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in normal- and hearing-impaired children and adults
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Recent studies with adults have suggested that amplification at 4 kHz and above fails to improve
speech recognition and may even degrade performance when high-frequency thresholds exceed
50-60 dB HL. This study examined the extent to which high frequencies can provide useful
information for fricative perception for normal-hearing and hearing-impaired children and adults.
Eighty subject$20 per group participated. Nonsense syllables containing the phonemes /s/, /f/, and
16/, produced by a male, female, and child talker, were low-pass filtered at 2, 3, 4, 5, 6, and 9 kHz.
Frequency shaping was provided for the hearing-impaired subjects only. Results revealed significant
differences in recognition between the four groups of subjects. Specifically, both groups of children
performed more poorly than their adult counterparts at similar bandwidths. Likewise, both
hearing-impaired groups performed more poorly than their normal-hearing counterparts. In addition,
significant talker effects for /s/ were observed. For the male talker, optimum performance was
reached at a bandwidth of approximately 4—5 kHz, whereas optimum performance for the female
and child talkers did not occur until a bandwidth of 9 kHz. 2001 Acoustical Society of America.
[DOI: 10.1121/1.1400757

PACS numbers: 43.71.Ky, 43.71.Ft, 43.66]TNT]

I. INTRODUCTION frequency monosyllabic word list to assess the speech recog-

A number of studies have suggested that some Iistenerrgt,ion .ability _Of Six a,duns_ Wit,h steeply sloping losses.
with sensorineural hearing loss may receive limited benefi?tIrnUII were filtered using five different frequency responses

from amplification in the high-frequency region. Specifically, With increasing gain in the 1-8-kHz region. Results indi-
it has been reported that systematic increases in higtfated that a frequency response with intermediate high-

frequency gain may not improve, and in some cases mag;eque.ncy gain was best for understanding speech qt a con-
degrade, speech recognition for listeners with steeply slopinjersational level. However, the two responses with the
high-frequency hearing losséSkinner, 1980; Murray and 9dreatest hlgh-freque_ncy gain were best for unde_rgtandlng
Byrne, 1986; Rankovic, 1991; Ching, Dillon, and Byrne, Ipw—level speech. C?hmgt a].(lQQS) gssessed recognition of
1998; Hogan and Turner, 1998: Turner and Cummingsf"tered sentences in hearing-impaired adults and compared
1999. The results of these studies have important impncafesults to predictions based on variants of the Speech Intel-
tions for clinical practice. If amplifying speech to audible ligibility Index. Audible energy in the high-frequency region
levels in the high frequencies does not improve speech red2.8—5.6 kHz contributed no information or actually de-
ognition, then attempts to provide gain may not be necessar§e€ased performance for listeners with threshole80 dB
or desirable in certain cases. While the studies cited aboveL at 4 kHz. The majority of listeners with thresholds in the
appear to support the general notion that high-frequency anp0—80-dB HL range, however, benefited from audible sig-
plification may not always be beneficial, the intersubjectnals in this high-frequency region.
variability in most studies precludes a clearly defined rule ~ Hogan and Turnef1998 also investigated the effects of
that would distinguish listeners who are likely to benefitstimulus bandwidth on phoneme recognition in listeners with
from high-frequency amplification from those who are not.steeply sloping hearing losses. Nonsense syllables were fre-
Furthermore, differences in subject selection, filter condi-quency shaped and low-pass filtered at 12 cutoff frequencies
tions, and methodology across studies complicate the intefrom 0.56 to 9 kHz. The benefit of providing additional high-
pretation of results. frequency audibility was negligible or negative when the de-
For example, Murray and Byrn@ 986 assessed the ef- gree of loss at and above 4 kHz exceeded 55 dB HL. In some
fects of low-pass filtering at five frequenciéfisom 1.5-4.5 cases, performance decreased with increases in high-
kHz) on judgments of intelligibility and pleasantness for frequency audibility. In a similar study, Turner and Cum-
continuous discourse. Subjects were normal-heaty) mings (1999 investigated the benefit of high-frequency
and hearing-impaire¢Hl) adults with steeply sloping losses information in listeners with varying degrees and configura-
above 1 kHz. Although all of the NH subjects preferred thetions of hearing loss. Recognition was evaluated as a func-
widest bandwidth, three of the five HI subjects preferred thdion of increasing high-frequency information for nonsense
2.5- or 3.5-kHz bandwidth over the 4.5-kHz bandwidth. Be-syllables presented over a range of levels above and below
cause “judged” intelligibility was used in this study, the ef- threshold. Results confirmed the earlier findings that listeners
fects of low-pass filtering on objective measures of speechwith hearing loss=55 dB HL at and above 4 kHz did not
recognition were not described. Skinr(@080 used a high-  benefit from high-frequency information. In contrast to some
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of the previous studies, however, increased gain in the high T T T | T T
frequency region did not degrade performance. -10F -
In interpreting the results of these filtering experiments, '
it is important to consider the test stimuli. For example, Mur-
ray and Byrng1986 and Chinget al. (1998 used sentences 1o ]
as the test materials. A study by Studebaker, Pavlovic, an@ 20 =
Sherbeco€1987 suggests that, when contextual information .
is available, the frequency region of maximum importance is_;
between 0.4 and 5 kHz. Thus, high-frequency audibility may%
not be as critical to the perception of sentence materials as - 50|- -
would be for less linguistically complex speech materials.
The stimuli used in the Hogan and Turr@&@98 and Turner
and Cummings(1999 studies contained a relatively large

HEARING

proportion of phonemege.g., /b,d,g,l,m,n,rgl) that can be 80 - 8 ”:‘l: éﬁﬁgfen i
perceived from mid- and low-frequency cues. Reduced per o5 @ HI Adults ]
formance for the small number of phonemes comprised pri- W HI Children ]
marily of high-frequency energge.g., /s,z/) may not have 100 | | | |

[ ignifi ! !

influenced overall scores significantly. Although an error 250 500 1000 2000 707 T

analysis was not reported for these two studies, a similal FREQUENCY (in Hz)
investigation by Sullivaret al. (1992 found large improve-
ments in performancéBO%—45% for the phonemes '535’2/ FI'Gld 1. I-(|earing thrisrl;gldsdatsha f|L_J|rI10tic<j)nItof freéquehr_ml(c:‘y f(cf)_r”thde NH ﬁdluglts and
. . . . s ildren (open symbolsand the HI adults and childreffilled symbols.
Zifsnmu'us_biﬂdedth \II:/aS mcrefas?rc]i, (?ff?plte tnlgl?&gmf'g.agror bars(+1 standard deviatiorare shown for the HI listeners only.
Irerences In the overall scores t1or the dirrerent tiiter condil-
tions.

Of these high-frequency fricatives, /s/ is known to be 1986; Gabrielsson, Schenkman, and Hagerman, 1988; Stude-

linguistically important. It is the third or fourth most fre- Paker and Sherbecoe, 198®bjective measures of perfor-

quently occurring phoneme in the English language an({?ance using wprds ang/or senter}ces also are problematic
serves multiple linguistic functions, including plurality, ecause the child's audﬁory experience and language com-
tense, and possessi¢fobias, 1959: Denes, 1963; Rudmin, petence may havg an influence on test performan.ce. Non-
1983. Among both adults and children with hearing loss, [s/SENSE syllables circumvent these problems, but given that

is one of the most frequently misperceived Iohonemesperformance in the Sullivaret al. (1992 study differed

(Owens, Benedict, and Schubert, 1972 Bilger and Wanggcross stimuli, it would seem reasonable to restrict the items

1976 Owens. 1978 Dubno and Dirks. 1982° Danhauet® those that contain high-frequency information. It would
et al ,1986 In’additio’n Elfenbein Hardin-,‘]ones ’and David also be most useful to focus on sounds that are important to
(1994 have reported that the language samples of childreﬁpeeCh and language development. The purpose of the

with mild-to-moderate hearing loss often include increasecsv :Zfr? n;nsitﬁiy V;?CSetotigr?tﬁ;r?;??nthﬁl_'ef;i(g afl Sct;]rrl]grlgi 2?]';(1'
errors in both noun and verb morpholo@s.g., cat versus P P

- - adults. These four groups of subjects were included to sepa-
cats, keep versus kegpdt is likely that these findings are .
A . Co . rate the effects of hearing loss from general development.
related to a reduction in audibility of the fricative noise

and/or the vocalic transition in the presence of hearing loss.

For adults with acquired hearing loss, there may be sufficienj METHODS

linguistic and redundant acoustic cues to compensate for this

loss of audibility. When the hearing loss is congenital or’ LiSteners

acquired in early life, the reduction in audibility may be A total of 80 listeners participated in this study. The two

more problematic. Kortekaas and Stelmachow@200 in-  NH groups were comprised of 20 adu(sges 19—43 years,

vestigated the effects of low-pass filtering on the perceptiotM =28 year$ and 20 children(5—8 yearsM =7 years, 3

of /s/ in NH children(5-, 7-, and 10-year-oldsand adults. months. The two HI groups also consisted of 20 adults

They found that the children required a wider signal band{26-65 yearsM =56 year$ and 20 children(5—-8 years,

width than did adults to perceive /s/ correctly when stimuliM=7 years, 1 month The NH listeners had pure-tone

were presented in noise. To our knowledge, no studies hawhresholds<15 dB HL for the octave frequencies from 0.25

been conducted with HI children. If similar findings were to 8 kHz. The HI listeners had moderate to moderately se-

observed in hearing-impaired children, restricting the bandvere sensorineural hearing losses that ranged between 40 and

width of speech may have a negative impact on speech aridD dB HL at 2 and 4 kHz. Figure 1 shows the mean pure-

language development in young HI children. tone thresholds for each grogp1 s.d. are shown for the Hl
The methodology used in the previous adult studies mayisteners only. Based upon available audiological data and

not be ideal to address the effects of high-frequency amplisubjective history, all of the HI children had congenital

fication in young HI children. For example, subjective esti-losses and the HI adults had acquired their losses later in life.

mates of speech perception have poor test—retest reliabilithll listeners had normal middle-ear function at the time of

and do not correlate well with performance meas(Bssne, testing.
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B. Stimuli — —

Although the primary interest of this study was the per-
ception of /s/, it was necessary to provide subjects with al-
ternative stimuli that would be easily confused with /s/. A 40 -
pilot study with NH adults indicated that filtered versions of
/sl were most likely perceived as either /f/ &./Thus, the
test stimuli were consonant—vowelCV) and vowel— 20F
consonantVC) syllables comprised of the phonemes /s/, /f/,
and B/ in an /i/ vowel context. The /i/ vowel was used to
minimize the vocalic transition which might be used as a cue
to distinguish the fricatives from one another. In addition,
multiple repetitions of each sample were obtained from all
three talkers, and samples with little or no transition were
selected as stimuli for the study. The CV and VC syllables
were produced by an adult male, an adult female, and a
6-year-old child (for a total of 18 stimuli. All speech
samples were recorded in a sound-treated room at normal
vocal levels using a microphone with a flat frequency re-
sponse to 10 kHZAKG Acoustics, C 535ER The speech
samples were amplified, filtered at 10 kHz, and digitized at a
sampling rate of 20 kHz. The 18 syllables were edited to
ensure equivalent rms levelsf the entire syllableacross all /th/ v
stimuli. The stimuli were analyzed in 17 1/3-octave bands I -~ CHLD
(TOB) with a 20-ms Hanning window50% overlap after 40 .
being transduced by the earphof@ennheiser 25jland re- :
corded in a flatplate coupler. Figure 2 shows the relative
TOB spectra for the /s/, /f/, and// in the CV context for 20
each talker. The spectrum for each phoneme in the final po-
sition showed a similar pattern. The spectral characteristics
of /s/ varied markedly across talkers. Relative to the female T T
talker, more mid-frequency energy was apparent for the male 200 1000 10000
and child talkers. These spectral characteristics are consistent FREQUENCY (Hz)
with previous data for this phoneni8trevens, 1960; Heinz
and Stevens, 1961; McGowan and Nittrouer, 1988; Nlttrouerutterances Isil, ffil, andil as a function of frequency for the male, female,
Studdert-Kennedy, and McGowan, 1989; Boothroyd anding child talkers.

Medwetsky, 1992; Boothroyd, Erickson, and Medwetsky,

1994; Jongman, Wayland, and Wong, 2000he peak en-

ergy for both /f/ and @/ was lower in amplitude than for /s/ with a mouse. The response boxes were labeled “s,” “f,”
and talker differences were only observed for /f/ where theand “th.” Prior to testing, each child was asked to read or
fricative amplitude for the child talker was approximately 10 identify the orthographic form of the phonemis/, /f/, and

dB higher than the other talkers. In the final consonant posif/). The children were also shown pictures of words that
tion, fricative amplitude for the child talker was higher only contained these phonemes in the initial and final position and
for /6/. asked to identify them. Children who were unfamiliar with

To determine the influence of bandwidth on the percepthe orthographic forms of the phonemes, but could clearly
tion of high-frequency voiceless fricatives, each syllable wagproduce them, were instructed to repeat the syllables so that
low-pass filtered with a rejection rate of 50 dB/octave at sixthe examiner could vote for the child. Those children who
frequencieg2, 3, 4, 5, 6, and 9 kHz Additional filtering for ~ were unable to correctly produce the phonemes or identify
purposes of antialiasing was not necessary because the satheir orthographic forms were excluded from the study.
pling rate of these syllables was greater than twice the widest  The syllables were divided into CV and VC subtests. For
bandwidth condition. each subtest, stimuli were presented 10 times for a total of
540 trials (6 filter conditions X 3 talkers X 3 fricatives
X 10 repetitions On any given trial, one of 540 stimuli
could occur. This form of randomization was used to limit

All testing was conducted in a sound-treated room. Thehe loudness cues that might be present if each low-pass filter
nonsense syllables were presented monaurally througtondition were tested separately. For example, at a 9-kHz
the same earphone used to obtain hearing thresholdsand /s/ would be louder than either /f/ artd. When ran-
(Sennheiser, 251 Each listener was instructed to indicate domized, /f/ and 8/ filtered at 6 or 9 kHz could actually
which nonsense syllable was presented by touching the agound louder than an /s/ filtered at 2 kHz. Software was
propriate box on a touch-screen monitor or by selecting itwritten in MATLAB (Mathworkg to randomly select the test

60 -

40

20 -

60 - B

THIRD OCTAVE BAND LEVELS (dB SPL)

FIG. 2. Relative levels of the fricative noise in 1/3-octave bands for the

C. Procedure
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stimuli and filter condition. The program also was used to

reinforce correct responses in a video game format. Both the 100

children and adult listeners were tested with the same proce MALE TALKER
dure. For the NH listeners, the syllables were presented at .

level equivalent to soft speedd5 dB SPL. For the HI lis- 80

teners, the stimuli were altered to provide frequency/gain
characteristics as recommended by the desired sensatic
level procedure for soft spee¢b3 dB SPL) (Seewaldket al,
1997.

60 -

40+
ll. RESULTS AND DISCUSSION

h

O NH ADULTS

Although data were collected for /s/, /f/, anél/,/ the 20 EH CHILDREN
primary interest of this study was the proportion of /s/ re- H
sponses to the /s/ stimuli. Accordingly, results for /f/ a@fl /
are given only for comparison when necessary. To ensure o |
that a stimulus bias toward /s/ did not occur, the data were ~ (5oL '
screened to determine that the proportion of /s/ response
was appropriate. Collapsed across all filter conditions, the
proportion of /s/ responses for all grouf28%—34% was 80 - 7
consistent with the fact that /s/ was presented in 33% of the
trials. Given that no biases were observed, scores for /s/ wer ok ' N
arcsine transformed to normalize the variance across perfor
mance levels and analyzed with a repeated-measures analys
of variancelANOVA ). Talker(male, female, and chijdfilter 40 |- =
(2,3,4,5, 6,and 9 kHzand positionVC and CV) were the
within-subjects factors and hearifigormal and hearing im-
paired and age(child and adult were the between-subjects 20 ]
factors. A Greenhouse—Geisser correction was used to adju:
the degrees of freedom for those conditions that failed to
meet the assumption of sphericitlax and Onghena, 1999 | } | | | |

T X 100 7
Significant main effects were found for talker CHILD TALKER %

[F(1.895,143.95444.99; p<0.01]] and filter [F(5,380)
=291.49; p<0.01], but not for consonant position 8oL _
[F(1,76)=0.80; p=0.37]. In addition, the between-subjects =
factors revealed a significant effect of hearifig(1,76)
=37.98; p<0.01] and aggF(1,76)=11.42; p<0.01] with 60 - .
no hearing<age interactiofF(1,76)=0.38; p=0.54].

Since no significant differences in performance were sl |
found between the VC and CV conditions, data were col-
lapsed across the two subtests. In Fig. 3, performance as

function of low-pass frequency is shown for the male, fe- 20 .
male, and child talkers with group as the parameter. In the
top panelmale talke), performance for the NH children and

adults exceeded 80% at a filter frequency of 4 kHz. In con- 0 | , ) | |
trast, performance for the HI children and adults did not 2 3 4 5 6 9
exceed 80% until a cutoff frequency of 5 kHz. For the female LOW PASS FILTER FREQUENCY (kHz)

i 0
talker (middle panel, performance was near chan(38%) FIG. 3. Mean data illustrating percent correct as a function of low-pass filter

through 5 kHz for all groups, With an abrupt increase infrequency for the maléop pane), female(middle pane), and child(lower
performance at 6 kHz for the NH listeners and at 9 kHz forpane) talkers. The parameter in each panel is group.

the HI listeners. All four groups reached optimum perfor-

mance at 9 kHz, with the two NH groups and HI adultsonly reached 75% at the widest bandwidth. For all groups
achieving>80% performance and the HI children achieving and all talkers, mean performance increased as a function of
only 77%. This finding is not surprising given the narrow bandwidth with no evidence of a decrease in performance as
region of spectral energy for the female /s/. A different pat-bandwidth widened. Inspection of the 60 individual perfor-
tern was observed for the child talkgower panel. As band-  mance intensity functiong talkers<20 listeners for the Hi
width increased, a more gradual improvement in perfor-adults revealed no evidence of nonmonotonicity, whereas
mance was observed for all groups, with the NH groups andhree of the 60 functions for the HI children showed a statis-
HI adults achieving=80% performance at the 9-kHz cutoff tically significant decrease in performance at the widest
frequency. The performance of the HI children, howeverbandwidth.

I ADULTS

O
[ J
W HI CHILDREN

|
I
O
FEMALE TALKER a

PERFORMANCE (% CORRECT
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TABLE I. Mean short-term audibilitySTA) at optimum performance for all

~N N OADULTS phonemes and talkers.
T C— NH CHILDREN
~ 9 XY HI ADULTS g Male Female Children
> B HI CHILDREN
Q STA % STA % STA %
6 . 4
% Isl
UO_I NH adults 0.42 100 0.26 99 0.53 98
o 5 E NH children 0.50 91 0.22 91 0.46 91
L HI adults 0.26 98 0.18 94 0.23 96
o HI children 0.28 84 0.15 77 0.17 75
Ll 4+ i
— Ifl
E NH adults 0.35 95 0.22 66 0.39 84
3t | NH children 0.26 78 0.15 56 0.32 73
% HI adults 0.12 87 0.08 59 0.25 72
< HI children 0.08 60 0.05 55 0.19 51
o
2t 4 10/
= NH adults 0.26 47 0.38 93 0.39 60
3 NH children 0.12 41 0.25 73 0.31 45
HI adults 0.08 46 0.11 59 0.20 51
MALE FEMALE CHILD
HI children 0.06 32 0.07 35 0.13 30

TALKER

FIG. 4. Mean data showing the minimum low-pass filter frequency at which
optimum performance was achieved by each group as a function of talker.

optimum performance was consistently lower for the two
From a clinical perspective, it is of interest to determine9roups of children relative to their adult counterparts and

the minimum bandwidth at which optimum performance Wasopt?mum performance for the NH listeners exceeded that of
achieved for each group. Accordingly, the plateau portion ofN€lr HI counterparts. For /s/, performance was well above
each function in Fig. 3 was defined as the range of bandSnance(33%) for all groups and talkers. Consistent with the
widths where data points were within5% of each other. findings of Pittmanet al. (2000, the HI adults achieved
The lowest frequency on the plateau was designated as tff#milar performance to the NH adults but at substantially
minimum bandwidth at which optimum performance oc-lower STA levels. Unlike the results of Pittmast al., how-
curred. The results for each group are shown as a function &iver, the Hi children were not able to correctly identify /s/ as
talker in F|g 4. For the male ta]ker, Optimum performancewe” as their adult Counterparts at low STA values. This may
for the NH adults was achieved at a mean frequency of A)e due to the fact that the children in the current StUdy were
kHz, whereas all other groups required a frequency of 5 kHzyounger(5—-8 years than in the earlier study8—11 years
For the female talker, performance continued to improve at &or /f/ and f/, performance was well above chance in most
bandwidth of 9 kHz for all groups. For the child talker, the cases even when STA values were low. The one exception is
plateau occurred at 6 kHz for the NH adults and at 9 kHz forthe HI children’s chance performance fd¥/./ This may be
all other groups. related to the fact that/ has a low frequency of occurrence
To compare performance across conditions in terms oin the English languagéDenes, 1968and thus, young Hl
stimulus sensation level, a measure of short-term audibilitchildren may be less familiar with this phoneme.

(STA) for the fricative portion of each utterance was calcu- Itis also of interest to determine if the degree of hearing
lated for all stimuli, filter conditions, and talkers using the loss in these listeners influenced their ability to use high-
following formula: frequency speech information. Recall that previous studies
17 found high-frequency information to be of limited benefit for
STA= 1i5 > (TOB,— 6:)W, individuals with hearing loss=55 dB HL at and above 4 kHz

(Hogan and Turner, 1998; Turner and Cummings, 1998

wherei is the center frequency of each 1/3-octave band, Togletermine if degree of hearing loss influenced the reSl_J|t.S in
is the 1% peak level of the fricative noise for each 1/3-octavél® Present study, each of the two Hl groups was subdivided
band,@is the hearing threshold in dB SPL for each TOB, andiNto listeners with thresholds55 dB HL and<55 dB HL at

Wis equal to 0.059, representing equal weights across the 1 kHz. Figure 5 shows mean performance as a function of
bands(from 0.2—8 kHz. The sum of the weighted sensation l0W-pass frequency with degree of hearing loss as the param-
levels was restricted to a 0- to 15-dB range by the multipliereter. Performance is similar for both categories of hearing
1/15. Previous studies have shown that the 30-dB range typloss and there is no evidence of decreased performance at the
cally used for calculation of the Articulation Index is inap- widest bandwidths. To ensure that this arbitrary grougatg
propriate for shorter segments of speéBiittman and Stel- 55 dB HL) did not obscure trends associated with degree of
machowicz, 2000 Table | shows mean STA and hearing loss, the relation between performance and hearing
performance for each group at the bandwidth where optilevel was inspected at each low-pass filter frequency. No
mum performance was achieved. Because the audibility of /f8ystematic trends were observed for either HI group. It is
and B/ may influence the performance for /s/, results forworth mentioning, however, that the maximum hearing loss
these stimuli are provided for comparison. For all phonemesat 4 kHz did not exceed 70 dB HL in this study; inclusion of
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4 ADULTS Wl CHILDREN The patterns of performance observed across the three
100l ‘ ‘ ' , ‘ ‘ ' ' talkers may have important implications for speech and lan-
MALE TALKER 8 . . . .
guage development in infants and children with hearing loss.
80 T ? Recall that for the male talker, the NH adults achieved opti-
mum performance at a filter frequency of 4 kHz while the
NH children and both groups of HI listeners required a some-
40k + ‘ . what wider bandwidth5 kHz). For all subjects, mean per-
formance for the female and child talkers continued to im-
prove as the bandwidth increased to 9 kHz with no evidence

60 —+ .

20} + .

I of degradation. Until recently, most commercially available
c 1001 FevALE TALKER 5 " 771  hearing aids _have provided .minimal ampl_ification above 4
o kHz. Even with advanced signal processing and feedback
§ sor T % reduction schemes, very little gain is provided for frequen-
e 60| 1 _ cies above 5 kHz. Thus, it is likely that the peak energy of a
M female /s/ may not always be audible to hearing-aid users.
izz 4o T 7 Further, a young HI child may hear the plural form of certain
§ 2ol 1 | words more often when spoken by a male. Since infants and
& preschool children tend to spend most of their waking hours
& or, ‘ ‘ ‘ ‘ T, , ‘ ‘ , T with female caregivers and other children, they may experi-
10 cupTtakeR s 1 enceinconsistent exposure to /s/ across different talkers, situ-
sl 1 | ations, and contexts. Because many of the linguistic func-
% tions of /s/ in the English language are rather sufglg., “Is
60 + . that Beth?” versus “Is that Beth’s?;” “She put it on” versus

“She puts it on”), inconsistent audibility of /s/ during the
early years of life may influence or delay the formation of

a0l 1 _ linguistic rules.
b B>l e Booth_royd and Me.dwetskj[l993. hgve suggested that
oo, T ] hearing aids may require an upper limit of 10 kHz to ensure
2 3 5 6 9

the audibility of /s/ for female talkers. Theoretically, with the

) _ _ selection of an appropriate receiver and an earmold carefully

FIG. 5. Data for the HI I_|steners from Fig. 3 are replotted to illustrate ‘the constructed to minimize feedback, the upper frequency limit

effects of degree of hearing loss. In each panel, results are shown for listen-

ers with hearing loss at 4 kHz55 dB HL (filled circles or <55 dB HL  could be extended to 7—8 kHz. Although manufacturers of-

(open circles Error bars represent the variance about the mean. ten report that the upper bandwidth of current hearing aids is
>6 kHz, the upper- and lower-frequency range is defined as

individuals with more severe hearing losses may havdhe 20-dB down point relative to the average gain at 1000,

yielded different results. 1600, and 2000 HZANSI, 1996. Thus, a hearing aid with
an average use gain of 40 dB would only have 20 dB of gain
at the upper frequency limit. In many cases, this may be

IV. GENERAL DISCUSSION inadequate to ensure the audibility of /s/. In addition, acous-

This study found significant differences in the percep—tIC fetedt;ack IW'” otften 'I|m|t l:csa:)le glalr;tdhue o faclt(;)rls SECht
tion of /s/ across the NH and HI adults and children. Opti-as Intentional venting, Impertect seal ol the earmold, leaks a

mum performance for the children was poorer than for thetUbIng joints, apd emission from. tubing WaI@He!Igren,
corresponding groups of adults. This finding is consistent-unner. and Arlinger, 1999AC°,US“C feedback is likely to
with other studies in which the performance of adults and?®S€ & greater problem for children than for adults due to
young children were compared. Specifically, developmenta@™©Wth of the ear canal and the close proximity of the
differences have been observed for a variety of auditor)hear'”g'a'd microphone to the potential sources of acoustic
tasks including detection, masked thresholds, temporal prdé@kage. _ _
cessing, frequency discrimination, and speech recognition Fortunately, there are multiple cues to the perception of
(Nozza and Wilson, 1984; Schneidet al, 1989: Allen /s/- For example, the production of /s/ is often visible on the
et al, 1989; Wightmaret al, 1989; Veloso, Hall, and Grose, lips. In addition, cues may be available in the noise energy at
1990: Nozza, Rossman, and Bond, 1991: Hnath-Chisolnfower frequencies, such as in the transition from fricative
etal, 1998. In addition, the HI groups performed more hoise to the vowel(Whalen, 1981; Nittrouer and Miller,
poorly than their NH counterparts despite the frequency/gai000; Jongmart al, 2000. Zeng and Turne(1990, how-
shaping provided in accordance with the desired sensatiogver, reported that adults with hearing loss do not appear to
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