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ABSTRACT
Recent studies report a sound change in progress in
Tokyo Japanese, whereby word-initial voiced stops
are frequently devoiced, and VOT alone is no longer
a sufficient or reliable cue to distinguish the voicing
contrast. The current study examines how Tokyo
Japanese speakers of different age and gender use
VOT, as well as the following vowel’s pitch (F0) and
voice quality (h1-h2) in voicing perception. 140
speakers of Tokyo Japanese, balanced for age and
gender, participated in an online perception
experiment. The majority of speakers made use of all
three cues, but among the three cues, some speakers
relied relatively more on VOT, while others relied
more on the vocalic cues, especially FO. We found a
significant interaction of FO cue use with pitch accent,
gender, and age, whereby the dominant cue for
voicing perception shifts from VOT to F0O, and this
change is led by accented words and younger females.

Keywords: Japanese, sound change, perception,
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1. INTRODUCTION

Recent studies on Tokyo Japanese report age- and
gender-based variation in the realization of the word-
initial stop voicing contrast [1-3]. Specifically, word-
initial voiced stops vary between prevoiced and
devoiced realizations, and the rate of devoicing is
higher for younger than older speakers [1-3] and for
female than male speakers [2]. This change creates an
overlap in VOT (Voice Onset Time) of the voiced and
voiceless categories, and the contrast cannot be
reliably distinguished by VOT alone.

Production studies show that the voicing contrast
is signalled by other secondary cues, namely, the
pitch and voice quality of the following vowel, as
well as VOT. The pitch (FO0) is higher when the vowel
follows a word-initial voiceless stop than a voiced
stop [4-7], and the voice quality of the vowel is
breathier (i.e., higher h1-h2) for voiceless than voiced
stops [5, 6].

Studies have also investigated the perceptual cues
that listeners use to distinguish initial stop voicing.
For instance, [8] examined the perception of a
monosyllabic word pair manipulated to vary in FO
and VOT (positive VOT values only) and found that
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the effect of FO is only noticeable for very short VOT
values. The study involved college students from four
dialect regions, including Kanto, which encompasses
Tokyo. Another study ([9]) created two sets of stimuli
that represented different pitch accent conditions:
pasu ‘pass’ vs. basu ‘bus’ for initial accented words
(henceforth #HL) and teki ‘enemy’ vs. deki ‘result’
for unaccented words (henceforth #LH). The stimuli
were manipulated to vary in FO and VOT, covering
both positive and negative VOT values. They found
that the effect of FO was more pronounced for the
#HL than the #LH condition, which is consistent with
[71’s finding in production that initial stop voicing has
a stronger effect on FO for H-initial than L-initial
words. However, it is unclear whether the interaction
of pitch accent and FO cue use is due to the larger
pitch range in the #HL stimuli or whether listeners
weigh the FO cue more in the #HL condition.

Finally, one study [1] examined the age-based
variation in perception of voicing contrast, using
naturally produced tokens of stops. The majority of
the participants in the study were from Tokyo but
included speakers from other dialect regions. The
study found that errors that misidentify devoiced
voiced stops as voiceless were no more frequent with
older listeners than younger listeners, contrary to the
expected pattern given that older speakers are less
likely to devoice voiced stops than younger listeners
in production. Instead, overall, more errors were
found for the younger speakers and their errors were
more widespread, regardless of whether the stop was
prevoiced or not. However, the observation about age
difference is difficult to interpret as the low count and
the limited distribution of errors by older listeners
may be a function of the low number of older
participants.

Building on these previous studies, our study
examines the perceptual cues used by Tokyo speakers
to identify word-initial voiced and voiceless stops,
and how cue use varies as a function of pitch accent
and speakers’ age and gender. Given the report that
the change in Tokyo Japanese is led by younger
females and that the VOT cue is weakening in the
speech of younger and/or female speakers, we expect
the sound change to be reflected in our data. In
particular, we hypothesize that female and younger
speakers will exhibit more innovative cue weighting
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and pay more attention to vocalic cues compared to
male and older counterparts. This is based on the
assumption that the speaker’s own production and
perception patterns are generally expected to align
with each other (cf. [10]). While similar changes have
been reported in other dialects, we focus on Tokyo
because of a larger body of previous studies to build
upon.

Regarding pitch accent, the larger FO difference
between voiced and voiceless stops in the #HL
condition compared to the #LH condition presents
three potential interactions between FO and pitch
accent in perception. The first possibility is that if the
range of FO variation in the perceptual stimuli is
comparable across the pitch accent conditions,
listeners may give equal weight to both the #HL and
#LH pitch accent conditions. The second possibility
is that, given the relative salience of FO cues in the
#HL condition, listeners may weigh FO cues more for
#HL words than for #LH words. The third possibility
is that listeners are less sensitive to FO cues for the
#HL condition, necessitating a larger FO difference to
shift the voicing boundary for #HL words to match
the large difference observed in production.

2. METHODS

The stimuli consisted of two minimal pairs, J H{ij
[temae] vs. {1 ] [demae] (unaccented, #LH) and K
{ifi [tenei] vs. " - [denei] (initial accented, #HL).
The selection of coronal stop-initial words was based
on the avoidance of labials, which tend to include
English loans, and dorsals, which tend to exhibit less
overlap in VOT between voiced and voiceless stops
[2, 7]. These words are also frequently used and
considered to be familiar to native speakers of
(Tokyo) Japanese [11].

The stimuli words were produced by the second
author, a female Tokyo Japanese speaker in her 40s,
with 10 to 12 repetitions. For each word pair, four
baseline tokens were generated by splicing
prevoicing (for the negative VOT baselines) or
aspiration (for the positive VOT baselines) with one
of two base vowel tokens (one each from a voiced and
a voiceless stop production).

The duration and FO contour of the rest of the word
were manipulated to match the average of all tokens
for that pair, removing potential duration and pitch
cues to voicing present in the natural production. The
intensity of each spliced part (prevoicing, aspiration,
and vowel) was also adjusted to closely match the
speaker’s average value.

The manipulation parameters and produced range
for each acoustic dimension for each accent condition
are summarized in Table 1, determined based on the
stimuli talker’s production. The VOT was varied in

3027

ID: 509

10 steps from -60 ms to 50 ms, at 15 ms intervals for
negative values and 10 ms intervals for positive
values. The FO0 at the following vowel onset (at 9.1%
of the vowel duration) was varied in six equidistant
steps from -2.5 to 2.5 in normalized semitone for each
pair. h1-h2 was not directly manipulated, but baseline
tokens typical for each word were chosen. The three
acoustic dimensions were orthogonally varied for
each word pair, creating 240 stimuli (=10 VOT steps
* 6 FO steps * 2 (h1-h2) baseline vowels * 2 pitch
accent word pairs). The manipulations were
conducted in Praat [12].

Stimuli values pLoCEE e an s

#LH #HL
‘(]n?s ['6(”;(‘)’5’3 63,% 0',1 556]0’ 100 [ea~s8)  [41~28]
(1;?) ['(2):23 115522]5 [-25~25] [4.1~40]
121'1;1)2 ##I‘{LLH[[SZ (_);’g] [-14.8 ~16.0] [-18.1~2.5]

Table 1: Acoustic parameters for the perception
stimuli and the ranges for the produced tokens

60s+ 5S0s 40s 30s 20s
Female 15 14 12 14 11
Male 14 15 16 14 15

Table 2: Age and gender breakdown of participants
included in the analysis

Self-identified Tokyo Japanese speakers from Tokyo,
Chiba, Saitama, or Kanagawa were recruited through
an online crowdsourcing recruitment  site
(crowdworks.jp). A total of 172 speakers participated,
out of which four were excluded for responding “no”
to the question “Do you speak Tokyo-style Japanese?”
Additionally, 28 speakers who answered “yes” to the
same question but also listed other dialects they speak
were also excluded. The breakdown of the 140
speakers included in the analysis by age and gender is
presented in Table 2. The task was word identification,
whereby participants heard stimuli and chose the
word they heard. The full experiment, built and
conducted on the Gorilla platform (gorilla.sc) [13],
included informed consent, a  background
questionnaire, a production task, and a perception
task, and it took an average of 19.5 minutes to
complete. The perception experiment alone took 9.4
minutes.

For statistical analysis, we used the Ime4 package
[14] in R [15] to build a logistic mixed-effects
regression model. The model takes the RESPONSE
(voiced = 0, voiceless = 1) as the response variable
and four linguistic predictors (VOT, FO,
BASE.VOWEL, ACCENT), two speaker-level predictors







