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Background: The acoustic and perceptual properties of a segment may vary across phonetic
contexts [1,2,3] and two contrastive segments may have different perceptual distinction across
different phonetic contexts [4,5,6], e.g., [s] vs. [¢] less distinct in [ 1] than [ a] [5]. The relative
perceptual distinctiveness of sound pairs is found to correlate with phonological typology, with
more distinct pairs more frequently observed [5,7,8]. The current study examines a potential
connection between the typology and the perceptual distinction of unreleased coda stops in
different vowel contexts, through a typological survey and a perceptual experiment.

Typology Survey: Coda stops [-p, -t, -k] widely exist across Chinese dialects, which are
unreleased, such as in [sap”] ‘wet’, [sat”] ‘knee’, and [sak”] ‘block’ in Cantonese. A
typological survey across 42 Chinese dialects showed that, for a pair of unreleased coda stops
(e.g., [-p] vs. [-t]), a place contrast in the high vowel context (e.g., [i_] and [u_]) generally
implies the contrast in the low vowel context (e.g., [a_]).

Assuming a connection between perceptual distinction and typological frequencies, this
typological pattern motivates a hypothesis that, for the unreleased coda stops [-p, -t, -k], the
place contrast is perceptually less distinct in a high vowel context than in a low vowel context.

Perceptual Experiment: To test this hypothesis, a speeded AX discrimination experiment
was conducted, which has been shown to access the psychoacoustic distinction of sound pairs
and to bypass L1 phonology to a substantial extent [5,9].

The participants were 25 native Mandarin listeners, whose L1 has no coda stops. The audio
stimuli were the 12 CV pairs as in Table 1, in which the unreleased coda stops contrast in high
vowels ([i_] and [u_]) and low vowels ([&_] and [p_]). The stimulus syllables were produced
by a native speaker of English, using carrier sentences to facilitate the production of unreleased
coda stops, e.g., I said seek carefully. A series of manipulation was made, by which (i) the
durations and intensities of the onsets and rimes matched the average values as reported in the
literature [10,11,12,13,14], (ii) 60 ms of vowel-to-coda formation transition was preserved as
in the naturally produced token [15], and (ii1) 40 ms of stop closure was kept after the offset of
the vocalic portion. For each syllable pair in Table 1, identical pairs (e.g., [sip-sip]) and
different pairs (e.g., [sip-sit]) were formed. A listener judged if the two syllables in a pair are
same or different by pressing buttons on a button box, under time pressure with 0.5 second as
a goal, to facilitate psychoacoustic perception on the distinction of sound pairs [9].

The rates of discrimination errors were summarized in Fig. 1, with an overall error rate of
0.31 across the different pairs. The high vowels ([i_] and [u_]) incurred a significantly higher
rate of discrimination errors than the low vowels ([ ] and [p_]) (x> =289.75, df =1, p <.001)
across the three coda place contrasts ([-p vs. -t], [-t vs. -k], and [-k vs. -p]). This suggests that
unreleased coda stops are perceptually less distinct in high vowels than in low vowels. For the
correct discrimination of [-p vs. -t] and [-k vs. -p] pairs, the response time data as in Fig. 2
showed that the high vowels ([i_] and [u_]) introduced a longer response time than the low
vowels ([ ] and [p_]) (x°=48.8, df =1, p <.001; ¥’ =21.8, df =1, p <.001). Assuming a longer
response time to indicate less perceptual distinction, the results further confirmed the relatively
less perceptual distinction of [-p vs. -t] and [-k vs. -p] in high vowels than in low vowels.

Discussions and Conclusions: The typological survey showed that, across Chinese dialects,
the contrasts of unreleased coda stops are less frequently observed in high vowels than in low
vowels. The results of the perceptual experiment suggested that the place contrasts are
psychoacoustically less distinct in the high vowel context, in support of a connection between
the perceptual distinction of sound pairs and their relative frequencies in cross-linguistic typology.

Keywords: typology, coda stop, perceptual distinction, vowel context



1.00

0.50

0.00

Table 1. Stimulus pairs used in the perceptual experiment

Vowel contexts High vowels Low vowels
Coda stop contrasts L uw e o_
-p vs. -t sip  sit sup sut sep sxt | spp sot
-tvs. -k sit sik sut suk set sk | sot spk
-k vs. -p sik  sip suk sup | s&k s&p | spk sop
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Fig. 1. Rates of discrimination errors of coda stop
contrasts in different vowel contexts
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Fig. 2. Mean log response time (LogRT) of coda stop
contrasts in different vowel contexts
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