
Mambila Declination Model



Goal: Model Declination data in Connell

2

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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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)



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 declination 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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r = 20 r = 10

• Repulsion forces will always force T1 up and T4 down

• But upward force on T1 is balanced by declination force



Outstanding Problems
• Some kind of 

nonlinear system 
needed to select 
starting values of 
tones.

• Constraints on choice 
of r, k: we never see 
speakers showing 
negative declination of  
T1.

• Final lowering:  
Assume a L% tone

• Target lower than 
the low  goal of T4.

• It attracts all tones 
towards it with a 
strength inversely 
proportional to 
distance from it.
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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:
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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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