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TS PRODL.IT

The object of the present study was to develop as a clinical tool a speech
hearing test wucing recorded sentencez.  The need for some such speech
hearing test,using sinuple materi:l with a hish degree of redwmdamcy, arose
from the new responsibility of the Commonwealth Acoustic Iaboratories in
adminigtering a hearingeaid scheme for pensgioners.

Specch tests of one kind or another are used for the following purposegie~

Te As a test of the degree of practical hearing impairment, independently
of the pure~tone audiogrim, which is congidered the primary audiolozicnl test.
In this function, speech heaving tests have historical precedence over pure
tone tesis and have the additional advantage of hizher face validity. The
"ideal" specch test for this purpose is one in which the task required of the
subject is simllar to that experienced in practical listening tasks of
importance to the subjeet. The test described herc comes closer to this
ideal thun most speech teats for the nopulation in which it will be used.

26 As a check on the pure-tone audiogram. Tor many old pcople, speech
hearing tosts are less demonding thon pure=tone threshold tests.  Speech testir
sometines reveal that hearing loss for pure tones has bean exaggzerated. The
ideal test for checking the pure-ione sudiogram would be one with 2 hizh
¢correlation with pure~tone thresholds. Sentence tests provide thisy; but vhett
other speech tests may be betier suited is not investigated in this stuly.

3. As a ddagnostic test of the ability of the auditory systems to procaess
complex material. The ideal test for this purpose would appear to be one
congigting of materinl with a vide ranze of complexity, not necessarily speech,
gimila: to the range of graded items in convenlional tests of other abilitics.
However, the tests in use for this purposc such as recorded Fo! liste are
designed to be homogeneous in content. Jhile this works over o wide range of
diseriminatory ability special teats are required for subjects who score too hi
on t0o low on PBII testa. At the hizh end, the ceilling may be extended by
using nonsense syllables ox distorfted speech. At the low end, an easier
discriminatory task is required, Digits are sometimes used; sonbence materia
is also appropriate, but this application of sentsnce tests has not been
explored in the present study.

4o As a puide to rehabilitativz proccdures., In particular, the sclection
of a hearing aid snd prediction of the Lenefit to be gained from it are usually
based on the rooults of speech hearing veats. However, the applicatioms of
speech tests to thaese cends are mot liwmited thon appears at first glanes,.

While it is possible to devise test procedures which apparently measure the
amount improvement in speech hearing obtainable from the use oi a hearing aid
there is evidence that amon a2 big cless of older hearing~impaired people,
these do not predict vhether or how much the aid will be worn or how much bene
is subjectively oxpericnced, (Dudley and Macrae 1967). [Fres field speech te
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with and wvithout a hearing aid, may be used to demonstrute to a potential
hearing aid user the benefits and disadvanitages of an aid, M ther sentonc
or "cold running speech" appear more suitable in this application than
material consisting of isolated words.

This study is concerned only ith the first two of these purposes; it
describes the standardisation of a procedure which yields a "threshold for
sentences" which con be used either as an independent measurc of practical
hearing impairment or as a check on the pure-tone audiogram.

The Test liaterials.

The sentence lists used were thoge developed by Ir. De3. Fry, Professar of
Experimental Phonetics at London University. The sentences are grammatica
simple and confain only familiar worda. The sentences are intonded to be
unrelated to each other in meanings in making the present recordings two
slight alterations were made to the original order of the sentences because
of apparent connections in meaning between consecutive sentences.

Each list of 25 sentences contains 100 "main' words, providing an alternati
scoring bagis; but in this study, scoring was on a whole sentcnee basls, ri

or wrong.

Recordings were made of the scntences on tapes The speaker was John \lest
of the Australian Broadcasling Commission whose voice was 2lso used in the
original CeAels recordings of FP3li lists. Voice level was monitored during
recording and tHming was assisted by a Grasme-Stadler interval timer vhich
flashed a cue light every Ti; seconds. For convenience in administering #
tests, the santences were re-recorded on tape cartridges for use in an

& C A Sterco tape playback wmit. A cue signal was recorded on another taj
channel go that a light on the tape playback 1it immediately after each ser
to indicate to the tester when 1o expect o response, Another channel cars
noise chosen to simlate the "cocktnil party" effect, but this was not usel
in the present study, A 1000 Hz calibrating tone was recorded on each tay
cartridge at a level coxresgpeonding to the averase peak level of the sentone
recording,

Al). intensities referred to in this roport are the sound pressure -velg
ob%ained in a 5 cc coupler from this calibrating teme.

PROCEDURS
Suabjects

Subjects ware 456 people attending the IJ.S... Branch of the Commonwealth Ac
Iaboratory. No attempt was made to achicve homogeneity; subjceets includ
ex-gervicemen, doclgrard employees, schoolchildren and army ontrants, Age
range was 14 to 86 years. A number of cases with normal and better thn

. normal hearing are included:; the deafest hod an average hesring level of

79 dB (1951 A.S.4e calculated over the 3 octave range - 500-4000Hz), In
28 subjects, both cars were tested and the results for the two ears treate
separately in the cnalysis, giving a totol of 74 ears tegted, Subjects
were exclunded if their spoken nzlish: was inadequate foxr the test, or if
masking was required in the non-test ear, A few cases were excluded bect
appavrent exaggeration of hearing impairment,



Teat procedure.

Pure tone thresholds were established using a CedleL. D3 audiometer and a
standerd "descending” technigque,

The speech tests were presented monaurally throuzh tho earphones of the
audiometer. The ocutput from the tape playback umit was taken to the
tape input of the audiometcr, Colibration wms maintained by checking
the acoustic output for the 1000 Hz calibrating tone in a 6ece coupler
at the beginning and end of the experiment and the electrical output
across the earphone was checked on the built-in melber before each test.
The attenuator range on the audiometer allowed ony level of presentation
up to 13048 SPLy the range actually required was 20dB to 125dB SPL.

Instructions to the subject were as follows:

"This is a test of your hearing for speech. I will plgy you tape
recordings of chort seatences, like 'The boy broke the chair'. I
want you to repeat each sentence as you hear ite Some of the
sentencea will be too quiet for you to hear properly, but say as
much as you can of each sentence."

The instructions were repeated or further explained if required,

The first santence was presented at an arbltroxry level somevhat ghove

the subject's presumed thresholds Aftcr each sentence correctly repeated
the level was reduced 5dB; after each sentence not correctly repeated,
the level was increased 5d4B, Irrors, scoring, and level of presentation
ware recorded on a scoring sheet cosisting of 2 printed copy of the
sentence ligt,

Scoring criterla were somewhat lenient. irrors in tense, number, or
unimportont woxrde were recorded, but the iter was not scored wrong wunless
a gignificant word wos missed or wmisweporied or the sense of the sentence
lost., Someo sxamples follow: :

Item Respense Score
The police feared a riot The police clear=d the riot Vrong
The woman made the cakes The womsn made a cgke Right
The teacher marks the exercises Teacher marked the exercise  Right
The child was showm a picture The ciild showed the picturs Virong

The up-and-Gowvn record of level of presentation resembles a Bekesgy
audiogram, tnd an approximaic threshold can be read from it by eye. More
accurately, the average of %he peaks can bs easily calculated, This was
the procedurc adopted in the present study to obtain the measure referred
to as "mentonce threshold." By ignoriny the early part of each test
record, and cownting the same number of high and low peaks, a stable
estimate is obtained of the 50, point on the articulation curve for

this material,



Llethod of Analysis.

The ‘est procedure ylelded for each subject a get of pure-tone
thresholds (at 250, 500, 1000, 2000 and 4000 Hz) and a sentonce
threghold, The subject’s age constituted a seventh variable,
Product-monent correlations were calculated between these variables.
Regression equations were calculated predicting the sentence threshold
from various combinations of these variables.

Resultg.

Some practical difficulties in administering the test were encountered:
In a few subjects with particularly poor discrimination, a stable
estimate of threshold was not given by this method. Data from 3 ears
was discarded for this reascn. For the procedure to vork, it is
necessary that the subject should br able to score near 1005 at some
level not too far sbove his threshold. This condition is met in most

subjects but some modification of ithe procedure will bo required for the
remainder. '

Scoring produced some difficulties; although a complete item analysis
was not made, there were o number of errors so sommon that it may prove
batter to ignore them in scorinz. In perticular:

Tigt Item Usual error

A 21 "age” for "choose"

B 9 "left" for “let"

c 16 "Fowls"” for "cows"

D 23 "Paar' for "feel"

E 24 “band" or "mwan" foxr "“van"

J 192 Yoxtensive" or "effective™ fo
Taxpengiva”,

The teszt procedure appears to Ho accepted as valid by the subject, and
is not over~demanding of the tesiter ox the subject. However, if
compiete recording of responses ond levels of presentation are node,

a good deal of attention iz regquired o aveid errzors., One benefit fror
mudcing complete recorde is that the avticulation function e¢m bhe derived
approximautely, with a small nuwiber of triols. fhe normel ardiculation
fvnetion with %ids maberial is, of covrse, very =fecp, and with the
gabjects in this study. scores rose fvow neaxr Op %o neaw 1009 in

10-15 43 in most casges.

The product-moment correloiilons betweon the seven varicbles recorded
for each subjee’ are glver in Zable 1.



4000

AGE

- TABLE 1.

o5 -
500 ™00 Taooo oo B Wgotences

0935 809 0565 o442 ¢392 813
»898 »628 2478 « 360 0862
o143 #5570 2359 2916
. 826 465 .48
576 o717
«465

Product moment correlations between the variables age,

sentonee threshold, and pure-tone threcholds at 5 test

frequencica,

It is seen from this table that. as expected, the best predictor
of sentence threshold is the pure-tone threshold 2% 1000 Iz,
Iltiple regrescion equations were derived which predict the
threshold for sentences from various combinations of the other
variables. These equations are glven in the following table
together with the cerresponding; multiple correlation coefficients
and standard errors of prediction,
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Equation Variables Prediction Equation Coxrrelation Standard

o, or multiple Error of
Correlation Prediction
i
dB
1 THBOO TH5 = ,92 TH500+ 39.8 »86 9.8
alone
2 TH1000 ’I'H5 = 79 TH1000* 40,0 .86 9,8
alone
3 Tﬂgooo TH5 = 971 TH2COO + %.2 985 1002
alone
4 'I'Hsoo ’l'H5 = ,22 '11{500 + 54 mwoo 092 T.5
and + 37.8
000
5 m-]o(n ms = 955 TH1000 + 031 Tﬂzoooa95 690
and + 3467
o000
6 TI{SOO I'HS = 958 THSOO + 474-3 TH2000 995 601
and + 33.9
THae00
™i1000 + .34 Tl + 34.2
and 2000
o000

TABLE 2 ¢ DNegression cquations, multiple correlation coefficients
and standard errors of prediciion, to predict threshold
for sentences Ifrom varions combinaticns of thresholds at
500, 1000 and 2000 IHz designated by frequency.

The exrors in prediction obtained using equation 7 are still positively
corralated with thresholds at 250 and 4000 Hz and with age; but the
correlations ere small mmd do not approach signific mece according

t0 the usu:l cwiterdia,
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The coefficients in equation 7 may be rounded off for convenience
in calculations with only a small sacrifice in accuracy, leading to
the "three-octave average'" as a predictor of speech threshold.

Equ,. 8 @ ms“%(“%oo*mwoo*mzooo)*ﬁ

In this equation, as in others glven, the final term is chosen so
that the average error of prediction is zero for this scmple.
Eguation 8 should not be token to iumply that 38 dB SPL is in any
sense a "normal" speech threshold,

Applying equation 8 to the experimental data gives as good a
prediction as the derived regression equation, equation 7. The
correlation between predicted and obtained sentence thresholds

(voth rounded to the nearest dB) is +96 and the RIMS error of prediction
is again 596 4B,

The three-frequency average hearing loss is of course widely used as

an estimate of practical speech hearing impairment from the purs-tome
audiogram. The preferred method of these laboratories has been an
estimate of the average hearing level over the entire range 500 Hz to
4000 Az. A comparison of the two methods {Farrant and lacrae 1961)

has showm that the "CoA:L. avernge hearing loss" may be the betier
method of predicting socinl adequacy of hearing for apeech and TBY
threshold, but the "Three~frequency hearing loss" is the better predicto:
of spondee threshold.

The present study indicates that the "three-octave hearing-loss" method
is also” the better predictor of sentence threshold, The extent of the
difference was shown by predicting sentence thresholds from the
ecuation, '

; 7 = ¢ A m * ¢
Bgm. 9 TH - 1/6 T + % Tiggg + & Tyggg * 1/6 000
+ 29

The weighting used in Iouation 9 is equivalent to the C.\.Ls method
except in the cases vhere a difference of 30 dB is shown between success
octave polnte, when the C.A«L. method requires the mid-point threshold
to be taken into zeccount., On the present data, the correlation obtaine
belween the senternce thresholds predicied by equation 2, rounded to the
nearest dB, and measured thresholds is ,95 and the RIS error of predictdi
5.8 dB. It ias thus slightly inferior to the three-~fre-ucncy method in
respact.

Implicit in the analysis described so far is a particular mathematical
podel of the relation between pure-tone hearing and spscech reaaring,
According to this model, the contributions to speech hearing in each
froquency band are independent and waique to that ban?; and can be
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combined by meons of a weighted sum, the weights being related to the
information content of the band. It seems more plausible that with

such highly redundent materials, with a fairly low standard of
perfornmance required, the different frequency bands should be considered
instead as alternative sources of equivalent infarmation, so that the
contrivation of information from any one band is not unique but depends o
vhat is available from other bands and from non-auditory sources.

A Tigorous examination of this hypothesis is not possible with the present
data, Iowever, a small change in the computational. procedure allows the
mathematical model to lean slightly in the desired direction. The change
in procedure is to re-label each set of thresholds at 500, 1000 and
2000 Hz Tﬂa, Tﬂb and 'IHC in order of elevations zbove normal, T "

being the "best" of the three, and THc being the worst. Correlations
between THa’ 'I‘Hb, THc and ’IIHS, the threshold for sentences, were
‘calculated, giving the following xeasults.

THb THC THS
T, 0940 «793 913
T, 0842 0945
TH 886
[»

TABLE 3, Product-moment correlations between the best
the median, @d the worst of the 3 thresholds
at 500, 1000 and 2000 Hz and the threshold
for sentences.

It will be seen that the best predictor of ssntence threshold is the
second~best of the three thresholds at 500, 1000 and 2000 Hz, Comparison
with Table 1 shows that this gives a belter prediction than any

threshold designated by frequency. Regression equations were derived

to predict the threshold for sentences from different combinations

of the variables TH and TH o These are given in Table 3,

with the muliiple correlation coelficients and asgsociated error of
precdiciian.
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. BEquation Variables Prediction Zguation R
10 'J}Ha only ’I’Hs = ,91 'I‘Ha + 4363 «91 7.9
11 rﬂ{b Only THQ = 090 mb + 3602 094 6@3
12 THc only THS = ,78 "i"Hc + 3161 89 8.9
13 THG. and 'Iﬂb THB = 21 Tﬂa + .70 I‘H.b + 37.4 s95 6.2
14 ']Hb and THC ‘I‘Ha = 965 i +,27 THC + 32,9 292 T4
15 T, and TH, M = .57 TH, + .38 TH_ + 359 .95 6.0
16 THa, rj.ﬂh and THE‘ = ,21 TEB + 046 'I‘Eb +027 THC 096 503
THC + 34,2

TABLE 4 : Regresgion equations calculated from experimental
dat:, predicting threshold for sentcnces from

. various combinations of pure-tone thresholds at
500, 1000 and 2000 Hz designated ITI . 'IH.b and 'IE!C
in order of 2ievation above normal threshold

A compavison with Table 2 shows what dosigmating the three thresholde in
order of clevation above threshold alleows siightly betier prediction by

means of multiple regression equ-:ati ons thon designating them by frequency.

The difference is of theoretical intevest but of little prrctienl simifiemee
for present purposes, since vhen the coefflcients in the lost equa tion above
are rouwnded for ease irn czloulasion @

B, 17 s ‘L‘.{IS = .25 THa + o5 (?.’E{b = 25 '.“’-ﬂc + 33

the correlation between predicted ond ¢bi ined thresbolds md uhﬁ nIS

error of prediction are no beiier thin those “Avon by equation 8 {the

threoeT rmluc acy’" me thod), i.e. 2 corrcloticn of .96 and 2 RIS error of
. prediction of 5.6dB.

Digeussion and Conclusion
: This study has domongtrated the procticabiliiy of o clindenl speech test

using sentonice materi-l. The value of the best in prociice has been sugzested
but not proved,

The relntionuhin bet\.een pure-hene heoring ond apeech hesring was not the
nrimary intero this studlr. UHowever, it is interecting to compare

L)

equation 7 with the corresponding rezrescion equations derived in 4o other
studies.
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/ .
Bqm 7 ¢ T g tonces = 230 m500 * 232 Tygop * OB‘,‘M 2000 * 342

Fron Fazwimend (1961)

Hearing loss for sentences = .,38'13500 + 43 m1000 + 07 mzooo
+ 4,6

From Quiggle et al (1957)

Hearing loss for Spondecs = .221'5500 + o47 m1000 + ,09 TH,‘,OOO
+ 6.9

The differences in the final term arise from differences in methods

of measuring threshold and are of no sdomificance, The differences in
the weight assigned to 2000Hz in this study compared with the other two
is the surprising difference. Both of the other studies used larger
number of subjects from a much more homogeneous population, but there
is no obvious reason why the results should differ in this particular
respect.

It is hoped thut results from field trials of the test in its present
form will enable a more complete evaluation of the procedure to be made.
In its present form the test is suitatle for use in the following
applicationg @

(1) as o test of practical hearing loes independent of the
pure-~tone audiogram

(11) as a check on the validity of the purc tone awdiogrom.

The recommended procedure for cliniceal use of the test and the test
material iteelf are given in appeundixes to the report.



RIEFERTNCS,

Dudley, P. s _and lacrae, J. H, : The lleasurement of improvement in
Speech llearing and its relation to hearing aid use. CeAeLs Intemal
Report Ho. 4 (1968)

Farrant, L. H. and Macrae, J. li. : Comparison of CeAcL. Average
Hlearing Loss (Threc Octave licthod) and the Three TFrequencies
Averazing llearing Ioss as Predictors of Deficioncies in [earing
for Speech 3tc. Colels Informal Report No. 24 (1961)

ond, T, ¢ Prediction of Speech Hsaring Loss for Older
Industrial Workews. Gerontologmia 5, 65-87 (1961).

D, B. Vord and Sentence Tests for Use in Speech Audiometry
lancet 2, 197-199 (1961)

vlo, Rs Re Glo A,., Dailk, S no and fiald, A Re
Predicting hearing loss for Speech from pure tone aundiograms
lorynzoscope, 67 1-15 (1957).



- 12 -

APPATDIX 1,
RECOMITENDED PROCEDURE FOR CLINICAL USH OF TUST MATERT AL,

1.  Caldbration,

It is suggested thot presentotion levels and obtnined thresholds
for speech testzdiwould be recorded in dB SPL as measured on the
calibration tone. 'The calibration procedure determines vhat
correction figure should be added to the audicometer attenuator
narking to give dB SPL in the earphone. The following procedure
is applicable to the CoAel. D3 audiometer, calibrated to 1951 A.S.A.
Strmdards.

It is assumed that the nudiometer has been calibrated acoustically
for pure tones, Check the cutput VU wmeter vhen the 1000Hz tone
from the andiometer oscillator is keyed, with the attenuator set
at 80, This meter reading corresponds to 96.5 4B SPL in the
earphone. Then with the 1000 Hz czlibrating tone from the dise
. or tape played throuch the same earphone and the attenuator set
at 70, adjust the calibraticn knob to give a meter reading 3.5 aB
higher than that obtained previously. This corresponds to 100 4B
SPL in the earphone. At other scttings of the attenuator add 30
to the attanmator marking to obtain speech levels in dB 3PL in
the earphones.

20 Instructions to Subject.

Variations in wording of instructions are probably not important
as lonz as they do not affect the subject's expectation of his
pexformance on the test., The following instructions were used
in this study:

"This is a test of your hearing for speech. I will play you
a recording of short sentencesc, like "The boy brcke the chair"
I want you to repea® each sentconce as you heaxr ite Sone

of the santences will be too quiet for you to hear properly,
but say as mich as you cen of cach sentence™.

. The instructions may be repeated or explained as necessary;
) note that the word "sentences" is very difficult tc lip-read.

3o Ievel of Pregemtation.

The first sentence should be preszerted ot a lovel come 10-154B
above the subject's presuned threshold, Be preparcd to stop the
tape to repeat instructions if necessary or to encovrage a part-
TesSpoNnse. After every raspanse scored right, decrense the
level 5d8 by means of the udiometer attenuator; after evexy
response scored wrong increase the level 5 dB.




) 4. Scoring ond recording.
. At this st.ge of development of the test, complete wrecording

of responscs and levels of presentation is recommended. Record
ercor and oumissions by altering or crossing out the sentences
printed on the score cheet, naxldng with a tick all sentences
scored correct. [Inter the Jevel of presentation of each item in
the left=hand merging caleul:tion of threshold is wade easier if
the hizher levels are recorded fuxrther to the left thhn lower
levels, ag in the exumple record appended.

The principle involved in scoring has already been explained in
the body of the rcport. lLiore precise definition of right and wrong
regponges will be given in the lisht of furiher ficeld experience
with the test.

5. Calculation of threshold.

Calculate the mean of the presentation levels which lead to a
- reversal of scoring (from richt to wrong or vice Varse) . These
are the peaks in the zig=-zaz line drawn in the example. There
; arc a number of short cuts which may b2 used in moking this
* celoulation; one is suggested on the example.

6. Interpretation of Rosults.

The followin: exaaple illustrated the suggested form of reporting
the result of this test.
Threshiold for speask (zentences) = 58 dB 5PL = 25 dD loss

(cenzistent with PTA)

Tor the purpose of converting thresheld in @8 SPL into ¢B hearing
loss for speech, rezerd 23 &b SPL 28 the "norzal" threshold as
obtained by this procelura.

For the purpose of deternining vhether the obtainad throshold
ig "consistent with the vure~tone avdicgram’, caloviale the
troe-cctave avernge heardng losaV (average of thrasholds atb

: 500, 1000 onG 2000 LZ) md #¢d 36. Thie figuee is within 10 dB
of the obtained throshols in $0% of tesis.

The following arbitrary mule is therefore recommended:

Tat when the predictel and obtained imsholc.s ¢itfer by 104B

ox mrme, the wpeech topb meeult be vegarded as "beiler/vorse than
indicated by the pure tome sudiogram.”  Resulis of other studies
in &ic te that this soxt of diserepncy has diagnostic significance,
hut as this stase, such o digerepancy should be tulion merely as on
ndication thet further diasnostic tests are reguirad.




EXAMPLE OF SCORING

SENTENCE LIST B

The police feared a riot

puppy chewed the ball of strine

teacher markﬁ the exercise\

e —

4, The child was-shown a-picture

5. Tha-park~keeper locked -the-main-pate
y/gf The gamblers tried their luck

AT
p/ff The black cat sharpened %his claws

u//gf/The man drank his beer

a2

The mother needed--a-lengthy—rest-

The procession passed the house

They stayed here twelve months
The-fire-enpine-went ruéhihq by
w/iZ: The cleregyman preache§ a lone sermon

The taxi ran into a bus

The whole family enioyaed-tha-play

The boy took off his coat

.
The agent the old house

20, The &hief- took the wrist-watch

-

L//fi. All rabbits eat lettuce

oo~
22, Theéz;gée&er cuts the lawn

L?Zij/Soldiers wear khaki uniform

T &

24, The magistrate’ beund her -over

5.

The woman made :the cakes.




