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• Phonology and phonetic implementation

• Basic Questions for phonology:

• What are basic entities?

• How do they combine?

• What are observable consequences of particular combinations?

• Relation to Articulatory Phonology

• Relation to Dynamical Systems

• Locality

• Implementation rules are local and left-to-right
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General Points



Approach
• Observed data results from 

interaction of four factors:

• Tune (pitch accents, step 
accents…)

• Prominence

• Declination 

• Pitch Range
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Experiment 1: Manipulation of pitch range 

• Recording of sentences below under 10 degrees of  “overall 
emphasis” (to vary pitch range).
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• Hypothesis 

• Prominence relation between (B and A) is invariant (across 
positions and and pitch range) though obscured by final 
lowering.



Example data
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• Large variation in peak 
heights as a function of 
pitch range



Experiment 2: Downstep

• List lengths: 2-5

• Three levels of pitch range
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• Hypotheses 

• Downstep is can be modeled by an exponentional decay 
function (first-order dynamical system.

• Downstep is invariant across pitch range changes (when a 
reference level is incorporated that can vary across pitch 
ranges)



Results: Bottom of pitch range is constant
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• Final low of accent 
varies much less across 
pitch range than initial 
peak.

• Variation of lows is not 
well predicted from 
variation in peaks.

• Lows of utterance-final 
falling accents are 
nearly constant for a 
given speaker.



• Constancy of lows not 
as clear for B accent, 
even when it is final 
(presumably due to 
final H of accent).
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Results:  Final peaks are lower
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• Relation between Peak 1 
Height and Peak 2 Height 
is asymmetric as a function 
of order of peaks



• Results suggest exponential decay

• But final position is particularly low
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Results:  Final peaks are lower



• Errors fit of in 
exponential decay model 
(with asymptotes or 
‘’goals’) are much more 
extreme in final position

• Asymptotes of fit 
models are “reference 
levels.”
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Results: Pitch range raises reference levels

• Possible models of pitch range:

• Increase reference level

• Increase the starting value

• Change the decay constant

• Desirable to keep the decay constant 
invariant

• Make reference level part of F0 
scaling

• Reference level (r) increases with 
pitch range

• Initial peak value (P0) with respect 
to reference level also increases 
with pitch range (so the relation 
between P0 and r must be 
nonlinear). 12



Model 1
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Invariant across pitch range

Invariant across order and pitch range

b = baseline (pitch of utterance final L)
d = constant; how much is r above b?

e, f = constants for nonlinear scaling of  
relation between P0 and r



Fit of model to data
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Important Alternative Model

• Allow L tones to be modeled as 
lowering from r.

• H tones modeled as raising from r.

• Like the model I described (but 
never wrote) for Konni. 
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Phonetic Implementation Contextualization 

• Phonological entities are defined externally to implementation 
model.

• Implementation involves local left-to-right quantitative expressions.

• But phonetic implementation “rules” should also represent significant 
language-specific, learned generalizations. (Part of “grammar” broadly 
construed).

• In this model:

• Phonology (given outside of implementation model)

• Types of pitch accents and their temporal locations

• Types of topic and focus categories (e,g., “Answer” / “Background”)

• Grammatical aspects of implementation (invariants)

• Prominence relations between A and B

• Downstep constant (for particular types of Accents?)

• Task context 

• Pitch range (not grammatical in English, at least in this data; but has been 
treated that way in some of the African tone languages we have looked at)
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Relation to our models
• Implementation model is a dynamical system (local relations give rise to global 

patterns).

• Our Mambila models (and related models in Tumbuka and Bemba) have the local, 
left-to-right properties of the L&H model).

• Adding overlap would allow “arbitrary” downstep to be handled in a different way 
(e.g., Konni).

• But we are trying to do more with our models… The interaction of lexical tone 
with boundary elements creates pattern of phonological units over time that could 
be input to an implementation model.

• In AP terms, the phonology and implementation components correspond to: 
Planning and Constriction Formation models.

• The Embosi model is an example of a planning model

• Note that it is not left-to-right, though it is dynamical and strictly local.

• It creates a pattern of tones that can be produced by the TD model.

• The Mambila model (in AP terms) is also a planning model (since it provides 
target values for task dynamic model. It is incremental and l-to-r though.

• The Iskarous-Goldstein model is also a planning model. It generates possible 
patterns of prominence in a language. It is local and is not entirely l-r, but very 
limited future scope.
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Nam & Saltzman (2003)  
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Other Issues

• Pitch levels vs. rises and falls

• preplanning? (“hard’ vs. “soft”)

19


