Everyday Speech Understanding
by Older Listeners

Karen S. Helfer
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The differences between audiologic testing and everyday communication may
be overlooked when determining which older adults should receive rehabilitative
services. This is especially true for older listeners with little or no hearing loss.
Although some of these individuals have little difficulty in everyday listening
conditions, a proportion of them do experience problems with day-to-day com-
munication. Such individuals, however, are rarely advised to seek any kind of
intervention. This paper will outline various attributes of everyday communi-
cation that may influence an older listener’s comprehension of speech messages.

Introduction

The testing performed during a routine audiologic evaluation yields valuable
diagnostic information about the auditory system. Audiologic data are also used
as a basis for deciding whether intervention (e.g., hearing aids or aural rehabili-
tation) is indicated. Routine audiologic tests, however, are poor predictors of
the amount of perceived hearing difficulty (Weinstein & Ventry, 1983a, 1983b).
A portion of this lack of agreement between measured and self-reported hearing
disorder lies in the nature of the environment and stimuli used in audiologic
assessment. Clients are seated in sound-treated rooms where they listen to pure
tones and monosyllabic words presented to each ear separately. The acoustics
of an audiometric suite do not simulate most rooms where communication occurs,
and the ability to detect pure tones and repeat back isolated monosyllabic words
is rarely important in day-to-day communication. In the majority of listening
situations, individuals also have the opportunity to use visual cues to enhance
perception. Hence, a typical hearing assessment leaves us with an incomplete
or inaccurate picture of how our clients are performing outside of the clinic.

Older adults comprise a large proportion of many audiologists’ caseloads. The
discrepancy between measured and actual communication performance may be
especially marked for this population. Physiologic changes not tapped in basic
audiologic tests, such as decline in visual processing or cognitive abilities, may
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lead to significant communication problems in elderly individuals who have only
a mild degree of peripheral hearing loss. Indeed, evidence exists to support the
contention that older adults with minimal pure-tone hearing loss often experience
difficulty understanding speech distorted by room acoustics (Bergman, 1980,
Harris & Reitz, 1985; Helfer & Wilber, 1990; Nabelek, 1988; Nabelek & Robin-
son, 1982). Because they perform well on routine audiologic tests and their
hearing loss is not significant enough to justify recommending a hearing aid,
these individuals are typically not advised to seek intervention.

This paper will discuss experimental evidence relevant to real-life listening.
Various parameters of communication not typically examined during audiologic
evaluation will be discussed as they apply to older adults. The focus will be on
older listeners with minimal hearing loss because it is for these individuals that
the judgement about whether to recommend rehabilitation may be particularly
difficult. Several methods for improving our decisions regarding rehabilitation
will be offered.

Listening in the “Real World”
A. Room Acoustics

Although the acoustics in listening environments vary greatly, most rooms
are noisy and reverberant to some degree. The type and level of noise influences
how detrimental it will be to communication (e.g., Pearsons, Bennett, & Fidell,
1977). This poses a problem for tests designed to simulate realistic listening —
how do we select a noise type and level that is representative of actual communi-
cation environments? It would be impossible to sample each listening environ-
ment a person is likely to encounter; however, limited evidence suggests that
older individuals who have difficulty with one type of competition may also be
affected by a different source of noise (Bergman, 1980).

Because younger adults with hearing impairment have difficulty understanding
speech in noise (e.g., Zurek & Delhorne, 1987) it is not surprising that most
older, hearing-impaired subjects also demonstrate problems on such tasks (Joki-
nen, 1973; Plomp & Mimpen, 1979). When older and younger subjects are
matched audiometrically, the older group typically obtains poorer scores on tasks
of speech perception in noise (Findlay & Denenberg, 1977; Townsend & Bess,
1980).

Older adults with minimal amounts of hearing loss also may experience diffi-
culty processing speech in noise. This problem can be demonstrated on syllable-
level stimuli - elderly individuals with little or no hearing loss produce more
errors than young, normal hearing listeners on nonsense syllable tasks, but the
types of errors are similar (Gelfand, Piper, & Silman, 1986; Gordon-Salant,
1987b; Helfer & Huntley, 1991; Smith & Prather, 1971). As compared to
younger listeners, older minimally hearing-impaired adults need a more advan-
tageous signal-to-noise ratio to reach a given level of performance (Dubno,
Dirks, & Morgan, 1984; Gelfand, Ross, & Miller, 1988; Gordon-Salant, 1987a).
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The perception of reverberant speech is problematic for many older individuals
(Harris & Reitz, 1985; Helfer & Wilber, 1990; Humes & Roberts, 1990,
Nabelek, 1988; Nabelek & Robinson, 1982) even if their hearing loss is not
sufficient to consider them candidates for hearing aids (Helfer & Wilber, 1990;
Nabelek & Robinson, 1982). Figure | displays results of several studies ad-
dressing speech perception in reverberation by older adults. It is apparent that
older listeners have some difficulty understanding reverberated speech, espe-
cially if they are hearing-impaired. It should also be noted that many of the
older, minimally hearing-impaired subjects in these studies obtained scores in
quiet similar to those of young normal-hearing listeners. Thus, the speech per-
ception measures in quiet that are obtained during routine audiologic evaluation
might be misleading if generalized to real-life listening. Individual variability
in susceptibility to reverberation is often marked, making the prediction of who
will have difficulty in day-to-day communication even more problematic
(Bergman, 1980; Helfer & Wilber, 1990; Nabelek, 1988; Nabelek & Letowski,
1985; Nabelek & Pickett, 1974),

Noise and reverberation co-exist in most rooms. Older hearing-impaired lis-
teners need a more advantageous signal-to-noise ratio in reverberant environ-
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Figure 1. Results of several studies of speech perception in reverberation by older listen-
ers. Data in this chart represent performance at the highest level of reverberation in each
study (Nabelek & Robinson: T = 1.2 s; Harris & Reitz: T = 1.56 s; Helfer &
Wilber: T = 1.2 s; Humes & Roberts: T = 3.1 s; Helfer: T=0.9 s).
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ments (Duquesnoy & Plomp, 1980; Plomp & Duquesnoy, 1980). All listeners
experience some reduction in perception when reverberation and noise are com-
bined, but the deficit is compounded for individuals who are older and/or hearing-
impaired. Unfortunately, performance in noisy, reverberant rooms may not be
predictable from scores obtained in noise alone (Finitzo-Hieber & Tillman, 1978;
Nabelek & Mason, 1981).

B. Speech Rate

Some older adults ascribe their speech perception problems to younger talkers
who speak too rapidly. A general slowing of processing speed is a hallmark of
the aging process (e.g., Birren, Woods, & Williams, 1980). Experimental evi-
dence concurs with older listeners’ subjective comments — elderly individuals
experience difficulty understanding rapid speech. Studies of the perception of
rate-altered speech by older adults are summarized in Table [.

Data in Table 1 suggest that the decoding of rapid speech is troublesome for
older listeners. This difficulty can be demonstrated using either electronic com-
pression or natural (speaker-generated) rate change on a wide variety of tasks.
The relative contribution of hearing loss vs. aging per se on the perception of
time-altered speech is not clear from existing studies. Hearing loss above 3kHz
is detrimental to the understanding of compressed speech (Harris, 1960). The
results of several studies suggest that the amount of perceptual decline from
compression is the same in groups of older and younger subjects matched for
amount of hearing loss (Luterman, Welsh, & Melrose, 1966; Otto & McCand-
less, 1982; Schon, 1970). However, there is limited evidence suggesting that
older adults with minimal hearing loss also are at a disadvantage when they must
understand compressed monosyllables (Sticht & Gray, 1969).

An unexpected finding in several studies is that expansion of speech does not
improve perception by older adults. This is in contrast to what many audiologists
observe daily — speaking slowly to an older person is often an effective strategy.
One possible explanation is that the electronic expansion used in most studies
causes a distortion of the signal that offsets any benefit from slowing the rate.
Two studies exploring comprehension of naturally-expanded passages (Schmitt
& Carroll, 1985; Schmitt & Moore, 1989), however, show that little improve-
ment in understanding is obtained by older listeners with “‘age-normal” hearing
when the speaking rate is slowed.

C. Message Differences

Monosyllabic word tests are adequate for audiologic evaluation because they
are standardized and take relatively little time to administer. The understanding
of conversational speech, however, requires more than just the reception of
speech sounds. Because words used in conversations are typically related to a
common topic, higher-level cognitive skills are important in many communica-
tive interactions. Some of these abilities have been demonstrated to be suscep-
tible to the aging process. Auditory sequencing and auditory memory appear
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to decline in older adults (Neils, Newman, Hill, & Weiler, 1991; Trainor &
Trehub, 1989). Hearing loss itself may tax auditory memory — individuals who
must expend processing energy to identify words may have fewer resources
available to allocate to memory strategies such as categorization, mnemonics,
and rehearsal (Rabbitt, 1991). Indeed, deficits in higher level processing have
been demonstrated when older adults must decode complex sentences (Bergman,
1980; Emery, 1986; Feier & Gerstman, 1980; Lesser, 1976).

On the other hand, adults of all ages are adept at using certain aspects of
language to aid speech understanding in adverse listening conditions. For exam-
ple, elderly subjects do tend to take advantage of lexical context — they can
recognize phonemes in words more easily than in nonsense syllables (Nittrouer
& Boothroyd, 1990). Older adults can also use contextual information (Kalikow,
Stevens, & Elliott, 1977; Nittrouer & Boothroyd, 1990) and grammatical redun-
dancy (Fullerton & Smith, 1980) to aid speech understanding. Moreover, older
listeners can use syntactic constraints to help overcome problems associated with
increased rate (Wingfield, Poon, Lombardi, & Lowe, 1985) although increasing
the presentation level does not alleviate rate-produced misperceptions (Celearo
& Lazzaroni, 1957). Because the repetition of monosyllabic words requires
little higher-level processing, routine speech discrimination testing does not take
into account potential listener differences in the use of these strategies.

D. Speaker Differences

Some sources of differences in intelligibility among speakers’ voices are ob-
vious (e.g., gender and dialect). A large amount of variability in the clarity of
speech also exists among speakers of the same dialect and gender. Differences
in speakers’ voices may further interact with the listening environment (Cox,
Alexander, & Gilmore, 1987). Data also exist suggesting that a speaker who
is easy to understand in the auditory domain may not necessarily be easy to
speechread (e.g., Kricos & Lesner, 1982).

Most material generated for assessing speech perception is recorded in what
would be considered a clear, deliberate manner. Research has demonstrated that
there are measurable differences between clear and conversational speech. When
speakers are asked to talk clearly, acoustic changes occur that translate into
improvement in intelligibility for hearing-impaired listeners (Picheny, Durlach,
& Braida, 1985). A large portion of the difference between clear and conversa-
tional speech is rate, with clear speech being slower from the insertion of pauses
between words and the extension of the duration of phonemes (Picheny et al.,
1985, 1986). This enhancement in intelligibility cannot be explained entirely
by rate (Picheny et al., 1989) — conversational speech is also characterized by
vowel reductions, stop-burst deletion, and reduced consonant-vowel ratio.
Moreover, rate cannot predict the intelligibility of voices in various listening
environments (Cox et al., 1987). It should be noted that none of these studies
examined listener age as a variable in the understanding of clear versus conver-
sational speech. In light of the research findings that naturally expanded speech
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does not lead to improved comprehension by older listeners, one should use
caution when generalizing these data to elderly individuals.

Another source of variation in speech has to do with speaker age. Older
people are more likely to have older communication partners (Shadden, 1988).
Age-related differences have been documented in older speakers’ voices, includ-
ing decreased frequency range (Ptacek, Sander, Maloney, & Jackson, 1966),
shorter voice-onset time (Neiman, Klich, & Shuey, 1983) and, for males, impre-
cise articulation (Hartman & Danhauer, 1976).

What implications do these vocal changes have for communication among
older adults? We have begun a series of studies addressing the interaction of
the aging voice with the aging auditory system. For our first study (Huntley &
Helfer, 1990) voice samples were obtained from 20 older healthy adults (10
males, 10 females). These talkers were between 59 and 86 years of age (mean
68.55 years). The samples were obtained in two ways — the subjects were first
asked simply to read two kinds of material (the Rainbow Passage and lists from
the SPIN test [Kalikow et al., 1977]). These initial readings will be called the
“normal” recordings. The subjects were then asked to read the material as if
they were speaking to a person of approximately their own age (these will be
referred to as the “peer” productions).

The first analysis of data focused on age-related differences in the subjects’
voices. We generated a recording consisting of samples of each subject’s voice
(using the “normal” production). This tape was played to 12 college-aged stu-
dents who were asked to estimate each speaker’s age. These perceived age
scores were used in a Pearson r correlation matrix along with chronologic age
and a number of acoustic variables measured from the voice samples (rate, fun-
damental frequency, F1/F2 ratio, quality, and intensity). Chronologic and per-
ceived age were both correlated negatively with rate (chronologic age: r = — .70,
p <.001; perceived age, r= —.46, p<<.0l). Correlations between the age
indices and other acoustic variables were nonsignificant. These results concur
with a number of earlier explorations of the aging voice (e.g., Ptacek et al.,
1966) showing that both chronologic and perceived age are associated with a
slow vocal rate.

The next analysis of these data (Huntley & Helfer, 1991) examined acoustic
differences between the “peer” and “normal” productions. It was hypothesized
that older adults might slow their vocal rate to an even greater extent when
addressing peers because of either an age stereotype or from experience (that is,
previous conversations with older listeners who have difficulty processing rapid
speech). Indeed, the largest apparent difference between the “peer” and “nor-
mal” productions was rate. Contrary to what was expected, Analysis of Variance
demonstrated that the “peer” productions (mean rate = 4.90 syllables/second)
were significantly faster than the “normal™ productions (mean rate = 4.44 sylla-
bles/second) for both male and female speakers (F(l, 18)=2.11, p<.001).
Males spoke significantly slower than females (mean rate = 4.4 syllables/second
for males, 4.9 syllables/second for females; F(1, 18) =4.19, p = .007) but the
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interaction between gender and peer/normal rate differences was nonsignificant.
It is not known whether the subjects increased their speaking rate on the “peer”
productions because it was their second reading of similar material or because
they were given specific instructions on how to read. It is also possible that
older adults actually do speak more quickly to age peers. Subsequent studies
will not only attempt to clarify this issue, but will also examine differences in
the perception of the “normal” versus “peer” sentences by older listeners.

E. Visual Information

Face-to-face communication allows individuals to use both auditory and visual
speech information. Deficits in visual processing have been noted in older
adults. For example, visual short-term memory appears to be more susceptible
to aging than is auditory short-term memory (Boyle, Aparicio, Kaye, & Acker,
1975). Other cognitive abilities that may influence speechreading are prone to
the negative effects of aging. For instance, vigilance (as measured using a clock-
watching task) declines with age (Quilter, Giambra, & Benson, 1983) and older
adults have difficulty ignoring visually-presented irrelevant stimuli (Hoyer,
Rebok, & Sved, 1979; Scialfa, Kline, & Lyman, 1987).

Speechreading ability is noted to decline with increasing age (Arlinger, 1991;
Ewertsen & Birk-Nielsen, 1971; Farrimond, 1959; Pelson & Prather, 1974,
Shoop & Binnie, 1979). Older adults, however, can improve speechreading
perception by using visual cues such as descriptive pictures (Farrimond, 1959)
and can also combine auditory and visual information (Danhauer, Garnett, &
Edgerton, 1985; Ewertsen & Birk-Nielsen, 1971; Garstecki, 1983).

Speechreading is not measured routinely during audiologic assessment.
Perhaps some of the variability in the degree to which older adults experience
problems communicating in real rooms is related to speechreading ability.

F. Binaural Hearing

The benefit of listening with two ears in less-than-ideal conditions has been
well documented. Studies of binaural processing by older listeners have dem-
onstrated age-related deficits in such binaural phenomena as the masking-level
difference (Findlay & Schuchman, 1976; Novak & Anderson, 1982; Olsen,
Noffsinger, & Carhart, 1976; Pichora-Fuller & Schneider, 1990; Tillman,
Carhart, & Nicholls, 1973; Warren, Wagener, & Herman, 1978), interaural time
discrimination (Herman, Warren, & Wagener, 1977; Kirikae, 1969; Matzker &
Springhood, 1958), and the precedence effect (Cranford, Boose, & Moore,
1990). Studies of binaural speech perception suggest that older adults do benefit
from using binaural cues, but to a lesser degree than younger listeners (Duques-
noy, 1983; Nabelek & Robinson, 1982; Tillman, Carhart, & Nicholls, 1970).

Evidence exists, however, suggesting that the peripheral hearing loss accom-
panying presbycusis is the limiting factor in binaural processing. Young hearing-
impaired listeners often show abnormally poor binaural abilities (Durlach,
Thompson, & Colburn, 1981). A number of studies have revealed little age-re-
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lated change on binaural fusion (Harbert, Young, & Menduke, 1966; Palva &
Jokinen, 1970} and on a variety of binaural tasks when younger and older subjects
are matched on amount of hearing loss (Kelly-Ballweber & Dobie, 1984).
Further, the size of the binaural advantage appears to be more closely related to
amount of hearing loss in older subjects than to chronologic age. Gelfand, Ross,
and Miller (1988) explored the threshold for sentences in noise originating at
the same spatial location as the speech or from a loudspeaker situated 90° relative
to the primary signal. Three groups of normal-hearing subjects (young, middle-
aged, and elderly) and a group of listeners with presbycusis were included in
the study. Although overall performance was poorer in the two groups of elderly
listeners (as compared to the young, normal-hearing group), the amount of
binaural advantage from spatial separation of the speech and noise was signifi-
cantly smaller only for the participants with presbycusis.

The influence of aging on the binaural advantage in reverberation and noise
was addressed by comparing monaural and binaural consonant perception in
younger and older listeners (Helfer, 1991). The subjects in this study were nine
young, normal-hearing adults and nine older adults (60-73 years, mean 65.7
years) with little or no hearing loss (a mean pure-tone average of 10.3 dB HL
and a mean high-frequency pure-tone average (2k, 3k, 4k, 6kHz) of 24.2 dB
HL). All subjects were native English speakers who reported a negative history
of otologic and neurologic disorder. In addition, all participants had symmetric
audiograms.

The CUNY Nonsense Syllable Test was re-recorded to yield four listening
conditions: quiet, noise (at a +10 dB signal-to-noise ratio), reverberation
(T =0.9 s), and reverberation plus noise. Recordings were generated with the
use of a KEMAR mannequin in order to produce test stimuli with possible
binaural cues. All participants listened to the stimuli under both monaural and
binaural presentation modes delivered through insert earphones at a set presen-
tation level of 82 dB SPL.

Although the older subject group scored significantly poorer than the younger
group in the reverberation condition (F(1, 16) = 10.17, p = .006) group differ-
ences in the amount of binaural gain in each listening condition were nonsignifi-
cant. This was due, in part, to the large amount of variability noted for the
binaural advantage in both subject groups. Further, correlation coefficients were
small (and nonsignificant) between age and binaural gain, and between the
amount of pure-tone hearing loss and binaural gain. The data from this study
suggest that aging itself does not reduce the ability to use binaural information
in these older adults with little or no peripheral hearing loss.

G. Interaction of Distortions

In everyday listening situations a number of distortions are likely to be concur-
rent. For example, people may speak rapidly in noisy, reverberant rooms to
hearing-impaired individuals. Several studies of the interaction of distortions
suggest that the effect of multiple degrading factors is additive — levels of distor-
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tion that cause little difficulty in isolation, when combined, may lead to a large
reduction in intelligibility. This is true of the combination of low-pass filtering,
amplitude modulation, and multiple echoes (Martin, Murphy, & Meyer, 1956);
compression, interruption, masking, and high-frequency hearing loss (LaCroix
& Harris, 1979); and reverberation, masking, filtering, and changes in speech
level (Loven & Collins, 1988). A multiplicative effect has been demonstrated
for the combination of reverberation and noise — when these two distortions are
both present, the decrease in perception is often greater than would be predicted
from simply adding the amount of degradation obtained separately from each
factor. This suggests that noise and reverberation have somewhat different ef-
fects on the speech signal. Table 2 summarizes a number of studies of speech
perception in reverberation and noise.

A multiplicative model of distortion may also be applied to older listeners.
Figure 2 depicts this multiplicative model of speech perception in aging. Older

External Distortions:

Room Acoustics-

Noise, Reverberation
Fast Rate
Speaker Differences
Complex Sentence Structures
Visual/Auditory Distractions
Distance from Sound Source

Speech Input

Internal Distortions:

Auditory: Non-Auditory:
-peripheral hearing loss  -slowing of processing
-other peripheral speed
disorders: -fatigue/decline in
-temporal resolution vigilance
-frequency resolution -memory loss
-central auditory -reduced speechreading
processing disorder ability
-reduced binaural -other cognitive changes
processing

Speech Perception/Misperception

Figure 2. Multiplicative mode! of speech perception in aging.
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adults may have a number of internal distortions, such as loss of hearing sensitiv-
ity, other peripheral auditory changes (i.e., reduced frequency resolution or tem-
poral acuity), central auditory deficits, visual system decline, and/or cognitive
changes. These internal distortions, even if minor, may interact with external
distortions of the speech signal (e.g., reverberation, noise, fast rate). The end
result may be reduced intelligibility even in the absence of large amounts of any
one internal distortion. This might explain why a proportion of older individuals
with little or no peripheral hearing loss who have little difficulty understanding
speech in quiet have marked problems with everyday speech perception.

Implications for Hearing Assessment and Intervention

The information gained from audiologic assessment may not adequately pre-
dict the need for intervention. It can probably be assumed that most older adults
with a significant amount of hearing loss have difficulty in typical listening
environments. The prediction of the performance of older adults with little or
no hearing loss is more complicated. Some older, minimally hearing-impaired
listeners experience speech perception difficulty in noise (Dubno, Dirks, & Mor-
gan, 1984; Gelfand, Ross, & Miller, 1988; Gordon-Salant, 1987) and in rever-
beration (Bergman, 1980; Harris & Reitz, 1985; Helfer, 1991; Helfer & Wilber,
1990; Nabelek, 1988; Nabelek & Robinson, 1982).

At least two problems exist when attempting to apply these data to real-life
listening. This first difficulty lies in the variability noted in the majority of
studies using older adults with minimal hearing loss. While some of these indi-
viduals demonstrate significant problems with speech understanding, others
achieve performance similar to that of young, normal-hearing subjects. This
variability can be observed clinically in the wide range of problems reported by
older clients with “borderline-normal” hearing sensitivity. Attempts should be
made to identify contributing factors to this variability. If the sources of diffi-
culty can be identified, audiologists may be better able to predict which individu-
als might benefit from intervention.

The second problem is that the face validity of many experimental tasks is
questionable; for example, the perception of nonsense syllables which has been
distorted by reverberation and noise is not related to amount of self-perceived
hearing handicap. Correlation coefficients between scores on the Self-Assess-
ment of Communication (Schow & Nerbonne, 1982) and percent-correct perfor-
mance on the binaural advantage study discussed earlier (Helfer, 1991) ranged
between —.07 and —.22. Similar results have been shown when attempting to
correlate hearing handicap measures with the perception of monosyllabic words
(Weinstein & Ventry, 1983a, 1983b) or with sentence perception in either quiet
or noise (Gatehouse, 1991; Lutman, 1991).

The development of test measures which better simulate actual communication
(and thus are more predictive of how clients perform in the real world) would
represent a great improvement in the clinical assessment of speech perception.
One sizeable dilemma faced by anyone attempting to develop such measures
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would be in deciding how to choose the communication environment(s) and
task(s) to be simulated. An appropriate first approximation might be to include
both reverberation and noise in routine clinical assessment of speech understand-
ing.

Hearing handicap scales remain a strong indication of the functional ability
of listeners in everyday communication situations. Because of the inadequacies
of present test measures in predicting real-life performance, the data from hearing
handicap scales should be taken into account when decisions are made regarding
intervention. This is especially true when the client is an older individual who
demonstrates ‘“‘sub-clinical” hearing changes on audiometric measures.

If older, minimally hearing-impaired adults will be advised to seek hearing
rehabilitation, programs should be designed to address their needs. Because
these individuals will have little difficulty in face-to-face conversation, interven-
tion needs to incorporate realistic, challenging tasks (e.g., different speakers,
various sources of distortion). One useful model is the meta-communication
approach developed by Erber (1988). This type of intervention program has the
patential to help older individuals identify and resolve communication problems
outside of the clinic.

In addition to communication-related tasks, “pre-crisis” intervention may be
incorporated into rehabilitation programs. Clients could be educated about hear-
ing aids and hearing loss prior to needing amplification. Perhaps these individu-
als can then act as peer counselors to other elders to help foster acceptance and
dispel inaccurate information about hearing loss and hearing aids. Audiologists
may need to be more flexible regarding both candidacy for and the nature of
activities that fall within the realm of aural rehabilitation.
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