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ABSTRACT
CONSTRUCTION Oi" A" ARTICULATION CURVE
FOR RECORDED SENTENCES
by Kenneth Ray Johnson

In the past few years, our literature has expressed
dissatisfaction with some of the current methods used in
speech audiometry. With thils in mind, an articulation
curve was constructed for ten lists of ten sentences each.
The sentences used in this investigation were developed at
the Central Institute for the Deaf. A recording of the
sentences was made at Michigan State University on magnetic
tape using five male and five female talkers ranging in age
from 24-68 years.

In order that they could be played back at specific
intensitites, the median intensity of each list was deter-
mined by running them through a Bruel and Kjaer sound-
level recorder which plotted the intensity of the sentences
against time. The amount of the signal (in millimeters)
that was above 45, 51, 57, 63, 69, 75, 81, 87, and 93 dB
sound pressure level (SPL) was measured and plotted on a
graph. One graph was drawn for each of the ten lists.

From these, the average intensity of the lists was found to
be 69.6 dB SPL. Now these sentences could be presented to

listeners at intensities with known parameters.
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Thirty normal-hearing listerners heard the sentences
in a sound field situation at ten different intensities,
ranging from 18 to 54 dB SPL. The sentences and inten-
sitles were presented according to a schedule determined
from a 10 x 10 x 10 Graeco-Latin square. The average
time for presenting and scoring one list of ten sentences
was one mlnute twenty-eight seconds. The scores repre-
sented the percentage of £0 keys words per list, correctly
repested by the listener for each list.

Use of different word lists and different orders of
presentation were found to be small but significant
sources of variance in discrimination scores. Articulation
functions were plotted for all lists and a composite

articulation function was developed.
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CHAPTER T
INTRODUCTION

Speech audiometry plays an important role in routine
hearing and hearing-aid evaluations. The objective, and
sometimes subjective, assessment of a person's ablility to
hear and understand speech can help the examiner complete
the "picture" of a person's handicap that was begun with
pure-tone audliometry. This 1s a necessity 1f proper diagnos-
tic and rehabilitative procedures are to be followed.

Pure-tone testing provides information that will
ald 1n diagnosis and in indicating aural reh=ztvilitative
needs by showing how well the cochlea is functioning.
Through special techniques, information can te ottained
which will help to determine if the lesion is retro-
cochlear. But the biggest interest in terms of audio-
logical rehabilitation i1s how well the patient hears and
understands speech. According to Davis and Zilverman,
"Practically, the most important thirg we want to know

about someone's hearing 1s whether or not he can follow

1

ordinary conversation. Is hils hearing socially adeguate?’

lHallowell Davis and S. Richard Silvernan,
Hearing and Deafness (New York: Holt, Rinehart and Winston,
1964), p. 191.




To test whether a person 1s socially adequate or
to determine how much speech he hears and understands,
it 1s necessary to administer a number of tests. Hayes
Newby recommends the determination of the following
measures:

1. Speech-reception threshold (SRT)--the hearing level
at which the patient can repeat 50 per cent of
spondees correctly.

2. Most comfortable loudness (MCL)--the hearing level
at which speech is most comfortable for the patient.

3. Tolerance level--sometimes referred to as the
threshold of discomfort (TD). The hearing level
at which speech becomes uncomfortably loud.

4. Dynamic range--the limits of useful hearing.

5. Discrimination--a patient's ability to discriminate
among similar sounds or among words that contailn
similar sounds.

6. Soclal adequacy index--a measure based on the results
of speech audiometry which represent the degree of
handicap so far as hearing and understanding speech
are concerned.l

These tests are all administered with a carefully controlled

and known intensity via a speech audiometer and are

1Hayes A. Newby, Audiology (2nd ed; New York:
Appleton-Century-Crofts, 1964), pp. 111-116.




presented monaurally through calibrated earphones or in

a calibrated free fleld situation. Probably the two

most important of these measures are the SRT and discrimi-
nation. The former 1s a threshold test while the latter
1s a supra-threshold test.

The SRT, or hearing level for speech, 1s most
popularly determined by presenting a number of "spondees"
(two syllable words with equal stress on both syllables)
and gradually decreasing the intensity until the patient
correctly repeats 50 per cent of them. Another method
includes the use of running speech. In this method,
elther the examiner or the patient decreases the intensity
of the running speech until just the general ldea of the
materlal can be followed. Another method uses numbers
instead of spondees. Still another method makes use of
sentences that are in the form questlons that require
the listener to answer them or repeat the sense of them.
The questions are presented in decreasing intensity until
the patlent's threshold 1s reached.

The hearing level for speech turns out to be the
same for any of these methods, whether 1t was obtalned
wlth live volce or record material, providing all have
1

been correctly callbrated on similar normal populations.

The SRT 1s a measure of how loud speech has to be before

1

Davis and Silverman, Hearing and Deafness, p. 186.



it 1s understood by the patient 50 per cent of the time.
For the normal ear receiving spondalc material, this 1s
about 22 dB sound pressure level (SPL). The SRT can be
estimated from the pure-tone audiogram by averaging the
obtalned thresholds at 500, 1000 and 2000 cps.

The second measure, speech discrimination, is
sometimes called the intelligibllity or articulation
score, or the PB Max (maximum discrimination score).

This measure 1s most popularly determined with the use

of phonetically balanced (PB) word lists. PB words

are monosyllablc words that contain samples of speech
sounds 1n the same proportion that they occur in English
speech. The PB word lists each contain 50 words, and
these are presented monaurally or free field well above
the SRT. The discrimination score is the percentage

of 50 words that 1s correctly repeated by the patient.
Some hearing losses are of such a nature that the patient
will not obtain a score of 100 per cent regardless of how
iIntense the sound 1s presented. Recorded lists of spondees
and PB's are available commercially.

Wlth careful 1nterpretation of the SRT and PB scores,
an experlenced examiner will be able to judge how well
the patlent 1s getting along in society as far as hearing
and understanding speech 1s concerned; and many will

agree that thls 1s the maln purpose of hearing.



These two tests also play an important role in
hearing-ald evaluations. By comparing the results obtalned
from these tests and others with different hearing ailds,
the examiner will be 1n a position to help the patient
choose the hearing aid that provides the best amplifi-
cation.

Speech audiometry 1s also used for diagnostic and
rehabilitatlive purposes. Diagnostically, the results
from speech audiometry can, in most cases, be used to
confirm the pure-tone findings. Researchers have shown
that a person with a hearing loss with a conductive
(as opposed to sensorineural) pathology will have an SRT
that 1s higher (i1.e., worse) than normal; but the discrimi-
nation score will be within normal limits 1f the PB's are
presented at high intensity. On the other hand, a person
with a sensorineural hearing loss will have a high SRT and
wlll have lower than normal discrimination regardless
of intensity. 1In fact, in some cases the discrimination
score may get worse 1f the intensity 1s increased too
high.

Persons with a low discrimination score are
probable candidates for auditory training and/or speech-
reading. These people will be in need of these rehabili-
tative procedures because thelr hearing loss 1s preventing
them from hearing enough of the speech sounds to make

them soclally adequate. When the patient's SRT in the



better ear is 30 dB or greater, they are candldates for
a hearing ald and possibly auditory training and/or
speechreading. In many cases, a hearing aild will be of
no assistance because 1t may; in fact, make the discrimi-
nation score much worse.

These tests may also be used to evaluate the
results of surgery. By comparing the post-operative
results wlth the pre-operative results, the benefits
of surgery, in terms of improving a person's ability
to hear and understand speech, may be determined.

Responses to speech audliometry, SRT and discrimi-
nation 1n particular, can be graphically represented by
an articulatlon curve with the abscissa of the graph
representing intenslty and the ordinate representing
percentage of words correctly repeated. Experiments
have shown that the articulation curve 1s, 1n general,

a smooth S-shaped curve that is steepest at, or a little
below, its middle; and the upper end levels off rather

1 The articulation curve 1s

gradually to a plateau.
constructed by presenting the stimulus at various
Intensities, marking the per cent correct at the appro-
priate spot on the graph, and then drawlng the curve.
As would be expected, the slope of the curve is steeper

for sentences than for spondees, which in turn 1s steeper

than the curve for PB's.




The advantage of the articulatlion curve 1s that
it provides a complete "picture" of the patient's
ability to hear and understand speech. With one look
at the curve, the followlng characteristics can be
seen:

1. Threshold of intelligibility--The point where the
curve crosses the 50 per cent line.

2. The maximum intelligibility--The highest point
on the curve.

3. The threshold of distortion--The point of the curve
where it begins to decline. (This 1s not present
on all curves.)

Being able to obtaln these three important measures

in one test administration would be time saving.

Because we communicate by speaklng in sentences,
1t would seem loglcal that a valid and reliable test
to determline someone's SRT and discrimination would
be a test utllizing sentences. Many sentence tests
have been devised and wlll be discussed in the following
chapter, but more frequently word lists are used.

Ira J. Hirsh has said:

We usually like to work with words in measuring
intelligibllity, because we can construct a list
of words and present each word to a listener at a
glven 1intensity. To be sure, the relation between
such lists and the continuous flow of words that

we encounter in conversation is not very clear.
Instead, therefore, we may attempt to devise a more



valid test by using groups of words that might
appear 1in conversation. One such group is, of
course, the sentence.

One of the main reasons sentences have not been
used 1s that the intensity cannot be controlled while
maintaining naturalness. A method of overcoming this
will be explained in Chapter III.

Recently, many audiologists have been dissatisfied
with the 50-word speech discrimination tests and have
attempted to shorten the lists to 25 words.2 Since 1t
takes about four minutes to go through one 50-word,

CID W-22 PB word 1list, these lists become cumbersome when
several such lists are used in one session as in hearing
aid selection.3

Another problem with PB word lists i1s the level
at which they should be administered. Some audiologists
suggest SRT plus 40 dB, while still others recommend
giving them at the comfort level. With any ot these
methods, one is not sure if the PB M2ax h=as been obtaired.
By constructing an articulation curve, one can Le sure to

have obtained the maximum intelligibility.

llra J. Hirsh, The MNeasurement of Hearing (New York:
McGraw-Hill Book Company, Inc., 1952), p. 131.

2pateol Grubb, "A Phonemic Analysis of Half-List
Speech Discrimination Tests," Journal of Speech and
Hearing Research, VI (1962), p. 271.

3R. Edwin Shutts, Kenneth S. Burke, =nd Janes E.
Creston, "Derivation of Twenty-Five Word P& I §
Journal of Speech and Hearing Disorders, 7.
pD.442.




The purpose of thias study 1s to establizh an 2cticn-

lation curve for normsl hearing listeners, u

[¢7]

ing recorded
sentences that represent everyday American speech. The
sentences are spoken by five male and five female talkers
between the ages of 24 and 68. By establishing the curve
for normal ears, these same sentences can be used on

pathologlical ears and then compared with the normal curve

In administering this one test, the SRT and & measure of
intelligibllity would be obtained. Because these sare
"everyday sentences," the cerived curve should glve a
gcod "picture" of & person's socizl adequacy. By compar-
ing curves derived whlle the patient uses Jditfferent
hearing sids, hearing ald selection could be msde easler.
Dlagnostically, the shape anrd position of the curve
should be valuable in comfirming the pure-tone resultfs.
By comparing curves obtained before and zfter a perios of
speechreading and auditory training, the effectlivene:s
of these procedures could be evaluated. In regsrd to
time, drawing an articulation curve with sentences nignt
prove to be much quicker than using PB arnd sponiez wurd
lists.

Chspter 1II of the thesls contalins & short review
of the literature relevant to the present study.

Chapter III contslins a discussion of the procedures and

.

equipment employed in the study. Chapter VI greserts the

results of the study. Chapter V, the last chapter,
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contains a short discussion cof the results of the study
together with some possible implications for further

research along the present lines.



CHAPTFR II

REVIEW OF THE LITERATURE

This review will be concerned only with standardized
speech tests. C(Crude tests of sensitivity such as the
conversational volce and whisper test will not be included.
While these tests play an important role for those trained

to use them, they are of no importance to this study.

Development of Speech Audiometry

The principle of speech audlometry was establish-
ed by the success of the 4C group audlometerl that was
used as a screening device for school children. Thie
audlometer was a refinement of the earlier 4A and 4B
audiometers. The 4A phonographic audiometer was firsrt
marketed between 1924 and 1926. This audiometer coull te
equipped with up to 40 earphones and wass portzble from
school to school. The 4A consisted of s hand-wound,
spring-driven motor and turntable, plus a large magnetic
reproducing heszd or pilck-up unit. The phonographic
record used with the 4A and UB audiometer contalired s
series of two or three digit numbers that were suc-
cessively attenuated in 3dB steps. The 4B and 4C

audlometers were improvements over this earlier model.

1Davis and Silverman, p. 181.
11
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The next improvsement came out in the Mailco RS
group audiometer. The main differences in this audiometer
were: (1) it provided a fading, selective word,
plctorial type test as well as the earlier fading numbers
type test, (2) it had a means of being calibrated, and
(3) 1t was electronic and contained a built-in amplifier.
This type of testing procedure accurately determined
speech reception thresholds, but 1ts failure was the insz-
bility to detect high frequency losses.1 Some further
limitations of the 4C were in the limited range covered
by the fixed-gain play back equlpment and the relatively

few speech sounds sampled.2

Speech Audiometry Today

Speech audiometry, as 1t 1s practiced toaay, tegsn
during World War II in the military aural rehzovilifation
centers.3 However, the test material for speech auclometry
was borrowed from another source. Working for the Rell
Telephor.e Laboratories, Fletcher and Scelnterg developel

tests for hearing and understanding speech as & tool of

lLeland A. Watson and Thomas Tolan, Hearirg Tests
and Hearing Instruments (Baltimore: The Williwcio and
Wilkins Company, 1949), pp. 239-246.

2¢. V. Hudgins et 2l., "The Developrent of Recoriej

Auditory Tests for Measuring Hearing Loss of Sgeech,’
Laryngoscope, LVIT (1947), p. 61.

3Newby, p. 66.



13

measurement and research inprovement of telephore and
other communication systems.l Other sinmilar test materizls
were developed under government contract by the Harvard
Psycho-Acoustic Latoratory for the purpose of comparing
the efficliency of various communications systems in
transmitting speech.2 Since then, these 1lists have been
adapted for the purpose cf speech audiometry as we kriow
it today. The most noteworthy of the adaptations were
made at the Harvard Psycho-Acoustic Laboratory and st
Central Institute for the Deaf, St. Louis. The nrext
sectlon will briefly describe the more familli=zr of thecse
tests.

Fletcher and Steinberg report that their main test
for measuring the articulation of communication systems
used nonsense syllables. To develop the tecst, they drew
on the 48 simple sounds of the revised scilentific
alphabet, 24 consonants, 19 vowels, ana 5 dipthongs. ne
initial consonants were written on cards and then cluced
in one box; others, upon which the vowel sounds wetie

written, were placed in a second box; and those, Lpon

4]
o

which the final consonant sounds were written, were .=

in a third box. A card was then randomly drawn fron euch

lWwatson and Tolan, p. 452.

2Newby, p. 66.
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box, thus forming a con-vow-con (cve) syllable. By
drawing all of the sounds, a list of 22 syllables was
formed. Thls process was repeated three times to obtain
a list of 66 syllables. They also made use of senternces
that were interrogative or imperative in form, each cori-
taining a simple idea. The original list contained

50 sentences. !t

At the Harvard Psycho-Acoustic Laboratory, a programn
of audiometric test development was uncertaken with three
aims in view:

1. To explore further the problems involved 1n the
construction of audiometric tests for neasuring
directly the hearing loss for speech.

2. To produce a test sultable for precise laborstory
measurements of all degrees of hearing loss.

3. To explore by means of verbal tests the possi-
bility of differentiating between high-frequency
deafness and deafness which i1s uniform throughout
the audible frequency range.2

The results of this program were Auditory Tezt No.
Auditory Test No. 12. Test No. 9 was =z lest o ire
threshold of hearing for words. This test conzisied of
two lists of 42 disyllabic words ot the sopondee stiress
pattern recorded in six scrambled versions with « carvier

phrase "Number One," "Number Two," etc. The words were

1H. Fletcher and J. C. Steinberg, "articulation
Testing Methods," The Bell System Technical Journzl, VIII
(July, 1929), pp. B06-C5h.

“Hudgins et al., p. 62
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divided into seven groups of six words each, and each
group was recorded at progressively lower intensity levels,
4 3B apart. Spondees were used because they were found to
have a uniformly high audibllity; higher than unselected
disyallables and monosyllables.

Auditory Test No. 12 consisted of eight 1lists of
short, simple questions, that could be answered with one
word. The lists were composed of 28 i1tems divided into
seven groups of four. Each group was recorded at an
intenslity level 4 dB lower than the preceding one, except
Iist One which contained 21 items divided into groups of
three and recorded at an intensity level 6 dB lower than the
previous group.

These two tests were constructed with these basic
criteria in mind: (1) familiarity, (2) phonetic dissimi-
larity, (3) normal sampling of English speech sounds, and
(4) homogeneity with respect to basic audibility.

They were unable to fulfill the third of the three
alms listed above as satisfactorily as they would have
liked. They concluded that unless a test can ke devised
which 1s relatively simple to administer, and at the same
time precise, 1t may be expected to show no special ad-
vantage over the pure-tone audiometer as a device for

differentiating between uniform and high frequericy losses.

11p1d., pp. 58-68.



Also a2t the Harvard Psycho-fcoustic Laboratory,
J. P. Egan constructed the well-known PB-50 word lists
which were originally constructed as ftests Tor communl-
cation systems. These lists were the result of rmany
revisions of previous word lists and every effort wsas made
to make these new lists satisfy the following criterila:
(1) monosyllabic structure, (2) equal average difficulty,
(3) equal range of difficulty, (4) equal phonetic
composition, (5) a composition representative of English
speech, and (6) words in common usage. From & sample
of 1200 monosyllablc words, 24 lists of 50 words each were
constructed. These llsts were then revised to insure
that the lists would be more nearly phonefically bslanced.
An unsuccessful attempt was made to sgztisfy the sbove
criteria with lists of 25 woras and that seccounts for the
number 50 in each list.1

Perhzps the most wldely used sueech asuaiometric
tests are those developed &t Central Institute for the
Deaf. Audiologists =zt CLD were concerred about thes
severzl deficiencies in the Harvsard tests: (1) certszic
records of Auditory Test No. 9 yieldeu slightly cifrerent
thresholds from other of these records, (2) the vocabulary

was too large for many clinicazl patients, znd {3) recorded

’ . "o 5 . P P = N
ly, p. Egaen, Articulation Testing Merthioos,

Iaryngoscope, LVIIL (1S48), p. 962.
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versions of the PB lists were not avallable 1n sultably
standard form. Because of thils, they made some modlfi-
cations and introduced three new lists: (CID Auditory
Test W-1 and W-2, spondees, and CID Auditory Test W-22,
PB's).

The first of these, W-1, contalns six scramblings of
a single 1list of 36 spondaic words. These are recorded
at a constant level 10 dB below the level of an intro-
ductory carrier phrase. This test is for determination
of the SRT. The thresholds obtalned with thls test on
normal ears for experlenced and lnexperienced llsteners
was 20 dB and 21 dB re 0.0002 microbar, respectively. The
second test W-2 1s also used for determination of the
SRT. It contalns the same words as W-1 but differs in that
the intensity of the words 1s atterniuated within each list
at the rate of 3 dB every three words. The mean absoclute
threshold for 14 listeners was 17.7 dB re 0.0002 microbar.
The difference between the W-1 ana W-2 threcsholds may have
resulted from presenting all 36 words at a glven level
instead of only three. The third test, W-22, 1s for
determination of a listener's discrimination. It contalns
200 monosyllablc words divided into four phonetically
balanced lists of 50 words each and each word is introduced

with the carrier phrase, "You will say. . . ." The threshold
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for thls test 1s 24 dB re 0.C002 microbar. Above 50 dB
100 per cent of the words are heard correctly by the

normal ear.l

Phonetic Balance

The importance of using phonetic balance in speech
discrimination testing has been questioned by several
authors., As early as 1929 Flethcer and Steinberg stated
that the results obtained on their word lists, that were
randomly constructed, were as representative of speech as
the results that would be obtzined with lists employing
particular sound combinations in proportion to their
frequencies of occurrence in speech,2

Elpern states, ". . .it seems to be the consensus that
phonetic balance is not as crucisl a factor to the sencsi-
tivity of these tests [speech discrimination tezts] sas
it was thought to be &t the time the originsl FlIi--u
word lists were developed."3 lle found thet one-nwll 1i:t

material extracted from the W-22 full-lists oftfered A

B

D

valid and reliable guditory discrimination scor

T

1. H. Hirsh et al., "Development of Materials for
Speech Audiometry," Journal of Sreech and Hearirg
Disorders, XVII (1952), pp. 322-332.

2Fletcher and Steinberg, p. 834,

38. S. Elpern, "The Relstive 3

tability of One-Half-
Iist and Full-List Discriminstion Tests," Laryngoscore,
LXXI (1961), p. 31.
4

Ibid., pp. 30-36.
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Campanelll used Egan's PB-50 word lists and divided
them into two groups of 25 words each by taking the first
25 words for one list and the remaining 25 for another
list. He found that the 25-word lists offered a valid
and relliable auditory discrimination score. In a state-
ment on phonetic balance he says, "This notion [that the
entlire phonetic spectrum should be included in order to
yleld a valid measure of auditory-verbal comprehension]
might be realistically questioned, and the concept of the
PB-50 list be re-examined.'"!l

Resnick® also found a high correlation between full
PB-50-word lilsts and 25-word lists derived from them.
Several other authors, Lynn3, Shutts gg_gi.u have also
attempted to shorten the time required to test a person's
discrimination.

Pattl Grubb has written 1n the defense of phonetic

balance. She claims that, "Phonetic balance is a means of

lp. A. Campanelli, "A Measure of Intra-List
Stability of Four PAL Word Lists," Journal of Auditory
Research, II (1962), pp. 50-55.

2D, M. Resnick, "Reliability of the Twenty-Five
Word Phonetically Balanced Lists," Journazl of Auditory
Research, II (1962), pp. 5-12.

3G. Lynn, "Paired PB-50 Discrimination Test: A
Preliminary Report," Journal of Auditory Research, II
(1962), pp. 34-36.

AR. E. Shutts, K. S. Burke, and J. E. Creston,
"Derivation of Twenty-Five-Word PB ILists," Jourral
of Speech and Hearing Disorders, XXIX (1964), pp. 4i2-4




20

achieving, at least, face validity."l She :onducted
a study that showed that the PB characteristic of the
whole 50-word 1list 1is lost when they are split into
two halves.2 In a letter to the editor, she criticizes
the use of half-list speech discrimidgtion tests
mentioned above. She used three main points in her
argument: (1) that high correlations were found because
the part is a part of the whole, (2) that the interpre-
tation of the coefficients was faulty, and (3) that
25-word lists lack valldity.3

Jerry V. Toblas, 1n answer to Grubb's article
and letter states:

"She wants to malntain phonetic balance despite the
overwhelming clinicel and experimental experience
that indicates phonetic balance to be an interest-
ing but unnecessary component of one of our current
audiometric tests.”

Toblas feels that phconetic balance does not seem to be

a meaningful criterion.?

lp. Grubb, "A Phonemic Analysis of Half-List Speech
Discrimination Tests," Journsl of Speech and Hearing
Research, VI (1963), p. 271.

°Ipbid., pp. 271-275.

. Grubb, ome Considerations in e Use o

3p. Grubb, "S Considerati in the U £
Half-List Speech Discrimination Tests," Journszl of Speech
and Hearing Research, VI (1963), pp. 291-237.

4

crimination Tests,

VII (1964), p. 99.
5Ivid., pp. 95-102.

J. V. Toblas, "On Phonemic Analysis of Speech Dis-
" Journal of Speech and Heazring Reasesrch,
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Jocial Adeguacy Index

In 1948, Hallowell Davis wrote of the "obvious need
for a quantitative measure of the social aiequacy of

hearing. "l

Developing an earllier 1ldes of Walish and
Silverman, he constructed the Social Adequacy Index.
This 1s an average of the percentage of words heard
correctly at three (falnt, average, loud) levels of
speech. "It i1ndicates how well a person hears speech
under average everyday conditions.”2 Davis warns that
since the Social Adequacy Index was derived from the
Harverd PB word lists, caution must be used when working
with W-22's since persons will get different scores on

the two lists.

Speech Intelligiblility

To understand speech audliometry more fully,
especially the fsctors rthat enable & listerner to respond
to what he hesrs, it 1s necessary to te farmiliar with
some of the fsctors that meke speech intelligitcle. Iun
this calzcussion 1t will be assumed thst the following
factors sre held constant: (1) high quality cormunicstion

system, (2) listener's famillarity with the langusage mnd

N

'H. Davis, "The Articulation Area snd the Social
Adeguacy Index for Hearing,'" Laryrgoscope, LVIIT (1348)
p. 761.

°Ibis., p. 776.
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speech sounds thzt are used, {3) a properly funcriornirg
central nervous system, and (4) normal hearing.

The sounds of speech are divided into two classes,
vowels and consonants. The latter of these two seems
to be responsible for most of the intelligibility carried
by individual English words.! Another important factor
of intelligibility is intensity. As intensity of speech
increases from a low level to a higher level, intelli-
giblility will increase. The number of syllables in the
gpeech stimulus slso plays an lmportant role., The more
syllables there are per word at a given intensity, the
more intelligitle the wor’d,2 Still another contributor
to intelligibility is the amount of context that is
present in the sample. One word is not ag intelligible
a8 one sentence because of the additional cues offered
by the latter, and also teczuse in the sentence the
that are avsllable for choice. The fewer rumber of
possibllities, the better the intelligibility.

Davis et al. 1ist the followlng zs factors affecting

intelligibility, ". . .variety of voices, voice levels,

"'\
speech sounds, sond zscoustic environment.'?

Ira J. Hirsh, The Messurement of Hearing (New York:
McGraw-H111l Book Company, Inc., 1952), p. 125.

“Ibid., pp. 133-135.

3H. Davis, et al., "The Selection of Hearing Alds,"

laryngoscope, IVI (1395L6), p. 89.
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Miller, Helse, and Lichten, 1n an article on the
intelligibility of speech say, "The ease with which a
discrimination of speech sounds can be mzde is limited
according to the number of different speech sounds that
must be discriminated."! They also state that the most
important variatle in intelligibility i1s the range of
possible alternstives from which a test item is selected.
For thils reason, words 1n sentences have a threshold
6 dB lower than the same words presented in isolation,

They also found that digits had the lowest threshold with
gentences and nonsenzes syllables following in that order.®
This doeg not exhaust the factors that affect
intelligibility, but 1t certainly covers sore of the more

important ores.

Using & recorded sample of actual everydsy
connected descourse, Falconer and Davis found they
could establlish a listeneris speech reception tnreshold by
allowing the listener to determine it for himself. The
listener would atteriuate the speech until he couird Just
hear znd understand what was being said. They lzxkeled the

result the Threchold of Inteiligibility for Corriected

'G. £, WMili-o, G. Hels:e, and W. Lichten, "The
Intelligibility of Speech a2z 5 Furction of the Context of
the Test Materials," Jourral of Experimentzl Psychology,
XLL (1951), p. 332.



24

Discourse (TICD). They concluded that the TICD compared
very favorably with Auditory Test No. 9 with respect to
both dispersion and relisgbility. The absolute threshold,
mean for & normal group, was 23.23 + 3.77 B re .C0C2
dynes/cm2. It was shown that about two minutes of
connected discourse or "cold running speech" can be used
to establish a speech reception threshold almost as
accurately as four or five minutes wilth spondees or the

fading numbers record.?!

Everyday Sentences

The sentences used in the current investigztion
were developed at Central Institute for the Deaf. The
resasoning snd need for developing these senfences was
published by Silverman and Hirsh in 1955. They stated
that:

. - .the speech stimulus that is required for the
most effective diagnostic differentiaticn 1z not
riecesssrily the most representative of everyday
speech. We have shown, for example, that rela-
tively short, difficuit words are required and,
furthermore, that it 1s necessary that the talker
of’ these words not overarticulate and be not toc
clear. . . .1t seems reasonable to suppose thsat
slrice everyday hearing is characterized largely
by the hearing of speech, that speech may Lbte a
more valid predlcting test material, Rut we do
not expect, necessarily, that our lists of
monosyllabic words, which =1a us in disgrosis

16. A. Falcorer and H. Davis, "The Intelligibility
of Connected Discourse as a Test for the ‘Threshold for
Sgeech'," Isaryngoscope, LVII (1947), pp. =81-:91.
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would predict this abllity very well, since

such words can hardly be called representative
of everyday speech. Thus, a court of law can
Justifiably question the validity for rating
disablility from monosyllabic-word tests or

from pure-tone audiograms, until a systematic
study of validation has related one or the other
to everyday hearing.

We must now forget concepts of hearing tests
and approach the problem from the point of view
of attempting to characterize samples of everyday
speech.

One approach to a solution of this problem

1s to set up criteria for sampling everyday speech.
Such criteria should, at least on the face of

it, make sense and indeed such a feature of a test
sample 1s often referred to as 'face valldity'.

They then outlined the problem and turned it over
to the Armed Forces-National Research Councll Committee
on Hearing and Bio-Acoustics (CHABA), who in turn
appolinted a working group to formulate a set of criteria
for representing, in a sample, everyday speech. The
committee consisted of John W. Black, James F. Curtils,
James P. Egan, Harold C. Whitehall, and Grant Fairbsanks,
Chairman.

One a priori assunptlion agreed upon was that the
sample 1tem should be the sentence. The criteria for this
speech material were suggested by the committee and are

recorded in Appendix A.2

lS” R. Silverman and I. J. Hirsh, "Problems Related
to the Use of Speech in Clinical Audiometry," Annals of
Otology, Rhinology and lLaryrgology, LXIV (1355), p. 124

2

Ibid., pp. loL2-1243,
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A set of one hundred sentences was subsequently
contructed at the Central Institute for the Deaf. It
was decicded to use these sentencegs in the present
investigation since they appear to be carefully
constructed, appear to have 'face validity', and are
regdlly obtainable. The sentences as listed by Davis
and Silvermanl are in Appendix B.

Zerlin anc Urban have recognized the need for,

i

. .+ .intelligibility test materials which have greater

face velidity than single words.'"®

They mention that
the fundamental obstacle in using speech samples

longer than single words 1is defining the energy level.
Davis and Silvermsn state, "The usual convention is to
take a sort of running average of the largest of the
excursions of the (V.U.) meter as it swings in response
to the syllables of the words."> The method used in
the presenf study 1s a modiflcation of *hat used by

L

Zerlin and Urbsn of integrating energy over time.

lH, Davis and §. R. Silverman, Hearing znd Desfrness
pp. 549-552.

2

S. Zerlin aznd B. Urban, "The Evaluation of Contextusl
Speech Materisls," Journal of Speech and Hearing Reseszrch,
VI (1963), p. 291.

3pavis and Silverman, p. 182.

h7er1in snd Urbsn, pp. 291-293.



CHAPTER III
PROCEDURES AND EQUIPMENT

Subjecté

Thirty subjects were employed in the study. All
subjects had normal hearing and were between the ages of
20 and 26 years. For the purpose of the study, a subject
was considered to have normal hearing 1if his hearing
loss did not average more than ten decibels oversll
with no more than 15 dB at 250, 500, 1000, 2000, or 4000
cycles per second. The audiometer was callbrated to ASA
specifications (Z24.5-1351). None of the subjects were

famllisar with the sentences.

Procedures

Each subject listened to ten lists of ten
sentences each (see Appendix B). Each list wes presented
at ten different, predetermined intensities. The experi-
mental design used was a 10 x 10 x 10 Graeco-Ilsatin
Square (Appendix C.).l Consequently, the subjects were

divided into three groups of ten. Therefore, each 1list

IR, A. Fisher znd F. Yates, Statistical Tables for
Biological, Agricultural and Medical Research (0th ed.;
London: Oliver and Boyd, 1963), p. 25.

27
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was heard by three listeners at the same intensity and
each list was heard at ten intensities.

The ten intensity levels were determined from a
pilot study where three listeners required a range of
36 dB to obtain consistently a score from O to 100
per cent. This range was then divided into ten equal
subdivisions ranging from 8 dR to 44 dR SPL in four

dB steps.

Sentences

The sentences used in the study were prepared at
The Central Institute for the Deaf, St. Louls. There
gre 100 sentences divided into ten lists, and each
sentence 1s constructed to be representative of "everyday
American speech." The criteria for constructing the
s entences were lalid down by a Working Group of the
Armed-Forces-National Research Council Committee on

Hearing and Blo-Acoustics (see Appendix A).

Talkers

Ten untrained talkers were employed to spezx tne
sentences so they could be recorded. There were five
male and five female genersal American talkers whose zges
ranged from 24 years through 63 years. There wzs one
male and one female in each of the following age grougs:
20-29; 30-39; 40-49; £50-59; and 60-69. An sttempt was

made to preserve naturslnessof speech in order to represent
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an everyday speakling situation. The talkers were given

the following instructions before the sentences were

recorded:
Here are ten, everyday sentences that I would like
to have you read. You wlll notice that they are
common, everyday sentences and that 1s exactly how
I would 1llke you to read them--with your normal,
everyday speech. No attempt should be made to make
them any clearer then you would speak them to a
close friend, in a room at a distance of five feet.

I would suggest you read them over once, and then
say them twice outloud before we begln recording.

Recording

The sentences were read in an audlometric testing
room and the recorder was located in an adjacent control
room. The two rooms had a glass window between them. An
Electro-Volce model 654 microphone picked up and delivered
the sentences to an Ampex PR 10 tape recorder that was
running at a speed of seven and one-half 1lnches per
second. Scotch Low Nolse 202 recording tape was employed.
A Bruel and Kjaer Precision Sound Level Meter type 2203
was used to set a 1000 cycle per second calibrating tone
at the microphone. The tone was recorded before each
talker at a level of 75 dB SPL.

The 1list gilven to each talker contalned ornie randomly
selected sentence from each of the ten original lists.
After the ten randomly selected lists were recorded, they
were transferred to a master tape 1n thelr original order.
The final result was that each original list, A through J.

had ten talkers arranged in random order.
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The macster tape was then run through a Bruel and
Kjaer Level Recorder Type 2305 with a writing speed of
400 millimeters per second and a paper speed of 100
millimeters per second. By measuring (in millimeters)
the amount of the speech signal of each list that was
above the intensities of 45, 51, 63, 69, 75, 81, 87, and
93 dB SPL and plotting these on a graph, the median inten-
sities of each list were found. The graphs had "Reference
Intensity in dB re .0002 microbar" as the abcissa and
"Per Cent below Reference Intensity" =s the ordinate.
The median intensity for each list was then found by
locating the intensity at which the curve crossed the
50 per cent point on the ordinate. The mean intensity
over the ten median intensities was 70 dB SPL and the range
of median intensities was from 68 to 72 dBR. The graphs

are shown in Appendix D.

Testing

The thirty subjects were tested individusally in =z
soundfield situstion in the same room where the sentences
were recorded. The subjects szt 1n a chalr facing the

speaker which was an Electro-Voice SP-12. The master

'

tape was played on the Ampex PR-10 at seven and one-
h2lf inches per second and fed into an Allison 20-B speech
gudiometer, and then into the speaker. The amblent

nolse level of the room was about 45 dB SPL and =t the



21

-~

chalr there was a constant 30 dB 2PL noise originating
in the power amplifier. The intensity of this noise
at the chalr was very roughly determined by using the
inverse square law.

The lists and intensities were presented according
to the schedule set up by a 10 x 10 x 10 Graeco-Latin
square (see Appendix C.). Fach listener was given a
pure-tone screening test to detemine if he had normal
hearing, as previously defined, before the test began.
The 1instructions read to each listener before the test
were as follow:

You are about to hear 100 sentences divided equally
into ten lists. I would like you to repeat each
sentence as you hear it. Some lists will be so soft
you won't be able to hear sll the words, but don't
get discouraged; 1t's not your fault. Don't be
afraid to guess. If you only hear one or two words
repeat them. The sentences are what you would expect
to hear in common, everyday American speech. There
is a green light in that window. When 1t goes on,
you should listen because a sentence will follow.
When the light goes off, you &are to repeat the
sentence. Do you have any questions?

The signal light was activated bty a 10C0 cycle per
second tone that was recorded on track B of the tape
and was plcked up by a4 three transistor amplifier. The
amplified tone operated the relay, which in turn opersted
the light. The tape was stopped after each sertence so the
light was also off.

The VU meter wasg adjusted to read -£ when the

callbrating tone before each list wss presented. Recause
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the medlian Intensity of esch list was 70 dB SPL and the
calibrating tone was originally recorded at 75 dB SPL, the
playback system was now reproducing the sentences 10 dB
more intense than their median intensity. Therefore, in
order to play the sentences back at levels relative to
their recorded intensity, 10 dB was subtracted from the
attenuator reading. If the VU meter had been set to read
O on the calibrating tone, much of the gspeech signal would
have been distorted. By calibrating the VU meter to -5
and subtracting ten dB from the attenuator reading, two
things were accomplished: (1) there was no distortion in
the playback system, and (2) the lists were played back
relative to thelr recorded inftensity.

The scores were tallied on a special score sheet
devised for the study (see Appendix E). For each list,
the total number of words repesated correctly out of a
possible 50 wss multiplied by two. This gave the per cernt
correct for each list at its corresponding intensity.

The average time required to administer and score
one list of ten sentences was one nminute twenty-elght

seconds.



CHAPTER IV
RESULTS AND DISCUSSION

Each of the thirty subjects cobtained ten scores--one .
score for each of the ten conditions to which he was
exposed (see Appendices C and F). The scores are expressed
in terms of percentage of 50 key words correctly repeated
from each list. FEach row of Appendix F represents one
subject and each column represents the trial (or order of
presentation) on which the particular score was obtained.
The eleventh and twenty-first rows are the beginning of
the second and third replications, respectively, of the
Graeco-Latin square.

Figures 1, 3, and 4 graphlcally represent the mean
scores for sound pressure levels, prezentations, znd lists
respectively. The ordinate in all three tables is the
percentage of 50 key worids correctly repeated. Flgure 4
is presented as s bar graph beczuse the lists zre on 2
nominal scale.

Flgure 1 shows a very definite upwsrd trend for
intelligibility plotted as a function of sound pressure
level. Thils is the curve which is of primary concern in
this study. The small circles represzent *the mean

articulation score st each corresponding intensity level.

(W8]
W
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A French Curve was employed to connect the mean
articulation scores. The curve 1s a smooth S shape
with a steep slope of about seven per cent per dB

at the center. Thils general shape 1is not unlike those

1 and in Hirsh® for spondees, mono-

reported in Stevens
syllables and PB's. 1In fact, 1t corresponds very closely
with the curve for the CID Auditory Test W-1 rerported by
Hirsh et al.>

In the sentence articulation curve presented in
Figure 1, there is an increase from 20 to 80 per cent
within a range of 9 dB and throughout this rangé the
slope or rate of rise 1n score 1s about seven per cent
per dB. The rate of rise of the curve tapers off above
80 percent and does not reach the 100 per cent point
until about 16 dB above threshold. Hirsh says, "Below
threshold the words drop out very qulickly and there is
little if any 'tail' at this end of the curve.“u

The articulatlion curve obtained by Hirsh had

absolute thresholds for spondees at 20 dB and 21 <B

15. S. Stevens (ed.), Handbook of Experimental
Psychology (New York: John Wiley and Sons, Inc., 1921),
P. 1046.

2Ira J. Hirsh, The Measurement of Hearing (New York:
McGraw-H11l Book Company, 1952), p. 135.

3Ira J. Hirsh et al., "Development of Materials for
Speech Audiometry," Journal of Speech and Hearing Discriers,
XVII (1952), pp. 325-326.

4Ibid.
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re ,0002 microbar for experienced and inexperienced
listeners respectively, listening monaurally. He explains
though that i1n clinical use '""the expected threshold will
be more nearly 18 dB."! For PB lists he obtained &
threshold at 24 dB re .0002 microbar. The threshold for
the sentence curve of this study is 23.5 dB re .0002
microbar.

In Chapter II it was stated that the intelligibility
for spondees 1s greater than the inteligibility of PB's and
the intellligibllity of sentences 1s greater than the
intelligibility of spondees. Licklider and Miller say,
"Sentence scores are usually higher than words or syllable

nl The curve

scores obtalned under identical conditions.
presented in Fligure 1 does not completely conform to this
when it is compared with the reported curves for spondees
and PB's. Of course, thls sentence curve was not
constructed under the identical conditions as those employed
by Hirsh and others. While the slope for this curve is
about seven per cent per dB, Hirsh found the slope for the
spondees of CID Auditory Test W-1, to be elght per cent

dB, and about 3.7 per cent per dB for the PB words of

CID Auditory Test W-22. Figure 2 shows the relation

between Audltory Test W-1, W-22 and the present senternce

curve that was taken from Figure 1. Why does the above

lstevens, p. 1046.
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liirsh et al., p. 334.
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curve for sentences fall between the curves for spondees
and PB's when actually 1t might be expected to be found
to the left of the W-1 curve? One possible reason, other
than the previously mentioned one of equal recording
conditions, 1s in the selection of speakers. Hirsh
employed one trained, male speaker who carefully
monitored his speech with a VU meter. The ten talkers
used 1n the present study were not trained speakers,
their ages ranged from 24-68 years, and they were not
instructed to speak clearly. In a discussion on the
construction of articulation tests, Licklider and
Miller state, "Talker, rather than listener, varia-
bility is a more important source of instability.'"l
Variation in speakers, volces, intensities, inflections,
ages, etc., could possibly explain the unexpectedly hign
threshold obtalned in this study.

Flgure 3 does not appear to present any grest
learning or fatigue effect due to practice as the test
progresses. Figure 4 likewise appears to show no great
differences between the ten lists.

The variances among the ordinate values for each of
Figures 1, 3, and 4 were tested for statistical significance
by analysls of variance. A summary of the analysis is

presented in Table I.

lstevens, p. 1046.
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TABLE I.--Summary for Analysis of Varilance

Source of Sum of Mean
Variation Squares ar Square F
Ordering of
Presentation 1925.19 9 213.91 .66
Subjects With-
in Orderings 6414.40 20 320.72
Within Subjects
Intensity 501703.59 9 55744.843 664.23
Lists 2132.65 9 236.961 2.8235
Order 2394.52 9 266.057 3.1702
Error with
Subjects 20393.637 243 83.924
TOTAL 534963.987

The results indicate that the sources of variance due
to Intensity, lists, and order are significant. As would
be expected, intensity was highly significant as a source
of variation. Lists and corder are small but significant
sources of variation. It 1s believed that these two are
significant because of the extreme sensitivity of the

experimental design.



CHAPTER V

SUMMARY AND CONCLUSIONS

Summary

Determination of the soclal function of hearing
plays an important role in audiology. The evaluation
of the soclal aspects of a hearing impalirment 1s
carried out through speech audliometry. Currently,
word lists are used for the purposes of determining
a person's ability to hear and understand speech.

Since we do not usually speak in single words, it

was thought that perhaps sentences would offer a more
reliable means of testing the social function of
hearing. However, before a test can be utilized, it
must have a standard to which the results may be
compared, hence the purpose of this study.

An articulation curve was constructed for 100
seuntences using 30 normal-hearing subjects. The
sentences were recorded by five male and filve femal
talkers. The resulting articulation curve was not
greatly unlike other articulation curves that have teen
constructed for word lists. Statistically, the lists
and the order of presentation were found to have a small

but significant effect on the results.

41
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The threshold of intelligibility for these
sentences was found to be slightly higher than would
be expected, but the extreme varlation of speakers is.

belleved to be a possible explanation for this.

Conclusions

The purpose of this study was to record lists
of sentences representative of everyday speech and to
determine a normative articulation function for the
recorded lists. In accomplishing that purpose, the
intensity parameters of each sentence list were graphed.
The following concluslions were reached at the end of the
investigation.

1. The intensity parameters of the ten CID everyday
sentence lists as recorded for this study are
as shown 1n Appendix D.

2. The articulation curve for the ten CID lists
as recorded for this study is as shown in
Figure 1. The differences amocng meun
articulation scores for different intensities
are statistically significant.

3. There appear to be small but signigicant differences
among the mean articulation scores due to the use
different lists.

4, There appear to be small but significant
differences among the mean articulation scores

due to order of presentation of the ten CID lists
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recorded for thils study. In other words,
learning or fatigue seemed to play a small but
significant role in determining articulation

scores in thils study.

Implications for Further Research

During the present study, many questlons have
arisen that should lead to more research utilizing these
same sentences. Some of the questions afe listed as follows:

1. What 1s the difference 1n articulation curves
drawn for each cf the ten talkers used in this
study? |

2. Can the Soclal Adequacy Index be applled to the
scores derived from these sentences?

3. What shape does the articulation curve of these
sentences take when they are precsented to
pathological ezars?

4, How would the curves established in Numker 3
compare with results obtalned with currently

used word lists?

5. Can these sentences be employed as o valld
and reliable tool in hearing aid evaluzations?
6. In what way would this articulaticn curve be

displaced if only one speaker wauis used Lo spenk

the sentences?
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Now that a norm has been established for these
sentences, they are ready to be utlilized on a trial

basis 1In a clinical situation.
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APPENDIX A

Criteria for Sampling Everyday
Speech as Suggested by CHABAZL

1. The level should be specified in terms of relative
frequency, age level, or educational level. There are
numerous sources. The level should be of high frequency.
The words should be common so that the test in no part
depends upon vocabulary. The words should not be selected
informally on the basis of personal estimate, but should
appear in some specific fist [sic].

2. Within these objective limits, the vocabulary
range should be fully explolited so that as many different
words occur as possible.

3. Proper names and proper nouns should be excluded.
They are unnecessary and unpredictable as to effect on
valldity.

4, Word length, measured in syllables, should be
controlled. The ultimate test as a whole should have
a distribution of good fit to the distribution of the
vocabulary pool specified.

5. In the matter of syllabic stress, 1n so far as
this 13 inherent in words, free variation is suggested.
Patterns and unusual departures from live speech should
be avolded.

6. Contractions should be used freely and frequently.
As a principle, they should be used whenever possible.

7. The ultimate test as a whole should have a
phonetic frequency distribution that does not differ
significantly from that of language, and this control
should be demonstrated objectively by comparison to an
existent criterion.

1. Richard Silverman and Ira J. Hirsh, "Problems
Related to the Use of Speech Audiometry,” Annals »f

Otology, Rhinology and Laryngology, LXIV (1955), p. l242-
1253,

L9
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Sentence Structure

1. The phonetic structure of a given sentence
should be as such to avoid "loading," or unnaturally
high frequency of occurrence of any one element, such
as characterlzes certain tongue-twisters. Within each
sentence, the phonetic distribution should be at random.

2. To avold testing memory span, an upper limit
of sentence length should be set at 12 words. The lower
limit should be fixed at two words, considering that
many sentences are cf this length and that one-word
sentences should be avoided as duplicative of word tests.
The distribution cover this range, expressed 1n pro-
perticnal parts, should be as follows:

Sentence length Parts
2 - 4 1
5- 9 2
10 - 12 1

3. On the grounds that 1t will increase variety
and 1nterest, has face validity, and may be 1mpcrtant
(although the latter we do nct know), the sentence form
shculd be contrclled as follows:

Sentence Form Parts
Declarative 8
Imperative 1
Rising Interrogative 1/2

Falling Interrogative 1/2

This distribution appears not to depart far from
that of American English in general.

4, Grammatl:al structure should vary freely and
widely, and should avold sterotyped forms.

5. Common, non-slang i1dioms should be used freely
and 1t i1s desirable that they be numerous.

€. Redundancy should be high. An important
aspect of validity is inference of unheard or incom-
pletely hezrd material from fragments. In other wcras,
it would not be good practice to bulld items all of
which demand that every word be heard.



=1
7. Sentence content should be eppropriate for
adults.

8. Levels of abstraction should be low to avoid
the factors of 1intelligence, etc.
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APPENDIX B

Test Sentences1

List A

Walking's my favorite exercilse.

Here's a nice quiet place to rest.

Qur janitor sweeps the floors every night.

It would be much easier 1f everyone would help.
Good morning.

Open your window before you go to bed:

Do you think that she should stay out so late?

How do you feel about changing the time when we
begin work?

Here we go.

Move out of the way!

List B

The water's too cold for swimming.

Why should I get up so early in the morning?
Here are your shoes.

It's raining.

Where are you going?

Come here when I call you.

Don't try to get out of 1t this time!

Should we let little children g go to o the movies
by themselves?

There 1isn't enought paint to finish the room.
Do you want an egg for breakfast?

List C

Everybody should brush his teeth after meals.
Everything's all rignht.

Don't use up all the paper when you write your
letter.

That's right.

552.

lpavis and Silverman, Hearing and Deafness, pp. 548-
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Feople cught®t to s
Thoge windows are
oufxide,

Fass the bread and butter please!
“'ﬁ't forget to pay your bllls before the fir:v
of the month,

Don't let the dog out of the house!

There's a good balligame this afterroon,

Iist D

Itis time to go.

Tf you 4-n't want these old nagazines, throv
them out.

Do you want to wash up?

It's a real dark night so waftch your driving,
I'11 carry the package for you.

Did you forget to ghut off the water?
Fizhirg in a mountain streeam is my idea oI &

go2d time.
Fathers spend more time with their chllziren tihan

they used to.
y careful not to bresk your glasses:
i‘. ‘m sorr Y -

Iist E

You cizn cafch the bus across the
Cill her on the phonre and *e]]
T711 cateh ug with you liate

I 11 thirk it over.

I don't want to go to the movies
Tf your tcoth hurts fhat ] i
5 Jenllo
Put th=t
Stop fool
Time's up.

How 4o you gpell your rome?

T cookie baek 1n the tox!
i

g arounal

List F

Music always cheers me up.

My brother's in town for a ghort whlie on
business.

We live a few mil
This sult rieeids t
They ate enough g
for a week.

from the mzirn
g0 to the cleaners
en apples to make thenm zick

<
o]

e
)
re
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Where have you been all this tine?
Have you teen working hard lately?

Theres not enough room in the Kitcren

a new table.
Where is he he?
IOJK out‘

List G

I'll see you right after lunch.

See you later.

White shoes are awful to keep clean.
Stand there and don'ft move until I tell

for

1 you!

There's a blg plece cof cake left over
Walt for me at the corner in front of
drugstore.

It's no trouble at all,

Huarry up:

The morning paper didnit gay anythirg =

this afrernocon or tonight,
The phone call's for you.

Iist H

from dinner.

the

Belleve rel

let s get & cup of caoffee,

let' s get out of here before 1tis too lute,
I hote driving &t night.

There w3 water in tne cellar sfter that
rain yestercay.,

&he’11 oy]y ke gore a few ~mizvtes

How do you Know?

Children like cundy.

IT we den’t get rolin soom, welll have no grn:
They're not listed in the new rhore book.

List 1

Where can I find s place to parx?
L_iiKQ thoze big,rei apples we @lways

in the ijll

You'll get fat eating candy.

The show's over.

Why don't they palint their walls some
wny a Yy E

o r)l qlw")

What's new?

What are you hiding urder your cozt?
wn=t &re y ¥




(-]

O\O O~ Own

n -

=W

.

v

°

©

0

“

°

How come I ghould =lways be the one to go

first? T

L1l tzke sugsr and cream in my coffee.

Walf just & minute!

List J

o7}

Breakfast is ready.

I aon't know what's wrong with the car, but 1t
won't start,

1t sure takes a sharp knife to cut this meat.
I haven't read a newspager since we bought a
television set. T
Weedg are spolling the yard.

Call | me a little lafter!

Do you have charge for a five-dollar bill?

How are you?
I "3 1ike some ice cream with my pile,
I ¢on't think I'll have eany dessert.




APPENDIX C

GRAECO-LATIN SQUARE FOR TEST PRESENTATIONS*
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*Letter represents respective lists; number represents

Intensity in sound pressure level.
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APPENDIX D
GRAPHIC REPRESENTATION OF THE INTENSITIES

FOR EACH LIST OF SENTENCES

List A

100

Median
90 f Intensity
72 dB

70 F

60 I

30F

Cent below Reference Intensity

20

Per

10 }

2 L 1 1 L 1

45 51 57 63 69 75 8L 87 93

Reference Intensity
(dB re .0002 dyne/cm“)
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Per Cent below Reference Intensity
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APPENDIX D--Continued

List B
100
Median
Intensity
PF 69 aB

I I L [ b 1 A

45 51 57 63 69 75 81 87 93

Reference Intensity2
(dB re .0002 dyne/cm“)



Per Cent below Reference Intensity

100
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APPENDIX D--Continued

List C

70F
60

v

501

20

10F

Medlan
of Intenslty
7 69 dp

A | 1 1 L 1
51 57 63 69 75 81 87 093

Reference Intensity
(dB re .0002 dyne/cm?)



Per Cent below Reference Intensity

100

60

APPENDIX D--Continued

I1st D

9O_Intens1ty

80

TOF
60
50F

40

T

\]

20

10

Median

69 dB

45

B BT 53 6975 Bl 87 o3

Reference Intensity2
(dB re .0002 dyne/cm“)



Per Cent below Reference Intensity
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APPENDIX D--Continued

List E

100

Medilan
| Intensity
68 dB

O
O

80F

7Ok

60f

2

1G4

u5 51 57 83 69 75 8L 87 93

Reference Intensity
(dB re .0002 dyne/cm?)



Per Cent below Reference Intensity
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APPENDIX D--Continued

List F

100

9O_Intensity

80F

T0F

o
30t
20F

10F

Medilan

70 dB

L5

[ ) 1 [ ]
5T 57 63 65 75 8L 87 393

Reference Intensity
(dB re .0002 dyne/cm?)



Per Cent below Reference Intensity
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APPENDIX D--Continued

List G
100
Median
| Tntensity
90 71 dB

L

51 57 63 69 75 8L o7 93

Reference Intensity
(dB re .0002 dyne/cm®)



Per Cent below Refernce Intensity
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APPENDIX D--Continued

List H

100
Median
_Intensity
72 dB

00} O
O O
T

L

70
60

50

Ll

Lot
30F
20 F

10

| 1 1 1 ! A 1
4 51 57 63 69 75 81 87 93

Reference Intensity
(dB re .0002 dyne/cm<)



Per Cent below Reference Intensity

65

APPENDIX D--Continued

List I

10

Median
| Intensity
T 68 am

80
70
60}

50

20

10

4bs 51 57 63 69 75 81

Reference Intensity,
(dB re .0002 dyne/cm?)



Per Cent below Reference Inten

90
80

70
60
50
Lo
30
20

10
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APPENDIX D--Continued

IList J

-

Median

Intensity
68 dB

45 51 57 63 69 75 8l 87

Reference Intensity

(dB re .0002 dyne/cm?)
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APPENDIX E

SAMPLE TEST FORM (LIST A)

C. I. D. EVERYDAY SPEECH

Iistening Conditilion:

Name
Right ear
Date Left ear
Binaursal phones
Playback intensity Sound field

Number right

1. Walking's my favorite exercise.

2. Here's a nice guiet place to rest.

3. Our janitor sweeps the floors every night.

4., It would be much easier if everyone would
help.

5. Good morning.

6. Open your window before you go to bed.

7. Do you think that she should stay out =o
late?

8. How do you feel about changing the time when
/e begin work?

=

9. Here we go.

10. Move out of the way!

Examiner: Total right

SCORE (2 x total right)
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APPENDIX F

TEST SCORES*

)

3 PRESENTATIONS

e}

- 1 2 3 4 5 6 7 8 9 10
w0

1. 96 34 g2 88 0 12 100 100 0 0
2. 56 0 94 0 10 100 93 0 0 20
3. 10 100 30 36 76 0 16 100 0 gl
L, 0 0 0 100 0 26 64 82 g4 53
5. 96 66 100 8 96 0 5 46 100 0
6. 14 100 80 100 93 30 0 0 4 0
7. 6 0 26 70 66 94 100 100 100 100
3. 100 gL 16 52 0 0 90 0 S0 Th
9. 100 80 100 0 6 93 0 86 66 23
10. 0 10 4 100 100 100 38 76 o4 a0
11. g8 82 100 100 0 54 100 100 16 12
12. 70 18 100 O 100 100 30 0 10 L6
13. 8 100 76 100 88 0 16 100 0 gl
14, 4 0 0 100 14 Li 88 g4 100 100
15. gl 82 100 0 84 0 72 26 100 0
16. 48 98 72 100 96 T4 0 0 28 0
17. 0 0 4 34 oU 88 86 100 100 100
18. 100 gl 2 50 4 12 100 0 ol &0
19. 98 98 100 2 4L 100 0 100 72 34
20. 0 0 4 100 100 100 42 8 Sle !
21. 88 24 g4 100 0 4z 100 100 0 8
22. 70 54 100 O 100 100 100 O O o
23. 8 100 72 100 g8 0 23 100 C 100
24, 8 6 O 100 52 2% 100 100 100 100
25. gl 46 100 0O 100 0 =4 cO 100 12
26. 38 83 100 100 94 88 0 0 26 0
27. 0 0 0 8 48 70 93 100 96 100
28. 100 84 4 L8 0 2 96 0 gl e
29. g8 62 100 0 0 100 0 £6 =0 4
30. 0 0 0 84 100 98 12 56 86 96

*For information regarding list
see Appendix C.
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