluster, Neverthe-
less, it is probable that some of the same linguistic forces are
operating in both studies.

The influence of context on the recognition of intelligibility
test materials has been studied by O'Neill.2 Thirty-nine subjects
listened to fifty sentences which were part of a sentence intelligibi-
lity test, The subjects also listened to 291 words taken out of the
context of the same sentences. These materials were presented at five
speech-to-noise ratios, =12 db, -6 db, 0 db, + 6 db, and + 12 db. The
recognition of the words in context was then compared to the recognition
of the words in isolation. It was found that the intelligibility scores

for the isolated words tended to be lower than for the same words in

context. The conclusion drawn by O'Neill was that '"Words have context

11bid., pp. 417-418.

230hn J. O'Neill, Recognition of Intelligibility Test Materials
in Context and in Isolation, Joint Project Report NM 001 064.01.23
(Pensacola, Florida: The Ohio State University and U. S. Naval School
of Aviation Medicine, 1954).
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intelligibility values as well as isolation intelligibility values and
with this accepted, the possibility arises that various uncontrolled
features of context may affect the intelligibility value of a word dif-
ferentially."1

The effect of context on perception was also studied by Elmo
Miller.2 He used tachistoscopic exposure to present fifty sentences
twice to each of sixteen subjects. The sentences were presented once
in the form of a single story, and once in random order. The sentences
were exposed for 0.15 seconds. The difference in correct perception in
favor of the meaningful order was found to be statistically significant
for letters and for words.

Miller and Selfridge extended the investigation of the attributes
of context to the recall of sequences of symbols with various degrees
of contextual constraint in their composition.3 Sequences of words
were arranged in orders of approximation of English ranging from zero-
order through the seventh-order of approximation. The actual text was
included as an eighth-order of approximation. At each order four lists
of different length--10, 20, 30, and 50 words--were constructed. The
lists were recorded on a wire recorder and presented to two groups of
ten subjects. They were instructed to listen to a list until it was

finished and then write what they had heard.

1Ibid., p. 4.

2Elmo E. Miller, "Context in the Perception of Sentences,'

American Journal of Psychology, LXIX (1956), 653-654.

3G. A. Miller and J. Selfridge, "Verbal Context and the Recall of

Meaningful Material," American Journal of Psychology, LXIII (1950), 176-
185.
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The results showed that the percentage of words recalled increased
as the order of approximation increased, and decreased as the length of
the list was increased. Furthermore, it was found that the longer the
passage the greater was the usefulness of contextual association.

It was also discovered that orders of approximation above three
were remembered almost as well as the actual text. From this Miller
and Selfridge conclude that,

When short range contextual dependencies are preserved in non-
sense material, the nonsense is as readily recalled as is

meaningful materials;

and that
Contextual dependencies extending over five or six words
permit positive transfer, and that it is these familiar
dependencies, rather than meaning per se, that facilitates
learning.l

If this is true in the recall of language material, one might
also conjecture that it would be true of the initial perception of
language material, since initial perception has been shown to be
influenced by memory of language patterns much as the recall of the
language material which was described in the above study.

Further investigation of the effect of context was carried out
by George A. Miller together with Heise and Lichten. They examined
“"The Intelligibility of Speech as a Function of the Context of the
Test Materials."2 The study consisted of three parts--each examining

a different aspect of context. The first part of the study involved

presenting three types of speech stimuli in an environment of masking

l1bid., pp. 185.

zMiller, Heise, and Lichten, op. cit., pp. 329-335.
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noise, The signal-to-noise ratio at which 50 per cent of the items
were discriminated correctly was determined for each type of stimulus
material. The intelligibility of digits, words in sentences, and non-
sense syllables was tested. These results showed that the signal-tc-
noise ratio was -14 db for digits, -4 db for words in sentences, and
+3 db for nonsense syllables. Miller, Heise, and Lichten attributed
this difference not so much to phonetic composition as to the alter-
natives involved in a choice of the correct word. The digits limit
the listener's freedom of choice because all have different vowel
sounds except for five and nine; thus it is possible to respond cor-
rectly with only marginal perception. In the case of nonsense syllables
intelligibility is difficult because the choice of alternatives is
infinite--the subject knows that any phonetic combination might occur.
In an attempt to examine further the effect of the relative
degree of freedom of choice on intelligibility, subjects were <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>