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ABSTRACT

The effects of aging on various aspects of auditory function were
examined. Age-related changes in threshold (pure tore and speech)
and acoustic immitance measures were investigated for thirty-nine
subjects ranging in age from sixty Lhrough to eighty-sevan years.
The characteristic audiometric configuration was seen and there was
evidence of continuing sensitivity decline with increasing age.
Speech thresholds were found to be in agreement with pure tone .
thresholds, and immittance values were within normal limits.

Performance on three suprathreshold speech discrimination tasks,

viz. CID W-22 word 1ists, the SPIN test and time-compressed SPIN
material (CSPIN), was investigated and the effects of age and
audiometric configuration were examined. Age was found te
differentiate between the subjects while audiometric configuration
did not prove to be a significant variable. Speechscore variation
was significant for al) the subjects (with the exception of the
high predictability sections of the SPIN and CSPIN tests),
indicating that different aspects of discrimination were being
assessed. Context was seen to be an important factor in overcoming
the distorting effects of both noise and time-compression. A
strong relationship between audiometric measures and handicap, as
reflected by the Hearing Handicap Inventory for the Efderly (HHIE),
was not evident, although the Tow false-positive rate indicates
that it may be a good measure to use in cenjunction Wwith pure tone
screening for the identificstion of those elderly individuals who
are in need of audiplogica) services, The implications of the

results are discussed.
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CHAPTER L

INTRODUCTION

Man's adaptation to his enviromment is dependent to a
large degree on his ability to express and receive
verbal information. The earliest and most used sensory
channel for this s the auditory system, embracing a
highly complex set of interdependent functions, from
perception through understanding (Bergman, 1985, p. 99}.

Physical and sensory changes accompany the aging process, but many
older individuals consider the difficulties that they experience

with communication to be one of their major probiems (Kasten,

‘Ww‘ 1981). It is a recognised fact that hearing sensitivity declines
; with incr-asing age; hearing loss is one of the wmost common
. problems astociated with aging (Nadei, 1981; Maurer and Rupp,
7 { 1878}, and the changes in pure tone sensitivity that accompany

aging have been well documented (¢.g. Osterhamme) and Osterhammel,

1979h; Corso, 1963; Hinchciiffe, 1962)., However, hearing loss cam

enly account for some, but not all, of the preblems which the
: elderly experience with communication (Obler and Albert, 1981).
! Hearing impairment encompasses more than seasitivity loss and, in
order to understand the auditory problems that are associated with
aging, one needs to look at other factors in addition to the
frequency and intensity descriptions of auditory performance

{Bergman, 1985; Kasten, 1981).

There are many aspects of auditory processing in the elderly that
are poorly understood (Marshall, 1981). However, a precise
understanding of the changes that occur in auditory processing with

aging, and determination of the strategies that the elderly empioy
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in the perception of speech, is necessary if the clinician is to
effectively alter the conditions of the elderly individual's
communicative interactions, in order to alleviate the disabling
effects of the hearing impairment (Gbler and Albert, 1981 Bargman,
1980). Thus the aim of this study was to investigate the effects

of aging on varions aspects of auditory function.

A perspective of the research concerned with hearing loss in the
elderly is provided in Chapter Two. A general discussion of
age-related problems is followed by a discussion of the anatomical
and physiological changes that occur in the aging auditory system, 2
studies which describe the effect of age on auditory function are
reviewed, and the relationship between handicap and jmpairment is

7 qiscussed. Details pertaining to the experimental procadure are

outTined in Chapter Three, and the results are presented and :
discussed in the following chapter. The final chapter deals with

clinica) and research implications which arose from the resuits.
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CHAPTER 2

BACKGROUND _INFORMATION

Aging is a dynamic series of biolegic, social and

psychologic changes (Rarstecki, 1981, p. 26
These changes can manifest as subtle prablems or severe handicaps.
Traditional theories on aging were based solely on biologic
changes, while current theories tend towards social as well as
biologic changes and a compination. Gerontology 1is an inter-
disciplinary science which encompasses all aspects of aging,
ineluding the physiologic, socielogie, psychologic, religfous and
political {(Maurer and Rupo, 1379}. Although scientists are not
totally in agreement as to the cause of aging, there is a general
consensus of opinion that more than time alone is involved (Birren
and Renngr, 1977, cited by Bergman, 1985), Aging varies greatly
amongst and within species (Bergman, 1988) and it would appear to
be & highly individualised process, with the variance found in this
process unable to be accounted for by any one single Lheory (Maurer

and Rupp, 1979).

wany chronic conditions such as high blood pressure, arthritis,
heart disease and handicapping sensory deficits have bewn described
as being dssociated with aging (Alpiner, 1965). The proportion of
elderly individuals 1is on the incraase (Bergman, 1985; Bentzen,
1981; Garstecki, 1981}, consequently an understanding of these
age-related problems, which nesd to be taken into consideration in

the over-all rehabilitation process, is essential. According to
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Harris (1977, cited by Maurer and Rupp, 1979), of the five most
prevalent chronic conditiens affecting the physical health of the

elderly, hearing-impairment ranks second orly to arthritis.

The descriptive term applied to hearing loss caused by physiologic
aging §s presbycusis. According to Maurer and Rupp (1979},
presbycusis s not only the most common communicative problem
amongst the elderly but it is also the most common hearing problem
in the population as a whole. This auditory disorder manifests
itself as a slowly progressive, bilaterally symmetrical, sloping

sensori-neural loss, with speech discrimination skills which are

} poorer than would be expected for the degres of lgss, especially in
g[ gifficult Tistening + tions (Mgller, 1983; MWilleford, 1978;

Lowell and Paparell . Vi

While the decrease in auditory fumction is coincident with biologic
aging, it is not strictly related to aging alone. The study by
Rosen, Bergman, Plester, El-Moffey and Salti (1962) can be seen to

provide some support for this. Thase authors reported that the

elderly Mbaans of the Sudan have better hearing acuity than their

e

Western counterparts, and they attributed this to-a difference in
A notse exposure. While exposure to noise may, or may not, be the
. primary cause of presbycusis, the currenk feeling is that the
g disoru-r 15 probably the cumylative effect of a number of disorders
or iwutts which result in the degeneration of the auditory system
{Nadn! 1981; Schuknecht, 1974). Both soctal and biologic factors
cont: iiwta to the aging process. Aging is primarily determined by

genetic factors, but these are influenced by envirommenta) factors,
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such as diet, stress, etc., in addition to noice exposure {(Cohn, 1981;

Jerger and Jergar, 1981; Schuknecht, 1974).

ANATOMICAL Ch NBES

Changes in the Peripheral Auditory System.

Presbycusis as a cause of hearing probiems f{s not easily differen-~
tiated from other causes of progressive hearing lass such as, for
axample, the effects of ototoxic substances, hereditary factors, noisé
exposure or circulatory disorders. Furthermore, the possibility of
the synergetic effect of any two or more of these cannot be jgnored
{Marshal), 1981; Cohn, 15881; Nadol, 1981}, According to Arnst
L {1985) there is nothing pathognomic about pre‘g‘gycusis. Although it
B was originally thought to be zaused by age related changes
occurring primarily in the inner ear, moré recent research suggests
that the enth'é auditory system undergoes a wide range of senescent
changes which can occur in many combinations (Arnst, 1985; Jerger
and Jerger, 1981; Orchik, 1981).  Physical examinatfon of the ear and
histopathologic studies give one an insight into the nmeckanism,

although not the cause, of presbycusis.

The external ear:

Major changes oceur 1in the appearance of Lhe ear. These may
include decreased elasticity and increased size of the pinna,
atrophy or increased flaccidity of the external auditory meatus and

axcess accumulabion of cerumen (Jerger and Jerger, 198l Wofford,
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1881). Thase changes do net directly affect hearing, but the
decrease in supportive tissue can result in the collapse of the ear
canals with the pressure of the earphones, thereby creating a false

conductive hearing loss {Arnst, 1985; Wofford, 1981; Hull, 1978).

The middle ear:

Many structura) charges of the middle ear have been shown by histo~
patholngic study. Thinning of the fibrous layers of the tympanic
membrang (Wofford, 1981), thickening of the tympanic membrane
{Jerger and Jerger, 1981) and fibrous and bony ankylosis of the
ossicular joints (Mangham and Yarrington, 1984; Nadol, 1881) have
been reported. Although these changes are not thought to be
associated with detectable conductive hearing loss (Mangham and
Yarrington, 1984}, there have been reports of a high frequency
conductive component (Milne, 1977, cited by Wofford, 1981; Rosen,
Plester, El-Mofty and Rosen, 1864; Glorig and Davis, 1961),
However, this may be accounted for on the basis of ear canal

collapsa (Randolph and Schow, 1983).

The inner ear:

The fmportance of senescent changes in the inner ear in relation to
the characteristic high frequency hearing loss has been recognised
for many years, Initially, two distinct areas of degeneration were
noted, viz. atrophy of the basal end of the cochlea and stria
vascularts (Arnst, 1985). Crowe, Guild and Polvogt (1934, cited by

Maurer and Rupp, 1979) found that not all audiograms could be
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matched with temporal bone findings, and suggested that the audi-
tory nerve may be implicated as a site of presbycusis in certain
cases. In 1955 Schuknecht reported that both epithelial and neural
atrophy were signs of auditory aging, and Hansen and Reske-Nielsen
(1965) reported an additional area of damage, i.e. vascular. In
1974 Schuknecht revised his original (1964) classification of
presbycusis. Our present knowledge of the aged auditory system is
primarily based on this classification, despite the fact that his
work is based on case studies rather than on statistical analysis

of data derived from large numbers of subjects (Marshall, 1981).

Schuknecht's (1974) classification system:

This system classifies the effects of aging on the szuditory system

into four main types.

1. Sensory prasbycusts is manifested by degeneration and loss of
hair cells and supporting cells. There is also secondary
Toss of cochlear neurons. The cause of the degeneration is
upknown, but it was postulated that it may be related to
lipofuscin accumulation in the cells and cochlear tissue. A
high frequency, bilaterally symmetrical hearing loss Wwith

good speech discrimination is associated with this type.

2. Neural preshycusis is characterised by a loss of spiral
ganglion cells and cochlear neurons and abnormalities of the
myelin sheath. There may also be a loss of neurons in the

higher auditory pathways. The hearing loss configuration is
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similar to that found in sensory presbycusis, although
hearing sensitivity as such may not be affected until the
number of neurans falls below that required for effective
transmission, integration and decoding. Speech discrimina-
tion is characteristically poor. According to Nadol (1981),
this may be due to the greater need for neural integration
for the encoding of speech signals in comparison with pure

tones.

Metabolicsstrial preshycusis is typified by atrophy of the
stria vascularis, which is utually more severe in the apical
and v:ddle turns. Schuknecht postulated that the strial
atrophy affects the chemical composition of‘the endo1ymph,
which then has a detrimental influence on the metabolism of
the secretory epithelium and, consequently, disturbs cochlear
function and leads to hearing loss. The clinical feature is
a flat, audiometric configuration and excellent speech

discrimination.

Mechanical/cochlear conductive presbycusis is associated with
a change in the mechanica) properties of the cochlea. The
resulting hearing los$ is hypothesized to be the result of a
disorder in the motion mechanism of the cochlear duct. The
audiometric pattern is similar to that found for sensory
presbycusis, and speech discrimination scores are inversely

related to the steepress of the audiometric slope.

While this classification provides insight into presbycusis, there

is

R ol

a problem in that the patterns of degeneration discovered
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thraugh histopathologic analysis are not specific to any one
etiological factor (Nadel, 1981) and it s not commen for the
disorder to manifest as a pure form (Cohn, 1981; Marshall, 1981).
It is more likely that more than one type of anatomical degenera-
tion may occur concurrently and, consequently, it is extremely
difficult to classify the elderly as having a certain type of

presbycusis on the basis of the audiometric findings.

Changes in the Central Auditory System

" ‘g Schukrecht (1974), in his description of neural presbycusis,

indicated that there may also be loss of neurons within the higher

auditory pathways, but he did not elaborate on the central effects,
- : L Some investigators, e.g. Mangham and Young (1984) and Hinchcliffe
(1962) have stated that central changes, 1.e. those occurtring

- within the brain, are mainly responsible for the audiologic picture

| of presbycusis.

! Age related changes within all levels of the centra) auditory
H system have been reported. These c¢'anges can be viewed from a
developmental/physiologic or involutiohel/pathologic point of view.
The physiologic or developmental approach sees the changes that
occur to be merely part of the normal ontogenetic cycle, with
individual differences arising from the speed at which each
individual passes through the cycle, Alternatively, the changes
can be seen as pathologic and being the cumulative result of many

diseases and insults (Valensteln, 1981; Smith and Sethi, 1975},
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Currently both processes are thought to be invalved in normal aging

(Smith and Sethi, 1875},

Those changes that have been dncumented include: atraphy of the
brain with reduced weight; reduction in the neuron population, the
number of myelinated axens and the amount of white matter; altered
brain metabolism; ventricular dilation; rarrowed gyri; widened

sulci; accumulation of fats and iron deposits in the central path-

ways; decreased cerebral bloodflow and cerebral oxygen consumption;
and increased cerebrovascular resistance (Cohn, 1981; Jerger and
Jerger, 1981; vValenstein, 1981; Maurer and Rupp, 1979; Antonelli,
1978; Smith and Sethi, 1975; Hansen and Reske-Nielsen, 1965). The
. changes occurring in the cortex appear to be unevenly distributed
7 | and are more pronounced than those in the ascending pathways;

Hansen and Reske-N® =~ (1965) reported that the changes in white

1 matter are more By in the cortex, and an unequal rate of
cortical attrition the superior temporal gyrus appearing to
! have the greatest 1loss of neurons has also been reported

1 (Valenstein, 1981; Brody, 1855, cited by Arnst, 1985).

Abnormal brain wave activity has been associated with aging, 1In
more thai a third of the elderly population there is some slowing
of activity with focal slowing particularly over the anterior
temporal lobe area, which is sometimes mare prorounced for the left
hemisphere (Smith and Sethi, 1975). This slowed activity, and the
fact that nerve conduction velocity decreases with an increase in
age (Smith and Sethi, 1975), may be the physiologic basis of the

slowed central reaction time that has been reported for this
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population (Bergman, 1985; Newman and Spitzer, 1983; Kasten, 1981;
Maurer and Rupp, 1979; Smith and Sethi, 1975). Maurer and Rupp
{1979) postulate that since the depleted neurons are not replaced

by the division of the remaining cells, central auditery processing

must become less efficient as the cell population dectines. Thus
the slowed neural conduction plus the Jess efficient central
processing would mean that the elderly would require more time to
deal with the incoming auditory signals. while this may explain
the difficulty which the elderly have in understanding speech,
particularly do caded speech (i.e. speech where the redundancy of
the signal has been reduced in some way, for example, by means of
filtering, time compression, etc.) and speech in noise, no link has
yet been definitely established between the nature, extent and
severity of the physical chenges and the audiologic problems

(Valenstein, 1981; Smith and Sethi, 1975).

EFFECT OF AGE ON AUDITORY FUNCTION

Pure Tone Sensitivity.

i
1
Lo

* i - Afr and hone conduction thresholds:

. While the exact relationship between histopathologic findings and

audiologic manifestations may not have been established, the fact

that hearing sensitivity declines with increasing age has been
' known for a long time. Zwaardemaker (1899) is generally cited as
the first person to investigate and document the age-related,

gradually sloping, high frequency hearing loss and to coin the term
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'presbycusis' {Arnst, 1985; Bergman, 1985; Mgller, 1983; Lowell and
Paparella, 1977). This decrease fn pure tone sensitivity is
probably the most widely examined aspect of presbycusis and, since
the development of the pure tone audiometer, many reports
concerning the audiometri- configuration have appeared which lend
support to Iwaardemaker's original description (e.g. Mpller, 1983;

Osterhamme] and Osterhammel, 1979a; Corso, 1963).

Although the loss has mainly been described as being sensorineural,
some changes in the bone conduction response have also been
reported.  Carhart (1958, cited by Orchick, 1981) described the
Bernero effect, i.e. a qreater loss by bone Gonduction than by air
conduction at 500 Hz. He attributed this to a central dysfunction,
but Melrose, Welsh and Luterman {1963) felt that the more likely
explanation was that it was a reflection of alterations in the
impedance of the skull. Discrepancies concerning the prasence or
absence of a conductive component are also noted. A few studies
(e.9. Milne, 1977, cited by Wofford, 1981; Nixon, Glorig and High,
1962; Glorig and Davis, 1961) reported the presence of a high
frequency air-bone gap which was related to pathologic changes in
the middle ear. However, Randolph and Schow (1983) attribute this

reported air-bone discrepancy to collapsed canals.

Sex differences:

There appears to be some disagreement concerning the effect of sex
on age-related sensitivity decline. Corso {1963} stated that the

hearing loss for men 1is slightly greater than that for women,




Spoor (1967) examined the data on age-refated changes in hearing
from eight different studies, including the one of Corso, and
concluded that the thresholds For males are definitely higher than

for females, and Jerger and Jerger (1981) contend, on the basis of

clinical experience, that the pattern of prashycusis differs

between the sexes.  However, others feel that the reported sex
= S difference arises from a difference in noise exposure, and not sex

per se (Mgiler, 1983; Osterhammel and Osterhammal, 1979a).

In addition, the contribution of factors other than normal aging to
the hearing loss may compound the issue, Lowell and Paparella

(1977) suggested that presbycusis, where the hearing loss is solely

attributed to age and where there are no contaminating genetic or
environmental factors, is rare. The Rosen et al study (1962) would
seem to support the idea of more than biologic aging contributing
to the hearing loss. In addition, it also provides support for a
sex difference, since it highlighted a difference 1in hearing
thresheld for men and women. However, Mgller (1983) criticises
this study on two counts: firstly, not many subjects actually knew

their age and were judged to be of a certain age by Rosen and his

associates on the basis of their appearance and, secondly, only a
f few of their subjects were in the older (above 70) age group.
L ( Consequently, she questions their conclusions and states that

: direct comparison with studies conducted in the West 1s not
possible. The question of sex differences could only he resolved
if the differential effect were investigated in that rare group of
individuals who would conform to Lowell and Paparella's criteria

for being classified as presbycutic. However, differentiation of
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hearing loss due to aging only is a purely theoretical concept,
since it is difficult to distinguish the effects of endogenic and
exogenic factors from those of age (Cohn, 1981; Hull, 1978).
Furthermore, this would merely be an academic exarcise because, as
Bergman {1985) says, the important factor i{s the actual Tloss,
regardless of the relative conbributions of preshycusis,

sociocusis, nosocusis, genetic, racial or other factors.

Continuing sensitivity decline:

Another area of disagreement is that of continuing sensitivity
decline. Some investigators report that thresholds plateau after a
certain age (Sataloff et al, 1957; Melrose et al, 1963), while
others have found that sensitivity continues to decline with
increasing age {Corso, 1963; Goetzinger, Proud, Dirks and Embrey,
19613, A lJongitudinal study conducted by Mglier (1981, cited by
Mgller, 1983) clearly demonstrates that hearing does continue to
decline with increasing age for subjects tested at 70 years and
again five years later. If a plateawing does indeed exist, this

must therefore occur after 75 years of age.

Reception and Oiscrimination of Speech.

Reception thresholds:

For youny listeners, the threshold for speech (SRT} typically corte-
lates well with the pure tone average (PTA) score. Except for some
of the subjects in Pestalozza and Shore's (1955) study, this rela-

tionship has not been reported to be altered although, as would be
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expected, the mean SRT value for older individuals is elevated in
comparison with that of normal hearing young listeners (Punch and
McConnell, 1969, cited by Corso, 1977). Of more interest Is the
effect of age on speech discrimination abilities, This area has
received considerable attention and, after reduced hearing
sensitivity for deterioration of speech discrimination, is the most

commonly recognised feature of presbycusis.

Speech discrimination in quiet:

Gaeth (1948) s cited by most researchers as being the first person
to describe the discrimination problems experienced by the elderly
(Hayes, 1984; Moller, 1983; Orchik, 1981; Willeford, 1978). He
reported that discrimination scores are poorer than would be predic-
ted from the pure tone audiogram, and he called this phenomenon
‘phonemic regression'. Subsequent research by Pestalozza and Shore
{1955) supported the concept of phonemic regression. By comparing
the speech discrimination socres obtained by young and elderly
subjects, watched with regard ta pure tcne audiograms, they found
that the young subjects' scores were approximately 20% better.
Goetzinger et al (1961) and Luterman, Welsh and Melrose (1966) alse
demonstrated reduced discrimination scores for the elderly, which
they attributed to changes occurring within the central auditory

system.
A problem with these early studies is that discrimination was only

assessed at one presentation leval. Kasden (1970) noted that maxi-

mum discrimination scores for the elderly tended to be reached at
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higher presentation levels than fer young listeners. Consequently,
if discrimination is being sampled at only one audiometric Tevel,

and the performance of the elderly is compared with that of young

Vistene rs, the actual discrimination abilities of the elderly
subjects may be underestimated. M@lier (1983) also criticises
these studies on the grounds that the data was collected from
elderly subjects who had been referred to a speech and hearing
clinic hecause they were experiencing problems. The results which
she obtained from an unselected group of old people were rather
different (1981, cited by Mgller, 1983). The mean diserimination
scores (93% for females and 86% for males) for randomly selected,
elderly individuals were higher than those previously reported, and
were in agreement with what would be predicted on the basis of the
pure tone audiogram. The distribution of the scores indicated that

75% of the females and 50% of the males had ~rores better than, or

equal to, 92%. She concluded that discrimination in the elderly is
i not noticeably more reduced than that for young people, and that
i the data do not provide much support for the concept of central
[ auditory disturbances being prevalent amongst the elderly. Similar
i results were reported in an earlier study by Klein (1976). She
i investigated discrimination abilities in two groups of elderly

! individuals; one group containing subjects who had been referred to
L L a speech and hearing clinic, and a matched group of subjects who
3 had not previousTy cemplained of hearing problems, and found
‘ generally poorer performance For the clinic cases. However, in
contrast to Mgller, she reported that the disarimination abilities

were poar for both groups.
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Other studies have also rejected the concept of poorer discrimina-
tion abilities being characteristic of age-related changes in
auditory function ({Surr, 1977, cited by Marshall, 1981; Kasden,
1970; Harbert, Young and Menduke, 1966). In these studies, these
investigators carefully matched the audiograms of young listeners
to those of elderly subjects, and did nobt show any difference
between the groups, concluding that diseriminatfon abilities are
influenced by degree of Toss, and mot age, However, the results of
a study conducted by Bess and Townsend (1977) indicated that
discrimination abilities are probably affected by the interaction
of age and degree of Joss. They found that subjects with PTA
scores of less than 49 dB did not show much of an age effect, while
those with a greater degree of hearing loss showed a definite age

effect, which seemed to increase with the severity of the loss.

From this discussion it becomes evident that the combined
influences of increasing age and degree of Joss need to be further
investigated. The effect of the configuration of the loss also
warrants attention, since a strong relationship between this aspect
and speech discrimination has been reported (Dirks and Oubro, 1984;
Oubno and {Hirks, 1982), although this has not been specifically

investigated in the elderly population.

Speech discrimtnation in noise:

Most real-life communication occurs im the presence of background
noise,  Consequently, in order to describe the discrimination

problems which the elderly experience, this neads to be examined in

U QU




less than ideal conditions. Smith and Prather (1871} reported that
the elderly, 1in comparison with young listeners, show reduced
discrimination for nonsense syllables in the presence of broad band
noise at various signal-to-noise (S/N) ratios. Orchik and Burgess
(1977), cited by Orchik (1981}, examined synthetic sentence identi-
fication ($SI} in the presence of ipsilateral competing messages
(SSI-ICM} as a function of aging, and found significantly poorer
performance for the elderly. Since all their subjects had normal
peripheral hearing, they concluded that this reflected a central
effect, A discrepancy between maximum discrimination scores for
CID W-22 words presented in quiet and maximum SSI scores (at G dB
S/N ratio), which follows the same pattern observed in young
listeners with documented central auditory dysfunction, was seen by
derger and Hayes (1977} in elderly individuals. They noted that
this effect was not related to any particular audiometric configura-
tion and, thus, felt that it reinforced the idea of a central

effect.

The effect of noise on the reception of real sentences was fnvesti-
gated by Plomp and Mimpen (1979a) and Dugueshoy (1983). They found
that the problems which the elderly experience primarily manifest
themselves 1in nofsy conditions, and that noise has a differentiﬂ.
effect even amongst individuals with similar hearing loss, Plomp
and Mimpen (1979a) plotted the median hearing loss for speech for
the different age groups as a function of the Fletcher {ndex, and
as a result of this analysis they concluded, in contrast to Orchik
and Burgess and Jeryer and Hayes, that for subjects up to about

90 years the speecs problems are due to deterioration of the
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auditory pathways, rather than to central processing problems,
They used real Dutch sentences as stimuli because they considered
them to be more representative of everyday listening situations, in
contrast to synthetic sentences which are devoid of the supra-
segmental and contextual cues which are normally available for
perception in conversational speech. The stimuli differ in terms
of the amount of redundancy and, therefrre, the degree to which the
central processing system js stressed when they are presented in

noise would also differ.

A test which contained both high ani low redundancy ftems would be
more suitable for assessing the problems which the elderly
experience when speech is presented against a background of noise,
Such a test is the Speech Perception in Noise (SPIN} test, which
was developed by Kalikow, Stevens and Elliott in 1977. These
researchers recognised that in speech communication adults utilize
acoustic.phonetic and linguistic-contextval information for percep-
tion, The SPIN test comprises eight lists of 50 sentences each,
where the predictability of the final target word of each sentence
is contrelled. Half the items in each 1ist are designed Lo be
identified primarly by acoustic-phonetic  information  (low
predictability [LPJ) and the other half are designed so that
1inguistic-contextual information is present to aid identification
(high predictability [HP]). Examples of each of these sentence
types are: “The beer drinkers raised their mugs" (HP), and “Peter
should speak about the mugs” (LP). Each test word is presented in

both an HP and an LP context in complementary lists.
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The sentences are presented in a 12-voice background babble, both
being recorded on separate chennels of audio tape to allow varia-
tion of the signal-to-babble (i.e. the S/N} ratfo. The test thus
examines discrimination as a function of both context and competing
noise, and research has established that, as would be expected, the
performance of normal hearing young adults improves when contextual
cues are present and the noise level is decreased (Dickens and
Delaney, 1986; Owen, 1981; Kalikow et al, 1977). Since Dickens and

Delaney (1986) found that scores were better at a lower presenta-

R tion Tlevel, regardless of S/§ ratio, both facters (i.e. $/N ratio
R and presentation level) need to be considered when describing the

elderly's discrimination in noise.

EX «

~ Kalikow et al (1977) found that the difference scores (i.e, HP-LP)
of ten elderly subjects were slightly depressed relative to those
- of younger listeners. Owen (198l) found that an elderly (mean
age = 52 years) group differed from a group of hearing impaired
children (mean age 9,5 years) primarily with regard to LP scores.
The poorer scores obtained by the elderly subjects could not be

accounted for on the basis of hearing sensitivity since this group

had a better mean PTA score. He therefore concluded that central
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processing factors accounted for the smaller LP scores, and

suggested that it may be possible to use the LP sentences as a

measure of centra) processing. The performance of aged subjects on

the SPIN test in general, and specifically the use of LP scores as

an index of central auditory involvement, needs to be eéxamined in

more detail.
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Time-compressed Speech.

Central auditory processing canm be considered a special kind of
speech discrimination (Willeford, 1978), and research has suggested
that reduced function of the central auditory nervous system (CANS)
becomes evident when the speech is degraded or sensitized in some
manner. In addition many studies have indicated that the elderly
experience difficulty in processing sensitized speech (e.g.
Bergman, 1983; Clarke and Knowles, 1973; Bergman, Blumenfeld,
Cascardo, Dash, Levitt and Margulies, 1976; Bergman, 1871; etc).
This reduction in the ability to understand distorted speech is
thought toe be related to temporal processing abilities, i.e. the
elderly require an increased time constraint for perceptual

processing (Bergman, 1985; Antonelli, 1978).

Speech can be described as being composed of variations in freguen-
cy, intensity and time (Kasten, 1981}, and can be distorted &y
manipulation of any of these parameters, Possibly because the
problems that the elderly experience are thought to be temporally
related, this is one area which has received much attention.
While the exact nature of the temporal processing of speech and
language is not known (Kasten, 1981), interest in time as a factor
in age~related problems in speech understanding hds grown consider-
ably over the last years. This interest dates back to an early
report by Calearo and Lazzaroni (1957) which documented the
difficulty experienced by the aged, when compared with young
listenérs, in responding tc fast speech. They concluded that the

central acoustic reaction time was lengthenad as a result of the
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aging process. Since this report many others have appeared, but

not all studies are in agreement.

Temporally related alteration has been accomplished by a change in
speech rate (Colearc and Lazzaroni, 1957), by interruption (Moller,

1983; Bergman et al, 1976) and more frequently by expansion and

' K compression (Korabic, Freeman and Church, 1978; Konkle, Beasley and
?‘” Bess, 1977; Schoa, 1670; etc). While the simplest method of
! altering the temporal characteristics of speech is to merely speak

faster, there are a number of drawbacks to this. The major advan-

tage of not requiring any special instrumentation is outweighed by
the fact that the speaker tends to introduce undesirable changes in
the spectral qualities, and that there is a physiological limita-
7‘\ < tion to the amount by which ihe speaker can shift the rate (Beasley
and Maki, 1976).  Furthermore, there is no means of precisely
[ controlling the rate. A more precise method used in some studies
was to change the playback speed of a pre-recorded signal on a tape
. recorder {Beasley and Freeman, 1977). However, this also results
' in undesirable shifts in the frequency of the signal which are
proportional to the playback speed (Rintelmann, 1985; Beasley and
Freeman, 1977). Garven in 1953 {rited by Beasley and Maki, 1976)
used a manual sampling technique which partially eliminated the
problems with frequency shifts, but was not efficient because it

was laborious and time-consuming.

j The first electromechanical time compressor/expander was developed
B i 1954 by Fairbanks, Everitt and Jaeger (cited by Rintelmann,
1985; Beasley and Maki, 1976). This device made use of a tape

o Toop, passing over an assembly of rotating heads, which received
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the signal to be altered. The segments of the tape loop touched hy
the heads were transferred to a storage tape recorder. In this way
segments of the original tape would be sampled and recorded, while
other sectjons would be discarded. The degree of compression/
expansion was determined by the relative velocity of the tape loop
and the rotation speed of the head assembly, The retained portions
of the signal were electromechanically abutted so that there were
no silent intervals within words. This method, unlike Garvey's
manual sampling technique, does not allow control over which seg-
ments of the original message are retained; the sampling is random.
Lee (1972, cited by Beasley and Maki, 1976) modified this equipment
and developed a smaller, less expensive compressor known as the
Varispeech, This equipment is still currently used, and compressed
speech has become a quick and relatively simple means of assessing

central auditory function.

Normarive data is necessary in order to use time-altered speech to
assess auditory processing. Although this has been generated in a
series of studies, no universal norms have emerged since the
studies varied extensively with respect to the type of stimulus
used, the rate of compression/expansion, and the presentation
level. In spite of this, some gemeralisations can be drawn from
the studies concerned, Beasley, Schwimmer and Rintelmann (1972)
found that normal hearing young adults' discrimination of mono«
syllabic words decreased as the raté of compression increased, and
that as the sensation level i{ncreased there was an increase in
intelligibility. These findings substantiated the earlier reports
of Luterman, Welsh and Melrose {1966) and Sticht and Gray (1969},
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who found similar trends based on small samples of subjects. The
essential feature that emerged from these and other studies (e.g.

Beasley, Bratt and Rintelmann, 1980} was that the compression rate

at which intelligibility is affected depends on both the type of

speech stimulus used, and the presentation level, This serves to

highlight the importance of establishing norms for each investi-

gation.

The effects of time-expansion on speech recognition scores in
normal-hearing young adults has been less widely studied, but the
"x‘ results would seem to fndicate that expansion over a large range
(i.e. up to 100%) has little effect on performance (Korabic et af,
1978; Schon, 1970; Luterman et al, 1966).

There is disagreement about the effects of time-alteration on
speech recognition in the elderly. Sticht and Gray (1969) used a
limited number of stimuli (15 CID #-22 words) to investigate
perception of time-compressed speech for a small group of elderly

subjects with normal hearing, They found that the elderly had

© reduced scores in comparisen with a group of normal-hearing yaung
} . 4 adults. This deterioration in performance for the elderly group,
i who apparentiy showed no audiometric signs of presbycusis,

prompted these authors to state that presbycusis per se is not a

necessary condition for compression to disrupt performance. They
observed a similar age effect when comparing elderly hearing
impaired subjects with a matched graup of young adults with

L

sensorineural hearing impairment. They concluded that the

oo disruptive effects of iime-compression are of rentra), rather than
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peripheral origin. The results of this study were contradictory
to those reported in an earlier study by Luterman et al (1966).
They found no difference between three groups of subjects (normal
hearing young subjects, hearing impaired glderly subjects, and a
group of young subjects within sensorineural hearing losses matched
to those of the elderly subjects) in their ability to recognise
time-altered speech. A criticism of this study is that the rates
of compression used (10% and 20%) may not have been sufficient to
differentiate between the groups. Schon (1977) examined perfor-
mance for time-compressed CID (Central Institute for the Deaf)
sentences of four groups of male subjects; normal hearing and
hearing-impaired, and young and old. He found similar performance
for both elderly groups and the young hearing-impaired group.
Since he had used a less stringent criterion for normal hearing in
the elderly group than that applied by Sticht and Gray, all the
subjects, with the exception of the group of normal hearing young
subjects, had some degree of loss at 3000 Hz. Schon, therefore,
concluded that the poorer performance may be a feature of the
hearing loss and not age. In support of this he cites Harris
(1960), who indicated that 3000 Hz may be a critical factor in the
discrimination of rapid speech. However, further support for the
age-effect can be found in the study by Konkle et al (1977}, Using
four groups of subjects vanging in age from 54 to 84 years, all
having normal hearing and at least 90% discrimination scores far
Northwestern University (NU6) word lists, they demonstrated a
significant compression by age interaction. Intelligibility
decreased as a function of increasing time-compression and age, and

also as a function of decreasing sensation level.  Since all
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subjects had comparable scores for the 0% condition, they conciuded
that the difficulty experienced with increasing age reflected
changes in the central, rather than the peripheral, auditary

mechanism, i.e. the changes were a function of the neural

degeneration in the higher central nervous system, regardless of

concommi tant peripheraily based loss.

Beasley et al {1980) presented time-compressed sentential stimuli
to normal hearing young adults and found that these were nearly as
sensitive to the effects of time compression as monosyliabic words.
[ They suggested that time-compressed sentences could be useful in

evaluating central auditory function in patients with concommitant

™ i peripheral hearing loss. However, research examining comprehension
7 /: of time-altered sentences in the alderly has not indicated any
‘ specific trend of résuits, Schmitt and McCroskey (1981) and
McCroskey and Schmitt (1978, cited by McCroskey, 1979) found that
elderly listeners responded similarly to time-compressed (60%) and
time~expanded (140%) sentences presented in a multiple choice
format, {.e. comprhension improved for both compression and expan-
5‘ sion over the condition where speech was not time-altered, but with

further expansion (to 180%} performance deteriarated. Further

resgarch by Schmitt (1983) showad that young-old subjects (65 to 74
’ years) performed differently to old-cld subjects (75 to 84 years)
on passages of speech and questions that had been rate altered.
The younger group showed improved performance at both 140% and 180%
expansion, while the older group's performance deteriorated at
180%; after having improved at 140%. Performance for both groups

B Was poorer for the compressed condition.
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Thus, in conclusion, it can be seen that the research findings
concerning the elderly individual's performance on time-altered
speech is equivocal. There is the possibility that an age/degree
of hearing loss interaction, which has not been examined, is
contributing to the lack of agreement between studies. Another
contributing factor may be related to the diverse nature of the
stimuli used. While the majority of studies utilised monosyllabic
words, the research by Beasley et al (1980) indicates that senten-
tial stimuli would be preferable in view of the increased likeli-
hood of peripheral involvement in the elderly. Aceording to
Beasley and Maki (1976}, an important consideration is whether the
data reflects upon intelligibility or comprehension. Monosyllabic
stimuli provide information pertaining to intelligibility, but may
be inadequate for assessing the linguistic integrity of the central
processing system. By using material which combines both mono-
syllabic and sentential features, such as the SPIN, both these
aspects could be investigated. This would also allow comparison of

the effects of noise and time-alteration on speech discrimination.

Acoustic Immittance.

lamittance 1is the term used to encompass both impedance and
admitiance measurements, impedance referring to the opposition of
the energy flow, and admittance referring to ease of energy flow at

the tympanic membrane (McCandless, 1979),

The immittance test battery is an essential part of the basic audia-
logical assessment procedure, yet the effect of aging on these

results is not clearly understood.
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Tympanometbry and static compliance measures:

Not much is known about how the aging process may affect the Lympa-
nogram (Orchik, 1881), although Jerger and Jerger (1981) have
reported that impedance audiometry usually yields normal type A
tympanograms. However, there is some disagreement concerning the
static compliance values recorded from the elderly. Jerger, Jerger
and Mauldin (1972) report a systematic decline ip static compliance
with increasing age, which is particularly evident in men, with
women at each age level consistently having lower compliance values
than men. In agreement with these results, Alberti and Kristessen
(1972, as cited by Marshall, 1981} state that up until middle age
the middle ear system becomes increasingly compliant, and there-
after it stiffens with further aging. In contrast, Beattie and
Leamy (1975, as cited by Wofford, 1981) found that otoadmittance is
significantly increased 1in the elderiy. Osterhammel  and
Osterhamme]l (1979b) collected normative data fram 286 subjects
ranging in age from 10 to older than 70, and found that static
compliance values did not show a statistical difference between
males and females, and no real age effect was seen, althdugh they
did report a statistically nonsignificant tendency for compliance
values to decrease with an fncrease in  age. Other studies
(Wilson, 1981; Thompson, S$ils, Recke and Bui, 1979) have also shown
no immittance changes as a function of aging.  Thompsen et al
{1979) conclude that inconsistencies between studies may be due to
differences in experimental design and other factors, and that the
effect{s) of age on immittance is complex. From these studies it

becomes apparent that results from different studies should be
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compared with caution, and that, at present, there s no universal

norm for the elderiy group.

Acoustic reflex thresholds:

There is further lack of agreement between the researchers about
. the effect of age on the acoustic reflex thresholds. Jerger, Hayes,
Anthony and Mauldin (1978) found a systematic decrease in acoustic
reflex thresholds (ARTs) for pure tones with an increase in age,
and no change 1in acoustic reflex threshold for broadband noise
TN {BBN). Wilson (1981} reported higher tonal ARTs for his eldarly

subjects, but the difference was not significant. However; he

EX N

- did find, in contrast to the Jerger et al (1978) report, signifi-
N N cantly higher BBN ARTs for this group.  Other studies have o

confirmed that age does not affect the pure tone ARTs (Gelfand and

Piper, 1981; Osterhamme! and Osterhammel, 1979b; Silman, 1979) and v
that the ART for BBN is elevated with increasing age (Geifand and

Piper, 1981; Silman, 1979), but Thompson, Sils, Recke and But
{ (1980} found no changes in ARTs for efther pure tones OR filtered

white noise, but did find reduced reflex ampiitude with increasing

age. This smaller reflex magnitude for both tone and 88N was aiso
reported by Wilson (1981) and Hall (1985; 1982},  According to
N
Wilson, this may be due to
. general decrease in the efficiency of neurophysio- '
logical activity throughout the acoustic-reflex arc
from the sensory/ neural mechanisms of the stimujus ear

to the neural innervation of the stapedius muscle in
the proble ear (p, 413).

The preceding studies are mainly concerhed with the effects of age
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on the ART. Jerger et al (1978) also investigated the iateraction
of age and hearing loss (degree and configuration; sloping/fist) on
the ART. A similar age/degree of hearing loss fnteraction, as seen
by Bess and Townsend {1877) {or speech discrimination scores, was
found. Age interacts with degree of loss, i.e. generally for all
stimuli there is little age effect for the 0-50 dB PTA range, but
for higher PTAs there is a definite age effect. The age effect is
always in the same direction; at equivalent PTAs the ART for
children is consistently higher than that for young adults which,
in turn, is higher than that for old adults. Configuration was not

found to be a significant variable.

While the research thus indicates that the ART s affected by
aging, the exact way in which it §s affected is not clear,
i.e. whether tonal ARTs are reduced, or whether BBN ARTs are
elevated, and what the age/hearing loss interaction is. The

effects of age on the ART need to be investigated further.

HEARING HANDICAP IN THE ELDERLY

Due to recent advances in medical science and modern technology,
a2 number of aged persons in society is increasing steadily (Hull,
1978; Willeford, 1978). Although people may be living longer, this
does pot mean that the aging process has been reversed.  Many
chranic conditions, of which hearing impairment is one of the most
common, 4re associated with aging (Garstecki, 1981; Maurer and
Rupp, 187%; Alpiner, 1965). The fact that the elderly population

is constently increasing thus suggests that many elderly indivis




duals would be hearing impaired and have the need of audiclogical
services. However, Ventry and Weinstein (1983) state that few of
the elderly actually make use of audiological services, in spite of
the fact that many may actually benmefit from these. Consequently,
there is a need to identify those elderly individuals who have
hearing problems. Some of the negative side effects of aging, such
as social ‘solation and increased dependency, may be alleviated if
auditory skills are improved, which, in turn, could result in

restoring the gertatric patient's self-esteem (Willeford, 1978).

Hearing Impairment and Hearing Handicap.

In ordar to successfully identify those individuals with hearing
problems, so that audiological assistance can be provided, it is
necessary to differentiate betwsen hearing impairment and hearing

handicap.

Traditionally, these terms have been incorrectly used as synonyms
(American Speech-Language-Hearing Association, 1981)., The extent
of communication problems and need for amplification have, in the
past, been assessed through the use of the PTA score (Freeman and
Sinclair, 1981). While audiometry and, therefore, the PTA score
may define the extent of the loss, the handicap is determined by
the communication deficit and the asscciated problems (Oyer and
Frankman, 1976, as cited by Freeman and Sinclair, 1981). According
to the American Speech-Language-Hearing Association, hearing impai: -
ment is the term
. used to mean a deviation or change for the worse in

éither auditory structure ar funclion, usually outside
the range of normal ...
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and hearing handicap
. means the disadvantage imposed by a hearing impair-
ment on a person's communicative performance in the
activities of daily living ... {p. 293).
While there is a definilta relationship between loss and handicap,

this relationship is imperfect {Ventry and Weinstein, 1983).

Research by Koniditsiotis (1971) into the relationship between
audiometric data and actual performance showed that there was a
good relationship between sensitivity measures and handicap, and
she concluded that hearing sensitivity is the best indicator of
hearing handicap. However, her research was Timited fn that she
only used nine subjects, and her final conclusion is one that is

not shared by the majority of researchers.

The interaction of many factors determines the degree to which a
loss becomes handicapping, e.g. age of the individual and age of
onset of the less, his communicative needs, intelligence, motiva-
tion, etc (Clarl, 1981; ASHA, 1981). Consequently, when assessing
the elderly, one needs to not only focus on the audiologic data but
also on the communication breakdown that may be caused by the

auditory deficit (Alpiner, 1982; 1981). The PTA alone cannot
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predict handicap (Ventry and Weinstein, 1983) and so, over the
years, a number of assessment tools to measure handicap have been

developed.

Measurement of Handicap.

In an attempt to quantify handicap, Davis (1948) developed the
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Sacial Adequacy Index (SAL) which was based on the relationship
between SRT and discrimination scores. However, it was not very
effective, primarily because of the reliance on numeric data which
tends to obscure individual behavioural characteristics (Alpiner,
1982). Following this, a number of scales were developed which can
be classified as being either a too) for the identification of
hearing handicap or to be used for rehabilitative purposes. Of
those designed specifically for use in the rehabilitative process,
some fnvestigated situational difficulties relating to the social,
home and vocational environments (Sanders, 1975), while others,
e.g. the Denver Scale (Alpiner, Chevrette, Glascoe, Metz and Olsen,
1975, cited by Alpiner, 1982), and the McCarthy-Alpiner Scale of
Hearing Handicap (McCarthy and Alpiner, 1980, cited by Alpiner,
1982) explored :ie emotional and attitudinal effects of the loss.
These scales were not specifically designed for use with the elder-
ly. Although Zarnoch and Alpiner {1977, cited by Alpiner, 1982}
developed a scale for use with the elderly living in old age homes,
the primary focus of it was to provide information to direct rehabi-

litation, rather than on the identification of hearing handicap.

The Hearing Handicap Scale - HHS (High, Fairbanks and Glorig,
1964}, is an example of the type of scale which has been used to
identify hearing handicap. It was designed to assess the effects
of hearing Toss on an individudl’s life. However, a study by the
authors indicated that better ear hearing sensitivity appears to¢ be
the major determinant of hearing handicap as measured by the HHS,
with a negligible relationship bstween speech discrimination

(scores on the CID W-22 and Rhyme test administered at 40 dB SL)
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and the HHS. Subseguent reseavch has confirmed this. Blumenfeld,
Bergman and Milner (1969) used the HHS to investigate the relation-
ship between handicap and discrimination in guiet and in noise
(Rhyme test) as a function of aging. They found a moderate correla-

tion between the Rhyme test and the HHS, which was better for the

older subjects {60-82 years) than for younger subjects., However,
Berkowitz and Hochberg (1971) investigated the relationship between
. the HHS and various audiometric measures for 100 presbyacutic
subjects ranging in age from 60 to 87 years, and found that while

the HHS and the PTA, SRT and word and sentence discrimination were

significantly related for the 60-69 year old group, this relation-
ship disappeared for the older subjects (for those in the 70-79
v year group the HHS and PTA and SRT correlated; while for the group
R aged B0 and above there was no significant correlation). According
to Giolas {1970), the major limitation of the HHS Tlies in its
inflexibility. He states that item analysis indicates that the

majority strongly depend on hearing sensitivity, which would
explain the good correlation between it and PTA and SRT measures,
and suggested that it may not be a full measure of handicap, and
that more items dealing with difficulties with speech hearing need

to be included.

The Hearing Measurement Scale (HMS) (Nobte, 1972; Nable and
Atherly, 1870) was designed specifically to assess handicap caused
by noise induced hearing losses. The authors found that while
there was a fairly good correlation between the section on speech
hearing and speech discrimination scores, the scale a5 a whole did

not correlate well with suprathreshold speech tests. Weinstein and
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Ventry {(1983) investigated the relationship between the HMS and
audiometric measures in 80 elderly male Ss. They found that each
of the correlations between Lhe measures of sensitivity and the HMS
were significant.  The HMS/speech discrimination correlation was
lower than that for the pure Ltones and, consequently, they
concluded that the HMS is seasitivity weighted and, therefore, is
not uniike the HHS 1in content. Maurer and Rupp (1979) and
McCartney, Maurer and Sorenson (1976) have suggested that a scafe
more sensitive to handicap may be «constructed by combining

questions from the HHS and the HMS.

Tyler and Smith (1983) reported a good correlation between the HMS
and the Social Mearing Handicap Index (SHI) developed by Ewertson
and.Birk Nielsen (1973), as well as a good correlation between both
these scales and sentence identification in nofse, suggesting that
both could be used to quantify handicap. However, a major problem
with these and most other scales is that they were not developed

fof, nor standardised on, the elderly population.

A short, l6-item questionnaire, devised specifically for the
elderly and aimed at identifying individuals needing audiological
services, was developed by Manzella and Taigmap (1980, cited by
Alpiner, 1982). According to these authors, three or more positive
answers {indicating difficulty) was indicative of a hearing loss of
40 dB or more in the better ear. The relationship between this
scale and speech discrimination has not been investigated; so
presently it is unknown whether it, like other hearing handicap

scales, may have a good correlation with PTA but have little
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relationship with the difficulties which the individual may have in

undérstanding speach.

Another scale which was designed for, and standardised on, the
elderly i$ the Hearing Handicap Inventory for the Elderly (HHIE}
(Ventry and Weinstein, 1983), [In addition to the standard HHIE, a
screening version was also developed. The items for this were
selected in such a way that the reliability of the short farm is
comparable with that of the full inventory, There are ten items,
which are designed to assess both social and emotional aspects of
handicap, and which are awarded 4 points (yes, mplying that the
individual agrees with the statement and experiences difficulty), 2
points (statement applies sometimes), or O ({indicating no
difficulty), On the basis of the score out of 40, three categeries
of handicap can be identified: 0-8, no self-perceived handicap;
10-22, mild to moderate handicap, and 24-40, signfficant handicap.
These authors investigated the accuracy of the screening version of
the HHIE and recommend that a combination of puretene screening
(40 d8 at 1 and Z kHz) and the short version of the HHIE be used,
in order to identify those individuals in need of further evalua~

tion. This is determined according to a priority system:

Priority 1 - significant handicap and fails opure tone
screening.

Priority 2 - significant handicap and passes pure tone test.

Priority 3 - mild handicap and fails pure tone test (Ventry

aud Weinstein believe that these three categories

deserve esseéntially the same priority}.
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Priority 4 - mild handicap and passes pure tone test, and

Prierity 5 - ne handicap and fails pure tone screen.

While this would appear to be a viable means of identifying those

individuals with hearing loss and/or handicap, Ventry and VWeinstein

:4«4 have pointed out the need to investigate the validity of the screen-

i ing protacol and the priority system by examining false-negative i
and false-positive referral rate. Thus, one of the aims of this '
£ study was to investigate the validity of the WHIE by administering

it to each subject prior to conducting a complete audiological

. assessment. In addition, it was decided to erzmine the relation- i
‘l ship between the HHIE and certain speech tests {an issue not

Lol

PO addressed by Ventry and Weinstein), in order to determine whether

there is a better velat’onship between it and speech identification

than was found for other scales.

|
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CHAPTER 3

HETHODOLOGY

In reviewing ihe research on the effects of aging on hearing, it
becomes evident that the previous use of the term presbycusis has
perhaps been too simplistic. In particular, the generalised
application of certain concepts, e.g. the use of the term "phohemic
regression” to explain the poor speech discrimination observed in
same elderly individuals, needs to be reassessed. In order to
improve the services provided to the elderly, the clinjcal audio-
logist requires a better understanding of the various effects of
aging on auditory behaviour and communication ability. Continuing
research and evaluation of the interactive effects of age and
hearing should improve this understanding, and the present study

was thus designed to contribute towards this.

AINS

The aim of this study was Lo examine the effects of aging on
yarfous aspects of auditory function in a group of elderly
individuals. The specific aims were:

1. To examine age-related changes in threshold (pure tone and

speech} measures.

2. To examine age-related changes in acousktic immittance

measures.

3. To investigate performance of the elderly on three stpra-

threshold speech discrimination tasks, viz. CID W-22 word
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1ists, the SPIN test, and time-compressed SPIN material
(CSPIN}, and to examine the differential effect of age as

opposed to audiogram configuration on speech discrimination.

4. To examine the relationship between audicmetric measures and

handicap as reflected by the Hearing Handicap Inventory for

the Elderly.

SUBJECTS

Subjects (Ss) were selected from five residential institutions for
the elderly in the Cape Town area. These were chosen on the basis
of proximity to the University of Cape Town, where testing took

place.

[
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At each institution the matron or sister-in-charge pre-selected Ss

according to certain criteria, Thase were:

1. Age: A1l Ss were requived to be 60 years or older, While the
effects of age may well be seen quite clearly in 1ife, 60 was
considered to be a reasonable Jower 1imit, since Marshall
{1981) reports that in most studies the elderly are defined as

being 60 or older. Ne upper restriction on age was made:

2. Home Language: English was fequired to be the native language

of all Ss since speech testing would be conducted in this
language and unfamiliarity with the language could affect

performance.

3.  Mobility: Ss were required to be normally active, and not
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bed-ridden or confined to a wheelchair. This was a necessary
restriction because Ss had to be transported to the University

clinic where testing took place.

4. Mental State: 5s were reguired {according to the matron's
Judgment) to be mentally alert, f.e. show no evidence of
senile dementia, and not to have any speech or langtage
disorders {e.g. dysarthria or aphasia) which could interfere

with the testing.

At each institution the pre-selected Ss were addressed as a group
by the researcher, and the aim of the study was briefly outlised,
Ss were told that they would be transported to the University
clinic where they would be tested, and that the testing would take
approximately ope-and-a-half to two hours. Volunteers were

requested.

In this way, 39 Ss were obtained, 35 females and 4 males. Although
sex was not a criterion, it was hoped that a reasonable proportion
of males would be obtained (it was anticipated that the greater
majority of Ss would be female, as a report by Hull (1981) indica-
ted that in the USA there were roughly 145 women to every 100 men
in 1976}, However, there were very few male residents at the
institutions, and only a small percertage of these conformed to all

the criteria and were willing te act as Ss.
The age range was 60 through ta 87 years, with a mean age of 74.2,

Although it would have been preferabie to have a larger sample of

Ss, this would have necessitated invoiving imstitutions which were

PR S




not in the Cape Town area, which was not practically viable in view
of the travelling time to and from the clinic. (Otner institutions
within the Cape Town area which were nob used were either unwilling
to participate in the study, or felt that their residents were

unsuitable),

No S5 were excluded from Lhe study on the basis of previous history
of hearing problems or noise exposure, because the aim was to
examine auditory function in the aged populatfon as it presents
itself, as was suggested by Mgller (1983) and Bergman {1985).
Furthermore, it has been suggested that it is unrealistic to expect
accurate recall of any confounding factors over a 60 year life span

or longer (Hayes, 1984; Osterhammel and Osterhammel, 1979a).

MATERIALS

CI0 W-1 and W-2 Spondaic Word Lists,

1

]

I
. T $peech reception thresholds were established using the Central
‘ Institute for the Deaf (CID) W-1 and W-2 1ists. The lists were
{ presented by means of monitored )ive voice, Maurer and Rupp (1979)
j and Olsen and Matkin (1978) recommend familiarisation with spondee
3 words prior to testing, both to improve the reliability of the test
and to remove any spondees that are unfamiliar to the individual.

This wouid not be possible If recorded materials were used.
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L£10_W-22 Monosyllablic Word Lists.
Monosyllabic discrimination in ¢n'el was assessed with the CID W-22

word lists, These lists were used because they are currently used

in most audiology clinics.

The existing recordings of the CID W-22 word lists (iists 1 to 4)

currently in use at Tygerberg Hospital were used in this study. The
1ists were prepared at the acoustic laboratories at the hospital, and
. were recorded by an English-speaking South African male who has had
o experience in reading similar speech materials. Each test word is
iy preceded by the carvier phrase, "say the word ...", with a response P
E time of four seconds between each item. The recorded test is preceded i

by a 1000 Hz calibration signal.

7‘\ : The SPIN Test.

The SPIN test was administered in order to assess discrimination in
“ noise. This test was considered to be mast suitable for this 1
purpose since in addition to evaluating the effects of noise in }

discrimination, it also examines the »xtent to which context

contributes to discrimination,

The materials were prepared according to Kalikow et al's (1877)

directions. The eight lists of the SPIN test (see Appendix 8) were

recorded by the same English-speaking South African male described

above. The test sentences were read in an anechole chamber with a

condenser microphone positioned twelve irches from his Jips.

As suggested by Kalikaw et al (1977), an identifying number precedes

each sentence, beginning two seconds before the sentence onset, and
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the recorded sentences are spaced ten seconds apart from onset to i

onset.

The babble was generated by recording each of six adults (three male
and three female) reading the same passage from a children's story
book in an anechoic chamber with the condenser microphone sitvated dﬁ
twelve inches from the 1ips. The six recordings were mixed, each at
the same rms level, and two repetitions of the six-voice babhle were

combined to produce the final 12-voice babble.

The sentences and babble were recorded ¢n separate .hannels of audic
tape (each being preceded by a 1000 Hz calibration signal), so that
the intensity of each could be manipulated independently, thus allow-
ing variation of the signal-to-noise ratio. The overall rms level of !
the babble i. ronstant during the test items, recorded at the same
Tevel as that of the test sentences and the number cues, Just before
the number cue for each sentence, the averall level of the babble is ' I
smoothly decreased by 10 dB.  This reduced level is held for the

duration of the cue, and then the babble is smoothly restored to the

original level prior to the onset of the sentence. According to

Kalikow et ai (1977}, this reduction in the babble level would

facilitate a listener's keeping his place in the list, even under less

favourable signal-~to-noise ratios. All recordings were 'prepared by

professional sound engineers. ! J

Using this recording, Dickens and Delaney (1986) found that the mean ,
scores {and standard deviations) for 80 normal hearing young Tisteners

(thresholds <15 dB re: Ansi 1978 for the octave frequencies from 250 \
to 8 000 Hz), aged between 18 and 29 years, at 40 dB SI. with a S/N of

+5 dB were: total = 85,48 (6,42), HP = 98,10 (3,49) and LP = 72,20

(11,08). >
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Ss were tested using 1ists 1 and 3, while items from list 7 were

used for practice.

Time-compressed Speech {CSPIN).

In order to compare the effects of time-alteration ({i.e, time-
compression) as opposed to those of noise on discrimination, it {s
necessary to use similar matarial. Since the SPIN test wii heiny

used to assess speech discrimination in noise, it was des S

i use those non-compiementary lists of the SPIN to assess the effect:
[ of time-compression. This would allow comparison of the effects of
? noise and time-compressien and, in addition, would also allow
{‘ evaluation of the extent to which context contributes to diszri.
I mination of speech which has been down~graded by time-alterationm.
{J This material also has the advantage of combining monosyllabiz and

sentential stimyii.

Sentence lists 6, 7 and 8, recorded at a normal rate (as described
sbove), and without the background babble, were processed through

the Lexicon Varispeech Model Il at three speed factor dial

settings: 1.5, 2 and 2,5. A setting of one correspends to a normal
rate; 1.5 to a rate one and a half times faster than normal or 50%
compression; two to a rate twice as fast and, therolore, 100X

compression; etc.
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Preliminary investigation showed that the performance of 10 normal
hearing young listeners (thresholds <15 dB re: ANSI 1979 for the
octave frequencies from 250 to 8000 Hz), aged between 18 and 25

years, broke down for the lists compressed at the 2.5 speed factor

rate. Thus it was decided to use material compressed at the 2

speed factor rate (i.e. 100% compression). Consequently, lists 6,

i 7 and 8 were compressed ab this rate,

Normative data was then collected from 30 normal hearing young
listeners (thresholds <15 dB re: ANSI 1979 for the octave
frequencies from 250 to 800G Hz), aged between 18 and 25 years.
The mean scores (and standard deviations) obtained wers: total =

90.00 (3.58), HP = 97.09 (3.14) and LP = 82.91 (6.95),

!
N Hearing Handicap Inventory for the Elderly (HHIE).
§ The shortened version of the HRIE (Ventry and Weinstein, 1982, was
1‘ used to measure hearing handicap in the elderly. It was considered
i te be the most suitable scale sincy it was specifically developed
i by Ventry and Weinstein (1982) for use with the elderly. The
! shorter form §s reported by the authers to be of comparable
B reliability to the long form, but it is much faster to administer.
: A response form (see¢ Appeadix A) was prepared for each subject, so

that each S's responses were individually racorded by the examiner,

TEST ENVIRONMENT AND TNSTRUMENTATION
A1} testing was conducted in a dual cHamnber sound tréated test

suite.
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A1l pure tone and speech testing was conducted on a two-channel
Madsen Micro-5 digital audiometer with TDN-39 earphones mounted in
MX/AR supra-aural air cushions, The pure tone, speech and tape
circuits of the audiameter were calibrated according to ANSI 1979

standards,

Recorded speech materials were played on a two~channel (Pioneer
Sterea Casette Tape Deck - CT-F650) tape recorder. The speech
signal was routed to the audiometer, where the intensity of the
signal was determined before it was delivered to the subject via
either earphone, For the SPIN test, the signal and babble outputs
from the tape recorder were routed to separate channels aof the
audiometer so that the intensity level of each could be separately
determined before being delivered to the same earphone. Prior to
each test session, the VU meters of each channel of the audiometer
were adjusted according to the 1000 Hz calibration signal which

preceded each recorded test.

Immittance measures were obtained using a Madsen electro-acoustic
impedance bridge (Model 2073}, which delivered a 220 Hz probe tone,
This was calibrated according to standards set out in IEC publfca-
tion 318. gefore each test session, the calibration of the

impedance bridge was checked by means of the buill-in 2 ¢c coupler.

PROCEDURE

HHIE

This was administered bafore audiometric testing so that Ss’
responses would not be influenced by performance on the audiometric

tests. The Ss ware interviewed by the researcher, who completed




the HHIE response form. Administration took approximately

5 minutes,

Pure Tone Audiometry.

Air and bone thresholds were established for each ear, using the

"yp-5, down-10" procedure described by Green (1978),  Thresholds

were obtained for the octave frequencies 250, 500, 1000, 2000, 4000
and 8000 Hz. The better or "telephone" ear was tested first, and
masking (narrow band noise) of the non-test ear was applied
whenever necessary, this being judged according to Goldstein and

Newman's (1985) and Studebaker's (1973; 1979) guidelines.

Speech Reception Thresholds.

These were obtained for each ear under earphones. The better ear
was tested first, and masking (speech noise) was used when
necessary, Jjudged according to Goldstein and Newman‘s (1985)
guidetines, Ss were familiarised with the test words prior to

testing, and any problematic words were omitted during the test.

Thresholds were determined by monitored live voice presentation

according to the procedurs described by Chaiklin and Ventry (1964).

GI0 W-22 Monosyllabic Word Discrimination

' Each ear was tested separately and the non-test ear was masked (by
! means of speech nofse) when necessary, Judged according to the

et guidelines set out by Goldstein and Newman (1985), The better ear
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was testnd first. Discrimination scores were obtained at three
presentation levels for each ear: 20, 40 and 60 dB SL re: SRT,
unless the 60 dB level exceeded the threshold of discomfort, in
vhich case testing was either conducted at a stightly lower SL, or

only 2 discrimination scores were obtained,

The SPIN Test.

Each ear was tested separately and the better ear was tested first.
Lists 1 and 3 (one to each ear) were presented at & signal-to-noise
(S/N) ratio of +5 dB, and at 40 db SL re SRT, as was recommended by
Dickens and Delaney (1986). Before nistering the test lists,
practice items from list 7 at a S/On of +10 dB were presented.
Once the Ss had correctly identified 5 out of 8 items correctly,
testing commenced. Ss were required to repeat the last word of

every sentence,

Time-compressed Speech - the CSPIN Test.

Ss were familiarised with the test procedure using items from
list 7 (list 7 time-compressed and without background babble, as
described in the materials section), and once correct responses to
5 out of 8 items were received, testing commenced, Each ear was
tested separately, and the better ear was tested first, One 1list
was presented to each ear. CSPIN sentence 1ists {lists & and 8)
were presented at 40 dB SL re: SRT to éunable comparison with SPIN

scores. Ss were required to repeat the last word of each sentence.
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Pure Tone Averages and Atoustic Reflex Thresholds.

Acoustic Immittance Measures.
Static compliance measures were obtained for both ears by the
conventional method of  subtraction, viz. the compliance at
+200 mm Hp0 minus compliance at middle ear pressure (McCandless,
1979), and tympanograms were manually plotted for the range +200 to
-200. These were classified according to the system described by
derger (1970) and Liden et al (1974), cited by Margolis and Shanks
(1985).  Stapedial reflex thresholds were determined by contra- and
ipsi- lateral stimulation in the ascending mode of presentation.
Threshald was defined as the lowest level where the reflex could be
observed i rasponse to iwo successive stimuli.  Thresholds were
examined in response to tomal (25Q, §00, 1000, 2000, and 4000 Hz) and
broad band signals in the contralateral mode and to tonal signals only

(500, 1000, and 2000 Hz) in the ipsilatera. u'».

ANALYSIS OF RESULTS
Data werg analysed both quantitatively and qualitatively.

Mean scores, standard deviations and range were deterwmined for the
data in order to describe the central tendencies and variability
(Shearer, 1982; Ventry and Schiavetti, 1980). Histograms were plotted

to $1lustrate the group trends for the data.

PTA scores (ayerage pure Lone threshold values at 500, 1000 and
2000 Hz} and 8BN ARTs (acoustic reflex thresholds) were exanined
for differences, according Lo grouping by decade by means of t-test

computations.



Suprathreshold Speech Scores.

In order to examine the influence of age and audiometric configura-

tion on performance for the suprathreshold speech tasks (CID W-22 :
maximum discrimination, SPIN total, HP, and LP, and CSPIN total,

HP, and LP percentage scores) the Ss were sub-divided in two ways:

Grouping by age in decade; !

Group I - 60 to 69 years
Group 11 “ 70 to 79 years

Group [II -~ 80 years and older.

Grouping by audiometric configuration;

The system described by Dubno and Dirks (1982) was used.

Group A - flat; < or = 20 dB difference 1in threshold from |
250 to 4000 Hz.

Group B - gradually sloping; 25 to 40 d8 difference in
threshold from 250 to 4000 Hz, and <30 dB differ-

ence 1n threshold between adjacent octave

frequencies,

Group C - steeply sloping; >40 dB difference in threshold
fram 250 to 4000 Hz, or >30 dB difference between

' adjacent octave frequencies.

Data were subjected to two factor analyses of variance (ANOVA) with

repeated measures on one factor (treatments-by-Groups desfgn) to
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examine the difference in speech scores for grouping by age, as

opposed to audiogram configuration.

Multivariate analyses and Scheffé post hoc analysis computations
were made to determine the specific comparisons which accounted for
the significant F-ratios within the interactions (J. Juritz, 1986).
Data were analysed according to ears, rather than Ss. Previous
research (e.g. Mgller, 1983; Osterhammel and Osterhammel, 1979b,
Plomp and Mimpen, 19792, etc.) indicated 1ittle statistical
difference between ears. For analysis by age decade, any $'s two
ears would by necessity be included in the same age grouping and,
corsequently, the use of two ears rather than one would not
confound the analysis. However, this was not necessarily the case
for the grouping by audiometric shape and, consequently, when the
results of the ANOVA showed a significant difference for ears by

configuration, further analysis was by S rather than by ear.

HHIE.
Better ear PTA scores were classified into hearing loss categories,
as described by Ventry and Weinstein (1983), and the proportion of
5s within each category was compared with che proportion falling
within each handicap category. Pass/fafl criteria were imposed on
pure tone results obtained for eath §, and Numbers of §s falling
within these two categories were compared with the degree of

handicap as assessed by the HHIE.

The Pedrson Product Moment correlation statistic examined the
relationship between the HHIE score and audiometric scores (PTA,

SRT, and the suprathresheld discriminatior scores).
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CHAPTER 4

RESULTS AND DISCUSSION OF RESULTS
Tne characteristics of the Ss grouped according to age in decade
and audiogram configuration are sumwarised in Tables 1 and 2,

TABLE 1: MEAN AGE & PTA VALUES FOR Ss GROUPED ACCORDING TD AGE

T
GROUP PTA i AGE
I
GROUP 1 X 26,77 | 64.91
sD 15,33 f 3.93
GROUP I 1 33.44 | 7472
50 11.81 | 3.04
- |
GROUP 111 X 39,90 | 83.30
S0 17.66 | 2.20
|

TABLE 2: MEAN AGE & PTA VALUES FOR Ss GROUPED ACCORDING TO
AUDIOGRAM CONFIGURETION

An interesting festure is that Broups A, B and C do not diffev:

1
GROUP AGE PTA |
GROUP A X 74.40 33.19
50 8.10 13.26
| GROUP B ks 73.70 30,94
| 50 6.65 13.86
| GROUP € X 74.75 32.00
! S0 7.98 13.61
" 1
|
|
|
|

markedly with respect to either mean age or mean PTA values. With
the exception of the suprathrashold speech scores, only the
possible differences between groups differentiated on the basis of
age were examined. Results of the pure tone procedures were

'
H examined first, followed by the -sults of the speech reception and
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suprathreshold speech procedures. This was followed by a
discussion of the impedance measures, Finally, the results of the
HHIE and the relationship between these and other audiometric

resuiLy were examined.

PURE TONE THRESHOLDS

Pure tone audiograms were obtained for all 78 ears. When a
response could not be obtained at maximum output of the audiometer,
the threshold value was recorded as the maximum value plus 6§ dB.
The majority of the ears (69) presented with sensorineural hearing
loss, 7 had a mixed configuration, while 2 (both in the 60-69 year
age group) had a conductive loss. The pure tone {air conduction)
hearing losses for each group of Ss, and for all the $s, are shown
in Figure 1. The mean values and standard deviations for each

octave frequency threshold and PTA scoves are presented in Table 3.

Hr
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10
0, 0
q .
A 10
3
g
g )
] o
; <
9 50
3 ©
0
&0
1Y
sa
- KEY:
Jes-X = Grouwp I [\EETREE 0 = Group II;
b -t = Group 111 O—iy = All §s

FIGURE 1: MEAN EURE TONE THRESHOLDS FOR ALL Ss, AND AS A FUNCYION
OF AG
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It is evident from these results that semsitivity declines with an
jncrease in frequency, for each individual group and for the group
as a whole. This is in accordance with previous descriptions of
the characteristic age-related 1loss being a gradually sloping
sensoripeura) Joss. The fact that the standard deviation values
generally show the same trend, i.e. increase in size with an
increase in frequency, indicate Lhat there is more variability in
the high frequencies than in the low frequencies. Mean threshold
values for frequencies below 4 kHz fall within the normal/mild loss
range (Goodman, 1965, cited by Green, 1978), while there is a sharp

increase above this, particularly for 8 kHz.

The complete absence of the high frequency air-bone gap reported by
6lorig and Davis (1961), amongst others, lends support to Randoiph i
and Show’s (1983) contention that the reported conductive component
might be an artefact of testing and probably caused by collapsed

canals.

Inspection of the data in Table 3 reveals an age effect. The
hearing thresholds for each frequency are greatest for Group III,
with Group II's values exceeding those of Group I. The results of
a § year longitudinal study conducted by Mgller (1983) showed that
sensitivity did continue to decline, especially at the higher
frequencies. An interesting aspect of her results was that women
showed more of a deterioration than men, and that the decline in
serisitivity involved all frequencies, not only the high frequencies
as was the case for the males. Although the present results were

obtained from a cross-sectional study, they do provide indirect




evidence of a coantinuing decline in hearing sensitivity with
increasing age. The fact that this decline in sensitivity fis
evident at all frequencies may be due to the fact that the group
comprised fumales almost entirely. The differential effect of sex

could not be investigated due to the small number of males in the

ol sample. The lack of males in the study could tempt one to conclude
{ that this sensitivity decline is a true reflection of the aging

process, since females are less likely to have been exposed to

industrial noise. However, it is not only industrial noise that

can lead to hearing loss. Daily exposure to noise encountered in

the general anvironment has also been said to cause hearing loss,
i.e. sociocusis (Giorig, 1988), Thus, the question of the relative
contribution of noise tc the age-related hearing loss remains
. '1.\ unresolved, and is Tikely to remain so, considering '+t the physio~
logical effects on the cochlea resulting from both noise and aging
are similar, so additivity means little in terms of the hearing

¢ Joss (Corso, 1876, cited by Willeford, 1978).

3¢
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. : No. 20 ‘:
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syl ears 1%
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; 5
o r . H ]
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FIGURE 2: DISTRIBUTION OF PTA SCORES ;
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The distribution of PTA scores for the entire sample can be seen in
Figure 2, It is evident that the distribution is slightly skewed,
which is to be expected for threshold values, As would be
predicted from the previous data in Table 3 and Figure 1, the
grecter proportion of ears show normal/mild degree of hearing loss
(20-29 and 30-39 dB categories), with a sTightly larger percentage
falling into the 10-19 dB category than either the 40-49 or

50-59 d8 caltegories.

The IS0 (1982} threshold values which are expected to be exceeded
by only 10% of otologically normal 70 year old females generally
correspond with the mean threshold values obtained by Group I.
However, this group's thresholds exceed the IS0 median thresholds
for the 60 and 70 year olds, indicating a greater degree of loss.
The mean threshold values for the Ss in Group I are aiso poorer
than those reported by Corse (1963}, A possible reason for this
could be related to the fact that the Ss in the present study were
not sefected according to the stringent criteria used for the
purposes of the 150 (1982) data, or by Corso , i.e. Ss were not
excluded on the basis of expaosure to noise or other negative case
history factors. This was the reason Mpller (1983) used to explain
the threshold differences between her Ss and the values reported in
the literature. The values for the present sample also appear to
be Tlarger than tnose for Mgller's unsalected sample. in the
present study, Ss were all residents of old age homes, while
Mgller's Ss were drawn from the population at large. it is
reasonable to hypothesize that individuals who reside §n institu-

tiofis for the elderly may experience greater physiologi¢ decline,

]
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which may also manifest in reduced threshold sensitivity. Alpiner
(1982) reports the incidence of hearing impairment amongst resi-
dents of old age homes to be higher than that for the elderly
residing in their own homes. Maurer and Rupp (1979) have suggested

that stresses associated with social isolation or institutionali-

sation, for example, appear to be associated with a higher inci-

dence of illness, dependence and suicide. Small sample size may |
also be a contributing factor, therefore, the possible difference
in terms of hearing sensitivity between institutionalised and
non-institutionalised individuals needs to be examined in & larger ~

"y sample.

Administration of the pure tone tests was generally problematic. P

Ss tended to respond more slowly and less consistently than younger
Tisteners, and needed frequent reassurance, which may be evidence
of the anxiety that the elderly are reported to experience in the
test situation (8ergman, 1983), especially since this was the first
test of the experimental ¢ ‘“ery. The slowed reaction time could
be a reflection of an increasad cautiousnpess of response, which was
: described by Corso (1877). In addition, cautiousness could also
Wj . have caused the Ss' hearing ability to be underestimated, which may /(
i alse partially acceunt for the poorer thresholds found in this

study, Increased distractabiiity and slower reaction time amongst

the elderly has also been reported by Maurer and Rupp (1979}, For

most of the Ss in this study, this was only a feature of pure tone
testing, and reaction time for the speech tasks was not noticeably

slower,
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SPEECH RECEPTION THRESHOLODS

Table 3 indicates that there is a good agreement between the speech
reception thresholds (SRTs) and the PTA scores. This result was
expected, since {to the writer's knowledge) there are no reports in

the literature of a poor relationship between the SRT and PTA, For

some of the Ss the SRT was established with 2 reduced number of
stimyli due to problems with familiarity, However, this was not
: thought to adversely affect the results since Punch and Howard
(1985) showed that the SRT could be reliably measured using less

A than the original numbar of words.

7‘\ ‘ SUPRATHRESHOLG SPEECH MERSURES

The Differential Effects of Age and Audiogram Configuration on
- Speech Scores.

The means and standard deviations obtained for the speech measures
can be seen in Table 4. The results of the ANOVAS to examine the
difference between the speech scores for the Ss grouped according

te age and audiogram configuration are summarised in Tables 5 and

W ' . 6. These show that when Ss were grouped according to age there was
& significant variance for both main effects, f.e. age and speech-
; Bl score, while for Ss grouped according to audiogram configuration
i there was a significant difference for speechscore, bub not for
audiogram configuration. From these results, it can be conciuded

that Ss scored differently on the different speech tasks, and that

. age rather than audiogram configuration is the critical factor

A which differentiates between $s.
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TABLE 4: WMEANS AND STANDARD DEVIATIONS OF SCORES OBTAINED
0

N THE SPEECH MEASURFS

GROUP CI0W. 22 SPIN SPIN SPIN CSPIN CSPIN | CSPIN
] MAX HP Lp TOTAL Hp Lp TOTAL
GROUP I X 91,46 58.38 | 45.90 | 67.14 86,20 §9,71 78,00

(60-69) SD 13.14 8.76 | 12.50 8.75 20,30 23,41 20,00

GROUP 11 X 88.89 79.56 | 37.83 | 58.69 80.12 58.91 70,06

(70.79) S0 9.47 14.32 | 2020 | 1491 14,91 17.67 12,61

GROUP 1 X 72.84 62.35 | 18.82 | 40.59 60.00 37.18 | 48.59

(80+) S0 19.67 25.65 | 13.91 | 18.79 27,13 24.36 | 24.35

X 85.66 78.08 | 3573 | 56.90 77.13 56.90 | 67.27

ALL SUBJECTS D 15.37 18.83 19.46 17.31 22.10 24,10 21.10
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TABLE 5: ANOVA SUMMARY TABLE SHOWING [NTERACTION Ri iWEEN AGE (A)
AND SPEECHSCORE (S)

SOURCE df F 3
CID W-22 x
SPIN H x A 2 12.30 0000
CSPIN H
N 2 26,28 ,0000
SKA 4 1.81 1299
A 2 14.84 0000
CID -22
X
5 2 369.38 .0000
SPIN L
X
SXA 4 2.43 .0509
CSPIN L
1
CID W-22 A 2 15.65 ,0000
X
SPIN T S 2 235,15 .0000
Es
CSPIN T SXA 4 3.19 L0154
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TABLE 6:  ANOVA SUMMARY TABLE SHOWING INTERACTION BETWEEN AUDIOGRAM
CONFIGURATION (G} AND SPEECHSCORE (R)

3 : SOURCE df F 4
CID H-22 x & 2 1.48 2346
‘ SPIN B % R 2 22.76 | .0000
¥ T
1 CSPIN H RX6 4 f 1.98 | .1004
N T T 1
, CID W-22 ] 2 1.95 .1502
N X g |
N }
SPIN L R 2 253.86 .0000
X
s CSPIN L RXG 4 1.46 | .2188
!
! T 1
N CID N-22 6 2 1.82 ,1703
H X
|
SPIN T R H 170.26 | .0000
%
CSPIN T = RXG 4 2.29 | .0632
[ |




The lack of differentiation between the audiometric groups could
possibly be explained by the fact that, for some of the speech
tasks, sentence stimuli were used, 1.e. the SPIN and CSPIN HP
iiems, and Oubno and Dirks (1982) report that the relationship
betwsen discrimination and audiometric configuration is weakened
when sentences are used as stimuli. However, this doss not explain
the lack of variance between the Ss for the other speech measures,
viz. the CID W-22 maximum and the LP items of the SPIN and CSPIN
tests. A more likely explanation may be that the difference
betwesn the groups are qualitative rather than quantitative,
Another confounding variable may be related to sample size. Only 8
ears comprised the third audiogram configuration category. A
larger number of Ss. with fairly egual numbers within each group,
would allow for a more realistic examination of the differential
effect of audiometric configuration on discrimination scores.
Because age rather than audiometric configuration was the
significant variable, analysis of results in terms of ears rather
than Ss could continue, since any S would, by necessity, contribute
data from both ears to the same deécade group, which would not

necessarily be the case for grouping by audicmetric configuratian.

“he Age Effect.

The variance in age was further investigated by means of multi-
vartate analysis and Scheffe post hoc comparisons. The Scheffe
test resylts are summarised in Table 7. These indicate that the
scores obtained by &roup 111 differed significantly from those

obtaingd by the other two groups. This difference was apparent for
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TABLE 7: SUMMARY OF SCHEFFE VALUES SHOWING SIGNIFICANT AGE GROUP

. VARIATIONS FOR SPECIFIC SPEECH TASKS
; T 1
| S SPEECHSCORE | Ay - Az | Ay~ A3 | Ao - Ag
- e g
o] Ay = 60-69 Fax. CID W22 | 1.2 4215 3.487
b N
- : o = 76479 SPIN H 1.6741 | 4.8738 | 3.7609
iq.
| . ;' *xE
N A3 = 80+ SPIN K 11064 | 4.0337 | 3.3736
o ! FEE £
F L SPIN L 1.7360 | 4.8347 [ 3.6602
*Ex *
£SPIN L 1.8283 | 4.7118 | 3.4397
FF o
LS T 1.952 5.675 | 4.448
i o :
CSPIN T 1.5613 [ 4.948 3.9365
FCRIT 2,68 : 2.501: p < 0.05  *

3.136 1 p < 0.00 w4
3.908 ¢ p < 0,001 ek
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all the speech measures. While the mean values for the speech
tasks seen in Table 3 show a tendency for performance to deterio-

rate with increasing age for all the tests, the difference between

Groups 1 and I[ was not found to be statistically significant.
100
90
80
K
0 ’é E
N
60 i = ‘
50 ¥
i g
a0{ I H
| -
30 ‘.'!
!;5' =
20 { E
i
104 RN E
a1y
PBMAX  SPIN CSPIN SPIN CSPIN SPIR CSPIN
T T H L L
CODE:
& sroup 1 0 erowe 11 B Group 111
FIGURE 3: DISTRIBUTION OF SCORES FOR THE THREE AGE GROUPS FOR THE :
SUPRATHRESHOLD SPEECH TASKS i
The tendency for scores to dacrease as a function of age is
graphically flfustrated in figure 3. This performance difference

could reflect a loss effect, since mean PTA scores also reflect an
increass with corresponding increase in age.  However, t-test
computations (summarised in Table 8) show that the PTA values for
Group 1 differ significantly from Groups II and III, with no

stgnificant difference between the latter two groups. This is fn
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contrast to the speach score differences, where Groups I and II
were not stabtistically differentiated. The data therefore suggests

a complex interaction between age and degree of lass, and supports

Bess and Townsend's (1977) finding that discrimination ability is
dependent on both age and degree of loss. The latter study,
hewever, did not find any age effect for Ss with PTA scores below
49 dB. The mean PTA values for the three groups in the present
study are all below 49 dB, and a general trend for an age-ralated
reduction in discrimination was evident. The fact that Bess and
Townsend (1977) did not see much of an age effect for Ss with

smailer PTA scores could be due to their age grouping, i.e. by

twenty year spans rather than by decade. The present results
indicate that a significant age X degree of loss interaction occurs
when the loss exceeds 33 d8 (mean PTA value for Group 11), and that
the trend for scores to deteriorate with increasing age is also

apparent for smaller PTA values.

TABLE 8: SUMMARY OF t-TEST VALUES SHOWING SIGNIFICANT
PTA DIFFERENCE

‘ K
COMPARISON (I t-VALUE ‘I
| ]
Groups I X 11 } 2.085 * f
Groups II X III I‘ 1.822 !
Growps I X III ; 2,776 ** ll
* p <0.05 *k p <0.01
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CID W-22 Discrimination Scores.

The distribution of the CID W-22 maximum scores for each group and
the entire sample can be seem in Figure 4. This shows that the
majority of Ss (56%) had discrimination scores which were better
than 91%, which can be seen to refute the statement that dispro-
partionately poor speech discrimination scores are a general
feature of age-related hearing loss. This supports Mgller's (1981,
cited by Maller, 1883) finding, although the present proportion is
stightly Jower than Mgiler's, The reason for this may be twefold;

= aﬂﬂ,

292% 76-88% <76% La8%
SCORE

GODE:
[J A1 Subjects B Group 1 [ sroup 11 [ Group III

FIGURE 4: CID W-22 MAXIMUM DISCRIMINATION SCORES

Mglter only used 70 year old $s (reassessed at 75), and their

average loss was less severe. The difference in scorés between
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Group IIl and the other groups is in agreement with an earlier
study by Jerger (1973)., He found that discrimination decreased as
a function of age, but the reduction in scores was gradual until

about 80 years, after which age there was a significant drry.

In addition to the quantitative difference between &roups III, and
1 and 11, Figure 4 also illustrates the qualitative differences (in
terms of general distribution). Groups I and II follow a similar
trend (which Js the trend shown by the entire sample), j.e. the
majority of Ss show good discrimination, with only 9% and 14%,
respectively, oblaining scores telow 76%. The pattern for
Sroup JII differs, showing a flatter distribution curve with the
majority (37%) having scores below 76%.  This further illustrates
the complex interactive effects of age and degree of loss on

discrimination.

The SPIN Test.

Examination of the SPIN scores show that there is the expected HP
and LP separation, and that the scores are reduced in relation to
those for normal hearing young Ss. Dickens and Delaney (1986)
report scores of 98% and 72% for the HP and LP conditions,
respectively, obtained at 40 dB with a S/N ratio of +§ dB. Table 4
shows that while both HP and LP scores are reduced, the reduction
is much larger for the LP items, and that this becomes wore

pronounced with increasing age.
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L 292% 76-88% <76% <488
SCORE

CODE:

[ AT subjects B Growp I M &roup 11

Group III

A FIGURE 5: SPIN HP DISCRIMINATION SCORES
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CODE:
i [T A1 Subjects B 6rowp I [ Growp 11 & Group III

i FIGURE 6: SPIN LP DISCRIMINATION SCORES

i
1 Figures 5 and 6 show the distribution of scores for the entire

samplé and for the different age groups for the SPIN HF and LP
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items. While the S7IN HP scores show no real trend (distributjon
curves for the three groups are different), a clear trend is seen
for the SPIN LP scores. This is seen for all three groups, with
the only difference rejating to quantity. The majority of the Ss
performed poorly on the LP items (scores <49%), while there was a
fatrly broad, not very wel) defined, distribution for the HP items.
The distribution of scores for the tast as a whole (SPIN TOTAL,
seen in Figure 7), once again show the qualitative differences.

The distribution for Groups [ and II is similar, but not Group III.

®
3
2z

S

at
1
20}

R
R

292% 76-88% <76% a8y
SCORE

CODE:
] AN subjects B erow ! M eroup 11 [& Group 11T

FIGURE 7: SPIN TOTAL DISGRIMINATION SCORES

The CSPIN Test.

CSPIN scoras show a similar trend to the SPIN scores, {.é. there is

a separation between the HP and LP scores, and the scores are Tower
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than those obtained by normal young listensrs (HP = 97%, LP = 83%
for the 30 normal hearing young listeners referred to in the metho-
dology section}. Reduced performance, in comparison with young
Iisteners, is in agreement with other studies e.g. Schmitt and
McCroskey (1981); Schon {1977), etc. Once again, the affects of
the distortion (in this case compression) are seen to be more

disruptive for the LP stimuli than for the HP stimuli.

o2

=il

292% 76-88% <76% <484
SCORE

CODE:
{1 At7 subjects B erouwp I M0 sroup 11 [] Group 111

FIGURE 8 : CSPIN HP DISCRIMINATION SCORES
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292% 76-88% <76% 248%
SCORE
CODE:
[ AN Subjects B Growp [ M} Group II E¥ Group III

FIGURE 9: CSPIN LP DISCRIMINATION SCORES

The distribution of the scores can be seen in Figures 8 and 9.
No general trend for either the HP or the LP items can be seen for
any of the groups. An intevesting finding is that the distribution
for Group III seems to be bx’mcdalv fo. both HP and LP, i.e. there
appear to be two peaks. The distribution of the HP scores shifts
from 6% to 41%, then down to 18% and up to 35%, while that for LP
shifts down from 19% td 11% and up again to 71%. The low scores
may reflect central {nvolvement and the distribution could indicate
that two groups of Ss are involved, viz, some with relatively well
preserved central auditory function, and those with central
auditory problems, as was suggested by Mgller (1983). This may
alse be supported by the fact that the standard deviations for

Group II1 were largest for this measure (although not substantially
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larger than those found for Group [ for the CSPIN procedure). The
possibility of a bimodal distribution needs to be investigated in a

larger sample,

o clear distribution pattern is evident for the TOTAL scores (seen
in Figure 10) and, here, the bimodal nature of the distribution for
Group II1 has been obscured. Computation of TOTAL scores for
either the SPIN ar the CSPIN procedures is not recommended. The
total score does not provide any additional information and, in

some instances, may actually ocbscure potentially - useful

information, e.g. SPIN LP and CSPIN.

{1 ATt Subjects 8 Grow! [ Group 11 BB Group III

FIGURE 10: {SPIN TOTAL DISCRIMINATION SCORES




TABLE 9: SUMMARY TABLE OF SCHEFFE VALUES SHOWING SIGNIFICANT
SPEECHSCORE VARIATION WITHIN AGE GROUPS

GROWPS | Sy - Saf S1 - S3| Sz - 53
AL
$] = CID W-22 max. | (60-69) | 1.6829 |2.4219 | .0738
W
Sp = SPINH
A2 *k *hk
] S3 = CSPIN G (70-79) | 3.701 |3.9755 | .2703
i A3 *kk hx
i (79%) ; 44017 {5.2393 L7476
N
; BROWPS | S - Sp| S, - 53] Sp- 53
' ‘,\ ; ) Al Fkk dexk FEK
N J S = CI0 W-22 max. | (60-69) |13.643 |6.7667 | 6.8764
s 53 = SPIN L T
. AZ EEad ok dkk
i 53 = CSPIN L (70%79) | 18.647 [10.925 | 7.7215
] A3 ook ek dxk
i (79%) [ 14.9788 | 10.2084 ! 4.7703
|
| GROUPS | S3 -~ Sp| Sy~ S3| Sp-S3
{ Al hkk *hk *kk
; Sy = CID W-22 max. | (60-69) |10.198 |5.038 | 4.259
! Sp = SPINT
i Az whk ek Hkk
I S3 = CSPIN T (70-79) ] 14.721 ]9.3587 | 5.364
; A3 dhK kb *
! (79%)  |13.368 [9.839  |2.823

F CRIT 2,68: 2.501 : p < 0.06 *
3,138 : p < 0.01 **
3.908 : p < 0,001 ok
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Speechscore Variation.
The results of the Scheffé computations to investigate significant

speechscore variation within the different age groups can be seen
in Table 9. For Group ! there was no significant difference
between scores obtained for the CID W-22, the SPIN HP and the CSPIN
HP pracedures, and for both Groups I1 and ITI there was no differ-
ence between the SPIN HP and CSPIN HP scores. For a1l the other
measures the speech score variation was found to be significant
within a1l three age groups, indicating that the tests assess

different aspects of auditery discrimination.

The lack of significant difference for the HP measures for all Ss,
regardless of age or audiemetric configuratfon, is interesting.
Introduction of noise and compression did not have a differential
effect on HP performance, while for the LP sentences the two
conditions were differentiated. Thus, the important feature seems
to be context, which apparently helps to overcome the distortion,
regardless of the nature of the distortion. This has important
implications for rehabilitation with the elderly hearing impaired
client, in that more emphasis should be placed on teaching him to
utilise contextual information in order to overcome problems which
he experiences in the less than fdeal type of communicatfve situa-
tion. The fact that Group I did not show any statistically
significant difference between discrimination of undistorted
stimuld (CID W-22 word lists) and the two degraded conditionms,
while Groups I1 and 111 did, is &lso important. While the youngest
group's parformance on the HP items of the SPIN and CSPIN tests
could be predicted on the basis of their monosyllabic discrimina-

tion, this was not the case for the alder Ss.
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Examination of Table 4 and Figure 3 shows that, with the exception
of the speech tasks discussed above, for all Ss the scores obtained
For the CID W-22 1lists were the highest, with CSPIN and SPIN
following in that order. Very often the elderly specifically

complain of problems in understanding speech in noise, yet this
aspect is not routinely investigated and, frequently, hearing aids
are fitted without evaluating aided performance in the presence of
. noise, The present rcsults indicate that the Ss perform differ-
i. ently in noise and guiet, supporting previous research by Duquesnoy
[ (1983) and Plomp and Mimpen (1979a), which showed that Ss with the

same hearing loss for speech in quiet may differ in their perfor-

o . mance in noise, and that this could not really be predicted from
o N 3 the performance in guiet. The fact that the scores for the speach
measures in quiet and noise dif’sr significantly suggests that
different aspects of auditory function are being measured. A study
by Fasten and Plomp (1983) provides support for this, They
investigated the relationship between various auditory functions in
hearing-impaired individuals, and concluded that hearing loss for
speech in quiet is determined by audiometric loss, Wwhile hearing
loss for speech in noise is governed by frequency reselution
' abilities. If different aspects of auditory function are being

measured, as this and previous research suggests, it is necessary

to inctude, in the routine audielogic battery, a test which
evaluates discrimination in noise.  While future research may
: reveal diagnostic sensitivity of such a procedure, in that it may
j differentiate between Ss with ceértain types of disorder and/or

sites of lesion, a more immediate gain or benefit would be in the

field of hearing aid fitting. Patients with sensorineural hearing
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Tosses require a higher S/N ratio than normal hearing individuals,
and their speech discrimination in noise problems are related to

this unaided S/N threshold (Welzl-Milller and Sattler, 1584).

While the SPIN test can give an indication of discrimination
ability in noise, and the extent to which contextual cues are being
utitised (which provides information necessary for planning rehabi-
Jitation), it would not seem to be the most ideal procedure to
acquire the specific information (in terms of the aided and unaided
5/N ratios) required to improve the selection of hearing aids.
Both the presentation level and S/N ratio influence performance,
thus the determination of pe-formance functions at varidus presen-
tation levels and S/N ratios would give the best estimate of an
individual's ability to understand speech in noise (Dickens and
Oelaney, 1866). To do this using the SPIN test would be very time
consuming, and not very practical. The Ss in the present study ail
reported that the SPIN test was very difficult and that thay found
it tiring, so the administration of more than one 1ist per ear does
not seem a viable proposition. A more practical approach would be
the adaptive procedure described by Dirks, Morgan and Oubno (1582},
In this approach the S/N ratios required to obtain 50% correct
discrimination for monosyllabic (NU-6) words presented at several
fixed presentation levels are plotted, and compared with the curve
obtained from normal hearing young listemers. These authors found
that these curves gave as much information as a series of indivi-
dual performance intensity functions (PIFs) for different S/Ns
plutt_ed at different levels, yet were much faster:to administer.

Their preliminary research has indicated that this adaptive
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p-ocedure can differentiate between ears and Ss with similar PIFs
in quiet and may, therefore, be a means by which clinicians can
predict an individual's relative performance with an aid, and help

the clinician choose the most suitable ear for amplification.

The fact that all the Ss performed more poorly on the SPIN than on
the CSPIN test would seem to provide little support for central
processing problems being a gensral characteristic of age-related
auditory changes, as has been suggested by several authors, e.g.
Bergman {1983); Sticht and Gray (1969), etc. However, as previous-
1y mentioned, their scores are reduced in comparison with those
obtained by normal hearing young listeners, The redustion in
performance on both the CSPIN and the SPIN tests could be seen as
evidence of central processing problems (,.e, compressed speech is
generally considered to be sensitive to disorders in the central
auditory nervous system, and all Ss performed more poorly on the
SPIN). It could be argued that the nofse element in the SPIN test
reduces the redundancy of the speech signal to a greater degree
than the compression in the CSPIN test and, that it is therefere
tapping more subtle CANS disorders.  However, the more 1likely
explanation is that reduced performance on the SPIN is the result
of peripheral processing problems, as suggested by Plomp and Mimpen
(1979} and Festen and Plomp (1983), and that the reduchon in
performance on the CSPIN may also be due to the peripheral involve-
ment rather than central problems. Further support for this is
seen in a study by Ere, Jokela, Qvarnberg and Heikinen (1986),
They found :hat elderly Ss had mere difficulty with speech in noise

than with reducad redundancy speech (intercupted speech), and they
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suggested that peripheral auditory functions are important deter-

minants of performance in speech discrimination tests.

The large standard deviations for the CSPIN procedure, and the
apparent bimodal distributijon for the cldest group, may suggest

that in this sample there were individuals with well-preserved

central auditory function, as well as those with central processing
problems. Before any final comment can be made concerning either
the question of central processing probiems in the elderly, or the
clinical utility of this test, further research needs to be
conducted, firstly, to determine the sensitivity of this test in
detecting CANS disorders in patients with documented lesions and,
secondly, to establish the influence of peripheral sensitivity loss
on youny listeners' performance on the CSPIN test. Furthermore,
besides the relative contribution of peripheral and central
disorders, the anxiety factor must not be ignored. Bergman (1983)

states that performance can be adversely affected by stress,

especially in difficult listening circumstances.

IMMITTANCE MEASURES

Tympanometry and Static Compliance Values.

Tympanograms were recorded for 71 ears. Sesls could not be

obtained on the remaining 7 ears. The distribution of tymyanograms

can be seen fn Table 10.
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TABLE 10: D[STRIBUT[ON OF TYMPANOGRAMS ACCORDING TO JERGER
(1970} AND LIDEN ET AL {1974), CITEO 8Y MARGOLIS
AND SHANKS (1985)

T
A As | Ad | B c oNT
(n = 22) 17 2 2 - - 1
:
i 11
: (n = 36) 2 3 31 2 - 2
! 11
(v = 20) 14 1 1] - - 4
e
B Total
) (n=78) 57 3 61 2 - 7
.
N’

With the exception of two type B tympanagrams (obtained from the
same subject), all others fell within the shape A category, with
the majority of these showing compliance values within the normal
range. An egual number of tympanograms with higher than normal
(type Ad), and with Tower than normal (type As), compliance values
were found. There was no incidence of negative middle ear pressure

pesk (type C). The low incidence of type B tympanograms 1is in

agreement with what has been reported in the literature (Orchik,
1981). Although Tittle is known about changes in the tympanogram
that might be related to the aging process, it has been suggested
by Orchik (1981) that there is likely to be a higher incidence of

tympanograms associated with ossicular abnormality. However, this

does not seem to be the case for the present sample, since the
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majority of the tympanograms were normal type A, with a mean static
compliance value aof ,55 cc. The mean static compliance values for
each tympanogram type across the Lhree age groups can be seen in

Table 11.

TABLE 11: MEAN STATIC COMPLIANCE VALUES FOR EACH AGE GROUP

TYMPANOGRAM
GROUP As Ad
4 GROUP T T .52 .2 2.0
\ v b 24 - -
A _
i i GROUP T1 éu .2(1) 2 2.17
! GROUP TII X 47 .2 2,0
t so .19 - - |
1
| '

These values are similar for each group, and do not indicate any
change with increasing age, although the values obtained can be
considered to be at the lower end of the scale. Research by Hall
(1979) and Jarger et al (1972) described a systematic decline ia
static compliance with increasing age, which was attributed to
middie ear changes. This effect was reported to be more pronounced
in females, consequently a similar Lrend would be expected, but is
not clearly seen. However, the fact that the compliance values

i tend towards the lower end of the scale may indicate a trend in °
i
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this direction, which supports the work of Osterhammel and
Osterhammel (1979b).  These researchers found that while static
compliance values were unrelated to either age or sex, these
measures did show & decline with increasing age that was not

statistically significant.

In conclusion, aging does not seem to have any significant effect
on tympanogram shape or static compliance measures. This result

is hardly surprising, considering the problems associated with

obtaining and interpreting these measures. One of the major

weaknesses of static compliance is the wide vartance in values

i
7‘} ”' ralated to specific pathologies, with these showing considerable
overiap amongst normal, flaccid and stiff middle ear systems
2 (Alberti and Kristensen, 1970; Northern and Downs, 1984), With
i this variability being recorded from systems with clearly defined
physical changes, it would be naive to expect a characteristic
i value from the aged ear, when many different structural changes
{ have been reported to occur in the aging middle ear system (Nadol,
[ 1981; Wofford, 1981). Furthermors, measurements can be affected by
)“ the equipment used (Thompson et al, 1979). A limitation of the
‘, present study is that the tympanograms and static compliance values
! weére manually recorded and ¢alculated, which decreases the accuracy
| of measurement and could, consequently, have obscured smajl

variations.
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Acoustic Reflex Measures - Pure Tones.

Reflexes were recorded for both crossed/contralateral stimulation
(0.25, 0.5, 1, 2 and 4 kMz}, and uncrossed/ipsilateral stimulation
{0.5, 1 and 2 kHz). In ad&itiun to ears with abnormal tympanograms
and thase with reflexes absent at the 1imits of the audiometer,
reflexes could not be evaluated in 3 ears due to a high degree of
movement artefact. Mean veflex thresholds for the group and for

each age-group can be seen in Table 12

Mean threshold values compare favourably with those reported by
Osterhammel and Osterhammel (1979b). Little difference between the
values for each age group Js evident, for both crossed and
uncrossed reflexes, and there fis similarly little difference
between crossed and uncrossed values. However, it was noted that
uncrossed reflexes could not be recorded at the limits of the
audiometer in a greater number of ears than was the case for
crossed reflexes. The possible explanation for this may be related
to reflex amplitude. Reflex amplitude per se was not investigated,
but Hall (1985; 1982), Wilson (1981) and Thompson et al (1980} have
reported that aging profoundly affects reflex amplitude, i.e. it
decreases with dincreasing age. Hall also reported that these
age-related changes were inore pronounced for uncrossed than crossed
reflexes. Thus, reduced amplitude could make measurement more
difficult (especially when using the Madsen 20 73 without a
recorder} and, therefore, account far the fewer number of

oliservations.
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N TABLE 12: MEAN REFLEX THRESHOLDS IN dB ML FOR CROSSED
AND IN dB SPL FOR UNCROSSED REFLEXES
—
FREQUENCY Hz |
GROUP CROSSED UNCROSSED !
250 500 | 1000 | 2000 | 4000 500 | 1000 {
1
b3 89.07 | 87.14| 87.50| 93.57| 86.67] 90.42{ 88.33| 88.75]
GROUP 1
e 8.9 ] 9.75) 11.22] 10.46] 13.23) 8.12 9.13] 9.80
¥ 90.00 | 88.85] 84.20 88.54| 94,05 88.10| 86.20{ 85.71
GROUP 1T
p 12,54 14;.551 15| 8.78) 12.91] 8.58} 10.24] 9.39
[
ks 87.50 | 89.20| 90.36| 98.85{ 103.75( 81.67| 83.89| 88.33
GROUP 111
50 13.12§ 13.71] 15,38] 15.16{ 16.64| 8.29 8.58| 8.17
ks 89.31] 88.52 | 86,70 { 92.55| 94.34| 87.38| 86.31| 87.05
ALL SUBJECTS
3D 172 13,20 12,44| 11.72] 14.62| 8.78 9.50| 9.23
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For the crossed reflexes, a slight decline in the number of ears in
which a reflex could be recorded was seen with an increase in
frequency from 0.25 kHz to 2 kHz (100%, 93%, 91% and 88%). This
can be explained in the context of the pure tone sensitivity
results. The general configuration was a sloping loss, consequent-
1y one may predict that more refiexes may be absent in the higher
frequencies due to the degree of Joss. At 4 kHz the reflex could
not be evaluated in 38% of the ears. This large decrease cannot be
entirely explained by the audiometric configuration. Jerger et al
(1972) and Osterhammel and Osterhammel (1979b) have also reported
being unable to elicit a reflex at this frequency in a certain
percentage of apparently normal ears. Both these studies, however,
report a smaller percentage of absent reflexes than that for the
present study (Jerger et al, 3%; Osterhammel and Osterhammel, 6%).
In both these studies the age range of Ss used was very large, i.e.
the studies were not confined to the elderly population, which
could perhaps have obscured a higher tendency for the absence of a

4000 Hz refiex in this population.

Acaustic Reflex Measure - Broadband Noise (BBN).

These measures were obtained for crossed stimulation only, The
values for the total sample and for each age group can be seen in

Table 13,
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TABLE 13: MEAN BBN REFLEX THRESHOLDS

T
GROUP X SD
BROUP I 87.50 8.71
GROUP I 89.20 8.98
GROUP 11 97.14 12.20
AL Ss 90.85 10.41

The mean values are not that different from the mean pure tong ART
values (see Table 12). This reflects an elevation of the B8N ART,
since the BBM reflex is normally elicited at lower levels than the
tonal reflexes. These results are similar to those of Wilsen
(1981). He found that the elderly population demonstrate a smaller
noise-tone difference, and that their BBN ARTs were significantly
higher than those of young Ss. Siiman (1979) alsc reported that
BBN ART is elevated in the elderly population, but he found that it
was still elicited at a lower level than the pure tone ARTs. These
results indicate that there is a tendency for the BBN reflex to be
elicited at higher levels with increasing age, while tona) reflexes
are relatively unaffected by age, in contrast to the study by
Jerger et al (1978}, which reported that tonal ARTs decrease with

increasing age and BBN ARTs are unaffected by age.

Jerger et al {1978) also examined the effact of hearing loss on the
BBN ART, and showed that the BBN ART shows a systematic increase
with increasing hearing 10ss, regardless of dudiometric configu-
ration, Figure 11 shows the presest résults (mean BBN ART as &

function of PTA) in relation to those obtained by Jerger et al,
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FIGURE 11: EFFECT OF HEARING LOSS ON THE REFLEX THRESHOLD FOR
BBN - A COMPARISON WITH JERGER ET AL (1978)

The Jerger et al (1978} study found that there was an age effect
only for losses exceeding 50 dB HL. A similar complex finteraction
between age and degree of loss was seen in the present study, but
for PTA values below 50 dB HL. The t-test values (see Table 14)
show that the mean BBN ART obtained by Grou. IIl differs signifi-
cantly from the BBN ARTs obtained by either of the other two
groups. No significant difference was seen for Groups [ and II. A

simflar trend was seen for the PTA values (refer to Table 8).




TABLE 14: SUMMARY OF L-TEST VALUES SHOWING SIGNIFICANT
BBN ART DIFFERENCE
(* p < =.08)

. COMPARISON -VALUE
!
; GROLP 1 X )
i GROWP 1T - 5624
i B
i GROWP Tf X a
; GROUP 111 2.2814 *
TN GROWP 1 X
. GROUP  I1I 2.3952 *

Thus it would seem that the combination of increasing age and

increasing hearing loss affect the BBN threshold, while the tonal

reflex threshold appears to be relatively unaffected by age,

HHIE

The results of the HHIE showed that 26 (i.e. 67%) of the Ss
' considered themselves to have no hearing handicap, 9 (23%) felt
¢ that they were mildly handicépped, and only 4 (10%) Ss indicated
that they had a significant handicap.

oy




TABLE 15: DISTRIBUTION OF Ss BY HEARING LEVEL/HANDICAP CATEGORIES

HHIE CATEGORIES
HEARING LEVEL 0-8 0-22 24-40 | TOTAL
0-25d8 14 - 2 16
26 - 40 d8 9 4 1 14
41 - 55 d8 3 5 1 9
: TOTAL F 26 9 4 | 39 ]
|

Table 15 shows the relationship between the three categories of
hearing handicap and the PTA score {500, lk and 2 KHz) for the
better ear. The imperfect relationship between pure-tone
sensitivity and hearing handicap is c¢learly seen here. While 88%
of the Ss with no hearing impairment (i.e. 14 of the 16 Ss) report
no handicap, only 11% of those (i.e. one subject) with hearing loss
exceeding 40 dB report significant handicap. Ventry and Weinstein
{1983) reported a better relationship - 70% of their Ss with a
significant loss (PTA > 55 dB), and 48% of those in the 41-55 dB
category reported a significant handicap. The lower rejationship
between degree of loss and significant handicap may possibly be
explained by the fact that in the present study there were no Ss
with a significant loss (i.e, PTA > 55 dB). The HHIE may show a
better relationship with pure tone sensitivity at the two ends of
the scale, viz., no loss as opposed to significant hearing
impairment, and show a less perfect relationship for those Ss with

wilder impairment.

By combining the no-handicap and the mild-handicap categories,
Ventry and Weinstein illustrated that the 40 d8 cut-off clearly
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separated those findividuals who experience hearing handicap from
those with no handicap. The proportion of their Ss with loss
<40 d8 reporting no handicap was much greater than those who
reported handicap, and the opposite relationship was found for

those Ss whose Toss exceeded 40 dB. In the present study it was

also found that the majority (90%) of Ss with PTA scores of less
4 \ than 41 dB reported no handicap. However, this was also true for
' those with a loss greater than 40 dB, in that eight of the nine Ss
i in this category repc‘ted no handicap. Furthermore, of the four Ss
! who reported significant handicap, only oné had a loss which

[ exceedad 40 dB.

{ There appears to be a good relationship between good hearing
7'\ 4 sensitivity and absence of handicap, as measured by the HHIE, bui
" . the HHIE does not seem to be exploring the possible handicap that

individuals with reduced pure tone sensitivity may be experiencing.

A possible factor which may have confounded the results is that the
HHIE was administered by the researcher as the first test of the
experimental battery and pride may have caused some of the Ss to

negate, or not accurately evaluate, their hearing difficulties.

Oifferent results may possibly have been obtained had the $s

completed the questionnaire themselves, or had it been administered

at the end of the battery.

in order to further invesiigate the use of the 40 dB cut-off in

screening, the proportion of Ss who would have passed of failed an

!
i
|
|
|
|
|

audiometric =sreening test in each HHIE category was e .ined.

Data was obtained by inspecting each S's audiogram and applying

Ventry and Weinstein's {1983} recommended pass/fail criterion (1.e.
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a fail on the audiometric screening test would be an inability to
hear a 40 dB tone at 1 or 2 kHz in each ear}. For the purposes of
this investigation a fail was, therefore, equated with a threshold
of at least 45 dB in each ear at 1 or 2 kHz, and 28 uf the Ss were
found to have passed the “screening test", while the other 11 Ss

failed it.

Table 16 {llustrates the relationship between the handicap and
pass/fail categories.  The accuracy in terms of a low false
positive rate is clearly illustrated. The greater majority of Ss
reporting no handicap also passed the screening test, For those Ss
reporting some degree of handicap the proportion of those who passed
or failed the screening test were roughly equal. The HHIE thus
would appear to be more sensitive to truz negative conditions {no
loss and no handicap) since overall 67% of the sample reported no
handicap and 72% passed the screening test, It appears to be less
accurate in cases of loss and/or handicap. Thus, the HHIE, unlike
other scales, e.g. the HHS or the HMS, does not seem to be
sensitivity weighted (although this could be due to small sample
sfze 1in general and, in particutar, to the lack of Ss having
significant loss).

TABLE 16: PURE TONE PASS/FAIL DATA AS A FUNCTION OF
HEARING HANDICAP CATEGORIES

HHIE CATEGORIES PURE TONE SCREEN
FAIL ) PASS | TOTAL
0-8 § 2l . 26
10~ 22 5 4 9
24 - 40 1 3 4
TOTAL 11 28 39
L
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TABLE 17: SUMMARY OF THE PEARSON-PRODUCT MOMENT CORRELATIONS BETWEEN THE HHIE AND
BETTER EAR AUDIOMETRIC MEASURES FOR ALL THE Ss AND EACH GROUP OF Ss

T
GROUP PTA SRT Ciow-22 SPIN SPIN} SPIN CSPIN CSPIN| CSPIN
T H L T H L
GROUP 1 0.1¢ 0.00 -0.24 -0,42{ -0.43| -0.29 -0.47 -0.43[ -0.43
GROUP 11 w G.24 0,20 0.18 0.01 c.28} -C.18 -0.02 0.24 | -0.27
x
x
GROUP 11 0.82 0.73 =0.74 | -0.47} -0.51| -0.34 -0,50 -0.53 | -0.41
[
[
ALL SUBJECTS 0.30 | 0.17 -0.33 ; -0.18 -0.15} -0.18 -0.30 -0.26 | -0.30
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The relationship between the HHIE, the PTA, and the threshold and
suprathreshold speech measures was examined, The results of the
Pearson Product Moment correlation (seen in Table 17) show no
strong carrelation between the HHIE and the audiometric scores.
The lack of correlation between the speech threshold measure, i.e.
the SRT, once again illustrates the Ffact that the HHIE does not
appear to be sensitivity weighted. Interestingly, there is also no
relationship between the HHIE and the suprathreshold measures.
This causes one to question whether the HRIE does, in Ffact, reflect
handicap. It would seem that this scale is not asking questions

which are related to everyday communication problems.

Since the performance of the Ss on the suprathreshold tasks did
appear to be age dependent (i.e. the scores of Group IIL were found
to be significantly different from those of Groups I and II), the
correlation between the audiometric measures and the HHIE was also
investigated for each of the age groups individually. Groups I and
I1 followed the trend of the sample as a whole - there was nho
significant correlation between the HHIE and the audiometric
measures. Group IIL, however, differed from the general trend in
that this group demonstrated a strong positive relationship between
the HHIE and threshold messures (PTA and SRT), and a slightly
smaller, negative relationship with the monosyllabic word discri-
mination score. This relationship between the PTA, SRT and
CID W-22 and the HHIE is in direct contrast to that reported by
Berkowitz and Kochberg (1971) for the HHS. They reported a good
correlation for these audiometric measures and the HHS for their 60

to §9 year old Ss; bub no correlation for their Ss aged 80 years
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and older. However, the results of the present study are not
uniike those of Weinstein and Ventry (1983), who found significant
correlation between the HMS and both threshold measures (PTA and
SRT) and discrimination scores (CID W-22), with the Jatter
correlation being lewer than the others. Although in their study

this was true for all the $s, and not only those older than 80. The

correlation between the HHIE and the threshold measures indicate
that, for this group, the HHIE does appear toc be sensitivity
weighted, Examination of the PTA scores for Group III showed that

all Ss with a loss exceeding 40 dB reported some degree of 5\

I handicap, and no Ss reported handicap if the loss was less than
40 d8, This may be due to the fact that the mean PTA score for
" this group is slightly higher than for the others.

N
The lack of correlation between the other speech measures and the

HHIE for all three groups brings into question the validity of the

HHIE as a measure of handicap.

Tyler and Smith (1983) have suggested that this lack of correlation
between handicap scales and speech identification may be due to the
fact that the speech tasks that are used are not representative of

: evaryday listening conditions. While this argument may hold for

tests of monosyilabic discrimination in quiet, the other tasks
2 would appear to be more representative of the less than ideal real
] }ife communication settings. Thus, 1t would seem to imply that the
HHIE is not accurately reflecting handicap, although the SPIN and
CSPIN tasks may not necessarily be an accurate reflection of

comnunicative difficulty or handicap. The fact that Group 111 did
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show a correlation between speech discrimination and the HHIE may
reflect the complex age/hearing loss interaction seen in their
performance on the various speech tasks, especially when consider-
ing that hsndicap {(according to ASHA, 1981) is not determined by

any one particular factor, but by the interaction of many.

The low false positive rate found in the present investigation, and
the fact that the HHIE seems to be sensitivity weighted for those
S5 aged 80 and older, suggest that it could possibly be used to
identify those individuals who need audiological assessiients. As
far as the priority system, suggested by Ventry and Weinstein, is
concerned, it needs to be modified so that all Ss who do not pass
both the pure tone screener AND the WHIE are referred for further
examination, In this way, a)l those individuals with moderate hear-
ing loss, regardless of perceived handicap, as well as those who
report some degree of handicap (as measured by the HHIE), regard-
less of the audiometric threshold, would be referred. Thus, rather
than having a ranked priority system, the five priorities would
essentially receive the same weighting, and the danger of under-
referral would be obviated.  However, until it is established
exactly what the HHIE §s measuring, and how this relates to actual
handicap, it Js difficult to estimate the degree of over-referral,

This is possibly an aspect that needs further investigation.




CHIPTER 5
CONCLUSTOKS

The characteristic hearing loss seen in all data on age-related

pure tone sensitivity deciine, viz, a gradually sloping, high-
frequency, sensorineural Toss was also sean in the present study.
Howaver, the mean threshold values were found to be greater than

! those veported in the literature. This was felt to be a reflection

of the subject selection criteria employed in this study. CompaJ
rison of the mean thresholds for each age group provides evidence
of a continuing sensitivity deciine with increasing age. A simifar
trend was seen for the SRT scores, which showed good agresiient with
the PTA values. Administration of the pure tone tests was proble-
matic in that the Ss responded more siowly and Jess corisistently
than to the other tests. This needs to be kept in mind in the

clinicial situation, i.e, when testing elderly clients, the

clinician should be prepared to spend more time administering the

pure tone audiogram so that the resuits are not compromised.

Static compliance values and tympanogram shapes did not differ from

those of normal young subjects. The pure tone ARTs did not appear

’ ‘ to be affected by age, although @ high percentage of reflexes at
i 4000 Hz were found to be absent. The BBN reflex was elicited at

i elevated levels, and was influenced by both age and hearing loss.

Interesting results, with important clinical and research implica-

tions, were found for the sSuprathreshold speech tasks. The

important factor in differentiabing between the 5s 1n terms of
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their performance on these tasks was age, rather than audiogram
configuration. Scores obtained by Group III for all the speech
tests were found to be significantly different Ffrom those of
Groups I and Il. No significant difference was seen between the
groups classified according to audiogram shape, although this
should be confirmed with a larger group of Ss, with the S5 more
evenly distributed between the groups. The possibility of
qualititative, rather than quantitative, differences also needs to

be examined.

There appeared to be a complex interaction between age and degree
of loss. While Group II1's significantly poorer performance could
partially be explained on the basis of poorer hearing thresholds,
the fact that their PTA scores did not differ significantly from
those of Group II, and that these two groups did differ signifi.
cantly from Group I, indicstes that the reduced performance is
caused by the interaction of age and hearing loss. Further research
into this relationship and determination of the degree of Jloss,
above which an age effect can be expected, wouid be of great value
in the clinical situation. This knowledge would help to clarify
the concept of phonemic regression and therefore diagnostic

accurady weuld be improved.

Performance for all the Ss was best on the test of monosyllabic
discrimination in quiet: The mejority had scores which were better
than 91%, thus contra-indicating the f{dea of disproportionately
poor speech discrimination skills necessarily being associated with

age-related hearing loss. When an elderly individual has dispropor~
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tionately poor speech discrimination this should not be considered
to be the norm, but should indicate the need for an indepth audio-

Togical assessment, as would be the case with younger clients.

With the exception of the HP items for the SPIN and CSPIN tests,
speechscore variation was found to be significant within all three
age groups, indicating that different aspects of auditory function
are being measured. The primary complaint of many elderly indivi-
duals is the problems which they experience in understanding speech
in noise, conseguently assessment of speech discrimination in noise
should form an essential part of both the routine audiological test
battery and the hearing aid evaluation procedure. While the SPIN
test does give an estimation of discrimination in noise, it is
Tengthy, so for " the purposes of hearing aid evaluation where the
clinician would be interested in a number of aifded and unaided .
measures, ft would not be the most suitable protedure, Procedures
such as those described by Hagerman {1984), Dirks et a) (1982) and
Plomp and Mimpen (1979a; 1579b), which determine speech threshold
for sentences or words as a function of the signal-to-noise ratio,

would be more suitable. The clinical uitility of such procedures

with the elderly population needs to be examined.

The ifportance of context in overcoming the effects of distortion

(time-compression and noise) was illustrated by the lack of

significant difference between the HP items of the SPIN and CSPIN

tests, The clinfcal implication of this is that in the rehabili-
tatjon process more emphasis should be placed on context. The

focus should be on teaching the elderly client skills which are
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related to the utilization of context, and excrcises aimed at
improving discrimination of individual words or syllables should be
de-emphasised., Information concerning the extent to which an
individual makes use of contextual clues is essential in planning
rehabilitation, The SPIN and CSPIN tests provide such information
and thus should be dJncluded in the aural rehabilitation test

battery.

The question of central processing problems being a feature of age-
related hearing disorders has not been resolved. A1l the Ss
performed poorly on the LP items of the CSPIN test, in :omparison
with normal young listeners, which could be a reflection of CANS
disorder. However, performance on the LP items of the SPIN test
was poorer than for the CSPIN. The relative contribution of central
processing to the reduced performance can only be determined once
the performance of Ss with documented CANS disorders on these two

tests has been evaluated.

The HHIE did not show a good correlation with audiometric measures,
although there was a correlation between the PTA, SRT and CID W-22
discrimination for the Ss in Group IIl. The lack of correlation
betwsen the other speech tidasures and the HHIE would seem to
suggest that it does not provide an accurate index of handicap,
However, the results might have been infiuenced by the way in which
the scale was administered, and by the fact that none of the §s in
the sample had a severe hearing loss. The scale may provide & more
accurate reflection of handicap in a larger sample of $s with a

wider range of loss, and if the Ss were to complets the guestion~
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natre thamselves. Sipce the scale is very quick and easy .to
administer, and was found to have a low falsy positive rate, it is
suggested that it be used in conjunction with a pure tone screéening

test in order to identify elderly individuals who may be in need of

auydiological services. It is suggested that individuals who fai)
either the screening test, or who indicate handicap on the HHIE, be

referred for further evaluation.

|

1

‘ In conclusion, it would appear that the effects of age on auditory
function are complex, and that the elderly population is not a

i homogenous group.  Further research into the effects of aging on

é auditory behaviour and communication ability is needed to improve

i,

our understanding of the problems experienced by aging listaners.
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APPENDIX "
NAME DATE OF BIRTH:

HEARING HANDICAP INVENTORY FOR THE ELOERLY

YES SORETINES NO
)] 2 {0)
L E-D)
Does a hearing problem cause you to feel
embarrassed when meeting new people?
2. (E-2)
Does a hearing problem cause you to feel
frustrated when talking to members of
your family (/friends)?
3.7(5-1)
Do you have difficulty hearing when
someone speaks in a whisper?
17 {E-3) -
Do you feel handicapped by a hearing |
probiem? ‘l
5. (5-2) I

Oves a hearing problem cause you difficulty
when visiting frieads, relatives or
neighbours (or being visited by)?

6. (5-3}
Ooes & hearing problem cause you to attend
re‘lmious services }ess often than you
like?

7. 558
Does a hearing problem cause you difficulty
when 1istening to TV or radio?

8, (£-47 Ooes a nearing problem cause yoU to
have arguments with family members?

9. (&5
Do you feel that any difficulty with your
hearing 1imits or hampers your personal
or social life?

10.7(5°5)
Does a hearing problem cause you diffi-~
culty when in"a restaurant {diningroom}
with relatives or friends?
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APPENDIX ¥g*

( SPIH TEST SENTENCE L1ST - 1

l SPIN TEST SENTERCE LIST ~ 2

my
i
(1)
o
[(8]
(t}
[0
(8]
%]
)

1
2

12.
.
1.
18,
8.
i
1,
1.
.
21,
22,
.
o,

L) 25,

w
{1
i
[

.
o,
28,
.

L) 30,

18]
a
«}
ny
(]
L)
w
)
L)

!u.g.‘. EN

3,
a,
3,
3,
35,
3.

an
EN

The watehdog gave a varning grow,
She wado the bed wlth ciaan shests.
The old man discussed the divy,

Bob heard Pout ceilad about the stripy
[t

1 shot)d have cons {derud the pap.
The o1d tratn was ponarad by targ.

-+ lie caught the rish In hls not,
+ Hiss Brown shouldn't discuse the sand,

Close the Window to st the draft.
Hy T, has & twolve-fich sercen.
Thoy wight ave considered the hive.
Davld has discussed the dent.

The sandal has o broken strap.

he bodt sailed along the coast.
Crocodiles Tiva tn aiddy syamps.

He ean't consider the grib,

The Farner harvested his crop.

M1 the flowers vere in bloom.

1 am thinking about the knife.
David does nok distuss the hug.

She wore & Feather fn hor cap,

Wa've been dfscussing the grates,
Miss Black knew abaut the goll.

The Aduitral commnds the fieot.

she couldn’t discuss the ping.

Miss Black thought sbout the lap:
e beer drinkers roised their pugs,
fle wos At by a poisdned dapt,

The bread was wade from whale wheat.
e Black knew aboutt tho gad,

You heard dane called about tho ven,
1 made the phone caf! from s booth,
Tow yarits to know shout the cakg,
she's spoken abuut the bomb,

The et o is knoe forwad a soab.
Wa hear you catled about the Jock.

The old aon diseissed tho yail.
13 boss made i work 1iko @ $laye,
The Farvioy balad tho hoy,

They're glad ve lieard shout tho track.
A termite Tooks 11ka an gnt,

AE a1l pedolres o spoctal stanp.
Foutid1} {s & dangarcus gport,

Sué was interosted i tie buy
huth wil) cansider the hord,
Mo s8w 2 flock of wild geosa.
The pvl ¢atked sbout the gin.
Paul cantk diseuss tho wax.
livep tho c6ln Eikough Uhe slg
¥ hohe PAUL asked aboirt the

L

Ly
i8]
m
[

i

L)
(83
m
w
&)

a

1
I3
3.
.
4
6.
A
a.
(3
1,
i
12.
{3,
1",
15
15,

.
a,
3

2.’

.
38
8.
a7,
a0.
9,
a0,

it

2,

4.

.
45,

15

a,

10,
.

s,

You'yo glad Uey heard about the slava.
The g{r) knows about the swanps.
Hold the beby on your lap.

for your birthday 1 baked 2 zoke,
The rafdrosd trady ran off the brack.
They did not diseuss the scrasn,
They we'e {nterested in the gbrap.
Tear off some poper frow the pad.
1 tod & firoblem with tha bloon.
Peter shoutd spoak about the migs,
Tho fruit vos shipped in woodvn crates,
The Fanchey vounded up s fard,
She wants ba spesk about the ant.
Ho're diseussing the sheots

The boy wauld discuss the seab,
The Tonely bird sesrched For its gate,
Tom coutd have thought about the soart.
You'd baen considesing tho gesse.
They drank a whole bottle of gin.
0n tho beach wa play fn the gand.
Wr, Alack consfdured the fleat.
The alrptane kent into a give,
We're Tost so Tot's Tock at the mp.
1 want to knaw about the grop.
llousehold gaods are moved fn & yan.
The honey boes suired round the bive.
Botty has tolked about bhe dpaft,
Tom discussed tha hay.

dane was interesked (n the stanp,
Tie s frplane dropped o bask.

7t the bacon Into strips,

1 had wot thought about the growl,
The drouning wan 1ot out + yeil,

t gave hér & kiss and a hug.

Paat shoutd know abous the et

J eut iy Finger'with & knlfe,

The condle Flame melted the wax.
Toi hoard Jana ¢alled about te booth,
We con't conslder the wheak,

This key won't FIt fn the fock,

#iz ave not discussnd the stoag.
Hiss Brown nlght consider the osst,
b, Brown can't dfsonss tha siot.
e Hktde girl cuddied her goll.
Tom Fl1 dour and got & bad brolse,
Ho bash '+ copsiderad the dayt,

The furuiture was ade of hing,

Vo dld yous ot gt thal dait?

Wie Smich €hinks abaut tho gap.

The baby $1apt I his grlb,
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TEST SENTENCE LIST ~ 1

)
{B)
)
i)
L}

L}

.4 ..

37
a.
.
0.
.
1z,
2.
.
45,
46,
7.
g,
a9,
50.

stean.
+ lle caught the Fish tn his pot. i)

The watclidog gave a warning growl. )
she made the bed with closn shaet: L)
The 7id man discussed the dive. m

Bob hoard Pat calied about the strips (N)

Hiss drawn sfiouldn ‘e dfscuss the gand, (if}
Close the window to stop the drsrt, (L}

My T.¥. bas a twelve-inch screen. w
They might have considered the hive. (M)
David hes discussed the dant. (it
The sandat hes a broken strap. ]
The boat safled along the goast, ©
Crocodites Tive n wddy swaims. (8]
Me can't consider the crib. o
The farmer harvasted his crop. w
All the fowers were in bloom. L
1 am thinking abovt the knife. )
David does not discuss the hug, )
She wove o feather in her cap. Ly
Ha've deen discussing the crates. m
Hiss Slack knaw about bhe do)l. m
The Adnira) comsnds the fleot. w
She coutdn't discuss the pine, {0

Miss Dlack thought abour the Jap. (W)
The beer drinkers raised thelr mgs, (L)

W was hit by a polsonad dapt. )
The bread was made from whole yheat, (L.}
4 Block knew about the pag, W)

You beard Jane called about the yan, ()
1 made the phone cal? from o booth, it
Tam wants Lo know abovt the goke.
sia’s spokan abolit the boub. m
The cut on his knee formed a scab, (L}
o hear you called about the lock. (Il

The old wan discussed the yert. m
Wis boss made hlm work 11ke a slave. :‘:
L

The farsier baled the hny,
They've glad we heard about the track. “')
A termitte looks 1lke an gnt,

e 1} requires o spacial stamp. (”
Footlall s & dongerous sport, )
Suo was fnterostal in the bryise.
Tuth ¥ill conslder the hovd.
Ke saw 3 Flock of wild yoeso. (L
The yivl taiked about the gl tin
Paul can‘t diseuss the yax.
Grop the cofn through the slot. i
1 hope Pau asked about the ate

SPI TEST SEHTEHCE LIST - 2

1. You're glad they heard about the slave,
2. The gir) knows about the svamps,

3. Hold the baby on your lap.

4. For your birthday [ baked a cake.

5. The raltrond train ran off the track.
6. They did not discuss the sereen.

7. They were intorestad in the strap.

8 Tear of f sone paper from the pad.

9. I hid a problen with the bloom,

10, Petar should speak about the mugs.

1. The frust was shipped in wooden crates.
12, Thes rancher raunded up hls hard,

13. She wants to spesk about the ant.

14, We're dlscussing the shoets,

15, The boy woudd diseuss the scab.

16, The Jonely bird searched for ts mate,
17, Tow could hiava thought abairt the gport.
16, You'd bamn considering the geusa.

19, They drank a whole boktle of gin,

20, On the besch we play in the sand.

21, Hr. Black cons)dered the fleet.

22, The afeplane vent fnto 2 dive,

23, Me're Tost so Teb’s Took at the map.
20, 1 want to know about the crop,

26, Household goods are moved in a van.

26, The hancy bees swarmed round the iy,
21, Betty has talked about the graft.

28, Tom discussed the hay,

29, dane was Interested in the stawp.

30, The airplane dropped & hamb.

31, Cut the bacon lnto steips.

32, 1 had vot thought about the grow .

33, The drowning mea Tet aut a yell,

34, ) yava her a kiss and & hug.
35, Paul should know about the pet.
3. 1 cut wy Finger'with & knife,

7. The candin flame pelted the wex.
3. Tom heard Jane catlod about the boath
9. Me can't constder the whasts
0. Thls key won't Pit fn the Jog).
A1, e have not discussad the ste
42, Hilss Brown mlght consider the coast.
43, #ir, Browh can't discuss the siot.
At The T{ttTo givt cuddied hor dot),
45, Tow foll dowh and got & bad brutse.
48, He hasn’t considored the dart.

7. The furniture W mode of pine,

48, llow did your car gat that dent?
49, He, Swith Uhinks about the gap.

50, The boby stept I his griy.
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() 1. A rose bush has Pprickly thorns. {L) 1. 1 vant to speak about the crash
2. Mariy slept on the falding got. sat.

) e. We shoutd have constdered th julee. 1)

()3, The shipwrecked saflors bufit s yart. (L) 3. She's glad dane asked about the draln.

(L) 4 bob could have known about the spoon.  {#) 4. Tho doctor charged o low fee

() 5. Ruth poured the water down the draln. () 5. Ha had considerad the robe. i
()6, The boy gave the feotball a kigk. (L) 6. 1 haven‘t discussed the sponge, ¢

{#r 7. The gullty one should take the bl
(&) 0. You canviot have discussed the grease.

L} 7. i) wight discuss the foa

{8) B, The cop vore a bullat-prool yest.
{L) 5. Tom could not discuss tho Loy () 9, The cookles were kept in > jar.
{L) 10, You wers considering the gang. (H) 10, Let's lavite the whole gang.

) 41, AMber his bath hie vore a Yobe. (L) 11, M, white discussed the cruise.

(1) 12, The spart shirt has short sleoves.
(&) 13, ey knew about the fur.
(Lt} M. Wa've spoken sbaut the truck.

(L) 1% tancy should constder the flst
(H) 13, 1 can't guass so give me 3 b
The soup was served tn » bowl,

' (L) 5. I've spoken sbout the pile, (#) 5. The custion was €illed with foan.
(L) 16, Jane has a problem with the goin, (#) 16, Now Tend can you hold your breath?
5 () 37 The bonh exploded with » bagt. )
| B {L} 18, Mary covld not discuss the tock. - (#) 18. The cow vas wilked fn the bara.
7\ {L} 19, They have a probicm with &ln‘ﬁm. (8 19, That sccident gev me a scare,
~ (L) 20, Hancy hod considered the sieeves. 1) 20 The kitten climwas v on a 1. !
! (8) 210 Lubricate the car with grease. (L} 21, You're giad she called about the bayi.

(L} 22, The han could not discuss the muse.
He tossed the drowning mon a rope.
You hope they asked about the yest.

(M) 22, The workers are digging a ditch.
(L) 23. Bi11 heard Tom ca)led about the coach.  {} 23
- B} 20, They marchad to the beat of te grop. (L} 2.

(N} 25, Ho one was Injured 1n the crash. {L} 25, You ant to tatk sbout tho difch.
H (L) 26, The old wan thinks about the mst. (1) 26, Stir your coffes with a spoon,
o {H) 2. The saitor swabbed the dack. (L) 27, We hear she called sbout the drum.
: (L) 28 Tom will dfseuss tho gwan, (1] 2. Dob stood with hfs hands on Afs Aips.
j (L) 29, oo was nterested iy the breath, () 29, The teacher sat on a shavp tack,
3 (M) 30 This nozelé sprays a fine mist. (L) 0. She might have discussed the ape,
. i (L} 31 puth hapes ha hewrd abovt e hips, ) 31, Tha stoim broks the saflboat's mast.
g {L} 32, tom 1s talking about the fee, 00 32, At breakfast he drank some Julce.
. (L) 3. Hiss Swith considored the scare. (1) 33 e bt mo with & clenched Fist,
, . () 34, The ship's Captaln sumoned bis groy. (L) 3% Peter Knows about the rat,
() 35, They fichad fn the habhilng brack. (L) 35, Tho 0)d men Gonstdared the
. () 36, The hockey player scored 2 gal. (L) 36, Wa have not thought about tlle L.,'
{t) 37, David should consider Lha Hlome. W) 37, The tosw was trained by thelr cosch,
) 3B, ey played 3 gane of eak and pouse, (L) 30. Df1) hopes Paul heard about the mist.
(L) 3% Ho's glad you called about the jar. (1) 39, The king wore a galden crown.
(L) 40, Yom will discuss the got, () 40, Tha sand vas heaped in o plle.
(#) . the stconshlp jeft on n 1) 9. Tho boy can't talk about tie Hhoris,

(#) 42, ke facod them wlth a Fool{sh uA {L} 42, Hiss brown wI1) spazk sbout the grin,
(L) 43, lle hopos Tow ssked sbout the bar ) 43, The duck susm With the white swan,
(L) 4. Niss Black could hove discussad the I Fope. {l) 49, tet's dacide by tossing a goln,

() 45, A chimpanzee is an spe. (L) 45, she has o problem with the goa}.

! (H) 46, e wiped tho siok with s shonge, L) 46, Jana didn't thlnk sbout the brgok,
() 47, We shipped the fornltyve by bruck, (L) 47. llo. hears she asked abaut the gock
(L} 48, futh’s Graudnothar discussed tha br 3 (N) 98, o gob drimk fo the Joca) bar, A
(L} 49 Uve baen consldering the crown, 00 4%, The ghrl suept the flaar with & broom,

(H) 0. A beat has a thick coat of fur, {L) 80, The class wil} oetisider the Blast,
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L) 1. Hiss Milte would cons fder the mold.
U} 2 Ruth hes @ problag with the jolats,
() 3. The boy might conslder the trap.

(M) 4. To store hls wood he buslt a shed.
(8 5. Tho Mon gave an angry roar,

) 6. e ¥s constdaring the thegal,

(L) 7. They hopo he heerd about tho rent.
) 8. The car was parked at tha guch,

{L) 9. Pater should constder the how.

(L) 10, The old womn discussed the thief.
(#) 14, A round hole won't take a squara peg.
L} 12, You're discusslng the plot.

(L) 13, The vowan knew shout the 1jd,

(W) 14, Peter dropped In for a brief chat.
(L) 15, You vere tnterested i e screaa.
() 16, The ganbler lost the bet.

(H) 17 The burglar escaped with the loot.
(L) 18, He could discuss the bread,

(H) 19, Mo was scaved out of his wits,

(Ll 20, Me domsn't discuss the mop,

(1) 21 tve vas mde fram Adan's rib.

(1) 22 Get the bread and cut me 2 31ico,
(L) 23. il Won'e consider the brat.

(1) 24, We heard the ticking of the clock,
(1) 25. Great the herocs with loud chaers,
() 26 This camers is out of £iln

(L} 27, Ruth wants to speak about the sling.
{1} 28, My jaw aches vhen [ chew gum,

{L) 28, The mn could consider the spool,
() 30, The blooufiound folfoned the trajl.
(8} 31, The doctor prescrlbed the drig.

(1Y 32 N rode off in o cloud of dusk,

(L] 33, e ims Interested fu (he hodge.

{L) 3. uth hopes she catlod about the Jusk,
) 35. Playing checkers can be fun,

L} 36, He're glad A askod sbout the fudgs,
()37, The supor highusy has six lanes,

) 20, Unlock the door and torn the knob.
) 39, Rath f5 spesking sbout the peal.

) 40, Mapl syrup is made from sap.

L) Mo 8111 cannot consider the don,

(L) 42, We sre speaking sbout e prize.

(1) 43, The car drova off the staep liff,
(L) 44, s Smith coutdn't discuss the you.
i} 45, Tho glass hid s ehifp on the rim.

{1} 46, 01d mets) cans wore made wilh tin,
(L) 47, Hlss White thinks aboub Lhe toa,

(L} 48, fiss Wiite doash’t discuss the groms
() 40, That Job ws o casy Lask.

{L) 50, He, Whito spoke abot tha fipm.
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Throw out all this usetess Junk.
She caoked hin a hearty joal.

Yer entry should win First prize,

Ruth could have discussed tho wits.

Wo could discuss the dust,

The stale braad vas covared with gold.
The Firoran heard her frightened scroam.
We spake about the knob,

Your knees snd your elbows are joints,

# ote a plece of chocolate fudge.

Paul fopes we heard obout the Joot,
Instead of a fence, plant a hodge,

he seory had a clever plot.

Gavid mlght consider the fun,

The landlord rased the renk.

Faul could ot eonsider the rin:

Hle heard they called abbut tho lapes,
Her halr was tled With a blue bow.

They biad a problem with the g1iff,

lla's anployed by a Targe firm,
Usrry witl consider the trafl
He sre cansidering the gheers
o open the Jar, tulst the 1id.
She bas known about the dng,
BIM has & problen with the chat.
We hear they asked about the shed.
Tie skinver's leg got & bad crang,
Jane had ot cansldored the £l
Qur seats weve 1 the secand roy.
Jdane did not spesk shout the §)ice.
Paul was {nterested In the sap.

L an dlscussing the task.

The throas ms wound o » sp00).
They tracked tha 1on to iis den, b
Ruth has discussed the peg.
Sprend sope bittor on your braad,

Ton 15 considering the glock.

le's thinking abaut the roar.

A spoited child {s & brak,

1, should havo ko sbout the gum.
Kaap your broken am {n 8 53ing.
Tho notst wes caught in the brap.
Thay lieard t asked sbout the bet.
1190 9ot a cold and » sore throak.
Bobty doesn’t discuss the curb,
e had a groblan with the gin.
fulh pourad herse}f o cup of kaa, 4
The house wss vobbed by a (hiuf.

o waits to kiow shout the rib, .
Hash tha floor With a pop,
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1 did not know abeut the ghunks.

The chicken packed carn wilh Jbs beak.
Bob could conslder Lhe pols.

afhie judge is sitting on the bench.
Hr, Smith knew about the bay.

You've consfderad Uhe gaeds.

The heavy valn coused o fload.

For dessert he hod appls ple,

She hopes June called about the galf.
e delectives sesrched for 3 ¢le,
tary hasn‘t discussed the biade,

The chicks Followed the molber hen.
e, Brown Lhliks about the vau)
80b was considering the gierk,
We camped out n o Lent.
Paul took a bath In the lub,

Hary can'L consider the tide, -

The o1d man talked about the Jungs.
The candle burned wilh » bright flane,
My son has 2 dug for o pet.

80b las discussed the splash

The plaw sos pulied by an ox.

The flood took a heavy oll,

Hr. Smith spoke about the 20d,

#ary bad considared he spray,

The pond was full of crooking frogs.
The glrt should not dlser  the gown,
Prease wipe your fect on “
Ruth hopas D111 called abous the gop.
Ha wllY consider the dabt.

Peler could consider the dove.

She shortened the hom of her skirt.
The cabin wos made of logs,

DI con't have considered the wheels.
Il has a problem with the galh,

The dealer shuffled the gards.

The shegherd salched hls flock of sheap,
The flash) Ight casts a bright beam.

Ve coudd cons ldar Ihe feast.

The scarf Wos mde of shiny silk.

The guosts waore vglconed by the hosL.
Bally hos considered Uha bark.

The sick ehl1d swallowed Lo i1,

il shoutd hiave discussed Use flock.
Tighlen Lre ball by a p
she might discuss the crmbs,

Tont has not cons bdered Lse glua,
The simaor dived {nla the pool,
Tom has bewn dlscussing e beads,
Fobiow Uils road around the band,
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(. The blrd of peace (s Lue dava.

2, Tom tiad spoken aboul the pill.
3. The clgaretle swoke filled his Jungs.

4. Thay've cons ldored the sheep,
5. Cut Ure meat nto smll ghunks.

6, Wotormelons have 1ots of seeds.

7. The man should discuss Lhe o

€. s SRt knows sbout the fub,

9. Radse the flag up the pale.

10 Peter hos considered the met,

11, The bride wore & while gow.

12, She might consider the pooi,

13, Mo swam ot the beach at hlgh tide,
(4. The poor man vas doeply in debe,
15, She's glad 8111 ca)led about the besk.
16, larry had Lhought about the Jogs.
17, Danks keep their noney in a vault.
16, The yllness took a salomn oalh,

19, BH11 didn'k discuss the hen.

20, Ruth sust bave known about the pla.
2. The shepherds guarded thelr flock.
22, Dol has cansfdered the tenl.

2. Ma've speoking about the to)l.

2. A bloycle hes two wheels.

26, Ann works in Uhe bank as a glark.
%, You won’t consider the silk,

27, Ruth had o necklace of glass beads,
. She’s discussing the bean.

29, Paul Wit the valer wila a splash.
30, The nurse gave him Firsl aid.

3t. The wedding banquet was a feast.
32, Moncy dlin’t discuss the skirt.

33, The gitl should consider the flane,
. Trae Lomks are covered with bark.
5. break e diy bead fnls cyuebs.

3. M. Black hos difcussed the cards,
37, The womn consderad the notch,
0. The nan spoke atiout the ¢lue,

39, The boat sailad across the bay.
40, 1" talking sbout the bench,

41, They heord I called about lhe pet.
42, The cow guva birlh Lo 2 galf

43, 1'm giad you haard aboud the bend,
44, [t ves slick Logother with glues
48, Tho voman Lalked about the frogs,
46, ob was cub by Lhe Jacknlfe's binde.
A7, ol yas arrested by lhe cops.

A0, BIIN board we asked sbout the host,
430 KIN the bugs with Whis spray.

B0, Fhe closs should consider the flood,
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