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Abstract: Speech understanding difficulties for older adults (OAs) are
well documented. Very little is known about whether age-related changes
affect their speech production as well. Intelligibility of conversational and
clear speech sentences produced by five OA talkers was examined. The
results of the sentence-in-noise listening tests revealed that OAs enhanced
their intelligibility for young adult (YA) listeners through clear speech
modifications. Importantly, though, OAs were less effective at improving
their speech to benefit listeners compared to YA talkers [reported in Smil-
janic and Bradlow, J. Acoust. Soc. Am. 118(3), 1677–1688 (2005)]. The
results suggest that auditory and cognitive changes across lifespan can
affect OA’s speech patterns and intelligibility.
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1. Introduction

Speech understanding difficulties for older adults (OAs) are well documented. Even
though they may easily perceive speech in quiet, OAs have been shown to perform
worse than young adults (YAs) when processing speech in the presence of noise, simul-
taneous speech from multiple talkers, and when presented with sentences that lack con-
textual cues.1,2 Their abilities to understand fast speech and to detect/recognize brief
non-speech and speech sound sequences also decline with age.3,4 These problems may
arise from peripheral auditory declines, such as threshold elevation, decreased fre-
quency, and temporal resolution, etc.5 Another source of speech processing difficulties
may be associated with age-related cognitive declines. These effects include general
slowing, declines in working memory capacity, attentional resources, and inhibitory
mechanisms.4,6–10 Perceptual difficulties that OAs experience thus are a result of com-
bined declines in peripheral-auditory and central-cognitive abilities.

In contrast to the accumulated knowledge about the perceptual processing dif-
ficulties, very little is known about whether age-related changes impact speech produc-
tion patterns for OA talkers and the intelligibility of their speech. Indirect evidence
that OA’s speech production system may be affected comes from studies showing a
decrease in accuracy and speed in object naming tasks and an increase in the use of
fillers, such as uh or um, compared to YAs.11,12 Some studies have found a decrease of
the overall speaking rate for elderly adults.13 Combined, these results indicate that
speech production processes along with perception/comprehension and memory may
be disrupted in OAs.

The goal of this study was to investigate intelligibility of the conversational
and clear speech sentences produced by OA talkers and to, furthermore, compare the
results to those of YA talkers in Smiljanić and Bradlow.14 Extensive previous research

a)Portions of this work were presented at the 159th meeting of the Acoustical Society of America in Baltimore,
MD (April 2010) and the Aging and Speech Communication Conference (2011).
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has shown that speakers are able to enhance the intelligibility of their speech when
asked to speak as if they are communicating with someone who is having difficulty
accessing or understanding linguistic information (“clear speech”/CS). Clear speaking
style changes typically involve slower speaking rate, insertion of more pauses, wider
pitch range, and more “exaggerated” productions of sound categories.15 Perceptually,
speaking style adjustments have been shown to increase intelligibility under challenging
listening conditions for a wide range of listener populations, including OAs and listen-
ers with hearing impairment.16–18 Recent work showed further that listener-oriented
speech leads to a substantial enhancement in recognition memory for sentences.19 That
is, variation in intelligibility has an impact on speech processing beyond word
recognition.

Speech intelligibility for OA talkers was examined directly in Schum.20 The
results showed that OAs were able to increase their intelligibility through conversa-
tional-to-clear speaking style modification for OA listeners with sensorineural hearing
loss. Even though not statistically significant, the clear speech benefit for OAs was
lower compared to YA talkers in that study [17 vs 22 rationalized arcsine transform
units (RAUs)]. Note that the overall conversational and clear speech intelligibility lev-
els were not reported in the study. It thus remains important to establish the extent to
which OAs are able to produce listener-oriented speaking styles that increase intelligi-
bility of their speech and which may also lead to reducing processing difficulties
beyond word recognition (e.g., memory encoding) for a variety of listeners. This
research has implications for audiologic rehabilitation options which currently focus
on improving everyday speech understanding through hearing aids as a means of
enhancing quality of life21 but do not address problems in speech intelligibility as a
possible source of difficulties for OAs.

2. Methods

2.1 Talkers

Five OAs (2 female and 3 male; 65–78 yrs of age, mean¼ 71.4; native speakers of
American English) were recruited through the Aging Research Registry of the Buehler
Center on Aging at Northwestern’s Feinberg School of Medicine. All procedures were
approved by the Institutional Review Board at Northwestern University. They were in
good health and had no self-reported problems with memory, balance, hearing, cardio-
vascular health, and mobility. There were no reported incidents of stroke or serious
head injury. All talkers had normal or corrected-to-normal vision. None of the talkers
indicated any known speech or hearing impairment at the time of recording. All partic-
ipants signed an informed consent form. They were paid for their participation. Before
the recording session, a battery of cognitive measures was administered: Digit Symbol
(a measure of processing speed) and forward and backward Digit Span subscales
(measures of working memory span) from Wechsler Adult Intelligence Scale-III (Ref.
22) and the word reading subscale from the Wide Range þAchievement Test.23 These
OA talkers were a subset from a group of participants in a study on Conversational
Grounding in Younger and Older Adults.24 Lysander and Horton24 compared the per-
formance of OAs and YAs on the cognitive measures tested. They report no differen-
ces across OAs and YAs in digit span performance and word reading. Predictably,
OAs had significantly more education and showed a typical decrease in performance
on the digit symbol task compared to YAs in that study. The YAs in their study were
recruited from the same subject pool of Northwestern undergraduates as the ones in
our previous study which we will use for comparison.14

Since we were interested in OAs with typical hearing (rather than with hearing
loss) in this initial investigation, we set a criterion for inclusion to be �25 dB hearing
level (HL). Hearing screening was performed on each subject using clinical guidelines
for hearing screening procedures.25 All participants passed hearing screening bilaterally
at 25 dB HL at octave frequencies between 250 and 4000 Hz.
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2.2 Listeners

Forty native AE YA listeners (18–25 yrs of age; mean¼ 20.8 yrs) were recruited from
the Northwestern University Linguistics Department subject pool. They received class
credit for participation. They had no known speech or hearing impairment at the time
of the test.

2.3 Materials

Twenty semantically anomalous sentences were used for the recordings (e.g., A cab-
bage would sink his tired Tuesday). These sentences were used previously to examine
clear speech perception and production by YA native and non-native talkers and
listeners.14,26,27

2.4 Procedure

The procedure in the current study was identical to that used in Smiljanić and
Bradlow.14 All talkers were recorded in a sound-attenuated booth reading the 20 sen-
tences once in conversational speaking style and once in clear speaking style. They
read into an AKG C420 head mounted microphone and the speech was recorded using
a Marantz PMD 670 flash recorder at a sampling rate of 16 kHz. For the conversa-
tional style, the talkers were instructed to read as if they were talking to someone fa-
miliar with their voice and speech patterns. For the clear speaking style, the talkers
were instructed to read as if they were talking to a listener with a hearing loss or a
non-native speaker. The digital speech files of the recordings were segmented into
sentence-length files, equated for root-mean-square amplitude and mixed with broad-
band white noise at a 0 dB signal-to-noise ratio (SNR).

The stimulus presentation for listening tests was controlled by SUPERLAB
PRO 2.01 experimental software (Cedrus Corporation, San Pedro, CA, 2006).28 Listen-
ers first heard four practice sentences mixed with noise at 0 dB SNR. Listeners then
heard test sentences. They could not hear a sentence more than once but could take as
much time as needed between the sentences to record their answer. Each sentence was
preceded by a 400 ms leading silence and a 500 ms noise interval, and followed by a
500 ms noise interval. Each participant heard ten clear sentences followed by ten con-
versational sentences produced by one talker. They never heard the same sentence
twice. They wrote down every word they heard. Four content words per sentence were
counted as keywords for a total of 40 keywords per talker per condition. Percentage
correct scores were calculated and converted to RAU for statistical analysis.29

3. Results

Sentence-in-noise listening results for each talker in two speaking styles are shown in
Fig. 1. On average, listeners recognized more words correctly when they were pro-
duced in clear speaking style (30%) compared to conversational speaking style (20%).
The results revealed that talkers varied in their overall intelligibility. For instance, talk-
ers F01, F02, M01, and M02 received higher conversational intelligibility scores (28%,
19%, 18%, and 25%, respectively) compared to talker M03 whose conversational intel-
ligibility was 12%. Similarly, clear speech intelligibility ranged from 46% for F01 to
14% for M03. The clear speech gain for the “large intelligibility gain” group (F01,
F02, and M01) ranged between 12% and 18%. For the “low intelligibility gain” group
(M02 and M03) it was 5% and 3%. Finally, a larger variability is observed for clear
speech sentences compared to conversational sentences (SDclear¼ 9.1;
SDconversational¼ 15) suggesting that talkers also varied in how consistently they
implemented clear speech changes across sentences.

In the statistical analysis we directly compared the YA (from Smiljanić and
Bradlow14) and OA talkers’ intelligibility scores. A repeated measures analysis of var-
iance (ANOVA) for the within-subjects effect of style (conversational vs clear) and
between-subjects effect of age revealed a significant effect of style [F(1,75)¼ 51.856,

Rajka Smiljanic: JASA Express Letters [http://dx.doi.org/10.1121/1.4776774] Published Online 17 January 2013

J. Acoust. Soc. Am. 133 (2), February 2013 Rajka Smiljanic: Effect of talker age on intelligibility EL131

A
u

th
o

r'
s 

co
m

p
lim

en
ta

ry
 c

o
p

y



p< 0.001] and of age [F(1,75)¼ 129.078, p< 0.001]. The age by style interaction was
approaching significance [F(1,75)¼ 4.181, p¼ 0.044]. A comparison thus revealed that
age has a significant effect on speech intelligibility. YA’s speech intelligibility was
higher compared to the OA’s speech intelligibility. Conversational and clear intelligibil-
ity were 46% and 62%, respectively, for YA talkers and 20% and 30% for OA talkers.
The highest intelligibility score for conversational speech for an OA talker (28%) was
lower compared to the lowest intelligibility conversational score by a YA talker (37%).
Even though OA talkers on average produced more intelligible clear speech
[t(46)¼�4.412, p< 0.001], the average clear speech gain was higher for YAs (16%)
compared to OAs (10%). The highest clear speech gain for some OA talkers was com-
parable to that produced by some YA talkers (18%, 14%, and 12% for OA F01, M01,
and F02, respectively, vs 19%, 18%, and 13% for YA EF1, EF2, and EM2, respec-
tively). However, the highest clear speech gain by a YA talker was 35% (compared to
18% for an OA talker).

A preliminary analysis of the overall conversational and clear style speaking
rate patterns was conducted in hope of gaining some insight into the factors that may
underlie the difference in the intelligibility patterns between the two groups of talkers.
The speaking rate was calculated as the number of syllables produced per second with
pause duration (silence of at least 5 ms) excluded (Table 1). Repeated measures
ANOVA for the within-subjects effect of style (conversational vs clear) and between-
subjects effect of age (OA vs YA) revealed a significant main effect of style
[F(1,198)¼ 239.012, p< 0.001] and of age [F(1,198)¼ 40.552, p< 0.001]. The age by
style interaction was also significant [F(1,1980¼ 16.014, p< 0.001]. Similar to the intel-
ligibility results, a comparison of the YA and OA talkers revealed that age significantly
affected speaking rate. OAs produced slower conversational speech (5.42 syll/s vs 4.32
syll/s). The speaking rate is more similar in the clear speaking style for the two talker
groups: 3.54 syll/s for OAs vs 3.96 syll/s for YAs. The conversational-to-clear speech
speaking rate decrease was significant for OA talkers: [t(119)¼�11.539, p< 0.001).
However, the resulting clear speech decrease was smaller for OA talkers compared to
YA talkers: 0.78 syll/s vs 1.46 syll/s.

Fig. 1. Intelligibility scores (mean and standard error) for conversational and clear speaking style for each
talker. The talker labels on the x-axis indicate gender (“F” for female or “M” for male) and the order in which
the talkers were recorded. For each talker, the two bars represent the conversational (left) and clear (right)
speech scores.
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4. Discussion

The results presented here showed that OAs can produce listener-oriented speaking
style modifications that enhance intelligibility for YA listeners. However, a difference
in the overall intelligibility and in the amount of clear speech gain was found between
OA and YA talkers. These findings demonstrate that the effect of age may not be re-
stricted to the perceptual processing of speech but that it also impacts production pat-
terns and the resulting intelligibility for OAs. These results are in contrast with
Schum20 who reported a clear speech benefit of 17 RAU (compared to 11 RAU here)
for OAs and similar gain for OA and YA talkers. The overall intelligibility difference
can be attributed to the more difficult SNR level and the use of semantically anoma-
lous sentences in the current study. The lack of contextual cues, which has been shown
to impact word recognition in noise for OAs,2 may also require additional effort in
production not found in YAs. This difficulty is also reflected in the large variability in
intelligibility scores for clear speech sentences, suggesting that the implementation of
the conversational-to-clear speech modifications is less consistent for semantically
anomalous sentences. Finally, Schum20 showed intelligibility gain for OA listeners with
hearing loss whereas a smaller gain in this study was found for YA listeners. It is possi-
ble that OA talkers in this study would also be perceived to be more intelligible by
other OA listeners. The differences in the results between the two studies highlight the
need to examine in more detail various talker-, signal-,and listener-related factors that
determine intelligibility levels for OAs.

A preliminary acoustic analysis showed that OAs produced slower conversa-
tional sentences as well as a smaller clear speech speaking rate decrease compared to
YAs. The slower speaking rate may be a reflection of a general slowing down on the
part of the OA talkers.9 While more intelligible clear speech is typically characterized
by a speaking rate decrease,15 slower speaking rates observed for OAs in this study did
not correlate with enhanced intelligibility for OA talkers compared to YA talkers.
These results point to the importance of examining other temporal and spectral cue
enhancements to sound contrasts and suprasegmental features as well as voice charac-
teristics that may be involved in determining intelligibility levels.14,27

It is important to note several limitations of the current study. Here, we only
looked at a small number of OA talkers. Given the large across-talker variability in
intelligibility found for other talker groups it is important to examine a larger group of
OA talkers before any generalizations can be made.30 Furthermore, it is important to
examine whether experience of listening to OA talkers (e.g., OA listeners, spouses,
audiologists) contributes to enhanced intelligibility. This increased understanding of
speech produced by OAs could arise from talker familiarity as well as from the OA
talkers’ speaking style adjustments that are geared in some way toward specific listener
groups with which they communicate daily. This finding would be in accord with
recent research showing that YA speakers change their output in response to different

Table 1. The total number of pauses, average pause duration (s), and speaking rate (syllable/second) in two
speaking styles for each talker.

# of pauses Pause duration (s) Speaking rate (syll/s)

Talker Conv. Clear Diff. Conv. Clear Diff. Conv. Clear Diff.

F01 1 8 7 0.09 0.37 0.28 4.03 3.01 �1.02
F02 0 0 0 0 0 0 4.23 2.79 �1.44
M01 1 36 35 0.33 0.73 0.4 3.98 3.3 �0.68
M02 0 0 0 0 0 0 4.65 4.39 �0.26
M03 0 3 3 0 0.23 0.23 4.71 4.2 �0.51

Average 0 9.40 9.00 0.08 0.27 0.18 4.32 3.54 �0.78
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adverse listening situations.31 It would be important, therefore, to extend current find-
ings to include detailed acoustic analyses of speech produced by a large number of OA
talkers. The pressing issue remains to understand how age-related peripheral and cog-
nitive changes impact speech production mechanism in OAs. The results will have
implications for treatment options and considerations for OAs with hearing loss. While
current trends in treating hearing loss focus on enhancing auditory processing, the
results presented here suggest that promoting intelligibility of speech produced by OAs
may contribute to the increased quality of life as well.21
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