
PHONETIC EVIDENCE FOR 
SUPPORTING INTONATIONAL 
PHONOLOGICAL REPRESENTATIONS

YU 
SEPTEMBER 24, 2026

LINGUIST 590P, FALL 2026. WEEK 3.



2

https://www.coli.uni-saarland.de/groups/FK/speech_science/icphs/ICPhS1995/ICPhS1995.html



WHAT IS INTONATION ANYWAY?
3

We can all at least agree that intonation 
includes cues to phrasing and prominence and 
sentence-type, but some of us want to describe 
these in terms of strings of phonological 
“events”, while others want to model them as 
part of the general superpositional nature of F0. 

Ladd (1995, p. 16)

The linearity plus text-
tune independence is 
what makes stretching/
squishing make sense 
as a strategy!



CONTOUR INTERACTION MODELS: MANDARIN
4

Chao (1968: p. 64)



CONTOUR INTERACTION MODELS: JAPANESE
5

Fujisaki and Hirose (1984)
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EDGE TONES: THE 
AUTOSEGMENTAL-METRICAL 

CONTRIBUTION



7LIBERMAN (1975, P. 116): BOUNDARY TONES
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PITCH ACCENTS AND BOUNDARY TONES
Ha

L*
tone located at 
stressed syllable 
of AP-initial word

tone located at 
right boundary 
of Accentual 
Phrase (AP)

[[rúmu]AP [népaler]AP … [páre ni]AP]IP 

L* L* L* L%Ha Ha Ha

(Labels on left brackets 
omitted for space)

Khan (2008, 2014, et seq.); Hayes and Lahiri (1991) Corresponding tree?
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WHAT IS A BOUNDARY TONE?

Pierrehumbert & Beckman (1988)

Tones defined by 
how they associate 
in prosodic trees.

Foundations of  
autosegmental-metrical theory
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• Tonal association 
to higher-level 
prosodic nodes 

• Multiple tonal 
association to 
TBUs and higher-
level prosodic 
nodes 
(multidominance)

Seoul Korean 
Jun (1996 et seq.) 

AM Theory overview: 
Arvaniti & Fletcher 

(2020)
AUTOSEGMENTAL-METRICAL 
(AM) THEORY FOUNDATIONS
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Pierrehumbert  
& Beckman 
(1988), p. 14

MULTIPLE TONAL ASSOCIATION EXAMPLES

single word in 
isolation: squished! 

(could be helpful to 
add some tonal 
diacritics) 
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• Tonal association 
to higher-level 
prosodic nodes 

• Multiple tonal 
association to 
TBUs and higher-
level prosodic 
nodes 
(multidominance)

Seoul Korean 
Jun (1996 et seq.) 

AM Theory overview: 
Arvaniti & Fletcher 

(2020)
AUTOSEGMENTAL-METRICAL 
(AM) THEORY FOUNDATIONS
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H

⍺

ASSOCIATION TO TBUs vs.  
HIGHER-LEVEL NODES 

H

μ TBUs are prosodic 
nodes too 

Cat = {μ, σ, ω, α, ι}

H

⍺

H

μ But tones associated to 
higher-level nodes are 
peripheral, at the edge 

Pierrehumbert & Beckman 
(1988) stipulation
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LINEARIZATION OF TONES

Pierrehumbert & Beckman (1988)

H*L
L%La
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PROBLEM FOR ASSOCIATION TO NODES
What does association to a node imply 
for sequencing of boundary tones?

Pierrehumbert & Beckman (1988, Ch. 6): 
stipulate boundary tones at the periphery

But non-peripheral boundary tones in 
Roermond Limburgish:  

L% before lexical accent H.  
Move to violable Align constraints of floating 
tones rather than association to nodes 
(Gussenhoven 2000, 2004 Ch. 12, 2018)
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“INFIXATION” OF BOUNDARY TONE

(Gussenhoven 2015)

(Gussenhoven 2000)

Align (TLex, Right, Syll, Right) >> 
Align (T%, Right, IntP, Right)

String-based approach 



STRETCHING: PITCH 
ACCENTS VS. EDGE TONES; 
BRUCE (1977)

17
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SAMOAN SENTENCE TYPE

na   momoli le  meleni a  eneleː 
past send   the melon  of Henry

e  n  e  l  eː e n e l  eː

Declarative

‘I sent Henry’s melon.’

Y/N question

‘Did you send Henry’s melon?’

Orfitelli & Yu (2009), Howard (2018), Yu (to appear) 

L(ow) L(ow)
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SAMOAN SENTENCE TYPE

Segments Stress 
position Category Meaning

/eneleː/ Final Noun Henry

Tone Tone position Category Meaning

Low Final Sentence type Declarative

Low Final Sentence type Y/N question

🧐
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Time (s)
0 0.2 0.4 0.6
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)

L+H* L%

tai ja mi ta

tai.ja.ˈmi.ta
SAMOAN STRESS POSITION AND TONE

Penultimate 
High

L
Utterance- 
final Low

Penultimate 
stress

𝝈*
H*
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SAMOAN STRESS POSITION AND TONE 21

tai.ˈja.mi.ta

Antepenult 
High

L
Utterance- 
final Low

Antepenult 
stress

𝝈*
H*
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REMINDER: SAMOAN SENTENCE TYPE

e  n  e  l  eː e n e l  eː

Declarative

‘I sent Henry’s melon.’

Y/N question

‘Did you send Henry’s melon?’

L(ow) L(ow)

Word-final stress on /eneleː/ means stress 
position is also utterance-final, so we can’t 
disentangle stress-position tones from 
utterance-final sentence type tones
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SAMOAN SENTENCE TYPE
na   laŋona   e   taiamita 
past perceive erg Diameter

Penultimate 
stress

‘Did Diameter perceive (it)?’

Antepenultimate 
stress

‘Did Diameter perceive (it)?’

L L

tai.ja.ˈmi.tatai.ˈja.mi.ta
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SAMOAN SENTENCE TYPE
na   laŋona   e   taiamita 
past perceive erg Diameter

Penultimate 
stress

Antepenultimate 
stress

tai.ja.ˈmi.tatai.ˈja.mi.ta

HL* HL*

ja* mi*
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na la(ˈŋo)na e tai.ˈa.mi.ta
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SAMOAN SENTENCE TYPE

Segments Stress 
position Category Meaning

/eneleː/ Final Noun Henry

/taiamita/ Antepenult, 
penult Noun

Tone Tone position Category Meaning

High (LH*) Stress 
position Sentence type Declarative

Low (HL*) Stress 
position Sentence type Y/N question

Low (Utt-) Final Pragmatics Belief

🧐

𝝈*
“Accent”
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STRETCHING IN SWEDISH: 
ROOTS OF AM THEORY



LINEAR MODELS: SWEDISH (BRUCE 1977)
28

Bruce (1977, p. 38)

https://sketchplanations.com/bactrian-or-dromedary-camel

https://sketchplanations.com/bactrian-or-dromedary-camel


EXPERIMENTAL DESIGN
29

Bruce (1977, p. 42)



THE WORD ACCENT CONTRAST
30

Bruce (1977, p. 48)



THREE INDEPENDENT TONAL EVENTS
31

Bruce (1977, p. 64, 69, 72 )

(Focal H, “floating”, see Bruce 1987)

Accent I = H L*,  Accent II = H* L (Bruce 1987)   

Fall

lexical (associated to stressed syllable)

pragmatic

prosodic boundary 
(and sentence type?)



ALL TONAL EVENTS SPREAD OUT
32

Bruce (1977, p. 72 )



TONAL CROWDING: LINEAR SEQUENCING
33

Bruce (1977, p. 93-94)



THE ORIGIN OF ONE HUMP VS. TWO HUMPS
34

Bruce (1977, p. 50)

The peak for Accent I 
H+L* is so early you 
don't even really see it 
when the stressed 
syllable is initial like in 
nummer.  The peak 
you do see is from 
sentence accent rise + 
terminal juncture fall.



PB88: WEAK LOWS IN 
TOKYO JAPANESE?

35



DELETION OR TWO ALLOPHONES OF L⍺?
36

▸ Sometimes no AP-"initial" L  (“traditional description”): 

▸ No AP-initial L if AP-initial word is either accented or starts with long vowel 

▸ Two allophones of AP-"initial" L (Pierrehumbert & Beckman 1988, Sec 
2.1) 

▸ Always have AP-initial L, but different phonological association patterns 
resulting in two allophones; “weak” and “strong”. 

▸ Note: point of confusion! PB88 seem to use L% for both the left-edge 
utterance-level tone, and for right edge AP level tones. 

▸ Note: point of confusion! I put "initial" in square quotes because the L 
actually belongs to the previous AP
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LOOK AT THE TREE...

Pierrehumbert & Beckman (1988)



COUNTEREVIDENCE TO AP-INITIAL L DELETION
38

Pierrehumbert & Beckman (1988, p.  27)

F0 rises for both 
unaccented and 
accented, two APs

F0 rises for both 
short (oma’warisan) 
and long vowels 
(yoozi’nboo)



PROPOSAL: ALL AP MELODIES HAVE L H...
39

Pierrehumbert & Beckman (1988, p.  27-28)

What's the melody?
single AP + preceding La

What's the melody? 

La) (aH La) (aH La) 

La) (aH La) (aH H*L La) 

2 APs + preceding La

"Figures 2.1a and 2.1b show a typical pair of utterances involving accentual phrase boundaries where traditional accounts 
would and would not posit a L tone [KY: why?]. They illustrate f0 contours for the noun phrases amai ume 'sweet plum' and 
amai u'ni 'sweet sea-urchin' spoken in the same larger phrasal context that has broad focus over both the adjective 
amai 'sweet' and the head noun ume 'plum' or u'ni 'sea-urchin'." (cf. Fig 2.3, narrow focus on amai)



WEAK VS. STRONG ACCENTUAL L
40

long vowel

"weak" La"weak" La

initial accent

(stronger) La (stronger) La

unaccented short vowel

"weak" La: shorter rise, higher F0 valley/smaller drop into L 
"stronger" La: longer rise, lower F0 valley, bigger drop into L
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La

APAP

La

μ

AP

H* L

AP

La associated to TBU 
and Accentual Phrase

La associated only to 
Accentual Phrase

TBU occupied 
by accent 
tone

MULTIPLE TONAL ASSOCIATION AND 
DISTINCT PHONETIC REALIZATIONS 

weak La(strong) La

μ



BRUCE 1977 AND PB88:  
(LINEAR?) INTERPOLATION

42



TONAL TARGETS: BASIC RULES
43

Bruce (1977, p. 133)



CONTEXT-DEPENDENT RULES
44

Bruce (1977, p. 135)



F0 IMPLEMENTATION RULES
45

Bruce (1977, p. 138-9)



F0 TRANSITIONS!
46

Bruce (1977, p. 140-1)
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Bruce (1977, p. 142)



PB88: SPREADING OR UNDERSPECIFICATION?
48

▸ H tone spreading (Fig 2.7) 

▸ The Ha or H* spreads rightward to 
the La at the end of the AP 

▸ Prediction: (i) high f0 plateau 
rightwards from Ha/H*, or (ii)  
declination of H, with constant 
slope across AP regardless of AP 
length 

▸ Underspecification 

▸ No tones are specified between the 
Ha/H* and the La at the end of the AP 

▸ Prediction: interpolation between 
Ha/H* and La targets, with 
downward slope across AP 
varying by AP length

“We define declination as a downtrend that is not 
phonologically triggered but instead lowers the pitch 
range gradually through time without regard to what 
tones may be present.” (p. 35)



EXPERIMENTAL DESIGN (PB88, P. 37)
49

▸ Distance between f0 peaks (vary length of AP1), 3-8 syllables 

▸ Accentedness of AP1: Accented or not 

▸ AP2 initial syllable length: long or short (controls whether weak or 
strong La present between the two APs)

"We interpret f0 patterns at places not occupied by the 
indicated tones as arising from the phonetic transitions 
between the assigned target values for these tones. We 
reject tone spreading as a means of providing an 
interpretation for the realization of pitch in the regions 
between these few specified tones."  (p. 14-15)
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Pierrehumbert & Beckman (1988, 
p.  15, 38,  41; Fig 1.3 on p.  15 

repeated as Fig 2.8 on p. 38)

Floating La (weak)Associated La

oma’warisan yoozi’nboo

La H* aH H*La

Slope of H in AP1 to La in AP2

Steeper slope Shallower slope

aH?



UNLIKE TONES AND 
SQUISHING: GUSSENHOVEN 
(2014) ON TOKYO JAPANESE

51



LEFT VS. RIGHT EDGE?
52

▸ Alternative 1 (Pierrehumbert and Beckman 1988): 

▸ Initial L% (Lꙇ), L⍺ at right edge of AP, IntP/Utt has no right 
edge tone for declarative, but an H% if interrogative


▸ Alternative 2 (Gussenhoven 2004, 2014) 

▸ No initial L% (Lꙇ), L⍺ H⍺ at left edge of AP, IntP ends in L% 
(declarative) or H% (interrogative)


▸



EVIDENCE BEARING ON EDGE TONE ANALYSIS
53

Declarative

Interrogative

Gussenhoven (2014, p. 58-59)

Gussenhoven (2004, p. 203)



PHONOLOGICAL ANALYSIS OF ACCENT?
54

▸ Alternative 1 (Pierrehumbert and Beckman 1988): 

▸ H* associates to first mora of accented syllable, trailing L 
(floating) has target timed at fixed distance following H* 

▸ Alternative 2 (Gussenhoven 2004, 2014) 

▸ H* associates to first mora of accented syllable, trailing L 
associates to next mora (not floating)



EVIDENCE BEARING ON ACCENT ANALYSIS
55

Declarative Interrogative

“…any nonperipheral tone that lacks an 
association line is deleted.” 

Gussenhoven (2014, p. 60-61)



MORE SQUISHING: 
ARVANITI ET AL. (2017) ON 
POLISH CALLING MELODIES

56



TWO POLISH CALLING CONTOURS
57

Figure 2 from Arvaniti et al. 
(2017, p. 340)

Routine

Urgent

How are these 
different?



THE EFFECT OF TONAL CROWDING
58

Figure from Arvaniti et al. (2017, p. 340)

Routine

Urgent



ZOOMING IN: EFFECT OF TONAL CROWDING
59

3 syllablesHigh

Low
Dip between 
highs

Earlier peak 
alignment



ZOOMING IN: EFFECT OF TONAL CROWDING
60

1 syllable

Initial low 
survives

Not lowLH*
H*

LH* !H-H% H* L-L%



ZOOMING IN: EFFECT OF TONAL CROWDING
61

1 syllable, even less sonorant material

Initial low 
survives

Not low

LH*
H*

LH* !H-H% H* L-L%



OTHER CROWDING EFFECTS: LENGTHENING
62



TRUNCATION VS. COMPRESSION
63

Figure from Grabe (1998), p. 131



TRUNCATION VS. COMPRESSION
64

Figure from Gussenhoven (2004), p. 10



TRUNCATION: (TARGET UNDERSHOOT) 
65



TRUNCATION VS. COMPRESSION IN POLISH?
66

LH* !H-H%

H* L-L%


