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Figure 6 Wide-band spectrogram, with aligned FO, of the sequence /nd6.s&.mé/ (top - carrier sentence (11)) and its reduced

fom /ndé°.mé/ (bottom - carrier sentence (12)), showing the FO decrease and formant movement caused by
Low-tone syllable reduction. Speaker M4.

Slot A was filled by an adjective, and slot B by a final particle. Twenty-five adjectives were
selected: see the appendix for the list of items and an Internet link to the original recordings.
Fifteen particles were used, eight of which carry an accompanying floating Mid tone whereas
the other seven do not have a floating tone. All the combinations were recorded (375 tokens
in all; each token was said twice), in three separate recording sessions. The adjectives were
arranged in randomised order; the 25 were elicited in succession (their Chinese equivalent
being used as a prompt) with the same final particle, which was indicated to the speaker
in Naxi before the beginning of the series. The speaker (again, M4) was not aware that the
experiment focused on syllable reduction.

Figure 10 presents FO curves of the High, Mid and Low tones as they are realised in the
series whose final particle is not accompanied by a floating M tone. These data bring out the
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Figure 7 Mean FO curves from a /HL/ sequence (carrier sentence (12)), from a simple /H/ tone (carrier sentence (11)), and
from M- and L-tones in carrier sentence (11), showing the difference between the realisation of /HL/ and /H/. Twenty

syllables, speaker M4.

T T T

T

Low tone; in frame (11)

Mid tone; in frame (11)

High tone; in frame (11)

/ML/ sequence |
=in frame (12)

50 100

150

200 milliseconds

Figure 8 Mean FO curves from a /ML/ sequence (frame (12)), from a simple M-tone (frame (11)), and from H- and L-tones in
frame (11), showing the difference between the realisation of /ML/ and /M/. Twelve syllables, speaker M.



250  Alexis Michaud & He Xueguang

n
[
[=)

High tone; in frame (11)

Mid tone; in frame (11)

-y
[o.]
[=]

T

-y
[22]
o
T
)

—y
N
(=)

—y
(=]
o

/LL/ sequence = in frame (12)

Fundamental frequency, in Hz. Error bars: standard dev.
=
(=)

0 50 100 150 200 milliseconds

o2}
o

Figure 9 Mean FO curves from a /LL/ sequence (frame (12)), from a simple L-tone (frame (11)), and from H- and L-tones in
frame (11). Sixteen syllables, speaker M4,
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Figure 10 Mean FO curves illustrating the realisation of the three basic tones: H, M and L. From frame (13), with final particle
carrying no floating tone. 50 syllables, speaker M4,
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Figure 11 Mean FO curves from /HM/, /MM/ and /LM/ tone sequences on monosyllables (frame (13), with final particle carrying

floating M-tone), illustrating the creation of tonal contours caused by Mid-tone syllable reduction. 100 syllables, speaker
M4,

mean acoustics of the three basic tones. Figure 11 shows FO curves of the same tokens in the
series whose final particle is accompanied by a floating M tone. These results demonstrate that
the /HM/ and /LM/ contour tones have a straightforward phonetic implementation. They also
suggest that the realisation of a /MM/ tone sequence is identical to that of a simple M tone,
in the same way as /HH/ sequences were shown to be identical to /H/. The slight difference
in length can hardly be significant, in view of the variation in length across items; the overall
tendency for the /LM/ sequences to be longer can be explained in light of physiological
factors, raising FO requiring more time than lowering it, as was already mentioned in section
2.1. In figure 10, the Low tone is phonetically falling, contrasting with its rise in figure 11.
The High tone is falling in both cases, but the final downward tilt in figure 10 differs clearly
from the steady fall in figure 11.

3.6 An issue which remains open: the difference among falling contours

The experiments in section 2 provide experimental evidence for the difference between
/LH/ and /MH/ tone contours. One may wonder whether /HL/ tone contours are likewise
categorically different from /HM/ contours. Comparison of the production data in figure
7 and figure 10 suggests so. Straightforward experimental evidence could not be obtained
because no plausible ‘minimal pairs’ of utterances could be found to contrast these contours.
The AS and NL language consultants were asked whether the sequences /16/ + /s¢/ (“strike” +
perfect aspect) and /1d/ + /j¥/ (“strike’ + particle indicating direct observation) ‘sound exactly
the same or not’ after reduction of the second syllable; their intuition is that the contour is not
the same, and impressionistic listening likewise suggests that there is a difference, though it
may not be realised and perceived in all cases, its functional load being very light.
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4 Gonclusions

4.1 Conclusions concerning tonal contours in Naxi

The experiments can be taken to settle the first issue raised in the introduction, that of rising
contours in Naxi: the /LH/ contour and the /MH/ contour are actually distinct. Sequences made
up of a Mid or Low lexical tone followed by a High tone (either de-linked or floating) are
realised as different dynamic FO shapes which transparently show the tautosyllabic realisation
of the High target after the Low or Mid tone. There is no separate realisation of the floating
High after a lexical High.

Mid- and Low-tone morphemes can reduce to [3] and [3], respectively, and coalesce with
the preceding syllable. Said differently, sequences made up of a High, Mid or Low tone
followed by a Mid or Low can also be realised on a single syllable, as before, but this syllable
acquires a schwa offglide. Thus, in Naxi, syllable-reduction patterns are asymmetrical: High-
tone syllable reduction leads to tonal de-linking and reassociation, whereas Mid- or Low-tone
syllable reduction stops short of complete tonal de-linking. Possible explanations of these
processes, in light of universal phonetic tendencies and of language-specific factors, are
being actively pursued.

4.2 On the typological validity of the notion of floating tone

As mentioned in the Introduction, phenomena of tone reassociation are now commonly
modelled in terms of association lines between a tonal tier and a syllabic tier. Apart from
the languages for which it was originally devised (essentially Niger-Congo languages), this
analysis applies to the lexical tones of many languages. The present results go to show that
the notions of floating tone and tonal reassociation are also applicable to Naxi. The present
research aims to contribute data for the comparison of Far Eastern and sub-Saharan tone
systems — a line of research which is only in its incipient stage now.
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Appendix: Audio and electroglottographic data, and software for electroglottographic analysis

Audio and electroglottographic data
Part of the recordings on which this research is based are available online from http://halshs.
archives-ouvertes.fr/hal-00144485.

The audio and electroglottographic (EGG) signals were simultaneously recorded into
stereo files (audio in one channel, EGG in the other); as this format may not be convenient
for all users, each stereo file was split into two: one audio file (name ending in _AUD.wav),
one EGG file (name ending in _EGG.wav). There is no EGG recording for examples (7a) and
(7b).
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Table A1 Items recorded in carrier sentences (5), (6), (11) and (12).

Item Phonemic English Chinese
number transcription translation translation
1 ndav to call out loud 5
2 tshu to read aloud i
3 ndy to graze (cattle) Tt
4 ndztu to sit Ak
5 tsha to insert, to pierce i
8 su to look for T
7 Py to vomit n:
8 ndd to come *
9 nd3~ to measure it
10 w to grind 15
1 mé to teach %
12 ndzu to eat iz
13 kha to shoot (an arrow) it
14 ndav to hit (the mark) b ()
15 ndo to fall 51
16 ndu to plough #
17 phu to open i
18 tshy to compensate for W
19 su to get back, to collect back e (i [ 5k¢)
2 phu to scamper off 3
N ndzu to fell (M7 1) 4k
22 ts"u rapid; of knife: sharp e
2 w good, skilled I (H AR 1)
24 be todo e, T
25 htu to go (past tense) ES
26 tha apt, good T
2 ts"tu to arrive )ik

The file names are as follows: ‘Naxi_tones_’ + number of sentence in main text + AUD
for audio, EGG for electroglottographic files; for instance, Naxi_tones_4_AUD.wav is the
audio file for example (4).

The list of items recorded in carrier sentences (5), (6), (11) and (12) is presented in
table Al (in the order of recording).

Doublets were removed from the sound files. Item 17 is missing from the recordings in
frame 5, items 24 to 26 from the recordings in frame 6, and items 8, 24 and 25 from the
recordings in frames 11 and 12.

The list of items recorded in carrier sentence (13) is presented in table A2 (in the order
of recording).

Due to restrictions of the vocabulary list available, this set is not phonemically or tonally
balanced (10 L tones, 8 M tones, 7 H tones).

In order to illustrate the difference between final discourse particles with and without a
floating M tone, two recordings are provided: (i) one with final particle /m&/ — conveying
OBVIOUSNESS — which carries a floating Mid tone that attaches to the syllable to its left;
(i1) one with final particle /sj¥/ — used when the speaker was an eye witness to what (s)he
reports — which does not have such a floating tone. One single repetition is provided for each
item.
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Table A2 Items recorded in carrier sentence (13).

tem Phonemic English
number transcription translation Chinese translation

1 la thick Ji

2 ndza dark ]

3 pa broad %

4 gv good (e.0. good-hearted) I

] py dry T

B mi’ ripe, cooked #

7 si poor 55

8 mbi thin, watery i

9 sWav full i
10 dav tender, soft I
1 sov long ®
12 mi old E4
13 mbu bright 7
14 ts"u rapid; of knife: sharp e
15 st new i
16 ndzu beautiful %
17 st yellow #
18 by coarse il
19 y light (not heavy) %
20 tsha hot #
21 ndza annaying (homaphone: colourful) R (R 3 : 18)
22 ho deep 7w
2 ndo stupid B
24 mbe shallow %
2 ngj¥ difficult K e

Software for analysis of the electroglottographic signal

The software developed in collaboration with other researchers for the analysis of the
electroglottographic signal (under the computing environment MATLAB) is available from
http://voiceresearch.free.fr/egg (site created in 2005, maintained by Nathalie Henrich).
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