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ACOUSTIC CORRELATES OF "BIG'" AND "THIN" IN KUJAMUTAY

Steven Greenberg
University of California, Los Angeles

J. David Sapir
University of Virginia

I. Intrqguction

Kujamutayl (Senegal) is the principal dialect of Diola,a
member of the Bak sub-group of the West Atlantic branch of the
Niger-Congo superstock (Greenberg,1963). Along with many other
African languages it has a form of vowel harmony apparently
found nowhere outside of Africa south of the Sahara (Stewart,
1971).

In the so-called "cross-vowel height harmony" languages
the vowels form "two mutually exclusive sets such that (i) the
tongue positions of the vowels of one of the sets are high in
relation to the tongue positions of their counterparts in the
other set,but (ii) the tongue position of at least one member
of the relatively high set is lower than at least one member of
the relatively low set (ibid:198). The vocalic contrast
involved differs from the traditional tense/lax distinction
drawn by Jakobson and Halle (1962) in so much as tense vowels
are always situated more peripherally than their lax counter-
parts in a two-dimensional (Fl x F2) acoustic vowel space
whereas the criterial dimension separating the African vowel
pairs is relative vowel height.

The articulatory basis of the contrast has been the
subject of some controversys Stewart (1967) cites the
radiographic data presented in Ladefoged's (1964) study of
Igbo in support of the view that the major role is played by
the tongue root. Complicating the issue,however,is the
observation that the larynx tends to rise when the tongue root
is retracted and to fall when the root advances. The opposing
movements of tongue root and larynx consequently act to
maximize or minimize the size of the pharyngeal cavity. Thus
pharyngeal cavity size may be a more precise correlate of the
cross—-vowel height distinction than tongue root position
(Lindau,1975).

Kujamutay is one of the comparatively few languages which
possesses the cross-height harmony in its fullest form with
five vowels in each of the contrasting sets. What makes the
language even more noteworthy,however,is the social context in
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which the vocalic contrast functions. The meta-linguistic terms
"big" (ksls) and "thin" (mis) are used by the Kujamaat® them—
selves to describe a systematic pattern of regional variation
in vocabulary and pronunciation that is firmly rooted in the
cross-vowel height harmony system (Sapir,1975).

In this paper we shall attempt to ascertain the depth to
which this ethnolinguistic dichotomy penetrates the phonetic
and acoustic strata of Kujamutay speech. 1In the following
section we briefly outline Kujamutay phonology and vowel
harmony,based on the considerably more detailed accounts
presented in Sapir (1965) and (1975). Next,we discuss the
pattern of interspeaker variation in vowel harmonization
which is grounded in a basic contrast in the language's
phonology. Finally,we examine the extent to which a similar
pattern of interspeaker variation may exist in the acoustic
features of Kujamutay speech.

II. Kujamutay Phonology and Vowel Harmony

Kujamutay has ten distinctive vowel phonemes3 which divide
into two equal sets such that the vowels of one set are always
relatively higher than the corresponding vowels of the other set:

Relatively High Vowels Relatively Low Vowels

i u

a

Coupled with this vocalic contrast is a general harmony rule
which converts a vowel of the relatively low (L) set to its
counterpart in the relatively high (H) set. The harmony is
triggered by certain grammatical elements and applies retro-
gressively in verb and noun inflection and in verbal and
nominal root derivation. For example, the vowels in the word
panalaafi ("he will return") undergo harmonization upon
introduction of a set H vowel,the suffix -u ("from"):

1(a) panalaai "he will return"
(b) penalsaiiu "he will return from"

However,individual. speech patterns vary with respect to the size
of the linguistic domaim 6ver which the harmony applies. This
fact was discovered during the course of an elicitation session
with three kujamutay speakers. One of the informants pronounced
the negative infinitive of the root -baj "to have" as
kabajati rather than the expected kobsjoti. Queried about this
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unusual form,the informant (AB) laughed and replied 'We speak
thin". The other two agreed,offering that they. (AK,KB),in
contrast,spoke "big".D> KB's collective "we" referred to the
people of Bignona,his home town and the local administrative
center,as well as to the people of several adjacent villages
from which the original inhabitants of Bignona had come some
seventy~five years ago. In contrast,AK and KB came from
outlying villages some 25 km from Bignona.

The speech of the three differed from each other in a
number of ways:
A. Vocabulary. Certain Kujamutay words have optional forms
with varying degrees of harmonization. 1In these instances,AB
always used the relatively unharmonized variant,AK usually
used the fully harmonized form,with KB's usage varying depending
on the specific word:

AB(Thin). KB(Int) AK(Big)
2(a) ~kuntagen -kuntejen -kuntejen "to kneel"
(b) jifaruba jifaruba jifsrubse "storm"

B. Suffixes. Three suffixes have regional variants defined,
in part, by the cross-vowel height contrast. With any of these
suffixes,AB would invariably use the set L form,AK the set H
variant,and KB's form would vary depending on the suffix:

AB(Thin) KB(Int) AK(Big)
3(a) -ati ati -oti neg infinitive
(b) -erit -erit -urit "never"
(c) -uli -uli oli/~oli 1 pl. excl.
C. Harmony. However,neither the vocabulary nor the suffixes

can by themselves,or together,provide a sufficient set of
criteria for making the discrimination between "big" and "thin"
speech. The Kujamaat are able to place someone as either a big
or thin speaker without waiting for a diagnostic morpheme or
lexical item. Some other,more pervasive,linguistic factor is
at play and this other factor proves to be vowel harmony.

A "big" speaker will tend to carry the harmony further
back than a "thin" speaker,though in fact,no absolute set of
criteria apply to classify an individual's speech as ''big'" or
"thin". Rather,a speaker is '"big" only in comparison with
another speaker whose speech,in turn,may be '"big" relative to
a third.

This pattern of interspeaker variation is evident in the
harmony associated with infixed o . The hither marker -ulo-,
when combined with the habitual -g- reduces to o ,which
projects its harmonizing influence over the preceding verb form
nabajebaj ('he always has') to varying degrees in the speech
of our three informants. In the case of AK the infixed o
casts its harmonizing spell over the entire verb form,it
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restricts its influence to the initial base verb for KB, and
affects only the habitual marker -g- 1in AB's speech:
4(a) nabajeobaj (AK:Big)
(b) nabsjeobaj (KB:Int)
(c) nabajeobaj (AB:Thin)

III. Acoustic Correlates of '"Big'" and "Thin"

Given the pervasiveness of the big/thin distinction in
the phonology,might the contrast permeate the acoustic stratum
of Kujamutay as well? To obtain an answer,we shall first
examine the general acoustic features of the Kujamutay vowel
system as exemplified in the speech of AK,KB and AB. We will
then look at some of the acoustic dimensions more closely to
determine whether a pattern of interspeaker variation analagous
to that found in vowel harmonization occurs in the acoustic
domain.

A. Vowel Spaces. A two-dimensional representation of the
acoustic vowel space is shown for each speaker (Figures 1-3).
Formant data shown in these and all other figures were obtained
in the following manner;speech samples,derived from minimal or
near-minimal pairs involving the cross-vowel height contrast
were digitized from audio tape through a PDP-12 laboratory
computer. The central portions of the vowels were spectrally
analyzed based on linear prediction (Markel and Gray,1975) to
estimate the center frequencies of the first five formants.

In Figures 1-3 the center coordinates of the ellipses
represent the means for Fl and F2. A mean is typically based
on three tokens,though the sample ranges between 1 and 8
items. The area circumscribed by the ellipse represents an
ellipsoid-fitted estimate of the first and second formant ranges.
Formant frequencies were transformed from a linear frequency
scale (Hz) into Mel units (Figure 10),which more closely
approximates the function associated with the frequency
resolving power of the ear (Stevens,Volkman,and Newman,1937).

The vowel spaces deviate from the schematic representation
of the Kujamutay system illustrated above 1in a number of ways:
(1) The seemingly mid-central vowel [o8] 1is in fact,rather far
fronted,being practically contiguous with [e] and [e]. Its set L
counterpart [aa] is fronted only in AB's (thin) speech.

(ii) The mid-back vowel pair oco/0o has a greater vowel height
separation than its mid-front counterpart e/eg.

(iii)The high-back pair uu/uu (and u/u as well) is lower than
the high-front pair ii/ii. [oo] is considerably higher in
relation to [uulthan the corresponding front vowels [e] and
[ii] are to each other.
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"Big” Speaker
F; in Mels
1700 1400 1100 800
300 - F 200
] OO.. u uu
1 ul
: oe oo() uu -
u J
600 - Oaa - 500 5
x
~N
4 e i
@k I
900 4 aa - 900
2500 2000 1500 1000 750
Fz In Hz
Figure 1 Two-dimensional acoustic representation
of the vowel space for speaker AK. Non-homogeneity
of vowel length due to composition of corpus.
Intermediate Speaker
Fz in Mels
1700 1400 1100 800
A d il A A A d 4 1 A1 - -
300 r 200
Oii
1 i u uu L
[e]e}
1 Qe o uu | -
Oee s
600 - 500
O¢ ?
1 (@1} i
1 aa
800 h - 900
2500 2000 1500 1000 750
Fy In Hz

Figure 2

Acoustic vowel space for speaker KB.
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"Thin  Speaker

Fy in Mels
1700 1400 1100 800
— A 1 n 4 4 1 A .

300 1 - 200

600 (@1 L 500

F' in Mels
1
®
o)
63
c
T
zHut by

900 4
o

by A 1 A 1

2500 2000 1500 1000 750

Fz in Hz

Figure 3 Acoustic vowel space for speaker AB.

B. Spectral Analyses. To determine the identity of the
acoustic features most closely associated with the Big:Thin
continuum,the spectra of selected vowels were compared along
a number of acoustic dimensions (Tables I and II). Our goal
was to determine which (if any) acoustic features analyzed
displayed a consistent pattern of rank ordering among the
three Kujamutay speakers. 'Big" as KB's speech may have been,
KB was considered by the other informants to be less of a
"big" speaker than AK. And indeed,in terms of vowel harmony,
vocabulary,and suffixing KB's behavior is in between the other
two. Consequently,the appropriate rank ordering would place
KB between AB and AK.

The results of this comparative analysis are presented
in Tables I and II and in Figures 4-9. Table I includes the
results of analyses involving all three speakers. Table II
contains some additional data which were only available for
AK and KB. Though discussion will be focussed on Table I,most
of the general points apply to Table II as well. For the pur-
poses of discussion,the results have been divided into four
groups. Analyses involving comparisons of acoustic dimensions
within a single vowel across the three speakers will be
classified as single-vowel comparisons. Complementary-vowel
analyses are those in which the comparison across speakers
involves the differential of corresponding set H and set L vowels.
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A further division is made on the basis of whether the analysis
involves single-formant or multiple-formant dimensions.

1. Single Vowel Comparisons. Direct comparisons of formant
frequencies are,in general,hampered by the fact that differences
between formant frequencies for the same vowel can vary as much
as 30 per cent due to variation in vocal tract size (Fant,1973).
Consequently,any consistent rank ordering of single- or
multiple-formant dimensions among speakers may be artifactual.
(a) Single-formant dimensions. Mean values for F1,F2,F3,and
F2'9 are presented in columms 1-4 respectively in Tables I and
II. Data for Fl and F2 are also plotted in Figures 4 and 5.
Inspection of the figures makes it clear that no consistent
pattern of rank ordering prevails across vowels.

(b) Multiple-formant dimensions. Columns 5-8 of the tables
contain similar data for the dimensions F2-F1,F3-F2,and F2'-F1.
Again,no consistent pattern of interspeaker differentiation
emerges from the analysis.

2. Complementary Vowel Comparisons. Given the failure of
single-vowel analyses to extract any consistent pattern of
interspeaker variation,we reasoned that if any systematic
acoustic pattern correlated with the Big:Thin contin um did
exist it would most likely be found in the acoustic relationship
between structurally associated (corresponding set L and set H)
vowels. A "big" speaker,exploiting the cross-vowel height
harmony to a greater extent than a 'thin" speaker, would tend to
maintain greater articulatory,and hence acoustic,distance
between set H and set L counterparts.

(a) Single-formant dimensions. The frequency differentials

for F|,F2,F3,and F2' of corresponding vowels are shown in columns
5-8 of Tables I and II,as well as in Figures 6 and 7 for

F1H - F1l and F2H-F2L.1¢t is clear from examination of the tables
and figures that no consistent rank ordering occurs across all
vowels.

(b) Multinle-formant dimensions. Results of analyses involving
corresponding vowel differentials for the dimension F2-Fl are
shown in Figures 8 and 9 for Mels and critical bands. The pattern
of rank ordering and differentiation among the three speakers is
quite close to the pattern of interspeaker variation exhibited
in vowel harmony. The rank ordering is consistent all the way
through for the data plotted in terms of critical bands and

is nearly so for the same data plotted in Mels. The only exception
is the pair ii/ii,which are often extremely similar in the West
African vowel harmony languages.

Iv. Discussion

What might the correspondence between the acoustic
dimension (F2-F1)H - (FZ-Fl)L and the phonological contrast
Big:Thin signify? The dimension F2-F1 has a special status in
both the auditory and articulatory domains. Acoustically,F2-F1l
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corresponds to the contrast Grave:Acute (Jakobson,Fant, and
Halle,1952) - a feature which the cochlea appears to be rather
sensitive to (Miller et al,1977). The perceptual significance

of F2-F1 for differentiating between "big" and "thin' in
Kujamutay is suggested by the fact that a linear analysis of
F2-F1 (Hertz) does not provide as reliable a basis for
discriminating among the three speakers. The formant frequencies
must be converted to a perceptually-relevant scale in order for
the dimension to serve as a consistent differentiator.

Within the vowel-relevant range (250-3000 Hz) a fairly
consistent relationship exists between the Mel scale and
critical bands (Figures 10 and 11). One critical band equals
approximately 100 mels (Lindsay and Norman,1977). Though the
critical band originated as a purely behavioral construct
based on studies of loudness and frequency integration
(Fletcher,1940),it has been subsequently determined that it has
a physiological correlate in the innervation density of auditory
nerve fibers with the basilar membrane.

In the articulatory domain,the dimension F2-F1 is highly
correlated with the position of the tongue in the horizontal
plane. As such,it provides a rather direct acoustic correlate
of the contrastive articulatory feature Front:Back.

The prominent role played by F2-F1 in both the auditory
and articulatory domains is not likely to be a matter of pure
chance. Neither is it likely that this dimension could be so
sensitive to the speech patterns associated with "big" and
"thin" through the operation of coincidental factors.

V. Conclusion

The Kujamaat of Senegal socially intuit with the meta-
linguistic terms "big" and "thin" a vowel contrast that is basic
to their phonology. The two terms are used primarily to
identify speech variation among individuals and groups. On the
phonological level,speakers who make relatively greater use of
vowel harmony are characterized as "big'" in contrast to others
who are thought of as "thin" speakers. On the acoustic level,
the dimension F2-Fl is extremely sensitive to this same pattern
of interspeaker variation. In so being,it demonstrates the
depth to which a socially-motivated system of classification
may penetrate a language.
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NOTES

Referred to in previous publications (Sapir,1965;1975) as
Diola-Fogny.

This is the name by which the speakers of Kujamutay refer
to themselves as a social entity.

Length is phonemically distinctive in Kujamutay. Hence,
the full complement of vowels numbers twenty when length
is taken into account.

Occas ionally a set L vowel is converted to a vowel other
than its own set H counterpart. See Stewart (1971) for a
more detailed discussion on this phenomenon and its relation
to diachronic processes in vowel harmony systems.

The distinction made by the Kujamaat between "big' and
"thin" refers on a more basic level to the set H:set L
contrast in the vowel phonology. It is not coincidental
that the Kujamutay term for "thin'" is mis with a set L
vowel and that the word for "big" (kals) is composed of
set H vowels.

The pervasiveness of "big'" and "thin" is exemplified by
the fact that the contrast extends into the realm of sound
symbolism. Like many other African languages,Kujamutay
has a large vocabulary of qualifiers,known as ideophones,
which serve to modify in particular ways both nouns and
verbs. These ideophones frequently come in pairs,with one
considered as being "more of","larger than","bigger than"
the other. Many of the ideophonic pairs are distinguished
by way of the cross-vowel height dimension,with the
augmentative member of the pair always assuming the set H
form. A good example of this type of contrast is jiker
jelelel versus jiker jelelel. The verb -jiker glosses as
"look out at,regard" and the ideophones refer to the glow
or reflection in the eyes moving back and forth when they
are caught in a beam of light. Thus:

"

5(a) ebe ejiker jelelel "a cow looks with glowing eyes"
(b) e€jamen ejiker jelelel “a goat looks with glowing eyes"

Only the first three formants were analyzed in the present
study.

The range was computed 1ndependently ;ar Fl1 and F2 using

the following equation: (n/3) ,where n=sample size
Hertz were transformed into Mels using the technical
approximation (Fant,1973): Mel = iggoz log (1+ F(Hz)

1000
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9. F2' is a weighted mean of F2 and F3. It was computed using

the formula: v _ (F2-F1)
F2' = F2 4 1/2 (F3°F2) {53371 (Fant,1973)

10. Approximately 1200 nerve fibers innervate the region of
the basilar membrane spanned by a critical band (Lindsay
and Norman,1977).
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