
Mambila Declination Models:
What makes a good model?



Finally, the results of T-tests comparing the two slopes (11) and the mean F0 of
the two portions of the sentences (12) are both significant:

(11) Difference of slopes = 18.06 StdError = 4.7316
T-value = 3.8169, p-value = 0.0001

(12) Standard Two-Sample t-Test
t = 4.6377, df = 28, p-value = 0.0001

Figure 2: Regression line superimposed on averaged pitch trace for a short (six syllables) T2
utterance (top), and for the main part of the utterance compared to that for last two syllables
(bottom). (Speaker 3, VM, female)
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Goal: Model Declination data in Connell

2

T2 for S3

With the difference between the two slopes being significant and with a signifi-
cant drop in F0 between the first and last parts of the utterance, we can say final
lowering is present.

A regression analysis of this sort was applied to results from data for all the
like-tone sentences. Conclusions based on the results of the regression analysis
are summarized in Table 1. ‘D’ or ‘F’ in a cell indicates the presence of declina-
tion or final lowering, respectively. (F) indicates final lowering was present but
accompanied by a slight rise in F0 on the penultimate syllable. This rise was
slight, typically on the order of 2–4 Hz relative to the antepenultimate. A dash
in a cell indicates an absence of either or both of declination or final lowering.
S, M or L denote the length of the sentence, short, medium or long. For tone 4,
three sentence lengths were used.

Table 1: Summary of results for like tone sentences across five speakers

Tone 1 Tone 2 Tone 3 Tone 4

Speaker S L S L S L S M L

1 (M) –, – –, – –, – –, – –, – D, (F) –, F D, F D, –
2 (M) D, – –, – D, – D, – –, – D, (F) –, F D, – D, F
3 (F) –, – –, – –, (F) –, (F) D, – –, (F) –, F D, F D, –
4 (F) –, – D, – D, – D, – –, (F) D, – –, F D, F D, (F)
5 (M) –, – D, – D, – D, (F) –, (F) D, (F) –, F D, F D, (F)

A striking aspect of these results is the different treatment accorded different
tones; in particular, the lower the tone, the more likely it is subject to either or
both of declination or final lowering. Tone 1, the high tone, is subject to little in
the way of downtrends, while tone 4, the low tone, consistently shows some
form of downtrend. Moreover, the effects seen are relatively consistent across
speakers: e.g. for tone 4, the short utterance shows final lowering, while the
two longer sentences offer evidence of both declination and final lowering.
However it may be noted that, given the length of the short utterance – four
syllables – it may not be possible to conclusively distinguish between declina-
tion and final lowering. The two mid tones, however, are less regular in exhibiting
either declination or final lowering. While a downtrend of some sort appears for
these two tones more often than not, one is not always present and, when there
is, there is no consistency as to whether declination or final lowering is used,
either across the two tones or across speakers. What does appear to be consis-
tent is that when final lowering does occur with these tones it is facilitated by a
slight rise in F0, of approximately 2–4 Hz, on the penultimate syllable relative to
the antepenultimate. The more consistent appearance of a downtrend with tone
4 is presumably possible because there is no lower tone whose space it would
be violating. Or, from the opposite perspective, tones 1–3 do not show down-
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• Significant declination:  
T4>T3>T2>T1

• Speakers differ in 
whether they have 
significant declination in 
high tones (T1, T2) and 
significant final 
lowering.



What makes a good model? 

• It is easy to make a model that will work. 

• What makes it a good model (in this domain)?

(1) Lawful, non-dualistic relation between phonological units and 
relations and physical (phonetic) measurables (AP foundation). 

• Discrete - continuous

• Context-free - context dependent

• Time-invariant - time-varying

(2)  Invariant representation of phonological/grammatical relations

(3) Minimal parameter specification: complex patterns result from 
interaction of a small number of parameters specifying relations.

(4) Specified relations are local.
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(1) Non-dualistic (AP):  Dynamical 
systems as models of phonological units

• Fowler (1976-1980) was the first to see that defining 
phonological units as dynamical systems could solve the 
problem of incompatible descriptions of phonology and 
phonetics.

• Phonological units are laws with fixed values of k and C that 
are context-independent.

• The phonetic state (x) corresponding to a phonological unit 
evolves over time in a continuous, context-dependent way.

• Solution is non-dualistic. Phonology and phonetics require no 
‘interface.”  

• Phonological constants and time-varying phonetic quantities 
are in same equation.

4

�x = �kx+ C
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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

5

(2) Invariant relations:  
Liberman & Pierrehumbert (1984)



(3) Minimal parameter specification (L&P)

6

• 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).



Mambila Model
• Model declination in target values of all four tones every syllable 

(whether they are selected in any syllable or not).

• Control with a 1st order linear decay system with a goal for 
each tone slightly lower (~15 Hz) than its initial value.

• Model tonal repulsion: 

• The tone targets also repel each other with a force that is 
inversely proportional to the current f0 difference between 
the two tones.

• Individual speakers differ in the overall scaling of the repulse 
force (r)

• Set r = 20 for S1-S3, r = 10 for S4-S5
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• Repulsion forces will always force T1 up and T4 down

• But upward force on T1 is balanced by declination force



Add Final Lowering
• Last tone is attracted to a L% boundary tone

• Attractive force is proportional to distance from Tone value to 
L% value
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Examine code:  
Is this a good model?

• Positive

• Despite apparent different f0 decay constants, all tones share the same 
constant, and surface differences result from interaction with repulsive 
forces.

• Negative

• No reference level or distinction between phonological target and f0.

• If the decay constants are the same across tones, why do we need to 
compute decay separately for each tone? Can this result from decay of 
reference level, combined with repulsive forces?

• It is odd that the declination of all tones is required to compute the 
decay of any one tone. So even in computing the f0 of an utterance of 
all high tones, we have to compute the declination of all tones. This is a 
kind of non-locality.

• The dynamical systems of the tones are coupled… the change in state for one 
depends on the current states of all the tones.
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Alternative 1

• Only compute declination of  
reference level

• Calculate repulsive forces 
between targets, for current 
state

• It doesn't work.  

• All decays are parallel.

• Repulsive forces have to be 
actively included in computation 
of dT at every time step in 
order for the decays to not be 
parallel.
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 Alternative 11

• Return to separate 
declinations for each tone,

• Include repulsive forces in 
the equation for a each tone.

• BUT: calculate the repulsive 
forces only once based on 
targets. The repulsive force 
are phonologic constants. 
No need for coupling of the 
states of the tones, so they 
don't all have to be 
calculated to compute a 
given tone. 

• This works well.
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Incorporation into TaDA

• Assumption (for now):  
no interaction between declination of a given tone height and 
the sequence of tones that is actually produced.

• The key data structure that a the language particular code must 
fill is called tones. 

• tones(i).f0 has f0 specification for tone i in the sequence. 

• tones(i).syll specifies the syllable number (j) that tone i in 
the sequence should be coupled to.

• tones(i).phase specifies the phase of tone i with respect to 
syllable j. (not yet implemented)

• Add other fields for specifying non-default blending 
parameters, activation duration of tone gesture.

13
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function AddMamb(utt_name_o, utt_save_o, s); 
  
  
tones = ParseMamb(s); 
ntones = length(tones); 
  
 k = .2;  %decay of the declination attractor 
 r = 20;  %scaling of the repulsive forces 
 a = 200; %scaling of attractive force to boundary 
  
T=mambila_dec (ntones, k, r, a); 
  
for i = 1:ntones 
    tones(i).f0 = T(tones(i).f0, i); 
    Tplot(i) = tones(i).f0; 
end 
  
figure (5);plot (Tplot, '-o') 
  
% Add tones to tv.o file 
  
k = 4; % k is now gesture stiffness 
d = 1; % damping 
  
% adjust activation phases for tone gestures? 
% adjust blending parameters? 
% these can be added as additional fields to tones data structure 
  
% from here on down it should be just fiddling text of output files 
% information is all in the tones data structure 
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function tones = ParseMamb (s) 
  
sp = strfind(s,' '); 
ntone_in = length(sp)+1; 
first = 1; 
itone = 1; 
isyll = 1; 
for i=1:ntone_in    
    if i < ntone_in; last = sp(i)-1;else last = length (s); end 
    if strmatch(s(first:last), '1', 'exact'); 
        tones(itone).f0 = 1; 
        tones(itone).syll = isyll; 
        itone = itone+1; 
        isyll = isyll+1; 
        first = last+2; 
    elseif strmatch(s(first:last), '2', 'exact'); 
        tones(itone).f0 = 2; 
        tones(itone).syll = isyll; 
        itone = itone+1; 
        isyll = isyll+1; 
        first = last+2; 
     elseif strmatch(s(first:last), '3', 'exact'); 
        tones(itone).f0 = 3; 
        tones(itone).syll = isyll; 
        itone = itone+1; 
        isyll = isyll+1; 
        first = last+2;    
      elseif strmatch(s(first:last), '4', 'exact'); 
        tones(itone).f0 = 4; 
        tones(itone).syll = isyll; 
        itone = itone+1; 
        isyll = isyll+1; 
        first = last+2; 
    end       
end 



But: evidence for interaction between 
sequence and declination

• Can we get effects 
through overlap and 
weighted blending in 
TaDA?
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trends consistently because they would risk impinging on the space of the lower
tone(s).

3.2.2 Downdrift vs. tone coarticulation

The pilot study indicated that lowering of tone 1 following tone 4 in 4111 sequences
was a local effect, lasting only one or two syllables. In addition to looking at
final lowering and declination, the follow up study also addressed the question
whether this lowering effect in mixed tone sentences is cumulative; i.e. in
sequences alternating tones 4 and 1, does tone 1 still reach its normal value, or
does it show a downdrifting effect. Figures 3 and 4 show T1–T4 alternations for
three utterances of difference lengths for two speakers, male and female respec-
tively, representing an average of five repetitions. Utterances were four, six, and
eight syllables in length; note that in Figure 3 the trajectory of the medium and
long utterances are virtually identical (one superimposed upon the other) and so
are difficult to distinguish.

For speaker CD (male, Figure 3), the difference between the initial tone 1
and the final tone 1 (syllables one and seven) is not large, but it is significant
(p = 0.032); similarly the difference between initial and final tone 4 (syllables
two and eight) is significant (p = 0.000). Tone 1 showed no declination for this
speaker in the earlier experiments (i.e. in like-tone sentences), so it may be
assumed here that the consistent drop in values across the sentence for tone 1
is a result of the local interaction with tone 4 observed in the pilot study, and
that this effect is cumulative. A syllable by syllable analysis of the lowering of
tone 4 values for all three utterances shows that the difference between the last

Figure 3: Averaged pitch traces for alternating tone 1–tone 4 sequences of three different
lengths. (Speaker CD, male)
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Alternating 1-4

Speaker shows no declination sequence of  T1 

two syllables is significant for the two shorter phrases (p = 0.005; p = 0.006),
though not for the longer phrase. This appears consistent with the behaviour
observed above for this speaker with tone 4.

For the second speaker (VM, female), there were no significant differences
between initial and final tone 1, or initial and final tone 4, for any of the three
utterances. This suggests that the local lowering effect observed in the prelimi-
nary study may not exist for all speakers. We note that this speaker showed
what appeared to be declination with T1 in the like tone sequences reported
above, though the evidence was ambiguous; in the absence of declination or
downdrifting effects here, it is tempting to suggest the possible declination effect
noted above maybe due to other, as yet undetermined, causes. This reanalysis
would then be in line with observations for other speakers, where T1 shows no
declination. The absence of a downtrend for T4 here, where one was reported
above for this speaker in the like tone sequences, may be due to the interrupting
effect of T1.

Figure 4: Averaged pitch traces for alternating tone 1–tone 4 sequences of three different
lengths. (Speaker VM, female)

The pilot study also found little interaction between tone 2 and tone 3 or
between these two tones and the others, but the possibility of such effects was
not systematically investigated. Figures 5 and 6 show pitch traces (averages of
five repetitions) for sequences of alternating tone 2 and tone 3 which shed
some light on possible interactions between these two tones. Note that in the
longer utterance syllables five and six represent a bisyllabic tone 2 word.

For speaker CD, the short utterance shows a noticeable lowering of tone 2
following tone 3, though the difference between initial and final tone 2 is not
significant; in the longer utterance, however, the difference between initial and
final tone 2 is significant (p = 0.006). It may be concluded that the slight lower-
ing effect found in the shorter utterance is cumulative, i.e. downdrifting does
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Alternating 1-4

Speaker shows declination in same-tone sequences


