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ABSTRACT

TIME-COI'PRESSED SPEICH IN
BARING AID EVALUATIONS

BY
SUSAN D, DALTZROUT

A review »f the audiological literature indicatesg that
althouch hearing aid evaluation procedures are not standardized,
discrimination test scores serve as the primary basis for
the objcctive selection of hearirg aids, Many audinlogicts
renort, however, that conventionnl discrininntion tests ore
not difficult or realictic cnough to nroduce differential
results among hearings aids, The ccores frenuertly do not
reflect the electroccoustic auality of hearins o2ids, or the
listencer's subjective impressions of them, The nrocedurcs
that hove been surrented as alternatives to conventionel
digcrimination teasting do not seen clinienlly feocsi®le in
terms of time nnd convenience,

The rurposc of this study was to investignte the potential
use of time-connressed mononyllables as a more difficult
listening tnsk for hearing a2id eveluations, Gpeeidficenlly,
the effccte of aided listeriny on the percention of time-
comnrecaed gpeech were examined, Als», the notential of »
time-comnrecsced monosyllabic word tost to nroduece differentinl
resvlts emong hearings cids »nd to reflect their electroncoustic
qualities was studied, '

Three licsts of Torm B of the Northwesterrn Univeraity
Auditory Test 1o, G (VUL6) were coupressed %5 levels of 407
cnd G0 ucing the Zerlin-modificd wvernion of the Frirvbhanin
Tine Comnrensar, A 07 control coriition wns clon uced, resulting

in 2 t2%tal of rine exnerimental tanec, GSeverty normal hearing
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culjects were then rovdanly coaieved 4Sa ore af ceven oxeoTi-

N -1 S -
A2 the o1 rro-

wental conditi na vhich coarreanon 20 £ onn
selected® exreoriniental hecrires nids or the ur-iled ~roun. The
aided eorditions were charncterize? Yy the nreccntation of
the three lists ot the threec levels 27 time-comnresaion in
rondom order ot o cenastion level of 32 AR, wve: the ~ided
ancech recentism threchold (STT). A1L ~ids vere worn at n
conct rt onin nottinf of 20 3Ry re: 1000 T'o,  Sonticcto in the
unaided croun received nll three liste ot 271 turec levels

nf tirmc—cominression at 32 2N cencotion level, vod tha upnided

"T"" T

DT, Ticnt envo were uced cexclusively and o211 Teft errs
viere coyrered with A nproteetive eormff throushout ecxineriaontal
toatine,

The results revenled that 2a the level of tinc-counrencion
increnceld, intellicihilit:r decrenced, A cirmificantly wider
snrend of mepn hearine aid ccores, however, v nat aliacvired
it tnerencing levels of time—comoraession,  Additioan-17-,
tho Jiscrininntion ccores oh%ﬂiroﬂ both throneh hearing ~ids
“1d in the soundfield emnloyed in this study vere found fo Le
Lower thon those obtaincd under cavnhones by Denslay, Tohwi-mar,
and Pintelmemn (1272),  ORT's decranaed her o annen Al 2 46 1 0D

-

vhen obtained in the ~ided r2ther th-on un~ide? eanditd oo,
Finally, n chance in ranic order far Tour of the oix ~2ida wns
ceen,  This mesns thet the ~ids which nraduee? the kest reares
a2t 07 time-conrencion nroduced the noorest conves ot €07
time—comnression, and the 2ids vhich »raduce? the noorecy scoregs

.‘

~t 0% time—counreasion nroduced the hest ncorss 2t 6O

tine-
comnression.,  Althov~h electroancoustic mennuremonts of the

A

cinerinental nids chowed »hyoicnl differercen amonge then 4o
te mininnl, it wes fourd thot the heet 607 tisc—counreaeiom
ccorec were rraduced by the nids with the cunerise oleetrn-

ouctic quelitien,
The recults of this study irdicoted th-t fime—comnrenced

amoacrllables A1 indeed eorcotitate o mors AifTiecnlt lictenine
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2sk which may be used efficiently ond expediently ir hearing
aid evaluations, It was also scen that time-compregsion
improved the 2ability of monnsyllables to reflect the electro-
ncoustic quality of aids. This has important clinicel imoli-
cations in that an aid wvhich may be eliminated from sclection
on the basis of convention2l discrimination test scores might
actually provide the best amplification for an individual in
more realistic listenirg situations. On the other hand, the
aid selected on the basis of conventional discriminntion
ccores might occturlly nrovide the noorcct amnlificntion for
an individual in more éifficult situations.

Time-=comnrescion did not rraduce differential results
mapone the ceosres for the six hearing aids. The rang2 of meen
ccores for the six ~ide was increaced by only onc to two
vords whin the level of time-comnrcosion wis increncced from
0% to (0%, Hence, it was recommended that time-conprecced
monosyllables Le re-evalurted using a hearins innrired nonu-
lotion since the use of a noﬁnﬁl henrring nomulation ond the
luacl: of nhysical differconces omone exverivertcl bhenrips aide

1eft n~ varishle t5 craoate Aifferentinl reav? te.
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CHAPTER I

INTRODUCTION

In the past two decades, the literature in audiology has
indicated that a wide range of opinion exists regarding the
kind of role the audiologist .should play in hearing aid eval-
uations, the procedures and methods to be used, the'type and
efficacy of the instrumentation to be employed, and whether
the dividends of present day selection procedures justify the
audiologist's clinical efforts (Davis, Hudgins, Marquis, Nichols,
Peterson, Ross, and Stevens, 1946; Glorig, 1952; Fairbanks,
1958; Jeffers, 1960; McConnell, Silber, and McDonald, 1960;
Shore, Bilger, and Hirsh, 1960; Resnick and Becker, 1963;

Shore and Kramer, 1963; Jerger, Malmquist, and Speaks, 1966;
Jerger, Speaks, and Malmquisé, 12663 Castle, 1967; Kreul,
Nixon, Kryter, Bell, Lang, and Schubert, 1968; Zirk and Alpincr,
1068). While there is some consensus that the foal of hearing
aid evaluations should be to select ", . . the most annro-
priate electroacoustic amplification for those hearing imnaired
individuals who can profit from such amplification , ., ."
(Castle, 1967, p.l), there is no such consensus regarding the
validity or reliability of the methods currently employed to
accomplish this goal or the superiority of any of the methods
that have been suggested to replace them,

Conventional Hearing Aid Evaluation Procedures

Burney (1972) surveyed practicing audiologists and renorted-
that current hearing aid evaluation nrocedures follow one of
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three basic formats, The first format involved the administra-

tion of audiometric tests to a client while he wore a succession

of possibly beneficial hearing aids that had been pre-selected
by the audiologist. In the second format, audiometric tests
were performed without a hearing aid., Based on the results

of pure tone and speech audiometry, the client was advised of
the general nature of his hearing loss and the characteristics
of the hearing aid required to compensate for the decficit.

In the third format, a master hearing aid was used to measure
the client's maximum tolerance for intensity, his minimum gain
requirements, and the frequenéy response needed for maximum
discrimination. The audiologist then revievied the results and
recomnended a hearing aid to the client based on this data.

Reportedly, 85% of the hearing aid evaluations conducted
at the time of Burney's survey followed the first format, while
the remaining 15% followed the second., Although many of the
institutions that reported had master hearing aids, no eval-
uations of the third type were reported,

Generally, the first method described by Burney was sim-
ilar to the procedure described by Carhart (1.946) several years
earlier. According to Ross (1972), the most widely used
modification of Carhart's method was characterized by three
basic parts., First, a complete audiologic evaluation was ner-
formed to determine hearing aid candidacy. This evaluation
was. comprised of a case history interview and the audiologic
battery deemed necessary by the audiologist., If considercd
a candidate, the client's aided and unaided performance in a
soundfield was sometimes evaluated and a personal earmold
sometimes made, On the basis of these results the ear to re-
ceive amnlification, the hearing aid type, an? the required
electroacoustic characteristics were determined, Client
counseling wasg emnhasized., The sccond portion of the method
described by Ross was a thorough otologic examination., The
third part was the hearing aid evaluation itself. Although
Burney found that specific procodﬁres varied from clinic to
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clinic ond from audiologist to audiologist, Ross reported that
typically three to six aids of the same generic family mceting
the tolerance, gain, and frequency response requirements of
the client's hearing loss were selected. The electroacoustic
properties of the aids were then checked against manufacturer
specifications and appropriate electroacoustic adjustments,
such as tone control or power control, were made by the aud-
iologist., Next, while speech stimuli were prescnted at a
constant level approximating that of normal conversational
speech, the client or the audiologist adjusted the gain of
the first aid to the level which was most comfortable.

Burney reported that an average of three to four tests
were administerced during hearing aid evaluations. A small
number of the tests were expansions or modifications of measures
used in the audiologic differential diagnostic battery, for
example, Bekesy and recruitment testing., In order, the most
frequently used measures were speech discrimination (administered
either in quiet or both in quiet and noise), speech reception
threshold (SRT), tests of tolerance, and pure tone thresholds.
In addition, the use of subjective evaluations elicited from
the client, tone decay tests, and competing message tests were
reported, Successive aids were evaluated in the same manner
and all results comnared. Finally, after obtaining all pertin-
ent objective and subjective data, the audiologist again
. counseled the client, Based on the data, a referral wos made
to one or more hearing aid dealers for, in some cases, a
specific hearing aid., A trial period was offered by most
dealers, after which the client returned to the clinic for a
hearing aid recheck, additional counseling, and the procuring
of aural rehabilitative services if desired,

| As mentioned by Burney, subjective evoluntions e¢licited
frem the client, either formally or informally, have frequently
played a part in the final selection of a hearing aid. These
subjective preferences have been found by soune audiologists
to be valid and reliable indicators of the electroacoustic
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quality of aids, It has been suggested that perhans they are
better indicators than objective test scores (Jeffers, 19G0;
Witter and Goldstein, 1971). Jeffers reported that the pre-
ferences of conductively impaired individuals were indeed
valid and reliable, These persons were able to consistently
rank order a group of aids in terms of subjective preference.
Further, their judgements were found to correlate with the
electroacoustic characteristics of the aids., It must be noted,
however, that Jeffcrs made no physical measurements on the
aids used in her study but relied solely on manufactgrer
specifications, Still, the aids reputed to have superior
electroacoustic properties, according to manufacturer specifi-
cations, were always preferred. Zerlin (1962) found that the
preferences of normal hearing subjects also yielded reliable
clear-cut choices among six hearing aids., He was unable to
relate subjective preference to the frequency response of the
aids, however, and he nerlected to measure any characteristics
except that of frequency response, Witter and Goldstein (1971)
reported findings similar to those of Jeffers and Zerlin for
their normal hearing subjects., They agreed with Jeffers in
concluding that subjective evaluations did reflcct superior
electroncoustic characteristics in hearing aids, In various
combinations, the characteristics that most commonly influenced
the listeners' nreferences wvere transient response, frequency
‘range, and harmonic distortion. Transient rcsponse wns described
as the overall measure of the cyctem's lincarity., The ueo-
surement of transient response consisted of passing a square
wave through the electrical system while monitoring its out-
put to see what changes in the square wave occurred, In terms
of frequency response, Witter and Goldstein found that for
normal listeners, aids that amplified further into the high
frequencies than most aids corrclated positively with behavioral
performance, while aids that amplified further into the low
frequencies correlated negatively with behavioral performonce,

The results of Burney's survey indicated that the procedures
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most frequently employed in the selection of hearing aids

have changed little during the last 30 years. During that

time, however, substantial teéhnologic advancements and im-

provements have been made in hearing aids themselves. These

improvements have taken the form of greater choices in micro-

phone type and placement, maximum power output (MFO) limiters,

receiver and earmold types, more external tone controls, less

distortion, increased frequency range, and better batteries,

Although the improvements may have diminished quality differ- .

ences among hearing aids, differences do remain and are sub-

jectively important to hearing aid users in real world situations

(Jeffers, 1960; Zerlin, 1962; Jerger, Speaks, and Malmquist,

1966; Chaiklin and Stassen, 1968; Rassi and Harford, 1968;

Zink and Alpiner, 1968; Haug, Baccaro, and Guilford, 1971;

Witter and Goldstein, 1971; Carhart and Tillman, 1972), Hence,

there is a need for updated procedures to evalvate the subtle,

yet imrortant, differences among improved hearing aids.

LN

The Effects of Amplificntion on Sneech Intelligibility

Unfortunately, hearing aids in mony cases serve to recduce
rather than to enhance speech intelligcibility, 25 menaured in
the test situation. 3Several inwvestignteors found that threshnlds
for sneech and speech discrimination scores werc consistently
worse when obtained through hearing aids than when obtained
under earphones or in the soundfield, at the same sensation
level (Zink and Alpiner, 1968; Tillman, Carhart, and Olsen,
1970; Zelnick, 1970). Bode and Kasten (1971) suggested that
the reduction in intelligibility could be attributed to the
better linear resnonse of the earphones or the loudspeakers,
the increase in environmental noise when testing in the aided
condition, the recduced frequency range of the hearing aid, and/
or the excessive harmonic distortion in the hearing aid.

Tillman, Carhart, and Olsen (1970) compared unaided sound-
field speech reception thresholds and speech discrimination
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scores to those obtoined through hearing aids for normal lis-
teners, conductively impaired individuals, sensorineurally
impaired individuals, and presbycusics, All hearing impaired
subjects had SRT's ranging from 23 to 49 dB. The soundfield
conditions were similar to those employed clinically, but the
aided conditions were quite different. In the aided conditions
speech was presented to an artificial head placed at a 45°
azimuth to the loudspeakers, on which two hearing aids were
mounted., The hearing aid fransduced signal was then sent to
the subject who sat in a second test chamber wearing the
hearing aid receivers and earmolds covercd by protective ear-
muffs, The gain for both hearing aids was set at 50 4B, re:
1000 Hz. In order to obtain aided discrimination scores,
monosyllabic words were presented through the loudspeakers at
a level of 70 dB SPL. Before reaching the subject in the
second chamber a second attenuator was used to adjust the sig-
nal to a level of 30 dB sensation level (SL), re: the listener's
aided SRT, Tillman, et al, found that for normal listeners,
aided epcech reception threshdélds were poorer by a mean of
12.4 dB than the corresponding unaided soundfield thresholds,
They attributed this result to the change from testing in the
soundfield to testing with insert receivers. A 12 dB decrease
for this change had been reported by Tillmen, Johnson, and
Olsen (1966). Beyond the 12 dB decrease found for normal
listeners, aided SRT's were noorer than their corresnonding
unaided SRT's by means of 2.6 dB, 5.7 4B, and 8.5 dB for
conductively impaired, sensorineurally impaired, and presbycusic
individuals, reépectively. ‘then aided discrimination scores
obtained in quiet were compared to unaided soundfield scores
obtained at the same sensation level (measured at the listener's
ear), mean reductions of 8.6%, 19.8%4, 20,1%, snd 14.1% were
found for normal listeners, conductively impaired individuals,
sensorineurally impaired individuals, and presbycusics, respec-
tively. TFor normal hearing subjects, noise masked speech by
an additional 10 dB when it was heard in the aided rather than
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unaided condition. Corliss, Kobal, and Berghorn (1960) had
reported that noise masked speech by an additional 7 to 12 dB
when heard in the aided rather than unaided condition. The
aided condition increased masking effectiveness by 17 to 18
dB for conductively impairedvsubjects and by even greater and
more variable amounts for individuals with sensorineural and
presbycusic impairments,

Using aided conditions similar to those of Tillman, et al.,
Zelnick (1970) reported a 10.8% decrecase between discrimin-
ation scores obtained under earphones at 30 dB SL and those
obtained through hearing aids at 30 aB SL, for hearing impaired
listeners. Zelnick was not comparing earvhone and hearing
aid discrimination scores for one listener, however, but ear-
phone scores for one group of hearing impaired listeners and
hearing aid scores for another group of he~riuz imnoired listeners.

In cpite of reported decreases in both aided SRT's and
nided discrimination scores, the objective hearing aid eval-
uation goals of some audiologists (laug, Baccaro, and Guilford,
1971; Wilson and Linnell, 1972) were, first, to obtain an
aided speech reception threshold that was within normal limits
and therefore better than that obtained under earphones, but,
second, to obtnin on aided discriminntion score that was only
eaual to that obtained under earphones., This may be because
amplification tends to improve hearing sensitivity, or the
aﬁility to hear sounds, but does not always improve the listener's
ability to make fine discriminations between sneech sounds,

Speech Discrimination Testing

Although gain, as meacured by comparing aided and unaided
speech reception thresholds, and aided tolerance tests are
taken into consideration, hearing aids are most often selected
on the basis of aided speech discrimination scores and sub-

' jective preference (Zerlin, 1962; Ross, 1972). Discrimination
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tests, as used in hearing aid evaluations, have therefore
become the subject of extensive research, criticism, and mod-
ification, According to btoth Zerlin and Ross, the method of
discrimination testing most widely accepted was the presenta-
tion of phonetically balanced monosyllables at a level of 20
to 40 4B SL or 40 to 50 4B hearing level (HL), in quiet or
against a competing message of specech or noise., Unfortunately,
the scores from this test, which are serving as the primary
basis for the selection of amplification for on individual,
have been found by some to be unreliable and/or unable to pro-
duce differential results among hearing aids, Discéimination
scores are likely to be similar for all zidc tested, cven
those with demonstrable electroacoustic differences,

Reliability. Shore, Bilger, and Hirsh (1960) nuestioned the

reliability of conventionol discrimination tests, Tifteen
lhearing impaired subjects, five in each of three diagnostic
categories, were tested with four different hearing aids on
four different occasions, In addition to aided sprech recep-
tion thresholds, aided speech discrimination scores vcere ob-
tained with the Rush Hughes recordings of the Phonctically
Balanced (PB) 50 Lists (Egan, 1944) administcred at 40 4B SL
in gquiet and in noise. The test-retest vari~tions were so
large that they concluded ", . . the reliability of these
measures is not good enough to warrent the investment of a
large amount of clinical time with them in selecting hearing
aids, . ." (Shore, Bilger, and Hirsh, 1960, p. 167). The use
of half lists might have confounded the reliability of the
results obtained in this study, however,

Conversely, McConnell, Silber, and McDonald (1960) compared
discrimination scores obtained in one session to those ob-
tained in a session two weeks later and found satisfactory
test-retest reliability. An aid of the same type, but not
the same aid, was used during the second session. Only the
discrimination results of the sclected 2zid, however, were
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compared in this study. The rank ordering of aids was not
retested., McConnell, et al, also compared monosyllabic discrim-
ination test scores obtained in quiet by one clinician to
those obtained in quiet by another clinician, for the same
client. The scores were obtained with the same hearing aid,
on the same day, with the same test, and the results showed
good reliability.

Olsen and Carhart (1967) found good test-retest reliasbility
when monosyllables were presented in guiet and against two
types of competing signals, at four signal to noise ratios,
The listeners wore three aids with known electroacoﬁstic
differences, TFor the more difficult listening situztions
(poorer signal to noise ratios and indirect listening condi-
tions) the aids were rank ordered on the basis of Aiserimin-
ation scores in the same way during two different sessions,
The investigators noted, however, that to demonstrate the re-
liability of rank order it is necessary to ensure a wide
range of scores, and hence, more difficult tests must te uneaed,
Therefore, reliability was more easily demonstrated, stntis-
tically, for subjects with sensorineural impairments since
their scores covered a wider range than those of conductively
impaired subjects,

Cohen and 3chleifer (1968) compared discrimination scores
obtained during clients' initial hearing sid evaluations to
those obtained during follow-up hearing aid recheck evaluations,
They found that scores were reliable when the intervening
neriod between test sessions was less than two months, A
slight discrepancy between results, in the direction of de-
creased scores, was noted when more than 63 days had passed,
The fact that the disparity continued to incrcase with time
led the authors to note the need for hearing aid recheck
appointments after one year,

- It appears, therefore, that discrimination tests are
potentially reliable measures for use in hearing aid evalua-
tions, Whether they are useful in differentiating among
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hearing aids, however, is another issue,

Differential Sensitivity., There is a concern among audiologists

that open-ended monosyllabic word tests and the conditions
under which they are presented may serve to otccure rather than
to accentuate real differences among hearing aids., As a
result, Zink and Alpiner (1968) reported that they based
hearing aid selection on the known electroacoustic character-
istics of aids. It was their expnerience that discrimination
tests often produced similar scores for aids that spectral
analysis showed to be markedly different, in terms of distor-
tion and effective bandwidth., Not only are conventional
discrimination measures inefficient in terms of refleccting
physical differences among aids, but they frequently fail to
reflect subjective differences on the part of the listener.

In the previously cited study by Jeffers (1960), the consis-
tent subjective preferences of conductively imraired listeners
were not reflected in discrimination scores. In that study
seven out of 115 discriminatién scores fell below 947% and only
two fell below 90%., Unfortunately, when 0ll scores are ex-
cellent it is difficult to objectively select the most appro-
priate aid for a client. Zerlin (1962) also reported the
inability of conventional monosyllabic tests to reflect the
clear and definate subjective preferences of his listeners,
Chaiklin and Stassen (1968) reported a case in which ", . . an
extensive battery of audiometric tests was unable to reflect
the patient's perception of excessive distortion in her mod-
erately impaired poorer ear . . ." (Chaiklin and Stassen,
1968, p. 270) during a hearing aid evaluation,

Jerger, Malmquist, and Speaks (1966) assessed the sensi-
tivity of different discrimination tests and test conditions
in current use. They presented the Psychoacoustical Laboratory
(PAL) 8 multiple choice sentence discrimination test (Hudgins, -
Hawkins, Karlin, end Stevens, 1947) under compneting signal
conditions, the Central Institute for the Deaf (CID) W-22
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monosyllabic word discrimination tegt (Mirsh, Davis, Silverman,
Reynolds, Eldert, and Benson, 1952) in quiet, the Consonant-
Nucleus-Consonant (CNC) word lists (Lehiste and Peterson, 1959)
in quiet, and the PAL PB 50 monosyllabic word lists processed
through a low pass filter, They found that the only test |
that clearly differentiated among aids was the sentence test.
This test produced differences of 30% among aids, while the
other tests produced differences only as great as 9%. They
concluded that monosyllabic tests as presently used ", . ,
do not necessarily reflect méaningful hearing aid performaonce
differences ., . ." (Jerger, Malmquist, and Speaks, 1966, n. 256).
This conclusion was in agreement with that of Shore, et al.
(1960) who found that neither speech reception threshold,
discrimination tested in quiet, or discrimination tested in
noise, were particularly effective in differentiating among
aids., _

Jerger, Specaks, and Malmguist (1966) demonstrated that
for normal listeners and lisgteners with sensorineural hearing
impairments, psychoacoustic tests could be devised to reflect
the electroacoustic differences among aids, TFurther, these
fairly stable differences were duc to individual subject
interactions with hearing aids. They presented the PAL 8
sentence discrimination test to one ear of the subject and a
competing message of continuous discourse to the other ear,
Each signal had been processed through each of three hearing
aid systems and recorded on one channel of a two channel tape
recorder at signal to noisc ratios of -6 and -12 6B. Aid
nresentations were counterbalanced. It was found that the
aids could be rank ordered consistently on the basis of the
sentence test scores and that the rank order related to the
aid's measured amount of harmonic distortioen. However, the
Tact that the experimental stimuli were presented via heoring
~id transduced tapes makes the validity of this methed ~ona
what questionable,

Another measure intended to be more sencitive involved
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the replacement of sentences for monosyllables, Speaks and
Jerger (19€8) devised the synthetic sentence identification
test (5SI) which has received limited use in hearing aid
cvaluations., Sentences are more like "everyday Speéch"
(Harris, Haines, Kelsey, and Clack, 1961) and their inher-
cnt redundancy permits a certain susceptibility to distortion,
Jerger and Thelin (1968) stated that ", . . the basic tech-
nique of sentence identification coupled with the competing
message conceplt can well be recommended as a point of departure
for the design of new approaches to hearing aid evaluation
in the clinical context . . ." (Jerger and Thelin, 1968,
p. 183). Thus, it appears that an increase in stimnmlus
complexity may permit improved hearing aid evaluations,

Some modifications have been suggested for increasing the
effectiveness of monosyllabic word tests to distinauish among
hearing aids. Hood (1970) administered discrimination tests,
in quiet and in noise, at three intensity lecvels that approx-
imated soft, average, ard loud conversational speech, He
reported a number of instanceds in which the scores of differ-
ent aids cowld not be differentiated at one intensity level,
but could be differentiated at a different level, However,
since this method is so time-consuming only a limited number
of words cnn be prescnted, or a limited number of nids eveluated,

Jliernrtive Wethods of Hearing Aid Selection

Because of the lack of difficulty and reliability asso-
ciated with traditional hearing aid evaluation measures, a
number of alternative procedures have been suggested. As cited
previously, Jeffers (1960) used a paired-comparison method to
differentiate among aids., In her study, 34 subjects with
conductive impairments listened to passages of cold running
speech that had been recorded through five different hearing
aids and sent through a loudsneaker, The five aids with
markedly "good", "fair", and "poor" clectroacoustic character-
istics, according to manufacturer specifications exclusively,
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were cooronge? dr fonr »odive, Tach gul Ject Visthoned o rmoeeh
roesided throagh the Jiret 2id »f & rair followed by enccch
recor’~d throuch the cecond uenher of the nair. The cubicects
woere 2tle o diffeicenticote aimons the 2ids and nreferred the
@ids with the objoctively more Cezirable electrozceouctic chinr-
ascteristico, Jeoffers concluded thnt subjective preference
na the oort of the listener vas a reliable nredictor of henring
~id suitability. It wmust be noted, however, that Jzffere
failed to counterlilance the order of nid nresentation, awd
hence, connot niccount for the poscible coniributions of en
order effect unon her recults. TFurther, only conductively
impaired cubjects were unc® in this ctudy nmd the reoul ts
micht e different for subjects with scensorineural impairmento,
Finally, the time reguirements of this method would 1limit
its clinicnl procticslity,

Zermin (1202) 2lno used a paired-comnarison methind to
differentiate wmong hearing 2ids, He presented 21 henring
imnaired licterers vwith 'bapcs‘-,‘ of emmverantiorn,l t"r-n':{‘-h ~crinst
coTeteria noise at a sigznal to noise ratio of 5 dB. The
materinal hod bveen recorded througsh «ix different hesring nid
gystems, The subjcets had accerns Lo » eelector cwiteh vhich
~1lowe? tham ty Listen nlternately to cpcech recorded throurh
twn cide., The several aids were then comnared £o each other
in terms of nreference, Tollowing the pairecd-comnorisons, each
subject was given a 25 word monosyllabic diseriminntion test
(CID W=22) in auiet, which had alsa been transéneed through
the henring aids., Zerlin found thnt his pairecd—-comnorison
procedure pernitted differentiation among the aids, while the
ménosyllnbio vord tect did not., It would aercm, however, thnt
the problems of recording, storace, rapid retricval, »nloybnck,
nnd the amrunt of clinical time involved with poiring every
~id in elinic sfock would Le insurmountable.

Jercer (1267) «lso desceribed a naircd-comnarison techniaue,
Ite recorded two narce toneg, ore at 1000 'z ~ond ore ot 160N Nz,

on each chanrmel ¢f 2 two channel tnne recerder, One girn-l
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was recorded directly and the other was recorded through a
hearing aid. Again, the subjects were asked to listen to pairs
and to make comparisons between the undistorted signal and
the signals recorded through aids with markedly different electro-
acoustic characteristics., Prior to the paired-comparison
test the subjects had been given the PAL 8 sentence intelli-
gibility test at a signal to noise level of -6 dB, This inter-
modulation distortion paired-comparison technique produced
the same rank ordering of aids as the sentence test, However,
as with the other paired-comparison techniques, the administra-
tive difficulties involved are noteworthy.

The measures discussed may be capable of differentiating
among hearing aids, but Jeffers (1960) and Jerger (1967) usecd
aids with exaggerated electroacoustic differences, These
differences were substantially more marked than those usually
encounterced in the clinical situation and this may account,
in part, for the success of the measurecs used by Jeffers and
Jerger, Further, as mentioneq above, the validity of messures
in which the experimental stimuli consist of tape recordings
of hearing aid transduced speech is somewhat aquestiorable,

This method is obviously less realistic than a method in which
speech is presented directly to a listener throush o hearing

ail, Also, in the »rocens of recarding 2lterntion of the sig-
nal is uwavoidable., We are left then with the need for o more
cffective and clinically cefficient wry to reflect the elcctro-

acoustic and subjective differences among henring aids,

Distorted 3neech Tests

It has been shown that routine clinical tests of hearing
sensitivity and acuity are not adequate when dingmosing lesions
beyond the cochlea (Bocca and Calearo, 1963). The stimuli
used in thesec conventional tesis are replete with extrinsic
redundancies and the multiple cues inherent in our language
(Harris, 1960). Therefore, even a severely disordered central
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auditory system may be able to integrate and analyze the sipg-
nals, producing normal or near normal test results. In addi-
tion, the pathways in which the message travels in the central
nervous system are intrinsically redundant in terms of the A
large number of duplicate neural fibers and interncural connec-
tions., Consequently, accurate identification of spoken
messages is possible even if part of the neurologic population
is destroyed. In order to override the intrinsic redundancy
(Teatini, 1970), the extrinsic redundancy of the speech signal
must be reduced via some form:of signal modification or degra-
dation, | '
‘ In recent years speech has been degraded and distorted in
various ways so that it might constitute a more difficult
listening task. Jerger (1960) hynothesized that beyond the
peripheral auditory system the auditory pathways increase in
complexity and the tasks necded to asgsess their function must
likewise increase in complexity and difficulty. To this end,
sneech has been masked, interpyunted, filtered, and alternated
between ears. An intact auditory system can compensate for
the distortion, but an auditory sycstem that is deficient in
some way may be unable to process speech information that has
been altered. One means of signal alteration that has been
studied is that of time-comnressed speech,

Time-Compressed Specech

Time-comnressed sncech has been useful in the diagnoais
of central auditory lesions. Several methods hove been devised,
for the compressing of speech and these methods have been used
to increase the difficulty of discrimination mecasures as well
as the difficulty of other auditory nercentunl proccasing
measures,

The simplest method of time-compressing speech is for the
spncaker to talk more rapidly than normal. While this procedure
has the advantage of requiring no special equirment, it has
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the disadvantage of introducing the undesirable qualities
associated with a speaker attempting to temporally alter his
normal verbal output. The sneaker deviates from normzl habit-
ual inflection and intonation patterns, consonant/vowel dur-
ations, pauses, and articulatory productions., Not only are
undesirable and unintentional changes in the talker's sneech
unavoidable, but the method is limited in that a speaker can
only shift his rate of speaking by about 3074 (Beasley and
Maki, 1975). '

Some investigators have ‘employecd the "speed changing®
method, With this method spéech is reproduced at a faster
rate than that at which it was originally recorded. This method
has some significant advantages in that it is simple to per-
form, requires no special apnaratus, and can be modified to
allow the speed of reproduction to be continuously variable,
Unfortunately, the primary disadvantage outweighs all the ad-
vantages; the procedure produces a frequency shift in the end-
product that is proportional &#o the change in playback srecd.
Frequency variation interacts with temporal variation and
this interaction may introduce error into the data obtained
with this method (Beasley and Mali, 1975).

The most effective form of time—compression that has been
developed is that of interval discard, described by Tairbanks,
Everitt, and Jaeger (1954). In this process the taped sanple
is.copied onto a tape loop from which 18 to 20 millisecond
(msec) segments of the signal are randomly discnrded., The re-
maining sampled portions of the signal are electromechanically
arutted in time to form a continuous message. This method
has the advantage of preserving the original pitch of the
signal while allowing for continuoucly variable percentagces
of time-compression, The original clectromechanical apparatus
deacribed by Fairbanks, ct al, has been modified and now takes
i{hie form of a small computerized mechanism, which is the <ire
of o portable cassette recorder (Lee, 1971), knovm as the
T.e¥icon Varispeech I. The Lexicon device has been showm Lo
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produce signals equal in quality to the original cumbersome
Fairbanks device (Beasley, Nikam, Riggs, TFreeman, and Konkle,
1975). '

Intelligibility of Time-Compressed Sypeech for Normzl Listeners

s

Several investigations of the intelligibility of time-
compresced speech have been carried out, Daniloff, Shriner,
and Zemlin (1968) studied ﬁhe}effects of time-compression, with
and without frequency distortion, on the perception of vowels
embedded in a /h-d/ context. They electromechanically com-
vressed the stimuli to ratios of 30%, 40%, 50%, 60%, T70%, and
80%. It was found that vowel confusions under frequency
distortion were rclated to shifted format freauency wositions,
and under time-compression were related to duration. The
major decrease in vowel intelligibility was found to be at a
compression ratio of T70%. It was also found that the femnle
oneaker was more intelligibleiunder all conditions,

Fairbanks and Kodman (1957) investigated the relationship
between the degree of time-compression and intelligibility,
In their study, a dramatic breakdovm in intelligzibility oceurred
at a time-compression ratio of 80%. Beagley, Schwimmer, and
Rintelmann (1972) time-comnressed four lists of the Northwestern
University Auditory Test Number 6 (NUY6) monosyllabic word
test (Tillman and Carhart, 1966) to compression ratios of 30%,
40%, 50%, 60%, and 70%, and presented them at sensation leovels
of &, 16, 24, and 22 ¢B to 96 normel listeners, The results
of this study indicated that as the amount of time-compression
increased intelligibility decreased, but that the effect was
nartially offset by an increase in intensity. EFor differences
were found to be minimal.. The subjects in this study were
unaffected by time-compression until a level of 40% was reached,
whereby there was a gradual breakdovwn in intelligibility un '
through 60% time-compression, At a ratio of 70% time-compression,
there was a dramatic breakdovm in intelligibility. At this
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level PB lMax (the maximum discrimination score for a subject)
was not acheived even at the highest sensation level used in
this study (32 dB). Beasley, Forman, and Rintelmann (1972)
extended the Beasley, Schwimmer, and Rintelmann study to in-
clude a sensation level of 40 dB. Although at 40 4B SL the
drop at 70% time-compression was not as severe, it was still
dramatic, At compression levels lower than €0¥% the scores for
32 dB 5L and 40 dB SL presentation levels werc essentially
the same,

several possible reasons for the difference between the
results obtained by Fairbanks and Kodman and those obtained
by Beasley, ct al, (1972 a,b) can be noted; 1) Fairbanks and
Kodman used a smaller discard level (10 msec as opnposed to 30
msec) thus making the listening task easier, 2) Fairbanks and
Kodman used trained listeners while Beasley, et al., used naive
subjectls, and 3) Fairbanks and Kodman used a maximum sensation
level of 80 dB, as onposed to the maximums of 32 dB and 40 4B
used in the Beasley, et al, studies,

Several studies have used time~compreased speech to assess
intelligibility as a function of subject age., Beasley, Naki,
and Orchik (1973) did a study desirned to obtain time-compression
norms for children, They used the Thonetically Balanced
Kindergarten word test (PB-K 50) and the Word Intelligibility
by Picture Identification test (WIPI) as stimuli, Their results
indicated that children, when compared to adults, were more
adversely affected bty time-compnression., A dramatic breakdown
in intelligibility scores occurred at a 60% level of time-
compression and was attributed to the use of different stimuli
and the reduced language processing performance levels of children,

Calearo and Lazzaroni (1957), deQuiros (1964), and Bocca
and Calearo (1964) found that the length of time needed for
processing accelereted speech increased with asce, Sticht and
Gfay (1969) studied four groups of listeners; 1) normal hearing
young adults, 2) normal hearing aged subjects, 3) young adults

with sensorineural hearing impairments, and 4) aged adults



19 .
with sensorineural impairments, They vnresented the listeners
with the CID W-22 monosyllabic word lists compnressed to ratios
of 36%, 4C%, and 59%. They found that both sroups of aged
listeners showed a decrease in intelligibility different from
that of the young listeners. Their findings serve to advance
the theory that age in some way alters the central auditory
pathways. Schon (13970), using time-compression ratios of
30% and 50%, found that normal hearing young and aged subjects
and sensorineurally impaired young and aged subjects experi-
enced a decrease in speech intelligibility as a function of
time-compression. Schon found that subjects also had reduced
intelligibility as a function of time-exnansion. However,
only time-compression produced a difference in the intelligi-
bility curves of young and aged subjects. TLuterman, Welsh,
and Melrose (1966) also used time-compressed speech to study
the percentual abilities of a geriatric ponulation. They
compressed CID W-22 monosyllabic word lists to ratios of 10%
and 20% and presented them to young and aged listeners with
high frequency hearing losses.' They found no differences
between the intelligibility curves of the two groups, however,

Konkle, Beasley, and Bess (1974) studied the intelligi-
bility of time-compressed speech for elderly subjects with
discrimination scores of 90% or better, using the NU/6 mono-
syllabic word lists, They comnressed the NU/6 words to ratios
of 0%, 20%, 40%, and 60% and presented them at sensation levels
of 24, 32, and 40 dB. They found that the articulation func-
tion curves of these subjects did not parallel those of younger
subjects., Listener discrimination difficulty occurred at low
time-compression levels, even at higher sensation levels.,
These findings point to an impnairment of the central auditory
system associated with the aging process,

Thus, several investigators have shown that speech signeols
can be altered in such a manner as to reduce the extrinsic re-
dundancy of the signal, thereby making the listening task
more difficult. This increased difficulty, in turn, can be
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used to tax the intrinsically redundant central nervous system
in such a manner as to allow for the delineation of auditory
impairments which may go undetected when using more conven-
tional measuring techniques., |

Time-Comnressed Sneech Intellicibility for Imvaired Listeners

Investigations have shovn that persons with sensorineural
hearing impairments are more cusceptitle to wvarious forms of
auditory distortion than normal hearing persons (Harris, 1960;
Tillman, Carhart, and Olsen, 1970; Coorner and Cutts, 1971;
Gengel, 1971; Nabelek and Pickett, 1974). TFoulke (1971) found
that normal listencrs required an increase of 10 éB to attain
PB Max when the rate of nresentation was increased from 140
words per minute (wpm) to 250 wpm, and another 10 4B increasec
when the rate was increased to 350 wpm., He found that persons
with sensorineural hearing losses reaquired more than a 10 4B
increase . in intensity for the samec rote incrences and that
subjects with higher central nbtrvous system disorders required
even greater increases in intensity.

Kurdziel (1372) presented nine subjects, who had noice
induced sensorineural hearing losses, with time-compressed
monosyllabic words, She found that these persons had reduced
discrimination scores at all levels, but that their intelligi-
bility patterns were similar to those of normal hearing per-
sons, Like normal listeners, intelligibility decreased grad-
ually up throuch 60% time-compression and then decreased dra-
matically at 70% time-compression., Further, as time-compression
increased, a higher scnsation level was needed to reach opti-
mum discrimination.

Kurdziel and Noffsinger (1973) presented NUY6 monosyllables
time-compressed to ratios of 407 and 60% to subjects with uni-
lateral temporal lobe lesions,.at a level of 40 dB SL. Although
conventional test results were normal for all subjects, at |
40% time-compression no subject acheived a discrimination
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score of 90% or better, Further, scores for ears ipsilateral
to the lesion showed a moderate decrease in intelligibility,
while scores for ears contralateral to the lesion were sig-
nificantly depressed., |

Statement 32 the Troblem

It has been shown that monosyllables, as presently used,
are insufficient stimuli for hearing aid evaluations in that
they are incapable of demonstrating physical differences
among aids, Consecquently, they are not vnarticularly effec-
tive in assisting the audiologist in hearing aid selection.

It has also been shovm that the stimulus materials and tech-
niques suzsested to replace them oire, to date, clinieally im-
practical., These findings led Burney (1972) to state that

the developuent of techniques to more thoroughly examine the
differences among hearing aids was an appronrizte arca for
future rescarch, Jerger (1970), speaking in reference to
traditional sneech audiomctry: statcd that it is still of
limited diagnostic value, that it cannot distinauish among
hearing aids, and that it is not a true representation of swneech
in the real environment. He stated that trnditional sneech
materials are based on the oversimnlified assumpntion that
distinquishing between phonemes with similar acoustic sncctra
is-essential to speech understanding. This is a false assump-
tion according to Jerger. He concluded that it is becoming
increcasingly clear that the key parameter for speech intelli-
gibility is that of time, Thus, it is not only necessary to
develope hearing aid evaluation tools that are effective as
well as efficient, but it is also nccessary to develope tools
that control for temporal as well as spectral information.
Fgrther, it is necessary to make these tools difficult enough
to adequately and realistically tax the aided listener in the
hearing aid evaluation situation, One method of increasing
csignal difficulty which has already proven clinically effective
and efficient in diagnostic evaluations and which may subsequently
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prove voluable in hearing aid evaluations, is that of time-

compressed speech,
The purpose of the present investisation is to cvnluate

Lhe nastential nse of Hime—<ry - reaed acoch e oA dic oty o

4T ey . v LY S B ,,,’ -~ P ' o

hcaring -~ R S .5 opueceific questions
& L

to be investigated are:
1) ¥What will the effects of aided listening bc on the

intelligibility of time-compressed speech?
2) Coan time-compressed speech be used to objectively

differentiate among hearing aids?



CHAPTER II

EXPERIMENTAL PROCEDURES

This study consisted of 70 subjeccts randomly assigned to
one of seven experimental conditions., DTach condition was char-
acterized by three lists of a standardized measure of speech
discrimination, presented at three levels of time—cohpreﬂsion.
The lists were heard monaurally in the unaided soundfield or
through one of the six pre-selected moderate gain ear level
hearing aids worn monaurally at a gain setting of 30 4B, re:
1000 Hz,

Subiects
e ——ad i —————

The subjects were 70 norhal hearing sreakers of Genreral
American English between the ages of 18 and 23, selected from
a university population. Each of the subjects were randomly
assigned to one of seven groups corresponding to one of the
six hearing aids or the unaided condition. Air conduction
and bone conduction thresholds were obtained for both ears of
each subject at the octave intervals between 250 Hz and
4000 Hz. All thresholds were 20 dB or better, re: ANSI (1969)
specifications. Appendix A shows the mean air conduction
and bone conduction thresholds, the ranges, and the standord
deviations for the right and left ears of the 70 subjects.
Right ears were used exclusively in this study since Beasley,
Schwimmer, and Rintelmann (1372) found no ear diffecrences
for time-compressed speech.z Left cars were covered with a

23
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David Clary Couanony Wodel 117 »roafcctive covanff throuphout
211 noat-Tthreshold testing.,
A taned present2tiom of o CTIT V=1 wor? liast w2 prescented
threarh a loudancaker (Tlectrovoice 15 TRX) in or?er to obh-
taoin o right cor, uwnaided coundfield swneech recention threshold.
One of the four fored licta of Torm A of the WU'C Auditory
Test vins randomly selected ond nresented 4 22 4B SL (re: SRT),
throurh the some loudanealer in order to obtain o right eor,
unaited cowndfield cpeech diccriminetion cenre, A1l cubjects
had discrimination scores of 2770 or hetter., Teesnonses were
written on the answer sheet providad bty the exnerimenter
(sce Arnendix D). These results were obtained inmmndintely
prior tn exneriment2l testing, A mmljret relense form was

aloo sicned at thias time (sec Anpendixz C),

Stimuilnyg Generntion

The cxnerimental stimuli used dr this studiy weve token
from Deasley, et 21, (19722) 2nd consisted of Tists I, TI, and
III of the Northwestern University Auditory Teot NMumber £ (NU/6)
(Ti1llmon and Corhart, 13C€), The licte nre cha=mn in Apnendix D,
A covry of these 1licts was madce ucing an Amnex Model 601 trve
decclt (frequency recnonse 50=12,000 I'm £ 2 AP) snd an Annex
Model AG GOO-2

2 AR), Bach list wno comorecsed to levels of 407% ond CO7

+

N

tape deck (frequency recoonce S0-12,000 I

ucing the Faolrbanks electromechonicnl time-cornression

anvaratus (Fairbankas, ZTveritt, and Jaeccyr, 1254), ~ modificd

by Zemlin (1271). In order to control for the vaeriable of
nossible Tidelity distortion due t» the time-comnrvenainsm nro-
cedure, e2ch list wns 2lso nassed througsh the time-comnression
anparctus unler e 0 time-comprension condition., In 211 there
vere nine cxreriments) licts, ie, coch of threo lists 2t three

levels of time-comprecsion, Conics of eoech cincerimentnl list

(9]

-
-

vere then nade using an Ancex Model (21 tano dec »nd wn Ay

I"odel AG €00-2 tape decl, monitored by an Ampex Model AL G20
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power amplifier, A Pruel and Kjocr (Model 1024) Sine Randon
Generator was used to generate a 1000 Hz tone which wos recorded
at the beginning of each stimulus tape for earphone calibra-
tion. A Grason-5Stadler (Model 1701) pure tone audiometer

was used to generate speech noise, which was also recorded

2t the beginning of each tape for soundfield calibration.
Approximntely five scconds of cilent interval response time

was allotted between cach stimuwlus item on the experimental
tapes.

Instramentation

An Allison (IMfodel 22) dual channcl audiometer was emnloyed
in this study. The instrument has an SPL output range of
-10 to 100 dB (res ANSI, 1969). An Electrovoice 15 TRX
loudspeaer was used with the Allison-22 audiometer (frcaouency
response 300-5000 Hz + 5 dB). Placement of the loudspeaker
was at a 00 azimuth (re: the listener)., The experimental
tnnes were presented to the fistener via an Ampex Model (GO0=2
tape deck (frequency responsce 40-10,000 Hz £ 3 dB).

All subjects were tested while sitting in 2 nrefabri-
cated double walled chamber (IAC 1200 series). Sound level
measurements, made with a Bruel and Kjaer portable precision
Sound Level lMeter (Model 2204/3) showed ambicnt noise levels
to be within the limits (45 dB-C) specified as acceptable by
ANSI (1969). The experimenter sat in a single walled control
room (IAC 400 series).

Calibration measurements of the test audiometer were per-
formed every two weeks according to ANSI (1969) specifications,
Frequency variation, harmonic distortion, sound pressure out-
put, attenuator linearity, and stimulus rise/decay times were
checked. Sound pressure output levels for speech rnoise were
measured to determine loudspeaker calibration, The output
levels were adjusted to exceed the audiometer attenuator
setting by 12 dB (Dirks, Stream, and Wilson, 1949). The



26
calibration noise at the begirnning of ecoch stimulus tane vas
designed to peak the VU meter of the ~udiometer at -2 4B VU,
The hearing aids uced in thic study were the Qualitone
T3P, the Fidelity F-59, the Siemens 24 E SL, the Dahlberg
IT 1222, the Telex 334, and the Oticon T 11 V, These aids
vere selected from clinic stock on the basis of similar

-

Treguency resnonse, They were clcecctromechanically mcasured
according to ANSI 3,23 (1969) specifications on a weekly
basis to ensure comrliance with manmufacturer snpeeifications.
irch 2id was nlaced in a Pruel ond Kjoer (Model 42192) Sound
Chamber for mcagsuring electrorcouctic characteristics. A
sirmal wns cent to the aid by o Druel ~nd Kiser (Moadel 1.024)
Sine Yrndom Generator, monitored Ly o Druel 2nd Kjaer (Iacdel
2C0T) .0“"wr1n" Annlifier., The hecring aid outnmut was moni-
tored by o Bruel and Kjser (Tlodel 2112) Audin~ Fre~uoney
fncctrowetor cnd gronhically recovded on o Rruel ~nd Xjiner
("odel 230F) Tevel Recorder, The electroacountic charcc-
tericstics of the henrines aidg cnn e found in ToRles 1-0,
Teble 1 shows the gain, saturation, cffective bondwidth,

and hormonic distortion for hearing oid number 1, the Quali-
tone TOD, meacurcd nccordins to the learin~ Aid Industry Con-
ference (IAIC) (L961) specificationn, Also showm in Todble 1
iz the gain, cnturation, cffective hondwidth, ond hormonic
drstortion for henring aid nuaber 1, according to the »nronosed
Yood and Drurs Administrotion (FDA) (12375) svecifications.
Tobles 2-0 show the results of the ¢ame measurements for

hecring aid numbers 2-6.

Trnerimental Trocedures

—

The risht e2i of ecch cubject (excludins the ton cubjectis
in the unaided group) was fittced with one of the six exneri-
ment~l hearings aids, sct for 2 goin of 3¢ aB (res 1000 H=z).

Regulor Lucite occluding stock cormolds were uced, ALl 1lcft
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ears remained covered with the protective earmuff, A taped
presentation of a CID W-1 word list was again presented
through the loudspeaker, and an aided SRT was obtained. The
subject was then presented with each of the three discrimin-
ation lists under a different level of time-compression, at
a constant level of 32 dB SL (re: the aided SRT). Each sub-
ject was presented with all three lists and all three levels
of time-compression in random order. All subjects were read
standard instructions which appear in Appendix E, and responses
were written on the answer sheet shown in Appendix B.

Procedures were identical for the ten subjectslin the
unaided group except that they were not fitted with hearing
aids, They recceived all three lists and all three levels of
time-comnression at a sensation level of 32 4R (re: the un-
nided SRT). '

Anﬂlxsis

The data were hand scored by the experimenter and con-
verted into percentage correct scores., The scores renre-
sented the seven experimental conditions corresnonding to
the six aided conditions and one unaided condition, at cach
of the three levels of timec-compression.



CHAPTER III

RESULTS

The results of this study showed certain trends associ-
ated with the intelligibility of monosyllables at varying
levels of time-compression, when heard in the aided and un-
aided conditions, The results revealed decreased intélligi-
bility and greater variability among hearing aids as the
level of time-compression was increased, The discrimination
scores obtained through hearing aids and in the unaided
soundfield condition employed in this study were found to be
lower than those obtained under earphones by Beasley,
Schwimmer, and Rintelmann (1972). Further, speech reception
thresholds were found to decrease by 2 to 4 dB when obtained
in the aided rather than unaided condition., Finally, a .
change in rank order with increasing time-compression was
seen for four of the six experimental hearing aids. Thus,
the aids which produced the best scores at 07 time-compression
produced the poorest scores at 60% time-compression, whercas,
the aids which produced the poorest scores at 0% time-
compression produced the best scores at €60% time-compression.,

Speech Necention -‘Threshold

A1l speech reception thresholds obtained for right ecars
in the unaided soundficld were within normal limits, Differ-
ences of 0 to 10 dB were found when speech thresholds were
remeasured through hearing aids. Forty-six of the 60 sub-
jects showed a decrease in SRT's obtained in the aided condition,

34
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two showed improvement, and 12 thresholds remained unchanged,
Table 7 shows the mean difference between unaided and aided
speech reception thresholds, the difference ranges, and the
standard deviations for each hearing aid group. On Table 7,
it can be observed that SRT's were poorer by means of 2 to 4
dB when measured through the six exnerimental hearing aids,
Hearing aid number 5, the Telex 334, showed the largest de-
crease and hearing aid number 4, the Dahlberg HT 1233, showed
the smallest decrease, The decrcase in aided SRT's found in
this study is 8 to 10 dB less than that reported by Tillman,
Carhart, and Olsen (1970). "

Aided Discrimination Scores at 0%, 40%, and €07% Time-Compression

— e

Intelligibility scores decreased with increasing levels
of time-compression for all hearing aid groups and the unaided
condition. Scores for each subject at each level of time-
compression are shown in Anpendix F, Hearing aid number 1,
for example, produced a mean discrimination score of 98.2%
at 0% time-compression, a mean score of 91.0% at 40% time-
compression, and a mean score of 86.,4% at 60% time-compression,
Table 8 shows the mean discrimination scores, the ranges,
and the standard deviations for each hearing aid groun and
the unaided group at cach level of time-compression, It can
be seen that the mean score of the unaided group falls below
four of the six hearing aid groups at 0% time-comnression
and falls to last place at 60% time-compression, A slight
trend toward increased variability among aids with an increase
in time-compression can also be obcerved, The seven group
means for 0% time-compression span a range of only 4.67%,
whereas, at 40% time-compression the means span a range of
T.4%, and at 607% time-compression the means span a range of
7.0, Reference to Table 8 shows no general trend toward
greater intersubject variability with each level of time-
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compression., Only the unaided group showed increased variability
with each level of time-compression., At 0% timec-compression
hearing aid number 6 produced its most variable score, at
40% time-compression hearing aids numbers 2, 3, and 4 pro-
duced their most variable scores, and at 60% time-compression
hearing aids numbers 2 and 5 produced their most variable
scores, Hearing aid number 2 was equally variable at 40%
and 60% time-compression,

The Interaction Between Time-Compression and Hearing Aids

The trend toward decreased intelligibility with increasing
levels of time-compreésion was also found by Beasley, Schwimmer,
and Rintelmann (1972) when time-compressed NU#6 monosyllabic
lists were presented to normal hearing subjects under ear-
phones at 32 4B SL, The breakdown reported by Beasley, et al,
was more gradual, however. Table 9 shows the difference
between the mean scores obtained by Beasley, et al, at 0%,
40%, and 60% time-compression, the grand mcans for all
hearing aid groups, and the means for the unaided group in
this study. It can be seen that at 0% time-compression,
scores obtained under earphones (Beasley, et al.), scores
obtained monaurally in the soundfield, and scores obtained
through hearing aids were comparable., The decrease in aided
diécrimination scores reported by Zink and Alpiner (1968),
Tillman, Carhart, and Olsen (1970), and Zelnick (1970) was
not found in the present study. At 40% time-compression,
however, earphone scores were 1,.4% better than aided scores
and 2.2% better than soundfield scores, Aided scorecs were
.8% better than unaided soundfield scores, At 60% time-
compression, earvhone scores were better than aided scores
“by 4.2% and better than unaided soundfield scores by 9.47.
Aided secores were 5,27 better than unaided soundfield scores.
The trend toward better earphone than soundfield scores was
also found for children when discrimination scores for the
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tinc=—comnressed VITI, obt2ined wnder corshancs Y0 Thouy {1077),
viere compr~ros bty tinc—coumrenned TITT seores 9 children of
the cnne 2pe, obtnined in o coundficls ¢4 the cone concution
level by Teasley, "nki, and Orchilr (127%). The amount by
which earphone ccores exceeded soundfield ccoreo inecreasced

vilthh inerencings levels of time-comnresaion,

-

Dapls Orderins of lecrvines Aide uith Tiwe=Cominroneinn

A change in rank orde» vns obnerved for all but twoa of
the oix cxparimenta2l hearings aid srouns. In other words, the
aids thnt procduce? the best scores o4 07 Lino—commregsion
produced the nooreast scores at 607 time-comnrossion, ~nd the
2ids thnt rrocduced the poorent scores at 070 time-comnrecainn
nraduced the best ccorcc at 607 time-counrescinn. Table 10

ahows tre ranlt order for

O

'chh hearing aid group a2t ecach level
of time-conmnrecciom, An attemrt weas made to correlntce the
nhrsicnl chareccteristics of the aide with the reverocal effect,
Trctore cuch as the waount of hnrmonic dictortion nreseny in
eacn oid, the ocmount of intermodul~tion dl;LOTtIOP nresent in
caoch 2id, the effective bandwidth of ench 2id, the irresularity
»f each nid'c frenuency response, the differcnce hetwcen the
energy peakas rroduced by an oid, ond the amount of internnl
noise senerated Ly each oid were exanined,

i Iormonic distortion was initially meacured according to
IAIC (1961) =21rd FDA (1275) snecifications ond found to be
non-existant for 211 but two exnerimental cids (sce T2bles 1-6),
The cmount of mensurable harmonic dictortion for henrine
aids numbers 1 2nd 2 was within the limits (107) cnecified
as aecceptadble by HAIC (19€1) specificntions, Subnenuently,
harnornic distortisn wns remersured with » goin setting of
20 @B (re: 1090 Hz), or as worn by the licteners in thig
gtudy, rother thon with the 5 adB p2in retting drnimmated by
HATIC (19€1) onecifications. Agnin, the anmownt of harmonic



Table 10. The rank order of the six experimental hearing aids

No.

NO.

No.

NOO

NO.

No.

No.

at 0%, 40%, and 60% levels of time-compression.

HEARING AID

Qualitone TSP
Fidelity F-59
Siemens 24 E SL
Dahlberg HT 1233
felex 334

Oticon E 11 V

Unaided Condition

0%

TIME-COMPRESSION

40%

4.5

60
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distortion associanted with eanch aid wné minimal and did not
- appear to iqflucncc the rank ordering of aids, Finnlly, har-
monic distortion was measured a third time in a sween frequency
mode and again found to be minimal. The harmonic distortion
averares for the frequencies of 500 Hz, 700 Hz, 900 Hz, and
1500 Hz, measured with an input of 75 4B and with a gain
setting of 30 dB (re: 1000 Hz), arc displayed in Table 11.

Intermodulation dictortion was measured with paired input
signals of 75 dB at frequencies of 500 Hz and 1500 Hz, 700 Hz
and 1700 Hz, 900 Hz and 1900 Hz, 1100 Hz and 2000 Hz, 1300 Hz
and 2000 Hz, and 1500 Hz and 2000 Hz, The hearing aids were
et Tor 30 dB of gain (re: 1000 Hz). Intcrmodulation distor-
tion was found to be non-existant for four aids and minimal
for hearing aids numbers 1 and 3. The intermodulation distor-
tion averages for the above frequencies are also displayed in
Table 11.

Differences in effective bandwidth were also minimal and
did not seem to influence rank order., The effective bandwidth,
as calculated according to HAIC (1961) speccifications, for
each aid can also be found in Table 1l.

The irresularity of frequency response was calculated
according to the irrepularity responsc index (IRI) proposed
by Jerger and Thelin (1968). Jerger and Thelin described a
method by which the irregularity or jaggedness of the freaquency
response is calculated by counting the number of times the
frequency resnonse curve intersects lines drawn in 2.5 4B
steps from a baseline. The baseline is a line drawn to inter-
sect the lowest point of any reversal in the frequency response
curve, Jerger and Thelin found a negative correlation between high
JRI and the behavioral performance associated with an aid.
No such trend was seen in this study. The IRI valuves for cach
~aid are shown in Table 11.

Since timc-compression would have o negative effect on
the intelligibility of conconants, which are wecoker, shorter,
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and of higher freauency, before negatively affecting the more
intense, longer, ond lower f{reaquency vowels (Daniloff, Shriner,
and Zemlin, 1968), it was hyrothesized that a diffcrence be-
tween the first and sccond encergy neaks of the fresuency
response of an aid might be significant. An aid permitting
a greater concentration of cnergy in the hicher freqguencics
might be morc resistant to distortion under time—compresdion.
When calculated, however, the pezk to peak differences were
found to be minimal and comnzrable for 211l aids. The vnedlk
to peck differcences for erch 2idé cre chown in T2ble 11. They
had no annarent influence on runk order. Takle 11 2lso cshows
the difference between the avercge of enercy found =2t 590 Hy
and 1000 Iz and the cﬁcrgy found ot 2000 Hz, for cnch aid.
This 2ifference also had no annareont influence ~m ronlk order,

The internnl noisc gencrzted by cach 0id was determined
by calculatins the difference between the outrut of an 2id
nt ite mavinun gain setting with 2 90 4R innut ond the outnut
of the «id 2t its mowinmunm gnin settine with no input. The
differences between the internol noice values Tor 21l aids
were minimal.  Subscquently, internal neoise was remcacured
vith innuts of 50 dB and gain scttings of 20 @3 (rc: 1000 Hz),
or ac worn by the licteners in this atudy. Accin, Adifferonces
hetween aids were minimel ond did not seewm to inflnence rank
order, TFin=21ly, intcrnal noise was cnleuloted usin~ broacdhand
rondox noice 2s the invut sirmal. No cigmificont differences
between aids were found. The values found at the 20 4B ~oin

settings, with -innuts of 50 dB, are shovm in Table 11,
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CHAFTER IV

DISCUSSION

Time-compressed monosyllabic words were used to devise
a clinically efficient and expedient hearing aid evaluation
measure which would constitute a more difficult, and thus more
realistic, listening task. An attempt was made to’allow the
procedure to create a wider range of objective scores for
seversl aids and to produce scores commensurate with the elcc-
troacoustic quality of aids.

The results of this study showed that as the level of time-
compression was increased intelligibility decrcased, It was
also seen that intelligibility decreased morec rapidly for
aided normal listeners than for the normel listeners tested
under earphones by Beacley, Schwimmer, and Rint-lmznn (1972).
Intellirsibility decreased even more rapidly for uncided normal
listeners tested monaurally in the soundfield. Unaided scores
were poorer then nided scores and earphone scores under 407
and 607 time-compregsion, Aided speech reception thresholds
were poorer than unaided speech reception thresholds by 2 to
4 3B, ILlectroacoustic measurements indicated that there
were no significant physical differences among the six cxperi-
mental aids, Tinally, an increase in the level of time-
compression also created a change in rank oréer for four of
the six aids.

The trend toward decreased intelligibility with an increase
in time-comnression was expected since it had been nreviously
reported by a nuaber of investigators (Fairbanks ond Kodnian,
1957; Lutermen, Welsh, and Melrose, 1966; Dcniloff, Shriner,
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and Zemlin, 19C8; S3ticht and Gray, 19f3; Schon, 1970; Beasley,
Schwimmer, and Rintelmann, 1972; Beasley, Maki, and Orchik,
1973; and Konkle, Beasley, and Bess, 1374). The fact that
intelligibility decreased more rapidly for normal hearing
subjects testcd through hearing aids than for normal hearing
subjects tested under earphones was also expected since Harris
(1960) renorted that two types of distortion in combination
serve to more drastically reduce inteclligibility. The intro-
duction of a hearing aid system constitules a second distor-
tion factor in the form of the non-linear distortion present
in the system itself, ond in the form of the more réstricted
frequency response of the system which acts as a filter for
specch, ‘/hen a normal listcner is tested in the aided condi-
tion the amplification of ambient noise also becomes a factor,

The 8.6/ decrecase in aided, compared to unaided sound-
field, discrimination scores reported by Tillman, et al,
(1970) for -normal hearing subjects was not found in thise
study. At 0% time-comnression aided scores were dcoreared by
only .67 and ~t 407 and 607% {ime-comnression, aided scores
were better than unaided scores by means of ,27% and .29,
respectively. The greater decrease in aided scores obtaincd
by Tillman, et 21, may be attributable to any of several
factors; 1) a 45° azimuth wns used by Tillman, ct al., wherers,
a2 00 a2zimuth was emnloyed in the present study, 2) ndditionol
signal distortion may have been unavoidably introduccd by
the extra transducers employed in the aided conditions of the
Tillman, et al. study, and/or 3) the aids used in the Tillman,
et al. study may have had electroacoustic characterictice
that were inferior to those of the aids used in the present
study.

The increasin~ decreasc in unaided scoren, 23 comnarer]
~to aided scorcs, that was scen as the level of time-compreasion
was increased from 0% to 60% may be the result of the inter-
action between intensity and time-compnression reported by



AT
Beasley, Schwimmer, and Rintelmann (1972). Those investigators
concluded that as time-comvression increased an increase in
intensity was required to offset the reduction in intelligi-
bility. The unaided listeners lacked the 30 dB of gain pro-
vided by the hearing aids., At 0% time-compression the addi-
tional intensity provided by the aid apporently was not
required., As the level of difficulty was increased, however,
the advantage of hearing aid amplification was reflected in
improved scores for the aided condition, as comnared to the
unaided condition. The amplification advantage was'perhaps
cgreat enourh to counteract the disadvantage created by the
two factor distortion combination described by Harris (1960),.

Unaided soundfield scores that were poorer than earnhone
scores, obtaincd at the same sensation level, were not ex-
pected since Sivian and White (1933), Breakey and Davis (1959),
and Tillaan, Johnson, and Olsen (1966) reported soundfield
thresholds- that were better than earphone thresholds, Dirks,
Stream, snd Wilson (1972) renorted that speech recention
thresholds obtained in the soundfield at a 09 azimuth were
better thon those obtaired under enrrhones by 2.5 dBR., The
decreacse in soundfield scores found in the present study
may be attributable to the soundfield listener's lack of pro-
tection from ambient noise, or to the fact that the TDH 39 A/X
earphones used by Beasley, et al. (1972b) had a broader ond
more linear frecguency response thnn the loudsneaker used in
the present study. These factors apnarently nlayed a nore
prominent role-as the difficulty of the task was increascd,
since greater decreases in soundfield scores were scen with
increasing levels of time-conmpression.

The trend toward speech reccption thresholds that were
poorer when measured in the aided rather than unaided condition
. was expected, The 2 to 4 dB mean decreascs were attributed
to the undesirable effects of aided listening cited vnreviously,
such as, the amplification of ambient noise, the addition of
distortion by the hearing aid system, and/or the more restricted
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frequency resvonse of the hearing aid which acts as a filter
for speech, The 12.4 dB decrease in aided S5RT's found for
normal hearing subjects by Tillman, et al. (1970) is much
larger than the decrease found in this study. Factors cited
previously as possible reasons for the greater decreases in
aided discrimination scores found by Tillman, et al., such
as their use of a 450 azimuth, the extra transducers required
by their experimental design, and the possible use of hearing
aids with inferior electroacoustic characteristics, may again
be the basis of the discrepancy between the results,6 obtained
in that study and those obtained in the present study.

The absence of measurable physical differences among
the experimental aids was not expeccted since it is commonly
assumed that stock hearing cids are electroacoustically differ-
ent from one another, frequently do not meet their manufacturer
specifications, and have characteristics that do not remain
stable over time. None of these ascumptions were true for
the aids used in this study. These particular aids met their
manufacturer specifications within reasonable limits ond their
characteristics remained virtually unchaonged over 2 nerind
of twelwve wecks, It wns also unexnccted that the differcnces
among the aids would be so small,

Although all differences nmong aids were minimal, it was
found that the two 2ids with sunerior electroacoustic qualities,
the Cticon E 11 V and the Telex 334, nroduced the poorest
scores 2t 07 time-comuression but the best scores at 607 tine-
compression, JSuperior electroacoustic qualities were cdefined
as the least amownt of harmonic distortion, the least amount
of intermodulation distortion, the broadest frequency resnonse,
the smallest IRI, the best peck to peak ratio, and the leact
internal noisc. The two aids with the poorest electroacoustic
qualities, the Siemens 24 E SL and the Dahlberg HT 1233,
retained their rank order as the level of time-compression
wag incrcased. In other words, the rank of these aids ncither
rose nor fell with an increase in time-comnression, but remained
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in the middle. The aids whose electroacoustic qualities were
judged to be between the most superior and the most inferior,
the Qualitone TSP and the TFidelity F-59, produced the best
scores at 0% time-compression, but the poorest scores at
60% time-compression. This means that the monosyllabic
lists presented under normal conditions, or at 0% timec-
compression, did not produce scores reflective of the physi-
cal properties of the aids, but that the monosyllabic lists
presented under more difficult listening conditions, or at
60% time-compression, were reflective of those propgrties.
This finding, however, is based upon minimal ohysical differences.

Clinical Imnlications

Time-compressed monosyllables may be a promiring tool for
hearing aid evaluations. They may nrovide an alternative to
the use of undistorted monosyllables or monosyllables nre-
sented against noise. As a new hearing aid cvaluation tool,
the time-compressed monosyllabic word test met at least
three of the four suggested requirements for hearirg 2id ecval-
untion improvements. First, it was found that compresscd
monosyllables did indeed constitute a more difficult listening
task in that scores decreaced with an increase in time-compnression,
Second, it was found that time-comopression improved the
ability of monosyllables to reflect the electroacoustic
quality of aids in that the aids with superior physical char-
acteristics preduced the best scores at 60% time-compression,
but the poorest scores at 0% time-comvression., Therefore,
an aid that might be eliminated from selection on the basis
of conventional discrimination test results could actually
provide the best amplification for an individual in more ‘

- difficult listening situations, Conversely, the aid selected
for the individual on the basis of conventional discrimination
test results might actually perform the most poorly for him

in more realistic (ie, difficult) listening situations. Again,
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this finding was based on minimal physical differences amonrg
aids. Thir@ly,:the task was found to be clinically expedient
and efficient. The use of time-compression did not permit
a wide spread of scores for the six hearing aids, however,
The sprcad of scores at 60% time-compression was only 2.6%
greater than the spread of scores at 0%. This is a differ-
ence of only one to two words, The design of this study did
not permit the use of subjective evaluations on the part of
the listener since each subject wore only one 2id, Hence, it
is not known whether time-compression improved the ability
of monosyllables to reflect subjective preference, !Therefore,
althbugh time-compressed monosyllables do not fulfill every
requirement suggested for new hearing aid evaluation test
stimuli, they do constitute a potentially valuable tool and
can be added to the limited battery of hearing aid evaluation
techniqurs,

Time-compressed speech might be particularly useful in
the determination of hearing a2id candidacy and the selection
of amplification for presbycusic clients or hearing impaired
clients with concurrent central nervous system disorders.,
Since the percecption of time-compressed speech is related to
central auditory processing (Bocca and Calearo, 1964; dcQuiros,
1964), it might provide the audiologist with ndditional incight
into the suitability of amplification for an individual with
a-gentral auditory lesion.

Implications for FTuture Research

The results of this study failed to show a wide snread
of scores for hearing aids as a function of increcased time-
compression, This could be due to the fact that the experi-
mental aids werc much the same electroacoustically, the possi;
'bility that the time-compression levels used were too small,
or the fact that only normal hearing subjects were employed,
It is recommended, therefore, that the usefulness of time-
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compnressed monosyllables be re—evaluated using hearing aids
with exaggerated electroacoustic differences. Only when
measurable differences exist can they be reflected in objective
scores., Further, speech at a time-compression levecl of T0%
should be presented to normal listeners under aided conditions,
This is the time-compression level at which normal listéners
cshow a marked reduction in intelligibility and it would be
interesting to examine aided performance at this level, as well,
Perhaps a wider range of hearing aid scores would be obtained.
The usefulness of the time-CBmpressed monosyllabic test must
also be re-evaluated with hearing impaired subjects.! The
testing of these subjects would permit an examination of
individual interaction with hearing aids and may permit diff-
erential results among aids, Finally, studies designed to
assess the performance of individuals with nresbycusic heoring
losses apd hearing impaired individuals with central nervous
system disorders micht provide valuable information about the
ability of those listeners to benefit from anmnplification.

. In the future, sentences should be more closely examined
as potential hearing aid evaluation stimuli. The results of
the present study could be construed to support the conclusions
of Jerger, Malmguist, and Speaks (12€6), Jerger (1968), and
Jerger and Thelin (1968) who reported that morosyllebles -roro
not meaningful enough to reflect real differcnces anong
hearing aids. They felt thot more complex gti=uli such nc
sentences were more anpropriate for hearing 211 eveluntions,

A sentence test must be used, however, which would sufficiently
tax the aided listener and would not 2llow him to make use

of the abundant contextuzl clues inherent in sentences, Tie
use of time-comnressed sentences in hearing 2id evaluntions

is an area apvyronriate for future research,.



CHAPTER V

SUMMARY

The results of this study indicate that time-comnressed
monosyllables corstitute a morc difficult listening task
which may be used in hearing aid evaluations. Intelligibility
scores were found to dccreasc with increasing levels of time-
compression, Time-comnression did not vproduce differentizl
results among hearing aids, however, The spread of hearing
aid groun scores was increased by less than 3% when the level
of time-compression was increased from 0% to G0%. This is
a difference of one to two stimulus words.

Electroacoustic differences among the gix experimental
hecaring aids werc found to be minimal, The six stock aids
met their manufacturer specifications and their characteris-
tics remained stable over a period of twelve weeks. A change
in rank order was scen with increased levels of time-comnression
for four of the six aids, and this change reflected the
electroacoustic quality of the aids., Although physical diff-
erences among aids were minimal, the aids with the superior
electroacoustic characteristics produced the best scores at
60% time-compression, but the poorest scores at 0% time-
compression. “Superior electroacoustic characteristics were
defined as the least amount of harmonic distortion, the least
amount of intermodulation distortion, the broadest frequency
response, the smallest IRI, the best veak to vneak rotio, and
the least internal noise. The aids that produced the best
scores at 0% time-comnression also reversed order and nroduced
‘the poorest scores at 60% timec-comnression. Hence, time-
compression improved the ability of monosyllables to reflect
the physical quality of hearing aids.

52
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Intellipgibility scores olLtained through hearing ~ide
and in the mornnural soundfield condition uged in this study
were poorer than those obtained under carphonces by Leasley,
et al. (19722) at 22 aB SL, under both 40% end 607% time-
compnression. Specech reception thresholds were poorer by
means of 2 to 4 dB when obtained in the zided rather thoen

unaided condition.
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APTPENDIX A

Mean air conduction and bone conduction threcholds, ronges,
ond stondard deviotions for the richt and left c¢nrs
of the 70 subjects.
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APFPEIDIY B

Subject Ancwer Shect
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Subject Release Form



SURJECT RELEASH FORM

I do hereby authorize Jusan Dalebout tn nmeasurc my
hearing sensitivity end speech discrimination ahility, both
vvith and without a hearing aid.

Sirnature

Date




ATPEITDIX D

Threec Lists of Torm B of the Northwestern University Aucditory
Taest Mo, €
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- burn
lo%
sub
home
dime
which
keen
yee
boat
sure
‘hurl
door
Zite
sell
nag
take
fal1
veek
death
love
tough
'“'“ N
moon

choice

king
size
nool
vine
chnlk
1aud
ogooce
shout
. fat
puff
iar
reach
1“’1 0‘
mod.c
tin
page
raid
raise
bean
hash
1imb
third
jail
knock
whin
met

NUVERER G
1., 1live
2. vVvoice
3. ton
4, learn
5. match
6. chair
7. deev
&, nike
9. 7room

10, read
11, calm
12, Dbook
12, dab
14, loaf
15, ¢goz2
1€, shack
17. foer
18, witch
19, rot
20, vick
21, fail
22. said
23. wiog
24, hoze
25, white
26, husgh
27. dead
28, pad
29, mill
A0, merge
2L, Juice
22, kes
23, gin
34. nicc
25, numb
26. chief
37. gaze
28, young
29. keen
40, tool
41, soapn
42. hate
L3, turn
A4, rain
45- shawl
AG. Ybought
AT. thourht
42, bite
49, lore
50. south
58

Tis R 7 III
1. rcheen
2., cause
2. rat
4, Dbar
5. mouce
6. talk
7. hire
8. search
9. Jluck
10. ec¢ab
11. rush
12, five
13. team
14, nveorl
15, soun
16, half
17. chnt
18, vrond
19. pole
20, nhone
21.. 1life
22. main
?2, Those
24, nnon
5. nmess
26, gernm
27. thin
28, nane
29, divch
20,  tell
21, cool
32, scize
330 63(-‘{(“e
24, youth
5. hit
26. 1late
37.  jug
28, wire
29, welk
40, date
A1, when
A?. Ting
A3. check
44, note
45, on
A6, bers
LT, void
48, schall
4A9. 1id
0. good
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Subject Instructions



SUBJECT IMSTRUCTIONS

You are about to hear three lists of wordc., Tach word will be
poeceeded by the carrier puhrase, "you will say", Tor ex-
ample, you will hear "you will say dog". Your task is to
write the last word you hear on your -~rnswer shect, In the
example, you would write the word "dog". Soue of the words
may sound fastecr than normal, so listen very carcfully.

Feel free to guess if you necd to, Are there ony cuestions?

59
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Table 13. Raw scores of the 70 subjects at 0%, 40%, and 60%
| time-compression. Groups are numbered according

to the order of testing.

TIME-COMPRESSION

0% 40% 60%

GROUP NUMBER 1: FIDELITY F-59

Subject .
1 - 98% 98% 90%
2 98% 72% 72%
3 100% 80% 72%
4 100% 92% ’ 68%
5 100% 88% 76%
6 96% 94% 88%
7 98% 98% 94%
8 98% 88% 76%
9 92% 86% 92%
10 100% 82% 88%

GROUP NUMBER 2: OTICON E 11 V

Subject
1 98% 96% 92%
2 86% 88% 80%
3 30% 100% 78%
4 96% 92% 88%
5 100% 92% 90%
6 100% 90% 92%
7 98% 94% 84%
8 98% 94% 94%
9 94% 94% 90%
10 98% 92% 88%

GROUP NUMBER 3: TELEX 334

Subject

1 98% 92% 90%
2 96% 98% 84%
3 100% 94% 96%
4 98% 94% 80%

. 5 100% 94% 96%
6 98% 94% 82% .
7 94% 90% 90%
8 80% 92% 72%
9 96% 90% 88%
10

100% 92% 96%

60



Table 13 (cont'd):

0%

GROUP NUMBER 4: QUALITONE TSP

Subject
98%
100%
100%
98%
96%

98%
98%
100%
98%

CWVWOJOU W

[

~ GROUP NUMBER 5: DAHLBERG HT 1233

Subject

100%
98%
96%
92%
98%

100%
96%
98%

100%
98%

VWO WN

=

GROUP NUMBER 6: SIEMENS 24

Subject
98%

100%
96%

100%
98%
98%
98%
94%
98%
98%

.

CWVWOONOULV B WN

[

GROUP NUMBER 7: UNAIDED

"Subject
1 100%
2 94%
3 100%
4 98%

96% -

61

SL

TIME-COMPRESSION

40%

98%
96%
80%
96%
94%
86%
84%
90%
90%
96%

08%
90%
36%
94%
90%
86%
90%
86%
94%
94%

88%
98%
94%
94%
98%
94%
100%
98%
96%
92%

96%
96%
94%
96%

60%

92%
84%
88%
82%
82%
92%
86%
84%
90%
84%

82%
84%
82%
88%
96%
88%
82%
74%
84%
92%

84%
86%
92%
82%
92%
88%
86%
84%
90%
86%

96%
84%
98%
90%



Table 13 (cont'd):

oOwoodOoOWm

0%

96%

100%
100%
98%
92%
98%

62

TIME-COMPRESSION

40%

86%
86%
92%
86%
90%
88%

60%

88% .
92%
90%
100%
76%
82%
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