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Influence of temporal resolution skills in speech
discrimination abilities of older subjects
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SUMMARY

Compromised temporal resolving power of the auditory system can be one of the main factors contributing to poor speech perception
skills in the elderly. Very few of the earlier studies have systematically examined this aspect. Hence, the current study was designed with
the following objectives: 1) To establish normative database of Gaps in Noise (GIN) test in elderly population in an Indian context. 2) To
determine the relationship between speech discrimination skills and temporal resolution abilities in elderly individuals with normal hear-
ing sensitivity. Thirty normal hearing elderly individuals (age range: 55-75 years; mean age: 59.86 + 4.11 years) participated in the study.
The audiological evaluation comprised of tympanometry, puretone and speech audiometry (Speech Reception Threshold-SRT, Speech
Discrimination Score-SDS) and GIN. The results of the present study revealed mean Gap Detection Threshold (GDT) of 8.7 msec (SD =
3.38) in the right ear and 8.83 msec (SD = 2.86) in the left ear for the older participants. The mean Total Percentage Score (TPS) in the
right ear was 47% (SD = 11.92) and 45% (SD = 11.29) in the left ear. These results suggest that temporal resolution abilities are poor in the
elderly compared to the young and middle-aged group. There was no significant ear based difference on either GDT or TPS. The GDT was
inversely correlated with speech discrimination performance. The TPS was positively correlated with SDS. This study clearly demonstrated
a positive relationship between temporal resolution abilities and speech discrimination. The current database might be useful when as-
sessing temporal resolution abilities in hearing impaired elderly individuals. Furthermore, all elderly individuals should undergo temporal
resolution evaluation, irrespective of their hearing status, during audiological assessment.
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RIASSUNTO

Un alterata capacita di risoluzione temporale del sistema uditivo puo essere uno dei fattori alla base della ridotta discriminazione verbale
nei soggetti anziani. Ben pochi studi in passato hanno approfondito questo aspetto in modo sistematico. 1l presente studio si e pertanto
posto come obiettivi: 1) Stabilire una normativa in una popolazione di anziani in un contesto culturale Indiano per il test Gaps in Noise
(GIN); 2) Stabilire la relazione fra la discriminazione verbale e le capacita di risoluzione temporale in una popolazione di individui an-
ziani normo udenti. Sono stati arruolati complessivamente trenta pazienti anziani normo udenti (eta: 55-75 anni; eta media: 59,86 + 4,11
anni). La valutazione audiologica si é composta di una timpanometria, audiometria tonale e vocale (Speech Reception Threshold-SRT,
Speech Discrimination Score-SDS) e il GIN. I risultati del presente studio ci hanno permesso di determinare per la popolazione studiata
un GDT (Gap Detection Threshold) medio di 8,7 millisecondi (SD : 3,38) per [’orecchio destro e di 8,83 millisecondi (SD : 2,86) per
I’orecchio sinistro. Il TPS (Total Percentage Score) medio per ’orecchio destro é stato del 47% (SD : 11,92) e per ’orecchio sinistro del
45% (SD : 11,29). I nostri risultati suggeriscono che le abilita di discriminazione temporale siano peggiori nei soggetti anziani rispetto ai
soggetti giovani e adulti. Né il TPS né il GDT hanno mostrato differenze interaurali significative. Il GDT ha presentato una correlazione
inversa con le performance di discriminazione verbale. Il TPS ha mostrato una correlazione diretta con I’SDS. Il presente studio dimostra
in modo chiaro la relazione che intercorre fra la discriminazione verbale e le abilita di risoluzione temporale. Il presente database di dati
rappresenta una risorsa per la valutazione delle abilita di risoluzione temporale in soggetti anziani affetti da ipoacusia. Riteniamo che
tutti i soggetti anziani vadano sottoposti a una valutazione delle abilita di risoluzione temporale nel corso di una valutazione dell’udito,
indipendentemente dal fatto che siano o meno affetti da alterazioni uditive.
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Introduction

Hearing loss (presbycusis) affects approximately one in
three people between the ages of 65 and 74 years. By 75
years of age, nearly one-half of all individuals suffer from
presbycusis !. Earlier, presbycusis was thought to be pri-
marily a deficit in the function of the ear; however, recent
studies revealed that there may be involvement of the cen-
tral auditory system as well 2.

Most elderly individuals, even without greater degree of
hearing loss, have difficulty in understanding speech com-
pared with younger adults in both noisy and quiet situ-
ations 4. Elderly people also experience difficulty with
all types of altered speech, i.e., fast speech *®, interrupted
speech 7 and reverberated speech ®. Smith and Prather *
found a decrement in performance for elderly listeners
in comparison to young listeners for speech discrimina-
tion of consonant-vowel (CV) nonsense syllables across a
range of sensation levels (SLs) and signal-to-noise (S/N)
ratios.

Temporal cues in auditory signals are the basis for speech
discrimination ° especially for detecting rise/fall time '°,
voice onset time (VOT) ''"* and other transient part of the
stimuli (onset of syllables). Accurate speech discrimina-
tion requires precise temporal processing °. According
to Shinn ', temporal processing may be conceptualised
as four sub-processes which include temporal resolution,
temporal patterning, temporal integration and temporal
masking. These skills are particularly crucial for phone-
mic distinction, lexical and prosodic distinctions and au-
ditory closure 7.

Reduced temporal resolving power of the auditory system
can be one of the main factors contributing to poor speech
perception skills in elderly. It is reported that temporal
resolution skills decline before the age of 60 years even in
individuals with normal hearing sensitivity ' 1°.

As per the technical report by the American Speech-
Language-Hearing Association %, temporal resolution is
considered as an important component of central auditory
processing. Gap detection (GD) is one of the most com-
mon measures to assess temporal resolution. Numerous
studies have reported elevated GD thresholds in elderly
individuals with hearing loss 23, A few studies have also
reported elevated GD thresholds in elderly individuals
with normal hearing sensitivity .

Very few of the earlier studies have systematically ex-
amined changes in auditory temporal resolution and
speech perception performance in elderly individu-
als with normal hearing sensitivity. Hence, the current
study was designed to focus on the influence of temporal
resolution skills (measured by GD) on speech discrimi-
nation abilities in elderly individuals with normal hear-
ing sensitivity (as investigated by puretone audiometry).
GD measures were obtained using Gaps-In-Noise (GIN)
test. The present study had two objectives: 1) To estab-

lish normative database of GIN test in the elderly popu-
lation in an Indian context, 2) To determine the relation-
ship between speech discrimination skills and temporal
resolution abilities in elderly individuals with normal
hearing sensitivity.

Materials and methods

Thirty normal hearing (puretone thresholds of < 25 dB
hearing level-HL from 0.25 kHz to 8.0 kHz) elderly indi-
viduals (age range: 55-75 years; mean age: 59.86 + 4.11
years) participated in the study. All had normal middle
ear function as shown by ‘A’ type tympanogram. None
had history of noise exposure, ear infections, or any other
neurological/psychiatric conditions. Informed consent
was obtained from all participants.

The audiological evaluation comprised of tympanom-
etry, puretone and speech audiometry (Speech Recep-
tion Threshold-SRT, Speech Discrimination Score-SDS)
and GIN. For obtaining SRT, the presentation level was
set at intensity 20 dB higher than the puretone average.
The subject was presented with spondee words one at a
time. The lowest intensity level at which 50% of correct
responses were obtained was considered as the SRT. For
obtaining SDS, the presentation level was set at intensity
40 dB higher than the SRT. The subject was presented
with 20 phonetically balanced monosyllables. Each cor-
rect repetition of the syllable carried 5% and the SDS was
calculated using the formula:

SDS = Number of correct responses x 100.
Total number of stimuli

The GIN test was presented through dual channel audiom-
eter (GSI 61 clinical-diagnostic audiometer with TDH-50
P earphones). The test CD was played using a CD player
connected to the audiometer. The GIN test was adminis-
tered bilaterally and scoring was done as per the standard
criteria . The stimulus was presented at 35-50 decibel
Sensation Level (dB SL) with reference to puretone av-
erage. The indices used were Gap Detection Threshold
(GDT) and Total Percentage Score (TPS). Practice list
provided in the test was used to train the participants for
comprehension of the task. The test was comprised of
four different lists containing up to 36 signal segments
of 6 seconds white noise in each list. The number of gaps
of silence in each signal varied from 0-3. The duration of
each gap were either 2, 3,4, 5, 6, 8, 10, 12, 15 or 20 msec
with each silence gap duration occurring six times in each
GIN list. Thus, each GIN list consisted of a total of 60
gaps and the order of gap durations were randomised. A
five sec gap of silence separated each six sec noise seg-
ment. One list was administered in each ear. While admin-
istering the test, subjects were instructed to listen for any
silence gap that may or may not occur within each noise
burst. As soon as the gap was detected, the subject had to
respond by pressing a button.
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The GDT was calculated by considering: (1) minimum
gap duration correctly identified 4 out of 6 times and (2)
similar or better performance for longer gap durations.
The TPS was calculated by dividing the total number
of gap durations correctly identified by the total num-
ber of gap durations presented (n = 60) multiplied by
100. False positives were noted separately. More than
two false positives per ear were counted as errors and
subtracted from the number of gap durations correctly
identified.

The entire test procedure was carried out in a sound-treat-
ed room. The ambient noise levels were maintained with-
in the permissible levels according to American National
Standards Institute *’.

Results

Demographic data

Among participants, there were 20 males (66%) and 10
(34%) females. All participants presented with normal
hearing sensitivity whose mean and standard deviation
(SD) of Puretone Average (PTA) (average of air conduc-
tion-AC thresholds at 500 Hz, 1 kHz and 2 kHz) and All
Frequency Average -AFA (average of AC thresholds at
250 Hz, 500 Hz, 1 kHz, 2 kHz, 4 kHz, 6 kHz & 8 kHz) of
each ear were computed separately (Table I).

Speech Discrimination Score (SDS)

Descriptive statistical analysis was done and calculated the
mean (M) and standard deviation (SD) for SDS in the right
ear (M =91.83%, SD = 8.54) and in the left ear (M = 90.33%,
SD = 8.89) for all participants. A parametric, two-tailed
paired 7 test was used to analyse the ear- based performance
difference on SDS. The results revealed that there was no
significant difference between the performance of the right
and left ears on SDS (¢ (29) = 1.964, p = 0.059).

Performance on Gaps-In- Noise (GIN) test

The two measures derived were GDT and TPS. Mean
and standard deviation for both measures were ob-
tained. The ear based performance was analysed for
both measures using two-tailed paired ¢ test. There was
no significant ear based difference on either GDT (Ta-
ble II) or TPS (Table III). Both ears performed equally
for the GIN test.

The other objective of the current study was to determine
whether there is any relationship between performance on
the GIN test and speech discrimination. To address this is-
sue, the Pearson r correlation analysis was computed using
the following variables: GDT, TPS and SDS (Table IV).
The correlation analysis revealed two significant correla-
tions of interest. The GDT was inversely correlated with
speech discrimination performance as shown below: For
GDT right and SDS right (r = -0.566, p < 0.05) and for
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Table 1. Mean (M) and standard deviation (SD) of PTA and AFA in the el-
derly population.

n= 30 MEAN (M) SD

PTART (dB) 17.60 3.75
PTALT (dB) 19.06 6.69
AFART (dB) 20.40 4.48
AFALT (dB) 21,42 5.65

PTA, pure tone average; AFA, all frequency average; RT for right ear and LT for left ear

Table Il. Results of t-test and descriptive statistics for Gap Detection
Threshold (GDT) in the right and left ears.

Rightear  Left ear t t Df 95%Clofthe
(n=30) (n=30) difference
Mean (SD) Mean (SD)
GDT 8.7(3.28) 8.83(2.86) -0.394 29  -0.824,0.558
(msec)
p=0.696

Statistical significance at p < 0.05.

Table Ill. Results of t-test and descriptive statistics for Total Percentage
Score (TPS) in the right and left ears.

Right ear Left ear t t Df 95%Clofthe
(n=30) (n=30) difference
Mean (SD) Mean (SD)
TPS  47.96 (11.92) 45.03 0769 29 -1.771,3.920
(11.29

p =0.448
Statistical significance at p < 0.05.

GDT left and SDS left (r =-0.644, p < 0.05). These results
indicated that as the GDT improved, speech discrimina-
tion abilities were better.

The TPS was positively correlated with SDS. It should
be noted that the correlation between these variables was
assessed for both ears (i.e., for TPS and SDS in right
ear, r = 0.389, p < 0.05 and for TPS and SDS in left ear,
r=0.506, p <0.05).

Discussion

Temporal resolution is, most likely, one of the basic com-
ponents for speech perception and its assessment may
provide information about the neural integrity of the cen-
tral auditory nervous system 2. The results of the present
study documented a mean GDT of 8.7 msec (SD = 3.38)
in the right ear and 8.83 msec (SD = 2.86) in the left ear
for the older participants. The mean TPS in the right ear
was 47% (SD = 11.92) and 45% (SD = 11.29) in the left
ear. These findings are different from those observed for
the adult population previously. Museik et al. 2® found rel-
atively lower mean GDT (right ear = 4.9 msec and left ear
= 4.8 msec) and comparatively higher TPS score (70% bi-
laterally) for the adult population of the age range of 13 to
46 years. When the GIN test was employed in an Indian
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Table IV. Result of Pearson r Correlation among three variables of the elderly participants.

SDS (RT) SDS(LT) GDT( RT) GDT LT TPS (RT) TPS (LT)
SDS (RT) Pearson Correlation 1 0.88** -0.566* -0.445* 0.389* 0.459*
Sig. (2-tailed) 0.000 0.014 0.034 0.011
N 30 30 30 30 30 30
SDS (LT) Pearson Correlation 0.885* 1 -0.599* -0.644** 0.493* 0.506*
Sig. (2-tailed) 0.000 0.000 0.001 0.006 0.004
N 30 30 30 30 30 30
GDT (RT) Pearson Correlation -0.566** -0.599* 1 0.827* -0.846** -0.742*
Sig. (2-tailed) 0.001 0.000 0.000 0.000 0.000
N 30 30 30 30 30 30
GDT (LT) Pearson Correlation -0.445* -.0644* 0.827** 1 -0.740** -0.698*
Sig. (2-tailed) 0.014 0.000 0.000 0.000 0.000
N 30 30 30 30 30 30
TPS (RT) Pearson Correlation 0.389* 0.493* -0.846™ -0.740* 1 0.787*
Sig. (2-tailed) 0.034 0.006 0.000 0.000 0.000
N 30 30 30 30 30 30
TPS (LT) Pearson Correlation 0.459* 0.506** -0.742* -0.698** 0.787** 1
Sig. (2-tailed) 0.011 0.004 0.000 0.000 0.000
N 30 30 30 30 30 30

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

context for the normative data (age range = 17-60 years),
the mean GDT obtained was 5.82 msec in the right ear and
5.84 in the left ear. Mean TPS in the right ear was 62.99%
and 63.25% in the left ear 2. However, results similar to the
present findings were observed in a study on older women
(n =33, age range = early 60s) with overall average GDT of
8.3 msec. TPS was not considered in that study *. Hence,
it is clear that older individuals demonstrate poor temporal
resolution skills in comparison to younger and middle-aged
individuals. The study done by Snell & Frisina * also sup-
ported this finding. These results suggest that age-related
changes in the central auditory system can contribute to
deterioration of temporal resolution abilities in the elderly
group in spite of normal hearing sensitivity.

The performance between ears of older individuals did
not show any significant difference for either GDT or
TPS. This suggests equal performance of both ears on the
GIN test. Similar findings were observed by Shinn, Cher-
mak & Musiek *! in a very young population (n = 72) and
in an adult population .

To establish the relationship between temporal resolution
skills and speech discrimination abilities in elderly indi-
viduals, a correlation analysis was done. Speech discrim-
ination abilities demonstrated positive correlation with
TPS and negative correlation with GDT. Similar findings
in middle-aged women were reported by Helfer & Var-
go ", using the GIN test and considering speech under-
standing ability in competing speech situations.

From the present study, we obtained a normative data-
base of the GIN test for the elderly population. This may
be useful when assessing temporal resolution abilities in
hearing impaired elderly individuals.

It should also be noted that the proportion of elderly
individuals have tremendously increased in modern so-
ciety because of advancements in medical care. Hence,
the current study has great social relevance. The subtle
mechanisms involved in speech understanding difficulty
in elders needs to be clearly understood. Such informa-
tion may be crucial in planning rehabilitation strategies.
This study also has relevance in the Indian context as the
relationship between temporal resolution and speech un-
derstanding has not been thoroughly investigated.

The present study could have considered a larger database
of elderly population for better validation. Furthermore,
gender-based differences in terms of temporal resolution
in elderly were not assessed. These aspects can be consid-
ered as the limitations of the study.

The elderly should be counseled to take effective steps to
avoid further deterioration in auditory function by getting
exposed to noisy environments, overuse of mobile phones
or persisting with harmful habits like smoking. Addition-
ally, in our opinion all elderly individuals should undergo
temporal resolution evaluation irrespective of their hear-
ing status during audiological assessment.

Conclusions

The present study clearly indicated that temporal reso-
lution skills are impaired even in normal hearing elderly
individuals. The observed decline in temporal and speech
processing abilities in normal hearing older population
might be due to compromised function of central audito-
ry system. Furthermore, the normative database that was
obtained for GIN test in elderly population can be useful
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in clinical assessment of hearing impaired elderly individ-
uals. Future research should focus on comparing temporal
resolution skills in the normal hearing elderly group with
age-matched subjects with varying types of pathologies
(conductive, sensory and neural) to understand the effects
of each on temporal resolution.
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