Variation in syllable decomposition
across Sinitic languages

James Myers
National Chung Cheng University, Taiwan
Tsung-Ying Chen

IACL 27 - Kobe - 2019 National Tsing Hua University, Taiwan

Thanks!

 Grants from the Ministry of Education of the Republic of China
(MOST 103-2410-H-194-119-MY3, MOST 106-2410-H-194-055-MY3)

« Jane Tsay (Z£8Z4H)

« Lab CEOs (f£/E.45 ~ ZE(EZE) and other assistants (FRECZE ~ TR(IGAT ~
Pz peE [ - ZIEE - BT - AN - &8 )

* And of course the experimental participants

Overview

« Syllable decomposition
 Language experience and language processing
* Three analyses in four Sinitic languages

Syllable decomposition

« English speakers seem to process (produce or recognize) the spoken
word cat like this:
e First /k/ ... [/ ... [t/
* Then /kat/
* Mandarin speakers seem to process (produce or recognize) the
spoken word % like this:
e First /mau/
* Then (optionally) /m/ ... /au/ (or even /m/ ... /a/ ... Ju/)
* These claims are experimentally testable

Mandarin vs. English onset priming
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O’Seaghdha et al. (2010): form preparation priming in word production

Mandarin: Exp 3, monosyllabic targets, written prompts; English: Exp 6: monosyllabic targets, picture prompts

(But see critical discussion in Yu et al., 2015, and Myers, 2016)

Mandarin vs. English syllable inventories

Mandarin -
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Syllable inventory size

Mandarin: Tsai (2000); English: Levelt et al. (1999)

Hypothesis

« Smaller syllable inventory = Process syllables as wholes
« Syllables are the most natural phonological unit...?
(e.g., see review on child language in Treiman et al., 1996)
« Larger syllable inventory = Decompose into phonemes
* Otherwise there are too many syllables to access from memory...?

How many syllables matter?

* Mandarin and English differ enormously in syllable inventory size
* What about within the Sinitic language family?
* We already happened to have some experimental data on

* Mandarin

* Hakka (Sixian [PUf4])

* Cantonese

« All syllable inventories are quite small (under 2,500, including tone)

* None have any orthographic bias in favor of phonemes
* Some (Mandarin, Cantonese) are written in a syllable-based orthography
* Others (Hakka, Southern Min) are virtually never written at all

Even Sinitic languages vary in syllables
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Syllable inventory size

Mandarin Hakka Cantonese Southern Min

Counts include tone. Mandarin: Tsai (2000); Hakka: MOE (2006); Cantonese: LSHK (2012); S. Min: Ruan et al. (2012)
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Collecting the data

https://Worldlikeness.org (Chen & Myers, 2017)

Worldlikeness ﬁ'ﬁfu EJ?EJ
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Wordlikeness judgments

* Native speakers hear nonlexical syllables and decide if each is / isn’t
“like” the target Ianguage (e.g., (R G:EXEE for [Taiwan] Mandarin)

Mandarin Recorded with/without S. Min accent
Hakka 22 172
Cantonese 20 153 Some participants were tested remotely
Southern Min 21 101 Recorded with/without S. Min accent
Syllables were randomly generated from each language’s phonemes, obeying overall syllable structure =

Nonlexical Mandarin syllables

81 test items (plus 8 practice items)

Nonlexical Hakka syllables

* 172 test items (plus 4 practice items and 8 vowel-initial items)

bnt ¢an?* can®® c¢iam3! giam® ¢im®! ¢in'' ¢ioi®® ¢oit' ¢on?* cuan® cun>® fan'!
fem!t fiam3t fimit fimSS finl! fin3l fion?* fionsS fnl! fuai®® fuans® hill hio3!
hio®s hua3! huan?* huan3! huil’ kai?® kan3! kM3! kM5 kMim!l kMim3! khio24
kPn3t kPu24 kPuan?® ki kiunt kuan®! lan3 leu?* lia?* lio%> liun?* liun3 loi*®
lugitt lun3t miel! mion?* miun®® mua?* nian' nie?* niemss nim3! nioiS niun3t
noi*! noi®® nuan?* nun?* npem!! ni®® nin®® pon®** nua®® puan®® nun3! pun3!
phem?* phieudl phimSS phioll phiufl phiu3! phiun?* phuass phuaill phuan? pill
pieull pio?* pion! pual! san!! siau®® siem®® sien3' sin3! sio® sion®> sion®®
suai*l suen®' teal! team®® team® tean® tean®® tean®® teau®® tehaill teham?
tehan®! teheul teheud! teMi tehiel! tehie®® tehieu? teMiol! tehiun! teho?* teiam!t
tein' tein'! teiun® teon3! teund! thall the?* thian?* tMin3! thion3! t"iur]55 thua3t
t*‘uur]31 thuen3! tiem tim* tion?* tiu>® tn3 tn3l tplt tsor]“ tsell tsPan?*
tshiam®s  tshiamsS tshian?® tshiaull tshin3l tshiu3! tshuan3! tshuan3! tshuan3! tsia?*
tsian!® tsiau®® tsie3! tsion3! tsiun3! tsiup tsiun®® tsoi?! tsua®® tua®s vem3! vi%s
viam?* vie3! vien®® vieu!® vion!! viup3! .

Nonlexical Cantonese syllables

* 153 test items (plus 4 practice items and 12 vowel-initial items)

dijll fen3? fem? fen® fenl! fen? fiu2 fy2?2 fee:n® fee:nl! fen!! feyll
he'l hi:2 hi:n?22 hun' jail! ja:n?? ja:n?? ja:u'! jei”® jen'! joiis joe:® jen*®
jey?® ka:p?2 ko khi:m®® khoe: khun33 khu:nll khon®® kMy:5 khyin22 kiu23
ku:Z2 k¥a:u? ko2 k%ain®® k¥a:n? kWe:*S kMWa:msS kPMWarmll kwa:us khweuss
khwa:iZZ khwa:nSS khw:):nll khWD:nZ:‘l khwE:33 khwi:nZZ khwi:uZZ kthr]33 khwce:Z3
khwouZZ khwu;iSS khwu:nll khwy:ll khwy:nAS kWi:mZZ kWey55 |a:i23 |r']45 |m:033 |u:n55
ma:m? ma:n®® mo:i'! miu?® mee:*> mey*® mu:n® namn®® namn? noiiF# ne®®
nglL ni:4511 HIFE 3Qa:i2322r]a:hm2245 r]a:hrJBzS DEEM s’smuzh2 zzr]i:nlzz 1?(12:0:; r]ezna‘S ,‘]:é;SS
nuill ny:! pam3 pei22 phen®s phaiiZ3 phen®® phi:2 pheyll pi:33 pi: 0
puini! sa:B sail! sem spll sce:?® ta:w? tem?B tha:ll thaiill t"a:i2® tha:n®
theu?d tha:id3 the:l! thoe:n® thuin!! tii!! tinl! toe:?® tey*® tsa:i’® tsen?® tson3?
tsei2 tshen?? ts"2:iB3 tshoin22 tshei®® tshuill tsPy:2 tsuid tsuiis® tsuni?® tsuinll
tu2? tuni® ty:® waim®® wamn®® wem3 weu® woin'! wei®® wen® wiu®®
witutt witu? weein® weemn? won?  wy:>®

can'! ¢an® ¢yn®* ¢yn> cuai*® cuan® eyn'! fiai' fuan’! fuo®®
fyon®  kay! ker® kha?® khuon!! khyaen’' kin!! kien®l kiaill
kian®®  kin3 kio®® kuai®®> Iy* lia3® luan®® Iui®®* mien® mu>®
muar®>  muan® muon3  niu’> nuai®® nuan® phy!! phy®* phian3
phuan®® phuon!® phuon3® phuon  phye>® piau®®> pio®® py!t g5
sien!t  syaen®®  ta® tehaPs  teher'!  tcher’®  t¢hua®®  techueist
tchun!!  tgo®! tha®® thiov®® thuan®® tia®! tiail! tian'! tser®® tsen3®
tsher!! tshia®! tshuai®® tshyn®® tsion®® tsyn3® tuar® tyn! xia3®
xia®l  xio¥® xo!! xynl zay® zer'! zin®

Tone 3 pronounced as [11] 22
Nonlexical Southern Min syllables
101 test items (plus 8 practice items and 1 vowel-initial item)
bam!* bom!! bin! buan® ¢an'' ¢an*> ¢yn>! eyn>> cuai®® Guan®
ga:vi gamll SYUB g"all g“ull guii k3m35 khéiS khalii k}‘iéSi k\"clll
khiGs®  kPo3%5  khuon®t  khui>  kieen!* kien®! kiait* kian®* kin3>  kio®®
kmit  kuai®®  1&u*®  y¥®  lia®  103%®  luanp>®  lui  [uiP®  mien®®  mid®
miG®*® mu>> muar®* mudi*> muan muon3>  nam’> nam>> nist
ni3**  niu®® nuai®® nuan®*® 03> 5 pio¥®  nin® npuel! phami!
thLl p}‘YZS ph‘ar]% phDrJSF p}‘oill phuaHSS phuar]ll phu:)r]ii phumz«x
piau®> pio* sien!' tehua® tehuei® tehun!t  tom!t  teo®t tha
thai®>  thim*  thiov® thuan® tia® tiail! tian'' tshia®®  tshio®>  tshiG®®
tshm®  tshud®  tshuai®®  tshui®®  tsidu®®  tsidu®® tsion® tuar®®  xia®®

1

xia®t  xio®* xm O

Three analyses

* Phonotactic probability
* Onset naturalness
* Onset priming

« All analyses use response choice as the binary dependent variable,
analyzed with mixed-effects logistic regression

(maximal models taking participants, participant effect sizes, and items into
account: Barr et al., 2013)

Phonotactic probability

* Phonotactic probability is the overall transition probability between
phonemes within an item, based on the lexicon of real words
/kaet/: mean(P(#k)/P(#), P(kee)/P(k), P(2t)/P(z) , P(t#)/P(t))
* Depends on decomposition of syllables into phonemes
* Neighborhood density is the overall similarity of an item with real words
/kaet/: /heet/, /kat/, [kaep/, [sket/, [&t/, ...
« Affects processing even if syllables are treated as wholes
« Distinct from phonotactic probability, but correlated with it
* In English speakers, both affect wordlikeness (Bailey & Hahn, 2001)

* In Cantonese speakers, the effect of phonotactic probability on
wordlikeness seems to be much weaker (Kirby & Yu, 2007)

Phonotactic probability: Results

Neighborhood effects Phonotactic effects
8 — Mandarin * 8 —— Mandarin
&, == Hakka * &, = Hakka
§ © - — Cantonese” £ © - — Cantonese
3 S. Min * 3 S.Min. «—
g g
£ 3| £ 3 ><
0 @
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Within-language log neighborhooc
Plots show linear models, but they and the logistic-regression p values take both variables into account
No interactions with (Iog) syllable inventory size (p > .6)

Within-language phonotactic prob
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Onset naturalness

Onset naturalness: Results

Naturalness effects

Onset priming

« Phonemes also vary in their frequency across languages g p—— * The larger the (log) syllable inventory, « Both of the above analyses depend on getting the independent
« The more languages that have a given phoneme, the more “natural” it may be & . | — Hakka tlhe stronger this eTfeCt variables quantified correctly (phonotactic probability, naturalness)
. e g S — Cant p<. . . . . . ;
* For example, in the present study we quantified onset naturalness by 8 S.ar’\)‘i(:‘n.ese‘_ (checsc e * So our third analysis uses only experiment-internal information
counting languages in the PHOIBLE database (Moran et al., 2014) g; ) * Is a participant’s response to an item primed by the response to the
* Naturalness affects English wordlikeness judgments < S —— previous item if it shares the same onset consonant?
(Hayes & White, 2013)
« It also affects Mandarin wordlikeness judgments (Myers, 2015) 3
 But the stimuli were written (BPMF), showing onsets overtly — ped
« And even weak effects may be detectable in the huge sample ! ! ! ! !
(110 participants judging 3,274 items) 4 2 0 2 4
o Cross-language log onset frequen o o
Onset priming: Results Cross-language variation in effect size Conclusions
?;’ Onset priming effects .
g * The larger the (log) syllable inventory, 0.3 = I « A larger syllable inventory prompts speakers to decompose syllables
£ — Mandarin the stronger this effect Chance probability of all of these rank correlations being at least as strong as observed: .
g ; ; into phonemes
g o | — Hakka (Ianguage - priming' p< 05) 0.2 p = .02 (two-tailed permutation test)
§ 7 T Senionese.p— . ’ 3 * This pattern can be seen even in our small experiments on a small
é =5 % 0.1 sample of languages with only small differences in their small syllable
g o 4 inventory sizes
L 2 0 __mm o | - y X .
2 ] M - ) | e * More stringent tests will require a much larger cross-language sample
= Phonotactic Pfobability ~ Onse@ituralness Onset priming i X L i
o -0.1 Rank correlations * Fortunately, multi-language experimentation is easier than ever
1 =4 =8 & withsyllable with online tools like Worldlikeness
- .p< 1 _02 |nventory size
j j J J J W Mandarin H Hakka M Cantonese Southern Min
-4 2 [ 2 4

Different vs. same onset in previot

Effect size measure from Menard (2004) (different from earlier linear plots). Rank correlations = Spearman correlations
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