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ABSTRACT

to increase with age [20]. These findings can be observed in Mandarin tone recognition, where elderly
listeners were reported to have shallower slope in
identifying the tones, smaller peaks in the discrimination task, and higher threshold for pitch contour
discrimination [30].
While Japanese does not have tones like Mandarin, it is a pitch-accent language, where pitch accent is realised by a sharp fundamental frequency
(f0) drop in the accented word to the following
particle, with the obvious primary cue being pitch
[4, 28, 18, 29]. Previous studies have tried to examine whether or not secondary cues such as duration and intensity exist for Japanese pitch accent,
with no conclusive agreement. Literature in general
agrees that duration does not correlate with accent,
but some studies have found a weak link to intensity
[4, 7, 31]. Using minimal pairs of pitch accent without f0 information, Sugiyama [29] found listeners
were able to differentiate between the minimal pairs
at a rate better than chance. With evidence of elderly Mandarin listeners finding differences in tones
to be difficult to perceive, elderly Japanese listeners
may also have trouble deciphering pitch cues, especially if they have deficits in frequency discrimination. The current study has two objectives: 1. to
examine how elderly listeners perceive pitch accent
and how it relates to their frequency discrimination
abilities; and 2. to find out whether listeners with
poorer pitch processing abilities are able to differentiate between accented and unaccented words using
potential secondary cues.

Hearing typically changes with age, affecting how
listeners perceive speech, in particular, subtle cues
that exist in languages. Japanese is a pitch-accent
language with minimal pairs realised by their pitch
contours, requiring listeners to pick up on such cues
in pitch primarily. In the current study, we measured
a group of near-normal hearing Tokyo born elderly
listeners for their difference limens for frequency
(DLF) and their ability to identify two pitch accent
pairs hana "flower/nose" and sita "down/tongue"
with 10-step continua. We found elderly listeners
with better DLF to distinguish between the pairs,
producing clearer results for the hana pair. The elderly listeners with poorer DLF were not able to separate between the accented and unaccented stimuli
for either pair. This suggests that despite their similar near-normal hearing thresholds, elderly listeners differ in how they perceive pitch accent pairs depending on their ability to discriminate pure tones.
Keywords: pitch accent, speech perception, ageing,
difference limens, hearing impairment
1. INTRODUCTION
As hearing declines with age, it often leads to difficulty in understanding speech. Nonetheless, previous studies have found that as long as the speech
is audible and familiar, elderly listeners exhibit no
particular deficits in speech intelligibility [34]. Difficulty arises when elderly listeners have to listen
in adverse conditions, such as lower audibility, distorted speech signal including reverberant speech
[16, 24], background noise [9, 15], faster speech
rate [33], and talker’s foreign accent [1]. While
the degradation of the speech signal compromises
speech intelligibility for elderly listeners, suprathreshold deficits in temporal [11, 13] and spectral
processing [21] have also been found in the ageing population, affecting their ability to comprehend
speech. Moore and Peters found generally broadened auditory filters and reduced abilities to discriminate frequency in their normal hearing elderly listeners [21]. Moore has also found difference limens

2. METHODOLOGY
The participants were first tested for their hearing
abilities such as auditory threshold, auditory filter bandwidths and difference limens in pure tones.
This was followed by an identification test of two
sets of word pairs. Each word pair consists of two
10-step continua created from the accented original
word and the unaccented original word, with only
their pitch manipulated. The purpose of testing stimuli created from both original words was to investigate our second objective, whether or not secondary
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ried out with Praat [5] using the ‘To Manipulation’
function to create a Manipulation object and the
pitch contour was modified using the ‘PitchTier’ in
the ‘ManipulationEditor’. The sound files were synthesised by the ‘Publish resynthesis’ command. Altogether, there were 22 stimuli per word pair and the
resulting stimuli were visually and aurally checked
by the second author, a phonetically trained native
Japanese listener, to make sure that they sound natural and were easily differentiable.

cues, such as duration or intensity, were present and
perceivable, especially when some of the listeners
have poorer pitch processing abilities.
2.1. Participants

Twenty-one elderly Tokyo-born Japanese listeners
(female: 11) participated in the current study. Their
age ranged from 60 to 83 years old (M =72.1,
SD=6.1) and their pure tone audiometry (PTA: mean
of 500 Hz, 1k Hz and 2k Hz) was 15 dB HL
(SD=7.7). The participants were then separated into
two groups according to whether their DLFs results
were higher or lower than the median (0.73%) as
shown in Fig. 1. The DLFs of the two groups were
significantly different (t(9.5)=-3.8, p<0.01). The
two groups had a median of 0.58% and 1.25% respectively. As a reference, normal hearing subjects
were reported to have a mean DLF of 0.75% [23]
and 1.2% for hearing impaired elderly listeners [22].

2.3. Test procedure

The participants first completed an auditory threshold assessment for both ears at 250 Hz, 500 Hz, 1k
Hz, 2k Hz, and 4k Hz. Only the better ear was used
from then on. They were measured for their auditory
filter bandwidths at 500 Hz, 1k Hz, and 2k Hz using
the Rion HD-AF [25]. Finally, they carried out the
frequency discrimination test to measure their difference limens (DLFs) at 250 Hz, 500 Hz, 1k Hz and 2k
Hz followed by an identification test for the pitch accent pairs. The frequency discrimination test stimuli
were presented at 30 dB SL for each frequency, and
the speech stimuli were presented at 30 dB above
their PTA at 500 Hz, 1k Hz and 2k Hz. Their cognitive level was confirmed in the form of a trail making
test (TMT), which was reported to predict speech
processing for elderly listeners [10, 12]. The participants carried out the test in a sound-treated room,
where they listened to the stimuli over headphones
(Sennheiser, HDA200) via a digital audio interface
(Roland, Edirol UA-25E) and responded by using a
touch screen.
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Figure 1: DLFs of the two groups
2.2. Stimuli Creation

The two sets of word pairs were hana (LH) meaning
flower when accented and nose when unaccented,
and sita (LH) meaning tongue when accented and
down when unaccented. Both word pairs have a
similar familiarity index according to [2, 29]: flower
(6.5) versus nose (6.4) and tongue (6.1) versus down
(5.9) on a 7-point scale with 7 being most familiar.
The original files were recorded by a female Tokyoborn speaker. Four sets of 11 continual stimuli (10
linear steps measured in cents) were created from
four original files by manipulating the pitch from the
accented words to unaccented and vice versa. The
carrier phrase, watashi wa [target] ga suki "I like
[target]", was kept the same per word pair. When
the target word is followed by the phrase ga suki, the
suki is subject to catathesis, the compression of f0
range, if the preceding word within the same accentual phrase is accented [28]. The effect of catathesis
could be observed in the original accented phrases.
In the current study, to keep the carrier phrase constant within word pairs, only the carrier sentences
from the original unaccented stimuli were used for
both hana and sita. Pitch manipulations were car-

2.3.1. Difference limens for pure tones (DLFs)
The frequency discrimination threshold for pure
tones (DLFs) were measured using a two-interval
two-alternative forced-choice method, as described
in [23, 22]. Two intervals were played to the participant, one with four successive tones A at a fixed frequency (AAAA), the other interval consisted of tone
A and B played alternately (ABAB). Both tone A
and B were 300-ms tones with 20-ms raised-cosine
ramps, with a 100 ms silent interval between the two
intervals. Tone B had a higher frequency than tone
A, where the difference in the frequencies of the two
tones were adjusted adaptively in a two-down-oneup procedure. The order of the intervals was randomised at each trial, and the participant was asked
to judge whether the ABAB interval came first or
second by selecting "1" or "2" on the screen. The
procedure ran for eight reversals and the listeners’
thresholds were estimated as the geometric mean of
the step for the last six reversals. For participants
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who performed more than 10 trials correctly in succession within the last six reversals, only the remaining reversals were considered. The participants were
made sure to understand the task by completing a
practice session of 10 trials or more if needed. Feedback was given for the practice session.

3.1. Effect of DLF results on pitch accent perception

We analysed the results with logistic mixed models using the glmer function in the R package lme4
[3]. Likelihood ratio tests were carried out to examine effects of the DLF groups, word pair, stimulus step and whether or not the stimulus was modified from an unaccented or accented original stimulus on the response (whether the participant perceived an accented or unaccented word). As the
original stimulus factor causes the models to have
a higher Akaike information criterion (AIC) value
compared to a model without the factor, the original stimulus factor was subsequently omitted as it
did not contribute to better model fitting. Random
slopes were by-participant and by-word pair for the
effect of steps, and by-word pair on the effect of
participant when deemed appropriate. For the hana
pair, there was significant effect of the DLF group
(χ 2 (1) = 4.8, p=0.029) and steps of the stimulus
(χ 2 (1) = 18.6, p<0.001) on whether the listeners
perceived the stimuli as "flower" or "nose". The
sita pair however did not show any significant effect of the DLF group on the response (χ 2 (1) = 1.3,
p=0.26) even though Fig. 2 shows the ‘good’ group
had a distinct point where their perception changed
from one to another at step 6 compared to the ‘poor’
group in and Fig. 3.

2.3.2. Pitch Accent
The participants listened to 22 stimuli in random order per word pair to decide whether they heard the
accented or the unaccented stimulus. Each block
was repeated five times. They responded by choosing one of two alternatives in kanji (Chinese characters) on the screen. Half of the listeners started with
the hana pair and half with sita. Before the task, they
were given a practice session with five unprocessed
stimuli of hati "eight/bee".
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3. RESULTS
The mean ratios of answers as the accented word
("flower" for hana, and "tongue" for sita) for the
‘good’ group are illustrated in Fig. 2 and the ‘poor’
group in Fig. 3. The ‘good’ group was able to distinguish "flower" from "nose" for the hana pair relatively well with a steep s-curve. While the listeners in this group could not separate the two sita’s
as well, we can still observe an s-curve-like shape
in their responses. On the other hand, the ‘poor’
group had a much less coherent pattern in both hana
and sita identification, showing that they had trouble
identifying the accented and the unaccented word.
The different point types show the two types of original files used as the stimuli in the figures.
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Our current study aimed to find out whether elderly
listeners were able to perceive Japanese pitch accent
accurately and how their perception was related to
their frequency discrimination abilities. The results
suggest that while some elderly listeners were able
to identify the hana and the sita pair to a certain
extent, others struggled with these words. As both
groups of listeners had similar auditory thresholds
and auditory filter bandwidths, their differences in
word identification may be attributed to the difference in their pitch discrimination abilities.
Our second objective was to determine whether
secondary cues, such as duration or intensity, for
pitch accent in Japanese are present and accessible
to elderly listeners, especially for those who may not
be able to make use of the pitch cues. If secondary
cues, whatever they are, were perceivable, we would
see different results whether the stimuli were created
from accented words or unaccented words. We can
observe from Fig. 2 that this is not the case for the
‘good’ group, where they had almost identical responses for stimuli created from both original files.
The ‘poor’ group, however, while there was no significant effect of the original stimulus, the results
were visually more different. Having said that, the
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Figure 2: Good DLF
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Figure 3: Poor DLF

While the two groups differed significantly in
their DLFs, there were no significant differences between the two groups in terms of PTA (average of
500 Hz, 1k Hz and 2k Hz) (t(18) = 1.4, p = 0.19),
the reaction time from the trail making test (t(16.3)
= -1.0, p = 0.36), or their auditory filter bandwidths
in equivalent rectangular bandwith (ERB) for 500
Hz (t(12) = 1.3,p = 0.23), 1k Hz (t(17) = 0.11, p =
0.9) or 2k Hz (t(11) = -0.74, p = 0.48).
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ferentiating Mandarin tones [26, 19]. However, literature on amusics has found the mean relative DLF
to be 5% [6], comparatively worse than our current
cohort, suggesting that at least the participants of
the current study had better pitch processing abilities than amusics. As we do not have data of the
participants prior to their possible hearing decline,
we cannot say their pitch processing deficits were a
product of ageing. However, self reported experiences in music have shown that there were participants with music experience in both groups. For
future work, we will also recruit young listeners to
examine how they perceive pitch accent and whether
they exhibit similar patterns to our elderly listeners.

‘poor’ group results also showed no evidence of being able to use any secondary cues, and therefore no
acoustic analysis were carried out for the two original stimuli. F0, being the stronger acoustic cue, may
have acted as a masker over any weaker secondary
cues, and thus they were not available even to the
listeners who could not use the pitch cues robustly.
Initially we expected the participants to perceive
both word pairs similarly. Apart from one participant, who was trained as a broadcaster, the participants in general could not distinguish the sita pair as
well as the hana pair. This may be because hana,
which means "flower" when accented and "nose"
when unaccented, are both concrete nouns that make
sense somewhat in the carrier sentence and therefore easier for the listeners to perceive. On the other
hand, "down" in the sita pair may not make sense
contextually, and several participants reported afterwards to find the sentence awkward to comprehend.
Previous studies have found that elderly listeners
take advantage of context in adverse listening conditions [27, 14] and therefore have a bias towards the
more semantically sensible choice when they could
not decide. Phonologically, the sita pair may also be
disadvantageous compared to hana, where the first
mora in the sita stimulus is devoiced (confirmed via
acoustic analysis), and therefore may be harder to
hear. Previous literature has shown that elderly listeners struggle with devoiced sounds [17], possibly
due to the tendency of higher frequency loss in elderly listeners. The mean hearing thresholds at 2k
and 4k Hz for the current cohort were 18 and 19
dB HL respectively and thus can only be considered
as mild hearing loss, suggesting that high frequency
loss could not be used to explain the poor recognition for sita. While the stimuli were checked to
sound natural and different enough, acoustically the
f0 differences were smaller for the sita pair. This
may have contributed to current results of elderly
participants not being able to distinguish between
the sita pair. Future work would involve further
investigating whether this applies to young normal
hearing listeners.
In regards to the effect of (or lack of) catathesis,
we initially expected some sort of bias towards the
unaccented choice of words, which was not observable in the results. For future study, stimuli with carrier phrase from the original accented words should
also be included to test for listeners’ sensitivity on
the effect of catathesis.
There is also the possibility that elderly listeners were amusics to begin with and already had
pitch processing deficits, where previous studies
have found amusic listeners to have problems dif-

Finally, all participants in the ‘poor’ group were
male listeners. This may be due to our recordings
being made from a female speaker and they may
have found a male voice more familiar. At the same
time, literature has also reported that speech intelligibility performances in male participants tend to be
affected by ageing more than their female counterparts [8, 32] and the current results may be another
piece of evidence for this observation.
5. CONCLUSION
In the current study, we examined how elderly
Tokyo-born Japanese listeners perceive pitch accent
using two pairs of accented and unaccented words:
hana and sita. We found listeners who were similar in hearing thresholds and auditory filter bandwidths but differ in their frequency discrimination
abilities to vary in how they perceive pitch accent
in Japanese. The hana pair was more distinguishable than the sita, possibly due to the less natural
context and less difference in pitch between the accented and unaccented pairs. We also used two sets
of continua per word pair from the original accented
and unaccented speech to investigate whether or not
secondary cues may be present and accessible for
listeners with poorer pitch processing abilities. As
expected, the group with normal hearing DLF did
not make use of possible secondary cues, and we did
not find any evidence for the group with poorer pitch
processing of having used possible secondary cues,
even though visually the results suggested some differences. While we could not report conclusively the
pitch deficits observed in the poorer group were due
to ageing, we found evidence of poorer frequency
discrimination abilities to affect how elderly listeners perceive day-to-day words. Future works involves using more word pairs and recruiting younger
listeners to examine the effect of ageing.
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