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Abstract

Perception of temporal fine structure (TFS) speech and recovered envelope
(RENV) speech were compared between seven younger adults and seven older
adults with normal hearing sensitivity. To create TFS speech, Kannada
sentences were processed to remove temporal envelope cues while retain-
ing TFS cues in 2, 4 and 8 frequency bands spanning the range of 80 to
8020 Hz. To create RENV speech, envelope cues were recovered from TFS
speech extracted from 2 frequency bands, by passing it through 40 band-pass
filters. RENV speech was also generated with simulated widened auditory
filters, 2 and 4 times the normal auditory filter bandwidth. The findings
show a general trend of reduction in scores with increase in number of fre-
quency bands in TFS speech. The scores were significantly different across
conditions when the age groups are combined, whereas significant difference
between age groups was seen only for TFS speech extracted from 4 bands.
Similarly, the scores reduced with simulation of cochlear hearing loss for
perception of RENV speech. The scores were significantly different across
the RENV speech conditions in both age groups. No significant difference
was seen between the two age groups in any of the RENV speech conditions.
The results of the study indicate that the ability to perceive TFS cues for sen-
tence identification would degrade significantly with increase in the severity
of cochlear pathology, without any significant age effect.

©JAIISH, All Rights Reserved

INTRODUCTION

Speech is a complex signal and its perception by
the human brain depends on the peripheral auditory
system’s ability to decode the acoustic cues present
in it. The acoustic cues of speech may be primar-
ily divided into spectral and temporal cues (Moon
& Hong, 2014). The temporal cues consist of tem-
poral envelope (ENV) and temporal fine structure
(TFS). ENV is also called the ‘modulator’, and refers
to the slow amplitude variations of the speech sig-
nal over time obtained at the output of cochlear fre-
quency bands.(Ardoint, Sheft, Fleuriot, Garnier, &
Lorenzi, 2010; Moon & Hong, 2014; Swaminathan et
al., 2016). The TFS, also called the ‘carrier’, involves
rapid oscillations with a rate close to the center fre-
quency of the frequency band of the signal. Both
ENV and TFS are known to be critical for speech
understanding, especially in the presence of back-
ground noise (Ardoint et al., 2010).

Researchers have tried to understand the inde-
pendent roles of TFS and ENV in speech percep-
tion (Shannon, Zeng, Kamath, Wygonski, & Ekelid,
1995; Smith, Delgutte, & Oxenham, 2002; Swami-

nathan & Heinz, 2012) by extracting them separately
(techniques like the Hilbert transform can be used to
extract the ENV and TFS components), and assess-
ing the resultant speech perception. These findings
indicate that ENV cues, when presented alone, are
sufficient to understand speech in quiet (Shannon
et al., 1995); but are not in the presence of noise
(Loizou, Dorman, & Fitzke, 2000). This was true for
fluctuating as well as steady state noise (Loizou et al.,
2000; Moore, Glasberg, Flanagan, & Adamas, 2006).
In the presence of background noise, the availability
of TFS information is found to aid speech percep-
tion. Further, speech can be understood to a cer-
tain extent even when only TFS speech is presented
(Moore, 2019). However, TFS speech intelligibility
is good when TFS is extracted from wide frequency
bands (Drullman, Festen, & Plomp, 1994a, b; Drull-
man, 1995; Smith et al., 2002), but reduces drasti-
cally when extracted from narrow frequency bands.
Nevertheless, the type and extent of contribution of
TFS during sentence perception remains unclear.

Speech identification using extracted TFS infor-
mation cannot be considered as an evidence of the
contribution of TFS information itself, since it has
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been shown that temporal envelope is reconstructed
at the level of the auditory filters even when only TFS
information is presented (Apoux, Youngdahl, Yoho,
& Healy, 2013; Apoux, Millman, Viemeister, Brown,
& Bacon, 2011).

Ghitza (2001) based his suggestion on two
theories- the first one states that Hilbert instanta-
neous amplitude and phase are related (Voelcker,
1996), and the second one states that the output of
a band-pass filter is an envelope related to the phase
of Hilbert fine structure passed through the band-
pass filter (Rice, 1973). Therefore, if we consider the
cochlear filters as bandpass filters, and TFS informa-
tion from speech is passed through these filters, the
output could be the envelope of the corresponding
TFS. Using psychophysical experiments, Apoux et
al. (2011) showed that individuals with normal hear-
ing could perceive amplitude modulations when only
Hilbert fine structure of amplitude modulated signals
were presented to them. However, they attributed
the recovery of envelope to the retention of some
envelope information. Later, Apoux et al. (2013)
showed that in individuals with normal hearing sen-
sitivity as well as in individuals with hearing loss,
good speech recognition was achieved from recovered
envelopes for up to 15 analysis bands. They state
that the possible role of envelope recovery cannot be
excluded in understanding TFS speech. Therefore,
understanding the contribution of TFS to speech per-
ception is a topic of intrigue.

Simulated cochlear frequency bands can be used
to recover temporal envelope from TFS cues. This
speech, recovered from TFS is termed ‘recovered
envelope speech’ (RENV speech). The maximum
number of frequency bands that results in envelope
recovery with good speech intelligibility varies from 8
(Gilbert & Lorenzi, 2006) to 20 (Chen, Tsao, & Lai,
2016). Chen et al. (2016), in their study, synthe-
sized TFS stimuli and used a computation measure
to predict the intelligibility of RENV speech. These
computed speech intelligibility scores were compared
with speech intelligibility in the presence of noise
from individuals with normal hearing. They reported
good speech intelligibility for the processed speech for
up to 20 frequency bands used for TFS extraction.
However, this number also depends upon the rate of
amplitude modulation within the bands.

Alternatively, studies have shown that TFS cue
by itself, contributes to speech perception (Hopkins,
Moore, & Stone, 2010; Moore, 2019; Sheft, Ardoint,
& Lorenzi, 2008). Sheft et al. (2008) used three stim-
ulus processing paradigms (termed the Phase modu-
lation, Frequency modulation and Envelope only con-
ditions) and examined the fidelity of envelope recon-
struction, and compared it to the perception of TFS
speech. They found that the contribution of TFS
to perception of speech segments was not only due
to envelope reconstruction, since their manipulations
that varied envelope cues did not affect the percep-
tion of TFS cues. Their study showed that TFS

cues were used more for place and manner percep-
tion compared to ENV cues. Other studies that have
explored TFS perception also show that TFS infor-
mation does contribute to speech intelligibility (Hop-
kins & Moore, 2010; Moore, 2019; Sheft et al., 2008).
While Hopkins and Moore (2010) observed that TFS
cues contribute to speech perception across a wide
frequency range, Sheft et al. (2008) observed that
TFS cues contribute to perception of place cues in
the identification of consonants.

The perception of TFS is influenced by advanced
age, even in the absence of hearing loss (Moore,
2019). In a study of TFS perception in different age
groups, Hopkins and Moore (2011) compared the sen-
sitivity to TFS and frequency selectivity in younger
(20-35 years) and older (63-66 years) adults with nor-
mal hearing sensitivity. They used the Temporal
Fine Structure-1 (TFS1; Moore & Sek, 2009) and
Temporal Fine Structure-Low Frequencies (TFS-LF;
Hopkins & Moore, 2011) (fast methods to measure
sensitivity to TFS information at high and low fre-
quencies, respectively) tests to check for TFS sensi-
tivity. The frequency selectivity of the participants of
the younger and older groups was comparable. But,
the older group had significantly poorer performances
on the two tests assessing sensitivity to TFS. In a
follow-up study with the same tests, with partici-
pants in the age group of 22 to 61 years. Moore et al.
(2012) observed good negative correlation between
age and sensitivity to TFS.

Studies have also assessed sensiti,Moore, & Stone,
2015vity to TFS information in different age groups
and compared it to their speech perception abili-
ties (Füllgrabe et al., 2015; Strelcyk & Dau, 2009).
Füllgrabe et al. (2015) observed differences in sensi-
tivity to TFS information in younger (18–27 years)
and older adults (60–79 years) and state that it is a
good predictor of speech perception in noise.

The ability to perceive TFS and use TFS cues
effectively is impaired in individuals with cochlear
hearing loss (Lorenzi et al., 2006; Ardoint et al.,
2010). Lorenzi et al. (2006) observed that individu-
als with hearing loss faced difficulty in understand-
ing TFS speech (but not unprocessed speech or ENV
vocoded speech). Their performance in TFS speech
perception also reflected on their ability to perceive
speech in noise. In addition, their difficulty to per-
ceive TFS cues may be speculated to adversely influ-
ence their speech perception. One may expect this
difficulty in processing TFS information to adversely
influence day-to-day communication as well as their
performance during clinical testing.

The role of TFS in speech understanding lacks
consensus in terms of the extent of contribution and
its importance in different auditory environments.
Factors like advanced age and cochlear hearing loss
influence the perception of TFS information. Even
though studies have compared sensitivity to TFS
information in different age groups and explored
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their implications on speech perception in noise, TFS
speech and RENV speech have not been employed in
this accord, nor have they used sentences as stimuli
for the purpose. It is also seen that the parame-
ters used for TFS extraction and envelope recovery
for speech stimuli influence their intelligibility, but
the impact of the same in younger and older adults
has not been studied. Further, studying these fac-
tors using speech units like sentences will be able to
provide a clearer understanding of the abilities to use
TFS cues during real-world communication.

Perception of TFS speech is reported to be influ-
enced by envelope recovery (Apoux et al., 2013;
Ghitza, 2001). TFS perception, as seen earlier, is
influenced by advanced age as well as by hearing
loss. Therefore, differences in TFS perception abil-
ities as a factor of age may be expected to reflect
the abilities to recover envelope. Further, widening
of auditory filters characteristic of cochlear hearing
loss, influences the recovery of envelope and con-
tributes to inferior TFS perception (Heinz & Swami-
nathan, 2009). This change in recovery of envelope
seen in cochlear hearing loss can be simulated in the
RENV speech, by widening the recovery bands by a
certain factor. The resultant RENV speech is likely
to reflect the perception of TFS speech in individuals
with cochlear hearing loss (Léger, Desloge, Braida, &
Swaminathan, 2015; Swaminathan & Heinz, 2012).
By comparing the perception of RENV speech using
simulated widened auditory filters between younger
and older adults, we can derive the perceptual weigh-
tage of TFS cues in speech perception. Findings from
these comparisons will add to our understanding of
perception of TFS cues recovered from widened audi-
tory filters in different age groups.

Therefore, objectives of the present study were 1)
to compare the perception of TFS speech using sen-
tence stimuli in younger and older adults with normal
hearing sensitivity, and 2) to compare the perception
of RENV speech in younger and older adults with,
and without simulation of widened auditory filters.

METHODS

Speech material

Recorded sentence lists from the standardized
‘Sentence identification test in Kannada’ developed
by Geetha, Kumar, Manjula, and Pavan (2014) were
used to prepare the stimulus for the study. The cor-
pus consisted of 24 lists with 10 sentences each and
each sentence had 4 key words to be scored. There
were 14 to 16 syllables in each sentence. The lan-
guage Kannada was used considering the geographi-
cal location the study was conducted in.

Participants

This study reports the findings from a pilot data
collected to answer the research questions. An a-
priori power analysis indicated 17 participants to

reach 80% power with medium effect size and 0.05
alpha level. However, data from 14 normal hearing
individuals with air conduction audiometric thresh-
olds within 15 dB hearing level (HL) between 250 and
8000 Hz are presented in this study. The participants
belonged to two groups- the Young normal hearing
(YNH, age range from 27 to 33 years, average hear-
ing threshold- 8.6 dB HL) group and the Old Normal
hearing (ONH, age range from 57 to 63 years, average
hearing threshold- 14.3 dB HL) group. Each of the
two groups included seven participants. All the par-
ticipants’ hearing thresholds were tested in a sound
treated room using a calibrated audiometer (Maico
MA-52 Diagnostic audiometer), under TDH 39 head-
phones. They had A-type tympanogram along with
the presence of acoustic reflexes, indicating normal
functioning of middle ear as tested using a tympa-
nometer (Maico easyTymp), and all of them passed
OAE screening (Bio-logic Natus AuDX PRO), indi-
cating functional outer hair cells. All the tests for
inclusion were carried out bilaterally. None of the
participants reported any history of hearing prob-
lems, difficulty in comprehension, or memory loss.
They were native speakers of Kannada (a language
spoken in the south Indian state of Karnataka) and
had good comprehension of the spoken language as
well as the written script in Kannada. The study
abided by the ethical guidelines for bio-behavioural
research in human subjects (Venkatesan, 2009) and
an informed consent was signed by all the partici-
pants before their participation in the study. Addi-
tionally, 2 unprocessed, randomly selected sentence
lists (from the corpus selected for the study) were
presented to the participants at their most comfort-
able level for listening. Only those participants who
obtained scores higher than 95% from these lists took
part in further testing.

Stimulus processing

The original sentence lists were used to generate
stimuli to assess perception of TFS speech, RENV
speech and RENV speech simulating widened audi-
tory filters. The methods used for the processing are
similar to Swaminathan, Reed, Desloge, Braida, &
Delhorne, (2014), and are detailed below.

TFS speech: Each sentence was band-pass fil-
tered using third order elliptical filter into 2, 4 and 8
frequency bands within 80 to 8020 Hz following log-
arithmic spacing within the bandwidth. The signals
were forward and backward filtered to avoid phase
delays. Hilbert transform was applied to the signal
in each frequency band and the signal was separated
into the component envelope and TFS.

In order to compensate for the amplitude loss of
TFS when separated from the envelope, the TFS
was multiplied with the RMS power of the band-
pass filtered signal. The amplitude-corrected TFS
was summed across frequency bands to create the
final TFS speech. This processing resulted in three
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different conditions to test for TFS speech percep-
tion - TFS speech extracted from 2 frequency bands
(TFS2nb), 4 frequency bands (TFS4nb), and 8 fre-
quency bands (TFS8nb).

RENV speech: The TFS speech from TFS2nb
condition was passed through a bank of 40 band-
pass filters (1 ERB wide), with center frequencies
varying from 80 to 8020 Hz. Hilbert transform was
applied to the output from each frequency band to
extract the envelope. The extracted envelope was
low-pass filtered using second order Butterworth fil-
ter. Backward and forward filtering were used here
also to avoid phase shiftd. The resultant envelope
was used to modulate sinewave with frequency of the
center frequency of the corresponding filter band (but
with random starting phase). The output from each
band was then combined to create RENV stimulus.
In order to understand the influence of widening of
auditory filters in envelope recovery, the recovery of
the envelope from TFS2nb condition was carried out
using the same procedure, but by implementing a
widening factor of 2 and 4 to the number of recovery
bands. This resulted in RENV speech with widen-
ing factors of 2 and 4 termed as ‘RENV2wf’ and
‘RENV4wf’ resulted in 3 different test conditions,
namely RENV, RENV2wf and RENV4wf.

Experimental Procedure

Each participant was tested in six stimu-
lus conditions-three under TFS speech (TFS2nb,
TFS4nb and TFS8nb), and three under RENV
speech (RENV, RENV2wf and RENV4wf). During
an initial test on 3 individuals with normal hearing,
perception of TFS speech extracted from bands more
than 8 showed floor effect. Therefore, testing was
not continued with TFS speech extracted from higher
bands. The participants were seated comfortably in
a sound treated room. They were instructed to care-
fully listen to the speech stimuli presented and repeat
verbatim. Before the actual test session, the par-
ticipants were presented 2 unprocessed lists of sen-
tences to familiarize them with the task of repeat-
ing the stimulus verbatim. Following this, 2 sen-
tence lists were randomly selected and presented in
each stimulus condition, from a Lenovo laptop com-
puter (Lenovo ThinkPad X1 Carbon, third Gen with
interl core i7). The stimuli were delivered to the par-
ticipants’ ears using HDA200 headphones at 70 dB
SPL. The overall levels were calibrated using a Bruel
& Kjaer (2250) sound level meter and ear simula-
tor, complying with IEC 60318-1. Each participant,
therefore, responded to 14 sentence lists, presented
across six test conditions and familiarization. The
test conditions were randomized across participants.
The testing was completed in a single sitting and
breaks were given to the participants whenever nec-
essary.

The responses were recorded using a custom pro-
gram written to record the speech output using

MATLAB software version 2019 (Mathworks Inc.,
Natick, MA, USA). The recorded responses were ana-
lyzed by one examiner (a native speaker of Kannada)
and the key words were scored in each sentence. Each
correctly repeated key word was given a score of 1
(maximum achievable score in each condition, from
2 sentence lists was 80) and errors or skipped words
were given a score of 0. Scoring method followed
was as per the instructions given in the test mate-
rial employed. The speech perception testing and
response analysis were carried out by different inves-
tigators, to eliminate tester bias.

RESULTS

The word identification scores were the dependent
variables, whereas age groups and the different test-
ing conditions were the independent variables. As
the statistical power is less due to small sample size,
individual data trend is analyzed followed by planned
pairwise comparisons. We also present the results of
mixed ANOVA which explore the interaction effect
between age and perception of RENV speech in dif-
ferent conditions (RENV tests) and age and use of
TFS information (TFS tests). Mixed ANOVA is cho-
sen, as there is no non-parametric equivalent which
explores the interaction effect.

The data was normally distributed (based on
Shapiro-Wilk test of normality) and homogeneity of
variances was observed on Levene’s test of normality
(p>0.05). The individual data, mean data, and stan-
dard deviation (SD) as well as median data and inter-
quartile range of speech perception scores obtained
during test conditions using TFS speech (TFS2nb,
TFS4nb and TFS8nb) and RENV speech (RENV,
RENV2wf, RENV4wf) are given in Figure 1 and Fig-
ure 2 respectively. The data shows a general trend
of reduction in scores with increase in number of fre-
quency bands in TFS speech. When data for the two
age groups are compared, we can see that YNH group
shows higher speech identification scores compared
to the ONH group in each of the three test condi-
tions. Upon visual inspection, the individual data
also look separated between the two groups, espe-
cially for TFS2nb and TFS4nb conditions.

Mixed ANOVA was used to compare the data
within groups and across the groups in different test
conditions. Mauchly’s test of sphericity indicated
that assumption of sphericity was satisfied in both
test conditions (TFS speech: χ2 = 4.618, p = .099;
RENV speech: χ2 = 1.765, p = .414), and there-
fore, no sphericity corrections were added. There
was no interaction between the test conditions and
age group. Due to the small sample size, effect size
and poor statistical power obtained for the test, fur-
ther analysis were not done.

Similarly, the scores reduce with increase in the
critical bandwidth in the cochlea (simulation of
cochlear hearing loss) during the perception of RENV
speech. The mean and median scores are lower in
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Figure 1: (a) Mean and SD, and (b) Median and inter-quartile range of speech identification scores in test
conditions using TFS speech, in YNH and ONH groups, along with individual data

Table 1: Results of Wilcoxon’s test for pair-wise comparisons of the different TFS and RENV speech conditions in
the age groups combined.

95% CI for
Effect Size

Condition Test /z/ p value Effect Size Lower Upper
TFS2nb TFS4nb 94.000 0.010 0.790 0.445 0.931
TFS8nb TFS4nb 0.000 0.001 -1.000 -1.000 -1.000
TFS2nb TFS8nb 105.000 0.001 1.000 1.000 1.000
RENV RENV2wf 90.000 0.002 0.714 0.292 0.903
RENV2wf RENV4wf 105.000 0.001 1.000 1.000 1.000
RENV RENV4wf 105.000 < .001 1.000 1.000 1.000

Note: effect size is given by the matched rank biserial correlation.

Table 2: Results of Welch test to see the effect of age on TFS and RENV test conditions.

Condition t df p value Effect Size Lower Upper
TFS2nb 1.747 10.489 0.110 0.934 -0.205 2.034
TFS4nb 2.314 9.308 0.045 1.237 0.026 2.396
TFS8nb 0.362 11.597 0.724 0.193 -0.861 1.240
RENV 0.668 10.698 0.518 0.357 -0.709 1.407
RENV2wf 0.976 10.357 0.351 0.522 -0.561 1.581
RENV4wf 0.341 10.136 0.740 0.182 -0.873 1.229
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Figure 2: (a) Mean and SD, and (b) Median and inter-quartile range of speech identification scores in test
conditions using RENV speech conditions, in YNH and ONH groups along with individual data

the ONH group compared to the YNH group (Figure
2). However, when we observe the individual scores,
there is a considerable overlap in the scores for the
two groups.

To examine the effect of test conditions and age
on word identification scores, Wilcoxon, and Welch
tests were used respectively. Welch test was used
since it can be used for continuous variables whose
variances are unequal. The scores from YNH and
ONH groups were used for between group compar-
isons in TFS and RENV speech perception condi-
tions. The results of test condition comparisons and
age comparisons are as shown in Table 1 and Table
2 respectively.

The Wilcoxon test results show significant differ-
ence between all the test conditions in both the age
groups combined. The Welch test results showed sig-
nificantly lower speech identification score for ONH
group compared to YNH group for TFS4nb condi-
tion.

DISCUSSION

The main aim of the study was to examine the
effect of the number of frequency bands used for TFS
extraction on TFS speech and envelope recovery on
RENV speech perception in younger and older adults

with normal hearing sensitivity. The study compared
the perception of TFS speech and RENV speech in
younger and older normal hearing adults, using sen-
tence stimuli. Considering that the power observed
for the study is poor, the focus was on observing the
trends in individual data, even though group compar-
isons were done to establish statistical significance,
if any. Additionally, interaction between test condi-
tions and age was also studied. No interaction was
observed between the two age groups and the test
conditions. The individual trend in data showed a
decrease in speech perception scores with increase
in number of frequency bands used for extraction in
TFS speech and with widening of recovery bands in
RENV speech. The participants’ speech perception
scores were significantly different between the differ-
ent test conditions using TFS speech as well as that
of RENV speech.

An increase in the number of frequency bands
used to create TFS speech results in progressive
reduction of speech perception scores (Smith et al.,
2002), as is observed in the study. These findings
are in agreement with the literature (Drullman et
al., 1994a, b; Smith et al., 2002). TFS information,
when presented alone, is effectively used in speech
identification when it is extracted from less num-
ber of frequency bands. In other words, TFS speech
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intelligibility reduces with increase in the number of
extraction bands, and beyond a certain level, there
is minimal speech intelligibility (Smith et al., 2002).
In their study, Smith et al. (2002) examined the
relative contribution of TFS and ENV information
to speech perception and the influence of number of
bands of extraction of the same. They used speech-
noise and speech–speech chimeras (mixing TFS from
one signal and ENV from another), and showed that
TFS was used to comprehend speech only when the
extraction of information was carried out from 2 or 4
frequency bands. The intelligibility of RENV speech
also depends upon the number of frequency bands
from which the TFS information is extracted (Swami-
nathan et al., 2014). One of the experiments car-
ried out by Swaminathan et al. (2014) compared
the perception of RENV speech using RENV bands
extracted from TFS ranging from 1 to 32. The
results showed that envelope recovery deteriorated
with increase in the number of bands from 1 to 32.
Similar findings are observed in the present study,
thereby reiterating that perception of TFS speech is
better when it is extracted from lesser number of fre-
quency bands. Further, these findings were found to
be true for both younger and older adults with nor-
mal hearing.

The present study also compared the perception
of TFS speech in different test conditions between
the two age groups. This, however, was significantly
different only in the TFS4nb condition. This could be
because of ceiling effect in the scores in the TFS2nb
condition and floor effect in the TFS8nb condition. It
is plausible that a significant difference was observed
only in conditions with optimal difficulty.

Scores obtained for the perception of RENV
speech in the present study were comparable to those
obtained by Swaminathan et al. (2014). They
observed similar outcomes in their experimental con-
dition with envelope recovered from TFS extracted
from one frequency band and 40 ERBN, despite
the differences in the stimuli used. They had used
monosyllables and the present study used sentences.
The intelligibility of RENV speech also deteriorated
with widening of auditory filter bands. This find-
ing is in agreement with studies that have exam-
ined the effects of widening of cochlear auditory fil-
ters on recovery of envelope from TFS speech (Heinz
& Swaminathan, 2009; Swaminathan et al., 2014).
Widened auditory filters that result in reduced fre-
quency resolution is also characteristic of cochlear
hearing loss (Glasberg & Moore, 1986). Simula-
tion studies (Heinz & Swaminathan, 2009) and stud-
ies that explored perception of recovered envelopes
(Lorenzi et al., 2012; Swaminathan et al., 2014) have
shown that perception of RENV speech deteriorates
with the widening of RENV bands, as was the trend
observed in the present study, in both younger and
older participants.

It was also of interest to see if the perception of
the RENV speech varied between the two groups,

given that the perception of TFS varies between
younger and older adults despite normal hearing sen-
sitivity (Hopkins & Moore, 2011; Peters & Moore,
1992; Strelcyk & Dau, 2009), and that widening of
recovery bands for RENV speech may reflect per-
ception of speech in ears with hearing loss. The
results, however, did not show any significant differ-
ence between the two age groups in their perception
of RENV speech, with or without the simulation of
widened auditory filters. Age group of the partici-
pants in the present study could be one reason why
no significant differences were obtained between the
groups. There is no published literature to directly
compare the findings of the present study in this
regard. However, studies that have shown differences
in the perception of TFS cues in the elderly have used
different measures of TFS perception. It should also
be noted that the participants of the previous studies
were older than in the present study. Additionally,
floor effect in the scores obtained for RENV4wf con-
dition and the number of participants in the study
may be contributing factors. A clearer picture of the
trend may be seen when the tests are administered
on a larger group of participants.

Another important factor to consider in this
study is the use of sentences to study the percep-
tion of TFS speech across two age groups. This is
essential, since stimulus complexity does influence
the intelligibility of TFS speech (Swaminathan et
al., 2014). For example, Swaminathan et al. (2014)
noted that speech perception scores in their subjects
decreased systematically with increase in the number
of bands for TFS extraction, with a prompt drop for
bands beyond eight. In the present study, however,
floor effects were observed for RENV speech percep-
tion even for speech recovered from 4 TFS bands
(which was why it was not used for further testing
in the participants).

However, findings of the present study should be
compared with the existing literature with caution
for two reasons- first, the stimulus used to study enve-
lope recovery were sentences in the present study,
whereas they were monosyllables in similar studies in
the literature; and second, the number of bands for
TFS extraction was between 2 and 8 in the present
study due to floor effects in obtained scores, whereas
other studies have used higher number of bands for
the same (though not for sentence stimuli) (Swami-
nathan et al., 2014). Further, difference in language
may also influence the amount of information that is
used for speech understanding, as well as recovery of
envelope.

CONCLUSIONS

The study compared the perception of TFS cues
using processed speech stimuli in two different age
groups. The perception of TFS information from
TFS speech and RENV speech worsened with more
degradation of the speech stimuli in the YNH and
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ONH groups. Significant difference between the
groups could be seen only in one condition, and it
sheds light on the perception of TFS cues from a more
complex unit of speech than what has been studied
so far. This observation needs to be validated, on
a larger population and from a wider age range to
further our understanding of influence of age on TFS
and RENV speech perception.
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