A computational model of low tonesin Ibibio
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ABSTRACT

This gudy reports on a production experiment and a new
computational model in an attempt to resolve the question
of the datus of floating Low tones in Ibibio. The pitch
height of high tones (H), low tones (L) and downstepped
high ('H) tones in a set of utterances goken by an lbibio
speaker were firs measured acousticaly and secondly
modelled computationally. Results show that there is a
difference between a floating L and an overt L.
Furthermore, the overt Low tone causes a higher degreeof
lowering than the floating Low tone.

1. INTRODUCTION

Ibibio is a Lower Cross (Delta Crosg language of the
(New) Benue-Congo family of languages andis spoken by
over four million people in Akwa Ibom State and to a
lessr extent in Cross River State of Nigeria. Ibibio is a
classc example of aterraced level tone language [12] and
has been shown to have two level tones, Highand Low and
a downstepped High tone. The downstepped High toneis
usually preceded by a High tone. Other tona reali sations
are the High-Low and Low-High contour tones, which are
synchronically phonetic combinations of the level tones
and may diachronically be from lowering and raising of
thelevel tones, High and Low, respedivey by the ora stop
consonants, syll able and segment loss tonal assimilation,
melody levels, etc.

The tonal downstep pitch relation in tone languages has
been of interest to anumber of reseachersfor many years.
[13] and [10] have argued that tond downstep ocaurs asa
result of the presence of a floating or lost Low tone. A
distinction  between  automatic downstep  and
non-automatic downstep has been made in the literature.
Automatic downstep refers to the dStuation where
non-initial High tones are lowered by intervening overt
Low tones, and has been computationally modelled by [2]
using finite state automata, while non-automatic downstep
refers to the situation where a sequence of (generally
non-initial) High tonesislowered without the intervention
of any overt Low tone. There is bath diachronic and
synchronic eviderceto support the postul aion of 'floating'
(‘diacritic’, 'covert', 'lost) Low tones. In Ibibio itsdlf, there
is abundant synchronic evidence from lexical and phrasal
constructions supporting the postulation of a floating Low

tone as the source of non-automatic lowering.

Theinstrumental acoustic support to determine one way or

the other the degreeof lowering of an overt Low toneand a
floating Low is arse. [8], in a study of Igho (a
Benue-Congo language spoken in south-east Nigeria)
tones, conclude that the degree of lowering by automatic
lowering, (i.e. with overt Low tone) is greater than that of
non-automatic lowering, (i.e. with floating Low tone). A
similar, though tentative result isalso reported for Ibibio in
[11]. On the other hand, [6] reportsthat both automatic and
non-automatic lowering exhibit the same degree of
lowering phoneticdly. [9] reports that “... in Bimoba a
High tone that is downstepped by a floating Low tone is
phonetically indiginguishable from one that is
downstepped by a non-floating Low tone.” Obviously,
although they support the fact of lowering, these
instrumental  studies differ widely in the degree of
lowering caused by overt and floating L tones. It would be
tempting to argue that different languages map the degree
of lowering dfferently. However, [6] and [7] bah
investigated the same language, Igbo, and arrived a
different conclusions, so this argument may not hold.
Other factors, including experimenta factors and
individual variation, may be involved in the different
results obtained.

In this study, we ask the following questions:

1. Isan overt Low tone in Ibibio similar to a floating
Low tone?

2. Do they cause the same degreeof lowering?

3. What is the value and what is the duration of the
floating Low tone?

2. METHOD

Thisstudy is based on a production experiment and uses a
method which isbath empiricd and smulative, in that the
Fo measurement sequences assgned to productions are
simulated by a computational model.

The data used for this study were produced by an adult
female I bibio speaker, who has lived the better part of her
life in Ibibioland. The variety is that spoken in the
Uyo/Uruan areas. The prompts consisted of forty-five
utterances with various tona patterns. The relevant
utterances were those with a sequence of aternating High
and Low tones and those with downstepped High tones.
High tone sequences and Low tone sequences were dso
added for control. The forty-five utterances were shuffled
to producefive different random patterns, making a total of
one hundred and thirty-five tokens per tone pattern.



The recording was made with a Sony TCD-D7 dgitd
audio tape-corder, with Sennheiser  condenser
microphones, in the rewrding studio o Bieefed
University. The F, measurements were made with 'Praat’.
Fo measurements were taken a threepoints in the vowe,
the beginning, the mid point and the end point, and were
averaged. We use L, H and !'H to represent phonetic Low,
phonetic High, and Downstepped Hightones, respedively.

The mmputational model was designed in several stages,
starting an the lines of the model introduced by [7]. We
investigated several models, including overlay and
sequential types, and came to the conclusion that overlay
and sequential models are formally equivalent (cf. [3]).
Thefinal model contains areference line of variable slope
(exponentia or asymptotic), and a multipli cative phonetic
tone factor for each phonetic tone, which defines the
distance between the tone and the refererceline, the factor
being in general >1 for phonetic H tones and <1 for
phonetic L tones. The phonetic tone factor and the
referenceline are therelevant parameters of the model; for
each of them, a range of possible values, with variable
granularity, is defined. The parameters define a seach
spacefor the 'best smulation'. The best fit with the datais
determined by the Average Magnitude Difference (AMD)
function (Z; X | - [Y¥) / n, where X and Y, are
corresponding measurements and model values, and n is
the length of the sequence The AMD was chosen mainly
because the usua correlaion functions are misleadingly
high for the few data points concerned, but al so because of
its efficiency: the seach spaceis large, the mmplexity of
the model being exponential in the number of tone factors
plusthereferenceline factor. In order to restrict the seach
space initia investigationswere made with arather coarse
granularity of model values.

In order to apply the model, each utterarcewas &sgneda
tone sequence template containing various combinations
of phonetic tone factors, e.g. t;, to, t3, ts4, ts and te with t;
being aninitial H, t; aH, t;a'H, t, araised L between two
Hs, ts aL andts afinal L. Seach for the best fit produced
results of the foll owing type:

Dat a: 246.3 266.85 226.91 222.84 199.3 198.57
Model : 246 266 227 225 197 196
Pattern: t1 )4 B )4 B P

3. RESULTS

The relevant tona relations are between H and
following 'H, and between 'H and following H aswell as
between H and L and a following H.

First we modelled 180of the 46 utterances containing only
ty, tp, and t3. Seach results were very promising, with an
averageoverall AMD of 1.449 Hz (range from 0.003Hz to
4.089 Hz). Next, we modell ed eight utterances containing
araised L (t5). Modelling was satisfactory with an average
AMD of 5.45 Hz (range from 0.444 Hz to 11.844 Hz). In
order to determine the similarity of theraised L and the !H,
we then compared the values of t; in thefirst modellingrun
with t, in the second run. Theraised L was modelled at an

average referenceline factor of 0.825 (range from 0.75 Hz
to 0.85 Hz), the 'H a 1.042 (range 0.94 Hz to 1.17 Hz).
The raised L is therefore relatively lower than the 'H in
thelr respedive utterance environments.

We will illustrate the pitch relations informaly by
referring to the Fy measurements, and to pitch differences.
For utterance bip 3!b33y i'nd s& with a sequence of
HH!H!HH we observe that the pitch differencein thefirst
H and 'H pair is 39.94 Hz and that the pitch differencein
the second H and 'H pair is23.54 Hz, indicating adeaease
in range asthe utterance progresss (seeTable 1). Note that
in the shorter utterance ké ('ké —>kalké the pitch
differencein the H and 'H pair, 41.75 Hz, is close to that
between theinitial H andtheinitial 'H. Thethird uterance
also shows a similar pitch differencein a H and 'H pair,
which in thiscaseis38.16 Hz.

Table 1. Fo measurements of three lbibio utterances
containing H 'H sequences

utt. 1) bip 5!'b33y1!1n3 s > bif 5!b33n1ins se

Tone: H H H H
FO: 24630 26685 22691 22284
Diff: 39.94 4.07

utt. 2) ké atké >katkeé

Tones. H H
FO: 28284 24109
Diff: 41.75

utt. 3) kpé il bsk dakka

Tone: H H H H
FO: 287,02 27930 24114 19186
Diff: 38.16 49,28

In utterances with overt Low tones dternating between
High tones, we observe that the difference between a H
and afollowing L is higher than that between aH and a!'H
(62.27 Hz in Table 2, utterance 4). Thismay be as a result
of the prevocalic consonant /k/, which is voicdess and
may have the dfed of raisng the F, value of the pitch.
However, it clealy shows that there is a differencein Fy
value between afloating Low tone and an overt Low tone.
Wherefor ingancethe difference between aH and a!H in
utterance 3 (Table 1) is 38.16 Hz, here we find that the
differencebetween aH andthefollowing L is62.27 Hz. In
addition, we observe that subsequent H's are dso
progressvely lowered.

The Fo measurements of utterance 6 are approximately
what we found in utterance 4 with adifferenceof 67.46 Hz.
It showsthat the differencein Ry valuesfor a!H islessthan
that of an overt Low tone. A comparison with the
disyllabic utterance 2 (Table 1) confirms this difference
There the difference between a H and a 'H is 41.75 Hz.
Although thefinal H ishigher in pitch than the preceding L
at 214.10 Hz, it does not come anywhere nea the pitch of
theinitial H of 27570 Hz.



Table 2. Fo measurements of three lbibio utterances
containing H L sequences

utt. 4) ké tkdbs ita > kad kd bii ta

Tone: H L HL H
Fo: 28383 22156 22373 20749
Diff: 62.27 -2.17 16.24

utt. 5) dép tbom ke akpa > dé i bom ke kpa

Tone: H L H H

Fo: 27644 26513 22924 23327
Diff: 11.31 35.89 -4.03
utt. 6) ké pké

Tone: H L H

Fo: 27570 20824 21410

Diff: 67.46 -5.86

In sequences of identicd tones, a gradud but progressve
lowering of successve Low toneswasfound. In sequences
of High tones, the overall trend is rather level. However, in
one utterance, the initial H was lower than subsequent
occurrences of H. Further, the fourth H was considerably
higher than the others, perhaps because of the voicdess
obstruent /k/. Thefinal H was somewhat lower, thoughnot
as low as the initial H, indicating a general downtrend,
most likely.

The modellingtechniquereported in the previous it erature
(so far as descriptions of method are explicit enough to
permit this kind of conclusion to be drawn) is to average
paradigmatically over all the frequerciesfor one particular
tone and thenfit these syntagmaticaly to an overall patern.
Thisisnot our approach. Rather, our techniqueis closer to
the pattern recognition techniques used in speed
technology, in that each individual utteranceis optimally
modell ed syntagmaticdly, and peradigmatic
generalisations are made subsequently. It is concavable
that the two approaches would yield the same or Smilar
results, but this isby no means a necessary conclusion.

The tone factor mappings are based on the initid
observations as foll ows:

T1 #H,i.einitid H T4 AL,ie L - AL/

H H
T2 H T5 L
Ts IH, i.e Ts L# i.e fina L
downstepped H

Using patterns containing only the H tones (#H, H, 'H),
eighteen models were generated. The best fitting models
for thefirst threecases are shown in detail (decimd places
in the mode s have been truncated):

Dat a: 246.3 266.85 226.91 222.84 199.3 198.57
Model : 246 266 227 225 197 196
Pattern: tl1 t2 t3 t2 t3 t2

Dat a: 246.74 253.2 229.52 221.58 203.04 209.5
Model : 246 253 229 223 204 200
Pattern: t1l t2 t3 t2 t3 t2

Dat a: 260. 13 256. 13 236. 37 222.76 207. 47 209. 34
Model : 259 256 236 226 210 202
Pattern: tl1 t2 t3 t2 t3 t2

The foll owing generalisations were made on the basis of
the e@ghteen models. The averaged optimal baseline (an
additive ammponent in the model) is 105Hz. Whether this
baseline has a physiological corrdlate (eg. as lowest
frequency attainable by the speaker) was not investigated.
The mean range covered by the referenceline is 163 Hz.
The mean dope factor for thereferencelineis0.87, and the
phonetic tone factors are: #H = 0.95, H = 1.13, 'H = 1.04.
The average pitch difference between the data and the
modelswas 1.45 Hz.

Using patterns containing mixtures of H and L tones
eighteen modes were generated. The following
generaizations were made on the basis of the eght
models. The averaged optimal baseline is 110 Hz. The
mean range covered by the reference line is 155 Hz. The
mean slope factor for the referenceline is 0.869, and the
phonetic tonefactorsare: #H =0.99, H=1.083, raised L =
0.838, L =0.617. Theaverage pitch difference between the
data and the modelswas 4.753Hz.

4. DISCUSYON

The following gereral tendencieswere noted:

- The F, values show that there is a difference between a
floating Low tone and an overt Low tone. Floating Low
tones sean to have lower F values than overt Low tones.

- Initia Highsin a H sequence generally have a lower F
value than a second and sometimes third High, except ina
short utterance, e.g. disyllabic utterance, where the initia
H has a higher Fq value than the second H.

- The daim that automatic downstep exists in lbibio, i.e.
that in a sequence of H's and L’s, H's following an L do
not go back to the level of earlier H'sis confirmed by the
data. The subsequent H's may be dightly higher than
precaling L"s but not as high as precealing H's.

- The daim that non-automatic downstep existsin Ibibio,
i.e. that after a 'H tone, a subsequent High does not go
back to the level of aprecealing H, is also substantiated.

- It does appea that consonants have some effect on Ibibio
tones. The pattern shows that voiced oral stops €en to
have a depressng effect on pitch, while voicdessora stop
consonants appea to raise the pitch. Of course, |bibio has
no mid tones to actually test whether the voiceless $ops
actually have araising effed on the pitch of tones.

- A sequenceof H's show agradual downdrift/dedination.
Obvioudly utterancelengthislikely to be critical in therate
of downdrift. Shorter utterances exhibit more dramatic



differences while longer utterances show a more gradual
pattern.

- Final L's ow afalling pettern. This pattern is different
from those of L"sin initial and non-final positions.

An additional factor in determining the redisation of tones,
which has been noted particularly by those involved in
experimental work on tone, is the dfect of consonants on
pitch in bath tone and non-tone languages. [5] documents
various experiments to show that cetain consonants have
some effed on tonerealisation. Usually it isthe prevecalic
consonants that appea to have amore pronounced effect
on tone than postvocali ¢ ones. The studies have shown that
voiced and unvoiced consonants, espedally the obstruents,
may have a depressng and raising effed on tones
respedively. Implosives are reported not to have a
depressng effed on Fo. [1] associates a Low tone with the
presence of a voiced dbstruent although the summary of
data she presented seens to suggest that voicdess
obstruents do not have any effed on tones.

The results of this gudy show that voiced stops in Ibibio
depress the Fy values of neighbouring pitches. Let us
consider some phonological data in addition from Ibibio:

a) uaké ‘whee d) mlbsk ‘please’
b) dld6  ‘thatway’ e  da'mi ‘thisway’
C) 3'b3sy ‘chief’ f)  ilndén ‘bird’

In these data, it appeas that phonological downstep is
generaly present where there ae voiced dbstruents and
nasal consonants, apart from the lone example with a
voicdessstop consonant in (a). This seemsto confirm, for
I bibi o, the depressng eff ect of voiced stops on F, val ues of
pitches.

The moddling of the raised L and the 'H did not yield
conclusive evidencefor the assumption that a floating low
causesa!Htobeaslow asal. However, modeling of the
utterance ontaining L was dightly lessacaurate than the
modelling of the utterance ®ntaining 'H tones. Further
modeli ng isrequired.

In conclusion:

- Isan overt Low tone in Ibibio similar to a floating Low
tone? From the values that we have at the moment, the
results £am to show that there is a difference between a
floating Low tone and an overt Low tone. However, we
must bea in mind that we annot reach afirm conclusion
on the basis of the data. Thisisa pilot study and more data
nedls to ke wlleded from more speakers before a firm
conclusion can be reached.

- Do they cause the same degree of lowering? No, they do
not seem to cause the same degreeof lowering. This result
seams to support the conclusions reached by Liberman,
Schultz, Hong and Okeke (1993 and Urua (199%/97),
where they show that the degreeof lowering is greater by
automatic lowering (downdrift triggered by an overt Low
tone) than for non-automatic lowering (downstep triggered
by a floating Low tone). Obviously the overt Low tone
causes a higher degreeof lowering than the floating Low

tone.

- What isthe value and what is the duration of the floating
Low tone? The overall FO values for floating Low tones
seen to ke in the region of 39.00 Hz while that for the
overt Low tone appearsto bein the average of 60.00 Hz.

- There is a further need to explore the impact of
consonants, espedally obstruents, on tone realisation in
Ibibio.
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