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Abstract
A note on tone and the abstractness controversy
Victoria A. Fromkin
[Published in Studies in African Linguistics, Supplement 6,

November 1976. 47-62]

Kiparsky's 1968 paper (1973) concerning the nature of lexical
representation opened up a debate among generative phonologists which
continues to this day. The controversy is not between those who advocate
a totally 'abgtract' representation and those who accept Postal's (1968)
'naturalness condition' but among those who are united in placing 'psycho-
logical reality' as a primary condition for grammars. All those involved
are therefore concerned with finding just that set of comstraints omn
grammars which would limit the class of grammars to those which are
learnable and which would still reveal 'linguistically significant generali-
zations.'

The strongest constraints on lexical representation have been posited
by adherentsof the theory known as Natural Generative Grammar (NGG)
(Hooper 1976). In this theory, a Strong Naturalness Condition (SNC) is
includéd which "requires that all lexical forms be entered in systematic
phonetic representation as though the phonological rules had already
applied.”

Tone languages present a problem for NGG and for any theory which
suggests that lexical representation is identical to phonetic re-
presentation since tone is a phonological phenomenon, phonetically mani-

fested as pitch and even at the phonetic level it is relative rather than



absolute. Hausa, a tone language with 'downdrift' in which there is a
downward contour of pitch manifested throughout a sentence illustrates
the problem. In a long utterance (and even a long word) a High tone at
the end may be lower in pitch than a Low tone at the beginning. Further-
more phonological rules make use of abstract tonal features e.g. [HHigh],
rather than the phonetic correlates. Since identical tones in poly~
syllabic morphemes (or words) with sequences of high and low tones would
be phonetically different in pitch, if the lexical representation is
identical with the phonetic representation phonologically 'identical'
tones would have to be represented by different phonetic features or
pitch values. Akan represents a similar problem. The SNC thus appears
to be too strong a condition on lexical representation.

The lexical representation of contour tones also relates to the
abstractness controversy. Strong evidence has been provided in support
of representing the contour tones of at least some languages as sequences
of level tones, or as deriving from level tones. In this paper a number
of examples are provided to show that the SNC is too strong a constraint
in such cases. Non-alternating contour tones would have to be represented
by contour features in the lexical representation, but this would obscure
the fact that these tones 'behave' like level tones. It is shown that the
lexical representation of contour tones depends not on the phonetic realiza-
tions but on the phonological functioning of the: tones in the language
system. The differences between languages with underlying (lexical) and
derived contours would be obscured by a theory which allows only a
phonetic level of representation.
Kiparsky, Paul. (1973) Phonological representations. In Osamu Fujimura

(ed.) Three Dimensions of Linguistic Theory. 1-136. Tokyo: TEC.

Hooper, Joan. (1976) Introduction to Natural Generative Phonology. Academic Press.
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Abstract
On the interaction between tone and vowel length:
Evidence from Thai dialects
Jack Gandour

[Phonetica (1977) V. 24, 54-65]

The loss of a phonological distinction in vowel length historically
among certain Thai dialects (spoken in Thailand) may be seen to be prin-
cipally conditioned by tones. Available auditory, acoustic and other
experimental data on the interaction between tone and vowel (syllable or
tone bearing unit) duration evidenced in several geographically and
typologically distinct tone languages point to universal phonetic ten-
dency having to do with the production of tone. These phonetic tendencies
are believed to have caused the changes in vowel duration thus bringing
about a change in the phonological status of vowel length - a restructur-
ing of the synchronic phonological system among dialects and languages
of the Tai language family. It is further suggested that the use of in-
divisible unit~contour tone features leads to an economic, explanatory

diachronic and synchronic description of these phenomena.



Abstract
A cross-language study of tone perception
Jack Gandour
[Bell Laboratories]
Richard Harshman

[University of Western Ontario, Canada]

The construction of a universal linguistic-phonetic theory raises
questions regarding the nature of phonetic properties or features and
the extent to which these features are utilized across particular lan-
~ 8uages that differ phonetically and/or phonologically. This paper reports
on an investigation of the perceptual nature of tone features and the
extent to which these features are utilized in 2 typologically and phono-
logically distinct 'tone' languages ~ Thai and Yoruba as compared to
1 'non-tone' language - English.

The experimental task involved paired-comparison judgments of dis-
similarity for 13 synthetic speech-like stimuli that differed with res-
pect to the level,rate-of-change, direction-of-change of fundamental fre~
quency as well as duration. The method of analysis was based on an in-
dividual differences model for multidimensional scaling in which in-
dividuals are assumed differentially to weight the several dimensions of a
common psychological space. The multidimensional scaling analysis for
the pooled English~Thai-Yoruba subjects results in a 5-dimensional tone
space that has been interpreted as (1) average pitch, (2) direction,

(3) length, (4) extreme endpoint and (5) slope.
The differential weighting of these dimensions or features for a
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given individual reveals that the perception of tone, to a large extent,
depends on the linguistic (both phonetic and phonological) status of
tone in his native language. Thus, the 'direction' and 'slope' dimen-
sions are found to be more heavily weighted by the Thai and Yoruba
subjects than by the English subjects. The 'slope' dimension, in turn,
is most heavily weighted by the Thai subjects - which suggests that the
weight or 'saliency' of a given dimension may be influenced more by
its role on the underlying phonological level than the surface phonetic
level. Thai, unlike Yoruba, exhibits contour tones in its phonemic in-
ventory although Yoruba does exhibit derived surface phonetic contour
tones. The results of a l-way analysis of variance for each of the 5
dimensions and a stepwise discriminant analysis of the language groups
further point to the linguistic-phonetic nature of these perceptual di-
mensions.

Earlier proposed phonological features of tone [t CONTOUR],
[t RISING] and [t FALLING] find support in a regression analysis into

the 5-dimensional perceptual tone space.



Abstract
Perception of tones of bisyllabic nouns in Yoruba
Jean-Marie Hombert
[Published in Papers in African Linguistics in Honor of William E.

Welmers. Studies in African Linguisties, supp 6, 109-121]

The purpose of the first experiment was to investigate the per-
ceptual cues used by Yoruba speakers to distinguish among the six tone
patterns found in bisyllabic nouns (i.e. [0 [——1, [ 1, [— 1,
[——] and [—"]). Eight Yoruba speakers were asked to evaluate the
perceptual distance (on a scale from 0 to 10) between tone patterns
of VlCV2 nouns presented by pairs. Subject's responses were analysed
using multidimensional scaling techniques. Results from these analyses
and from regression analysis indicate that Yoruba speakers are mainly
using two perceptual factors to distinguish these 6 tone patterns. The
first factor is mainly associated with the direction of change of Fo
of V2 and also to some extent to the averaged Fo value of V2. The second
factor can be analyzed as resulting from the combination of three cues:
amount of Fo change of V2, averaged Fo value of V1 and Fo difference
between onset of V2 and offset of V1. The second experiment was de-
signed to investigate the relative importance of primary and secondary
cues used to distinguish a mid tone from a low tone in word final
position. The results of this second experiment show that falling Fo
is the main percpetual cue used to identify low tones in word final
position. Although production data indicate a strong correlation between
Fo and amplitude, amplitude information does not appear to be a major

cue used by Yoruba speakers to distinguish between low and mid tones in

word final position.



Abstract

Noun classes and tone in Ngie
Jean-Marie Hombert
[Published in Studies in Bantu Tonology - Southern California Occasional

Papers in Linguistics 3. Edited by L. Hyman, 3-21.]

This paper presents the Ngie (spoken in the Grasslands area of Cameroon)
noun classes and tone system. Most Ngie nouns have a V{~C;(G)V,(C,) shape.
The first vowel (i.e. the prefix) can either be i-, a—, or u- and can have
either low or mid tone. The second vowel can have one of the following
six tone shapes: low with downgliding before pause L [ —_ ], low level L°
[ — 1, mid level [ — ], high B [~ ], falling F [ N ] and rising R [ 1.
Out of the twelve theoretical tonal combinations, only two patterns are
lacking: mid followed by level low and mid followed by rising tone.
Comparison with Proto-Bantu reconstructions suggest the following corre-
spondences: a) L-L, L-F and M-F Ngie tone classes correspond to an earlier
L-LL sequence; b) L-L° and M-M Ngie tone classes correspond to an earlier
L-1H sequence; c) L-M and M-H in Ngie correspond to an earlier L-HL sequence.
The most likely historical scenario for these developments seems to be
the following: a) all prefixes were low; b) in certain contexts, the tone
of the prefix was changed from low to mid except in cases in which the
prefix was followed by a NC consonant cluster; c¢) nasals were lost when
followed by a voiceless segment and they merged with the following segment
when the latter was also a (homorganic) nasal. It is also pointed out
that the modern tone patterns correspond more or less to those of the
first two syllables ( i.e. the prefix and the first syllable of the stem)

of the reconstructed patterns of Proto-Bantu forms.
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Abstract of M.A. thesis
An instrumental investigation of Yoruba tone
Carl Richard La Velle

[University of California, Los Angeles, 1977]

This thesis reports on an acoustic study of Yoruba tones which is
aimed at providing information as to how phonological tone is realized
phonetically. Throughout this study it is assumed that the interaction
of tones at the phonetic level can be explained, to a large extent, as
resulting from the influence of coarticulations between neighboring tones.
Both low-raising and downdrift have been argued to result from unavoidable
tonal interaction at the phonetic level. Although the raw data reveal
some evidence of both these processes, in the case of downdrift I only
found evidence of a tendency. I conclude that low-raising reflects a
natural phonological strategy that is motivated by structural and physio-
logical constraints on tonetic space. As a result of multiple regression
and correlation studies within utterance types, I found a high percentage
of significant correlation coefficients across tonetic contexts. From a
comparison of correlations of tone pairs within each utterance type, none
showed a significant difference. Finally, I found that the correlation
of a tone to another tone outside of its immediate context did not vary
significantly with alternations in that context. The results of my corre—
lation studies, I maintain argue against the likelihood that proximity
even minimally affects the association of one tone to another in the same
utterance. Additionally, these findings suggest that for purposes of
speech production, the individual tones are organized into a unit at least

as large as the phrase.



Abstract
Tone reversal in Ciluba - a new theory
Tan Maddieson
[Published in Studies in Bantu Tonology (Southern California
Occasional Publications in Linguistics #3) pp.141-166. 1976.

(Edited by L.M. Hyman) ]

This paper reviews the problem of the historically reversed tones
of Ciluba and proposes a new explanation. Coupez, following Hulstaert,
observed that high tone in Ciluba corresponds with low tone in Proto-
Bantu and low with high. A straightforward reversal is an implausible
historical rule. Van Spaandonck sought a more natural explanation, sug-
gesting that tones were reversed in only a few items and these could be
explained by a series of rules of tone copying, displacement, etc. By
comparing the Ciluba reflexes of Guthrie's Common Bantu forms the present
paper shows that the reversal is pervasive. This is first shown for
nouns and noun prefixes. If an initial high tone syllable is assumed
to have occurred before the noun prefix the reversed tones can be derived
by a simple rule of tone-spreading, followed by loss of the initial syl-
lable and reassignment of the tone pattern to the remaining syllables.
Recent research shows that the most closely related languages to the Luba
cluster are those in the Ila-Bemba group (Heine 1973, Henrici 1973).
In languages of this group such as Uwulamba and Cibemba the 'preprefix',
originally a demonstrative of rather limited occurrence in Proto-Bantu,
occurs very frequently with nouns; in Ciluba no trace of the preprefix
is found. It is therefore proposed that the initial high tone syllable

assumed for pre-Ciluba nouns, and subsequently lost, was the preprefix.



Verb tones are also reversed from Proto-Bantu. Infinitives dis—
play a subset of the patterns found with nouns and the same explanation
applies. But to explain reversed tones in finite verbs it is necessary
to assume an initial low tome syllable. A preprefix occurs with relative
verbal forms in Cibemba and Uwulamba. Ciyao provides evidence that it
had an original low tome. It is suggested that this preprefix became
widespread with verbs in pre-Ciluba, tone-spreading and contraction
also applying to these forms. The result of these processes is a language
with reversed tones that shows no overt trace of the preprefix in verbs

Or nouns.
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Abstract
Universals of tone
Ian Maddieson
[to be published in Universals of Human Language Vol. 2 edited by

J. M. Greenberg et al., Stanford University Press, 1977]

Three areas of phonological universals of tone are considered:
inventories of tone, tone rules, and interaction of tone with nontonal
features. It is proposed that five is the maximum number of tone
levels that may contrast, and these five levels represent a phonetic
scale. Languages with less than five levels use a smaller portion of the
scale, with their marked tones generally drawn from the upper part.
Contour tones do not occur unless at least one level tone also occurs
in the inventory, and bidirectional contours only occur if at least one
simple contour also occurs. These constraints on contour tones are re—
lated to parallel constraints on sequences of level tones. Tonal
assimilation and related processes of displacement and contraction are
discussed and some asymmetries in their operation are explained by the
usually marked status of high tones. The unusually frequent occurrence
of rules of tonal polarity is pointed out. The final section comments
on phonetic and phonological relationships of tones with adjacent con-
sonants and with the quality, duration and phonation type of the vowels
on which tones are manifested.

(This work was also supported by an NSF grant to Stanford University

for research on language universals.)
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Difficulty of producing different Fo in speech
Jean~-Marie Hombert

[Department of Linguistics
University of California, Los Angeles]

1. Introduction.

The notion of articulatory difficulty is often used but rarely
quantified in the linguistic literature. Such data are extremely
valuable when explaining the naturalness of phonological processes.
This study investigates the difficulty associated with the production
of different fundamental frequencies in speech.

Fundamental frequency (i.e., the rate of vibration of the vocal
cords) is controlled by aerodynamic and muscular forces. Although
there is still some disagreement about the relative weight of these two
sets of forces (Liebermann 1967, 1970; Ohala 1970, 1973, in press) it
seems that muscular tension is the primary factor controlling Fo changes.
Electromyographic (EMG) recordings allow us to evaluate the timing and
to some extent the relative level of activity of different muscles. But
these data are extremely difficult to relate to the notion of articula-
tory difficulty. The main problem is that, assuming that all the rele-
vant muscles have been sampled, it is not possible to associate an
"overall muscular activity" to a given Fo change by adding together the
EMG activity detected in each muscle because the amplitude of each re-
cording is a function of electrode placement and also because we have
no reason to believe that equal EMG activity in two different muscles
correspond to equal physiological effort and consequently to directly
summable articulatory difficulty. Furthermore, even if we were able to
evaluate the muscular effort involved in a given tone, we woulu still
have to attribute relative weights to the pulmonic effort (i.e., aerodyna-
mic forces) vis a vis the muscular effort in order to get a global mea-
surement of articulatory difficulty.

Assuming there is a direct correlation between the difficulty in-
volved in doing a certain task and the level of accuracy reached when
doing this task, it is possible to by-pass the problems mentioned earlier
and get an evaluation of the aritculatory difficulty involved in pro-
ducing certain tones. Let us consider an experiment in which subjects
are asked to perform Fo changes in which the beginning and the end point
of the Fo contour is given. Subjects' accuracy at imitating the target
tone can be considered as being related to the articulatory difficulty
involved in producing this target tone. Ohala and Ewan (1973) and
Sundberg (1973) ran a somewhat similar experiment although they were
mainly interested in maximum speed of Fo change and consequently ask
their subjects to perform their Fo changes as fast as they could between
the onset and the offset frequencies (two pure tones representing these
frequencies were provided to the subject just before his own production).
Their results showed that naive subjects (i.e., non-singers) perform

12



Fo drop faster than Fo rise over the same frequency range. This type

of experimental paradigm has two main shortcomings if one wants to re-
late these results with the articulatory difficulty associated with
various tone shapes. Firstly, it is not clear that the results obtained
with maximum speed of Fo change would still hold with slower rate of

Fo change more commonly found in natural speech. Secondly it would be
better to use a paradigm in which the frequency range of the target

tone is adapted to the frequency range of the subject in order to

avoid creating unwanted articulatory constraints caused by the subject's
attempt at speaking outside her/his normal Fo range.

2. Experimental paradigm.

In order to remedy these shortcomings the following experiment was
carried out: Five American male speakers were asked to produce the
following nine tone patterns:

-3 level tones: low level, mid level and high level
-3 rising tones: from low to mid, from mid to high, and from low
to high
-3 falling tones: from high to mid, from mid to low, and from high
to low

The stimuli were presented visually in a word list in which each token
was represented using Chao's tone numbers (1930). (i.e., 11, 33, 55,
13, 35, 15, 53, 31, 51). There were five randomized repetitions of each
tone with the vowel [i] and five repetitions with the vowel [a]. The
stimuli were presented visually in order to avoid influencing the sub-
jects' production by providing them with an acoustic signal of given
duration and amplitude. Two vowels [i] and [a] were used in order to
see whether certain tone patterns were produced more accurately with
high vowels than with low vowels or vice-versa. Fundamental frequency
heasurements were made on a PDP-12 computer using the CEPSTRUM method
on the waveform digitized at 10 KHz. In order to get comparable Fo

and amplitude values from tokens of different durations, each token was
divided into five intervals, the average Fo and the average amplitude
were computed for each interval.

3. Results.

The results from the three level tones: low level (11), mid level
(33), high level (55) are presented in Figure 1. The three upper curves
represent the average fundamental frequency patterns from the five sub-
jects. The numbers indicated at the onset and offset of each tone
refer to the subject number. Each curve is composed by five points
representing the five intervals mentioned earlier. Each one of these
points is the average of 50 measurements (5 subjects x 10 repetitions
(5 repetitions of [i] and 5 repetitions of [a])). The three lower curves
represent the averaged intensity curves for these three Fo patterns.
Three facts should be noticed from Figure 1: (1) the low tone is realized
as a low falling tone, (2) the frequency spacing between low and mid
is roughly equal to the spacing between mid and high, (3) there is a

13
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Fig. 1. Fo and amplitude values for the three level tones.
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good correlation between amplitude levels and Fo levels.

Figure 2 shows the three rising tones; as can be seen:

(1) The low to mid rising tone (13) covers a smaller frequency
range than the mid to high contour (35) (8.8 Hz vs. 33.6 Hz)

(2) the magnitude of the slope of 13 and 15 (i.e., the two rising
tones starting at low level) is small during the first half of these
tones.

(3) Here also, there is a good correlation between amplitude values
and frequency values. (Notice for instance that the third interval
has a greater intensity value than the second interval).

As far as the falling tones are concerned (Figure 3), we notice that:

(1) The falling tone from high to mid (53) covers a smaller range
than the falling tone from mid to low (31) (20.7 Hz. vs. 29.9 Hz).

(2) The beginning point of the 53 and 51 tones (i.e., the two
falling tones which are starting high) have a starting point higher than
the high level tome (55).

(3) The magnitude of the slope at the onset of the 53 and 51 tones
and at the offset of the 53 tone is small.

(4) There is again a good correlation between amplitude values and
frequency values,

A direct correlation was obtained between frequency height and tone dur-
ation (i.e., the lower the tone, the shorter the duration). This cor-
relation was found to be significant for three subjects (P<0.05); the
same tendency was observed for the fourth subject (P<0.1) but not for

the last subject. For the rising tones, the following durational hier-
archy was found for all five subjects: duration of 13 <duration of 35
<duration of 15. Notice that this hierarchy corresponds to the hierarchy
based on the frequency range covered by these tones.

31 is the shortest falling tone; no significant differences in dur-
ation were found between 53 and 51. It is interesting to point out that
falling tones are always shorter than rising tones over comparable
frequency range. I mentioned earlier that 2 vowels ([i] and [al) were
used in this experiment. Since no interesting differences were noticed
between contour tones produced with these 2 vowels, they were averaged
together. However, the intrinsic Fo differences between [i] and [a]
exhibit an interesting pattern when produced with the three level tones.
These differences are presented in Table 1.

Table 1. Intrinsic Fo differences (in Hz) between [i] and [q]

Low tone .7 nonsignificant
Mid tone 7.9 P <.01
High tone 12.3 P <.01

15
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4. Discussion

The duration data show that even for Fo change realized at a speed
used in normal speech, the mechanism controlling Fo lowering is faster
than the mechanism controlling Fo rising. As far as level tones are
concerned, it is nit clear why Fo height should be directly correlated
to vowel duration.” The Fo data indicate that it is more difficult to
control contour tomes going from one extremity of the range towards the
middle of the range than contour tones going from either the center of
the Fo range towards one extremity or from one extremity to the other.
The consistently good correlation obtained between amplitude and fre-
quency values suggest that aerodynamic factors play a significant
role in controlling Fo in natural speech. The fact that intrinsic Fo
differences between high and low vowels are greater at higher Fo con-
firms the results of previous studies obtained from other languages such
as Danish (Petersen 1976), French (Di Cristo and Chafecouloff 1976) and
Yoruba (Hombert 1977).2

5. Conclusion.

In conclusion, these data are too preliminary to allow an accurate
quantification of the articulatory difficulty associated with each tone
shape. As a first approximation, it is proposed that contour tones
covering a small Fo range (e.g., one stop in Chao's scale) represent a
greater articulatory complexity than contour tones covering a wider fre-
quency range. This claim is based on the observation that Fo changes
are relatively slow during the initial part of the vowel. However,
this constraint should not include contour tones ending at the extremity
of the frequency range (i.e., 1 or 5).

Footnotes.

1. Pike (1974) claims that the opposite hierarchy is found in tone
languages (i.e., low tones have a longer duration than mid tones which
in turn have a longer duration than high tones).

2. Since it was found that in the case of Danish and French, subjects

with higher Fo exhibited greater intrinsic differences between high and
low vowels, these data suggest an acoustic rather than an articulatory

explanation,

References.

Chao, Y.R. 1930. A system of tone letters. Le Maitre Phonetique (3),
45124-27.

Di Cristo, A. and Chafcouloff, M. 1976. An acoustic investigation of
microprosodic effects in French vowels. Paper presented at the

14th Conference on Acoustics, High Tatra, Czechoslovakia.

Hombert, J.M. 1977. Consonant types, vowel height and tone in Yoruba
Studies in African Linguistics 8.2.

18



Lieberman, P. 1967. Intonation, perception and language MIT Press, 38.

Lieberman, P. 1970. A study of prosodic features. Stqtus Reports on
Speech Research. Haskins Lab., SR 23, 179-208.

Ohala, J.J. 1970. Aspects of the control and production of speech.
Working Papers in Phoneties. 15.

Ohala, J.J. 1973. The physiology of tone. In L. Hyman (Ed.), Con-~
sonant types and tone. Southern California Occasional Papers in
Linguisties 1. Univ. of So. Calif. 1-14.

Ohala, J.J. (in press) The production of tone. In Tone: A linguistic
survey V. Fromkin (ed.) Academic Press.

Ohala, J.J. and Ewan, W.G. 1973. Speed of pitch change. Journal of
the Acoustical Society of America 53, 345.

Petersen, N.R. 1976. Intrinsic fundaméntal-frequency of Danish vowels.
Annual Report of the Institute of Phonmetics University of Copen-
hagen, 1-27.

Pike, E. 1974. A multiple stress system vs. a tone system. JIJAL 40,
169-175.

Sundberg, J. 1973. Data on maximum speed of pitch changes. STL-QPSR
4. 39-47.

19



A Model of Tone Systems
Jean-Marie Hombert

[Department of Linguistics
University of California, Los Angeles]

1. Introduction
1.1. The development of tone and tone space

The process by which linguistically contrastive tomes can develop
from the influence of neighboring segments is well attested and rather
well understood (Brown 1965; Chang 1973, 1975; Haudricourt 1954, 1961;
Hombert 1975, in press; Hombert, Ohala and Ewan 1976; Matisoff 1973;
Mazaudon, 1977; Sarawit 1973). However, one of the questions which has
been left unanswered by researchers working on tonogenesis is the fol-
lowing: do the shapes of the newly phonologized tones remain roughly
similar to the fundamental frequency (Fo) shapes from which these tones
originated (i.e. preserving the Fo perturbations due to the neighboring
consonants which caused the tonal development) or, rather, do they
evolve according to some more universal principles?

This paper represents an attempt to demonstrate that the tones are
going to be reorganized in the tone space according to universal phone-
tic principles independently of the Fo shapes prior to the tonal
development.

1.2, Articulatory difficulty vs. perceptual distinctiveness

The notion of minimum articulatory difficulty and maximum percep-
tual distance has been used for a long time to account for diachronic
linguistic processes (Passy 1890; de Groot 1931; Martinet 1955). How-
ever these notions have rarely been used quantitatively. Lindblom and
his colleagues (Lindblom and Sundberg 1969, 1971; Lindblom 1972, 1975;
Liljencrants and Lindblom 1972) construfted a model predicting the dis-
tribution of vowels in the vowel space.™ The purpose of this study is
to present a comparable attempt with tone systems. The model described
here predicts the phonetically optimal tone systems from universal
phonetic considerations (both articulatory and perceptual) without re-
ference to the origin andthe history of each tone system,

This paper is divided into two parts: first, some general tenden-
cies observed in tone systems concerning the number and the shape of
these tones are presented. Second, the model is described and its out-
put is compared with actual data from tone languages.

2. Inventory of tone systems

A rapid survey primarily based on languages presented in Ruhlen's
Guide to the Languages of the World (1975) and also on data from the
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Phonology Archive Project (PAP), Stanford University, indicates that
about 30% of the languages of the world are tonal. This figure would

go up to about 507 if we would consider a sample of languages in which
each language family would be represented by a number of languages pro-
portional to the actual number it contains. This discrepancy between
the two figures comes from the fact that most of the languages spoken

in areas of great linguistic diversity (e.g. Chinese and Southeast Asian

languages, Papuan New Guinea languages and Northwestern Bantu languages)
are tonal.

An approximate count of the distribution of tone systems as a func-
tion of the number of tones in each system is presented in Table 1.

TABLE 1. Distribution of Tone Systems

Systems with 2 tones: 307
" " 3 " : 30%
! " 4 "o 15%
13} 3] 5 n : 1OZ
" " 6 or more: 15%

In most cases (90%) two tone systems are constituted by high and low
tones. High, mid and low tones represent the most common three tone
system (65%), although high, low and falling systems are found (20%).

Two types of four tone systems are found quite commonly: high, low,
falling and rising (40 ) and high, mid, low and falling (30%). High,
mid, low, falling and rising constitute the most common five tone system
(60%) and, finally, the most common six tone system2 (60%) is composed
by two level tones (low and mid in most cases), two falling tones (high
to mid and mid to low) and two rising tones (low to mid and mid to high).
No clear patterns were found for seven and eight tone systems.

3. The model

3.1. Description of the model

The steps which.should theoretically be involved are shown in Fig. 1.
Considering the relatively small quantity of data available on physiolo-
gical constraints involved in the production and perception of tones as
well as the very limited number of acoustic descriptions of tone languages,
it is clear that the model presented here should be regarded as a first
attempt at predicting tone shapes from articulatory and perceptual con-
siderations. The input to the model was constituted by the number of
tones N in the system and by 25 tones representing all possible com-
binations of the two tone numbers (from 1 to 5) used to describe the
beginning and the end of each tone (Chao 1920).3 The model generated
all possible systems of N tones selected among the 25 possible tones.

N was varied from 2 to 8.
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1)

Input: - number of tones in the system
- number of tones to select from

L ]

2)

Computation of articulatory difficulty

3)

Minimization of articulatory difficulty

4)Compu‘cation of perceptual distance

L

S)Maximization of perceptual distance

6)

Weighting of production vs. perception data

y

7)Searchvfor phonetically optimum systems

]
i

8)

L 9 . . .
Listing of systems and )Comparlson with acoustic
associated distances data from tone languages

FIGURE 1. Flow-chart of a model pre-
dicting tone shapes from articula-
tory and perceptual considerations
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3.2. Articulatory data

In Hombert (1977) a first attempt at quantifying the articulatory
difficulty associated with certain tone shapes was made. It was found
that contour tones covering a small F_ range (one step according to
Chao's tone numbers) were probably argiculatorily more complex than
level tones™ or contour tones ending at one extremity of the F_ range
(i.e. 1 or 5). Considering the precariousness of these data, it was
decided to simply discard the contour tomnes having a change of only
one step (e.g. 12, 54, etc.) from the input set composed of 25 tones.
However, contour tones ending at the extremity of the F range were
retained even when their F_ change was only one step (i%e. 21 or 45).
As a result, only 19 tones were considered as input to the perceptual
component of the model:

5 level tomes: 11, 22, 33, 44, 55
7 rising tones: 13, 14, 15, 24, 25, 35, 45
/ falling tomes: 53, 52, 51, 42, 41, 31, 21

3.3. Tone perception

Data from experiments using pure tones (Brady et al 1961, Heinz et
al 1968, Pollack 1968, Nabelek and Hirsh 1969,
Nabelek et al 1970, Tsumura et al 1973) indicate that the end point of
the tone plays a more important perceptual role than the beginning of
the tone. 1In a recent study of tone perception involving English, Thai
and Yoruba subjects, Gandour and Harshman (1977) used multidimensional
scaling techniques to tease out the perceptual dimensions used by their
subjects in making their similarity judgments on synthesized stimuli.
Using PARAFAC analysis (Harshman 1970) they extracted five dimensions inter-
pretively labeled (1) Average Pitch, (2) Direction, (3) Length, (4) Ex-
treme endpoint, and (5) Slope. Of these five dimensions, Gandour and
Harshman clgim that average pitch and extreme endpoint are nonlinguistic
dimensions. Hombert (1976) used the same PARAFAC technique to investi-
gate the perception of tone patterns associated with bisyllabic (V1CV2)
meaningful nouns in Yoruba. Two dimensions were extracted, the first
one correlated clearly with the direction of F, change (falling, level,
rising). The interpretation of the second dimension is not clear; the
magnitude of the slope of V) seems to be the more important factor.
However, results of lineal regression analysis indicate that the averaged
fundamental frequency of V) and the difference between fundamental fre-—
quency offset of Vi and the onset of Vo are also included in dimension 2.

It is possible that with a larger number of subjects these factor
would have been extracted as separate dimensions.

3.4. Computation of perceptual distance

Considering these experimental results, it was decided to use four
perceptual factors; the average F , the onset, the offset, and the
slope of the tone. Since the sign of the slope was considered, this
last factor includes direction of change as well. Distinction based on
duration was not considered here.
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The perceptual distance between any two tones (taken from the set of
19 tones presented in 3.2) was then computed in two ways:

a. city~-block distance:

Dy (T Tip) =1§1 om Af_ (4,3,k,1)

b. euclidian distance:

z
\/ Gm AEZ (4,5,Kk,1)
Do (Tyyx Tia)= %ii n

with Afl = difference in average F between T,, and T, . = iy _ktl
o ij kl 2 2
Af, = difference at onset between T,, and T, , = |i -k
2 ij k1l
Af, = difference at offset between T., and T, . = |j - ll
3 ij k1 l
Af4 = difference in slope between Tij and Tkl = |(J—l) - (1-k)

Theoretically, weighting factors obtained from multidimensional scaling
analyses could have been used instead of arbitrary values. But since
the available data are very restricted, it was decided to test several
sets of weighting factors. These eight sets are presented in the left
hand column of Table 2.

3.5. Optimization

Given the number of tones [N] in the system and the set of weighting
factors [w], the distance D (T., T, .) was computed for each pair of tones
for each possible combination 54N %%nes selected among the 19 tones men-
tioned earlier. For each tone system considered, the smallest distance
(DMIN) between two toens was stored. A system was considered perceptually
optimum for a given set of input parameters (i.e. number of tomes and set
of weighting factors) when it was found to have the greatest DMIN after
all possible tone systems with N tones were compared. In other words,
the chosen perceptual criteria was to keep the two closest tones of a
given system maximally apart. A simple example will help clarify this
procedure. Let us consider two three tone systems S, (11, 33, 55) and
S, (11, 51, 55) and the set of weighting factors a(1,1,1,1), i.e. oy
(average F ) =1, a, (offset) = 1, G (onset) =1, &, (slope) = 1.

The DMIN £8r each téne system can be computed as follows:

Sl: D (11,33)

al Afl + az Af2 + a3 Af3 + a4 Af4

1x -3+ 1 x -3] + Lx[1-3(+ 1 x [0-0f
+ 2 + 2

D (11,55)
D (33,55)
thus  DMIN (S,) =

2
6
12
6
6
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S,0 D(1L,51) = 2 + 4 + 0 + 4 = 10

5
D (11,55) = 12
D (51,55) = 10
thus DMIN (SZ) = 10

Consequently, with this set of weighting factors (i.e. equal weight given
to average F , onset of the tone, offset of the tone, and slope of the
tone) and this type of perceptual distance,S2 (11,51,55) would be per-
ceptually preferable to Sl (11,33,55).

2.6. Relative weight of perceptual and articulatory data

The total lack of data in this area forces us to disregard this step.
It should be noted however that some implicit weighting decision was made
when some of the tones of the complete set of 25 tones were discarded
for articulatory reasons. At this stage, articulatory factors were given
complete priority enabling these tones to be "saved" on perceptual grounds.

2.7. Output of the model

For each condition (i.e. N and o) the output was constituted by
three types of data: (i) the number of systems which were perceptually
equivalent under this condition; (ii) the shapes of the tones  of these
systems; and (iii) the minimum distance between any two tones for these
systems (since these systems are perceptually equivalent, they have the
same distance between their two closest tones).

The number of systems perceptually equivalent is presented in Table
2 when city-block distance is used, and in Table 3 when Euclidian dis-
tance is used./ The predicted systems are in very good agreement with the
most commonly found tone systems presented in section 2, that is, 55, 11,
15, 51 for the four tone system; 55, 33, 11, 15, 51 for the five tone
system, and 2 level, 2 rising and 2 falling for the six tone system.
The predictions were generallly bad for the three tone system (i.e. we
were not able to predict 55, 33, 11), and for the two tone system the
predictions were split between 11, 55 (i.e. the correct prediction) and
15, 51. We will present a possible explanation for this difference in
accuracy of prediction for two vs. three tone systems in a moment. It
should be emphasized that these predictions are relatively independent
of the set of weighting factors used and consequently can be considered
as a perceptually stable solution. Let us notice however that the pre-
dictions are improved when a relatively heavier weight is attached to
the average F parameter for systems with small numbers of tonmes and
when a relatively heavier weight is attached to the slope parameter
for systems with larger numbers of tones.

8
Figure 2 shows the normalized distance between the two closest

tones of all systems perceptually optimum as a function of the number
of tones. The dots represent distances computed with the city-block
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average F
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offset
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onset
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slope
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TABLE 2.

Number of systems percep-

tually equivalent - city block
- distance

2 3 4 5 6
1 1 4 199 39
1 3 48 8 1
2 8 13 1 4361
1 2 3 6 1065
1 6 1 22 1
1 1 32 8 1
1 2 7 104 11
1 6 1 9 342

TABLE 3. Number of systems perceptually
equivalent (Euclidian distance)

2 3 4 ) 6

1 1 4 13 1

1 2 7 6 1

2 2 1 1 342

1 12 ‘1 1 342

1 13 1 48 4

1 1 1 12 1

2 2 1 104 11

2 6 1 9 129
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Fig 2.

@

Normalized perceptual distance between the iwo closest tones
of perceptuai]y optimum systems as a funct]on of the number
of tones in the system.
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distance, the asterisks represent Euclidian distances. Each point is
the average of eight distances obtained from the eight different sets
of weighting factors. Two important facts should be noted:

1. The two types of distances (city-block and Euclidian) give
extremely similar results as far as minimum perceptual distances are
concerned.

2. The two extremities of the graph deviate noticeably from the
almost linear relationship obtained for 3, 4, 5, and 6 tone systems.

a. The flattening of the curve obtained for 7 and 8 tone
systems indicates some sort of saturation in the tone space. A huge
number of tone systems are then found to be perceptually equivalent.
This implies high instability. These data are in agreement with the
fact that it is extremely rare to find toge languages with 7 or 8 tones
using only F_ to distinguish these tones.

b. "The fact that the minimum distance is. much larger in the
case of two tone systems than for other systems suggests that we were
wrong in assuming that when a system has two level tones, these two
tones are 11 and 55. These data seem to indicate that these two tones
should be closer to each other.l0 This may explain why we got more
accurate predictions for the two tone systems than for the three tone
systems. This discrepancy is only an artifact of the conventions we
used to code high and low level tones.

4, Conclusion

Although it is clear that articulatory, perceptual and acoustic data
are badly needed to improve and validate the model, the results presented
here are quite encouraging. They suggest that tone shapes can be predicted
with reasonable success knowing the number of tones in the system, only
on the basis of articulatory and perceptual data, and independently of
the origin and history of the particular systems considered. These re-
sults suggest that (i) the perceptual parameter slope acquires more
importance when the number of tones increases; (ii) fundamental frequency
alone is not sufficient to code 7 or 8 tones (in these cases secondary
cues are used, e.g. phonation types, syllable structure); and (iii) the
spacing between the top and the bottom of the fundamental frequency range
is smaller for two tone systems than for systems with greater numbers
of tones.

Footnotes

1. In fact they used a "perceptual" representation of the acoustic space
by transforming the linear frequency scale into mel scale .

2. Since languages with more than five tones were poorly represented in

Ruhlen's and PAP's surveys, I used data from Tai (Brown 1965), Sarawit
(1973) and Miao-Yao languages (Chang 1973).
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3. Relatively smaller numbers correspond to relatively lower F (e.g.
"51" would represent a tone falling from high to low).

4. We obviously do not imply that the voiced portion of the tone
bearing unit has a perfect steady-state FO.

5. It should be noted that if these two dimensions are considered non-—
linguistic, Gandour and Harshman's dimensions do not allow measuring
differences between level tones in a tone language.

6. Obviously these three factors are not independent: the slope can

be derived from the onset and the offset of the tone for instance.
Choosing slope as a separate factor implies that information can be pro-
vided by the slope itself.

7. Since the number of systems for 7 and 8 tone systems was extremely high,
only the distance was computed in most of these cases.

8. This normalized distance was obtained by dividing the computed dis-
tance by the distance obtained for a two tone system.

9. Systems with more than 6 tones generally use secondary cues such as
phonation types of syllable structure to distinguish some of the tones.

10. In a recent paper, Maddieson (1977) suggested that the frequency
range used by speakers of tone language was a function of the number of
level tones in the system (the greater number of level tones, the greater
the frequency range). These data partially support and partially refute
Maddieson's claim since they indicate that the distance between high

and low is smaller in a two tone system than in a system with a greater
number of tones but they do not indicate that the same increase in F
range is found between 3 and 4 or 4 and 5 tone systems.
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The effect of aspiration on the fundamental
frequency of the following vowel
Jean-Marie Hombert and Peter Ladefoged
[Paper presented at the 91st meeting of the

Acoustical Society of Americal]

In this paper we will be concerned with the effect of aspiration on the
fundamental frequency of the following vowel. More precisely we will be
interested in comparing fundamental frequency values after voiceless aspi-
rated vs. voiceless unaspirated stops. This study will bring new insights
into issues such as the timing of articulatory gestures involved in the
production of these stops as well as the phonetic plausibility of certain
sound changes (e.g. the development of contrastive tones from consonant
mergers) .

1. Existing phonetic data

A number of phonetic studies (Fischer-Jg¢rgensen 1972; Hombert 1975;
House and Fairbanks 1953; Lea 1972, 1973; Lehiste and Peterson 1961; Lofgvist
1975 ; Mohr 1971; Slis and Cohen 1969) show that the fundamental frequency
at the onset of a vowel is significantly higher after a voiceless stop
than after a voiced stop. The process by which these intrinsic fundamental
frequency perturbations (i.e. non-intended by the speaker) become lin-
guistically relevant by giving rise to contrastive tones is rather well
understood (Haudricourt 1961; Hombert 1975; Hyman forthcoming; Matisoff
1973; Mazaudon forthcoming). The data are not as straightforward when one
compares the effect of a voiceless aspirated vs. voiceless unaspirated
stop on the Fo of the following vowel.

It is generally assumed (Hombert 1975) that voiceless aspirated stops
give rise to a higher Fo at the onset of the following vowel. This claim
is supported by data from languages such as Korean (Han 1967; Kim K. 1968),
Thai (Ewan 1976) . and Danish(Jeel 1975). However, conflicting data
are found from the same as well as other languages. They sometimes show
no difference in Fo onset depending on the preceding consonant as illustrated
by Danish (Fischer-Jgrgensen 1968b) and sometimes they exhibit the opposite
pattern, that is a higher Fo after voiceless unaspirated than after voice-
less stops as in Korean (Kagaya 1974); Thai (Gandour 1974; Erickson 1975.)
and Hindi (Kagaya and Hirose 1975). In order to bring new data which hope-
fully will help clarify this issue, we decided to investigate the two series
of voiceless stops in English and French (the English series is voiceless
aspirated as opposed to the French series which is supposed to be voice-
less unaspirated).
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2. Experimental procedure

Two American English speakers (1 Female and 1 Male) and two French
speakers (1 Female and 1 Male) were used in this experiment. They spoke
6 CV nonsense words where C=[p,t,k,b,d,g] and V=[i]. The word list con-
sisted of 10 tokens of each test word arranged in random order. Each
test word was uttered in the frame "Say _ louder". No special instruc-
tions were given with respect to the speed of reading. The recording
was done in a sound treated room. The speech waveform was sampled at an
effective rate of 20,000 Hz (Sample rate=10,000 and tape played back at
half speed). Since most Fo extractor methods perform poorly in determin-
ing the FO during the first few cycles and since these measurements were
crucial in our study, we made our measurements directly on the digitized
waveform. 1In order to get maximum accuracy in locating similar points
on each consecutive period, frequencies above 1000 Hz were attenuated -
before digitization by a low pass filter with a 24 db per octave slope.

3. Results

The voice onset time (v.o.t.) values for the French [p,t,k] were shorter
than those for the corresponding English sounds (approximatively 15, 30 and
50 msec respectively vs. 45, 65 and 85 msec for English). As was already
noticed by Fischer-J¢rgensen (1972) these v.o.t. values from French are
longer than one would expect for so-called voiceless unaspirated sounds.

On the four graphs, in Figure 1, fundamental frequency is plotted as a
function of successive vocal fold cycles (horizontal axis). Although this
axis distorts the data when compared with the usual time axis, it gives
more useful information for our purposes. The upper line represents the
average Fo after voiceless unaspirated stops in English and after voiceless'
unaspirated in French; the lower line corresponds to the two other series
(voiceless unaspirated or "voiced" in English and voiced in French). Fo
values corresponding to each individual stop [p,t,k,b,d,g] are represented
by corresponding symbols on the graph. It is clear from these data that
there is not a direct correlation between the duration of aspiration after
a voiceless consonant and the onset fundamental frequency of the following
vowel since English and French voiceless consonants have very similar per-
turbatory effect on the Fo of the following vowel.

4, Discussion

In order to be able to explain why voiceless aspirated and voiceless
unaspirated stops have similar effects on the Fo of the following vowel,
let us examine how the various parameters controlling Fo are affected by
the aspirated vs. unaspirated distinction.

State of the glottis:

Glottal opening: The fact that the glottis is widely open upon re-
lease of a voiceless aspirated stop as opposed to a more adducted
position for a voiceless unaspirated stop is dirrelevant here. We are
concerned only with the state of the glottis when it is vibrating. The
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important question has to do with the relative timing of onset of
voicing and glottal adduction. There is no reason to suppose that
the onset of voicing occurs at different degrees of glottal adduction
in these sounds. There is a difference in rhe muscular activity, in
that PCA activity is more important 50 to 100 msec before voice on-
set (Hirose 1975). But there is not evidence that this will affect
the rate of vibration of the vocal folds.

Muscular tension: Horizontal tension. The vocalis (VOC), the lateral
cricoaretenoid (LCA), and the cricothyroid (CT) are associated with

Fo increase ( Hirose and Gay 1972; Ohala 1970).

The sternohyoid has been reported to cause (Ohala 1972) or to be as—
sociated with Fo lowering (Erickson 1975b). None of these muscles seem
to be associated with the voiceless aspirated vs. voiceless unaspirated
distinction, and in most cases these muscles are not involved in the
voiced/voiceless distinction either (Hirose and Gay 1972). However, it
has been reported that CT activity is used in Hindi to differentiate
between voiced and voiceless stops (Dixit 1975) ; this
difference in CT activity is not obvious from Kagaya and Hirose's

data (1975). In any case, even if the CT is associated with the voiced/
voiceless distinction in Hindi, it does not affect our point since we
are concernéd with aspirated/unaspirated differences, and there is no
significant difference between CT activity for voiceless aspirated vs.
voiceless unaspirated stops in Hindi.

Vertical tension: It has been proposed (Ohala 1972) that vertical
movements of the larynx change the rate of vibration of the vocal
folds by changing primarly the vertical rather than the anterior-
posterior tension of the cords. Experimental data show that in Thai
(Ewan 1973, 1976; Ewan and Kromes 1974; Gandour and Maddieson

1976) and Hindi (Ewan and Krones 1974) voiceless aspirated and
unaspirated stops have a higher larynx position than their voiced
counterparts; but there is no consistent difference between aspirated
and unaspirated stops in Thai and Hindi. Here again we have a para~
meter (larynx height) which accounts for Fo differences after voiced
vs. voicless stops but does not predict any difference in Fo after
voiceless aspirated vs. voiceless unaspirated stops.

Aerodynamic Forces: Transglottal pressure:

Subglottal Pressure. It has been found in a number of languages such as
English (Ladefoged 1967, 1968, 1974;Lieberman 1967; McGlone and Shipp
1972; Murry and Brown 1975; Netsell 1969), Swedish (Lofqvist 1975 ),
Hindi (Ohala and Ohala 1972; Dixit 1975 ) and Dutch (S1lis 1970) that

the respiratory system generates a constant subglottal; pressure dir-
respective of the stop categories (voiced vs. voiceless, aspirated vs.
unaspirated). It seems that the variations in subglottal pressure

can be predicted from glottal and supraglottal adjustments (e.g.

glottal opening, mouth opening) even in the case of languages such

as Jinghpo (Ladefoged, 1971) and Korean (Kim 1965; Lee and Smith
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1972) in which different subglottal pressures have been associated with
different stop categorie.s. The subglottal pressure is generally lower

at the onset of a vowel following an aspirated stop as a result of the high
rate of airflow through the glottis during the aspiration period. Since
other things being equal a lower subglottal pressure will lead to a lower
Fo, we would therefore expect a slightly lower Fo after the aspirated series
(which is the opposite of what is generally assumed).

Oral Pressure. Our measurements were made after the release of the stop
closure. At that time the oral pPressure is very low and probably does not
differ in the different series of stop consonants. If there is any difference
it would be that the oral pressure was higher after the aspirated stops, since
the higher flow rate would cause a higher back pressure. If the oral pres-
sure is higher after aspirated stops, then the transglottal pressure drop would
be lower. This, again, would lead to the unexpected result of a lowering

of Fo after aspirated stops.

Airflow rate. When the rate of airflow increases, the Bernoulli force in-
creases and consequently Fo increases. It has been suggested that the
reason why Fo was higher after voiceless aspirated consonants than after un-
aspirated ones was that the rate of airflow was higher in the first case
(Ladefoged, 1967 1974; Ohala, 1973). However, experimental data do not show
a higher rate of airflow at vowel onset depending on the preceding consonant
(Isshiki and Ringel, 1964; Van Hattum and Worth, 1967). The data of Klatt,
Stevens and Mead (1968) show a slightly higher airflow after the aspirated
stop for only a short period of time (about 50 msec). Although it is true
that some data (Subtelny et al, 1969) show a higher airflow rate after the
aspirated vs. the unaspirated series (1070 vs. 650 ml/s) for a significantly
longer period of time (over 200 msec after vowel onset) it seems likely that
these results reflect the poor frequency response of the flowmeter (warm-
wire method) used in this experiment (Kozheynikov and Chistovitch, 1966;
Hardy, 1967; Van den Berg, 1962) rather than an actual long-~term girflow rate
difference caused by the preceding consonant. In fact, the model of speech
aerodynamics proposed by Ohala (1976) gives a smaller value for airflow at
the onset of a vowel following an aspirated stop as opposed to a higher
value after a voiceless unaspirated stop. It does not seem that available
airflow data allow us to predict significant differences in Fo after voice-
less aspirated vs. unaspirated stops.

5. Conclusion

In conclusion we have shown that the parameters controlling the rate of
vibration of the vocal folds are not significantly different at the onset
of a vowel following a voiceless aspirated stop vs. a voiceless unaspirated
stop. This explains the data presented at the beginning of this paper where
it was shown that English voiceless aspirated stops and French voiceless
unaspirated stops had very similar effects on the fundamental frequency of
the following vowel. There is neither evidence nor reason to expect that
the increase in Fo after a voiceless stop will be positively correlated
with the duration of the aspiration.
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Fundamental frequency measurements (vertical axis) of vowels following

[p, t, k] and [b, d,g] as a function of glottal period (horizontal axis)
for two American English speakers (1 female and 1 male) and two French
speakers (1 female and 1 male). The upper curve represenis average Fo
measurements after ptk, the lower curve represents average Fo measurements
after bdg.
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Cerebral dominance for pitch contrasts in tone language
speakers and in musically untrained and trained
English speakers
Diana Van Lancker and Victoria A. Fromkin
[Department of Linguistics,

University of California, Los Angeles]

Abstract.

Speakers of a tone language, Thai, recognize pitch contrasts which
are linguistically significant in their language better at the right
ear in a dichotic listening task, but show no ear advantage for the
same pitch contrasts occurring in a nonlinguistic context. American
English speakers, divided into musically untrained and trained groups,
show no ear advantage for those same pitch contrasts occurring in. a non-
linguistic context. American English speakers, dividéd into. musically
untrained and trained groups, show no ear advantage for those same
pitch contrasts. The only effect of musical training is an enhancement
of left ear accuracy for pitch contrast recognition.

A large number of studies on cerebral function have investigated
left and right hemispheric specialization (l). For auditory stimuli,
some researchers have asked whether lateralization to one cerebral hemi-
sphere is based on acoustic features or on the functional context of the
stimulus. Normal humans can be tested by dichotic listening (2), in which
a subject hears two different, simultaneous sounds (one at each ear.

The subject typically makes errors in reporting what he or she hears.
These errors are greater at one or the other ear, depending on the type
of stimulus. Because of stronger contralateral connections (than ipsi-
lateral) between ear and hemisphere, a "right ear advantage'" (higher
accuracy at the right ear than the left) is assumed to indicate pre-
ferential processing by the left hemisphere, and vice versa. Such find-
ings for many diverse stimuli have contributed to hypotheses on hemi-
spheric specialization.
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Most dichotic listening results have suggested that the functional
context of a given stimulus predicts ear advantage. For example, if a
stimulus is perceived as part of the linguistic system native to the
subject, then those stimuli are more accurately heard at the right ear.
In one study, vowels in syllables yielded a right ear advantage, whereas
the same sounds embedded in a nonlinguistic context yielded a left ear
advantage (3). Environmental sounds (4) and some musical stimuli (5)
have shown a left ear advantage. These data support the "functional"
theory of hemispheric specialization for processing auditory (and visual
and other)stimuli.

Our experiments on Thai tones strongly confirm the functional theory
of hemispheric specialization. In the first experiment (6), we found
that pitch contrasts were better identified at the right ear when con-
stituting the tone contrasts of a tone language (Thai), but not when
presented (to the same subjects) as hums. In a tone language, pitch
alone may contrast the meanings of words which are otherwise identical
in sounds. In a non-tone language, such as English, pitch is used to
convey information (e.g., the intonation of an interrogative sentence
will differ from that of a declarative) but the meaning of 'cat' will
remain the same whether it is produced with a high, medium, low rising,
or falling pitch in a sentence such as 'The cat is on the mat'. In Thai,
however, (or in languages such as Chinese, Twi, Hausa, etc.) a word like
'naa' will mean different things depending on the pitch. (See Table I)

For the dichotic listening study,we prepared three audio tapes,
using stimuli produced by a female native Thai speaker. The stimuli
were three kinds: 1) five Thai words differing only in tone (the tone-
word stimuli; 2) five Thai words contrasting only in initial consonant
(the consonant-word stimuli), all occurring on mid-tone; 3) and five
"hums" (to produce these the five Thai tone contrasts were hummed).
(Table I).

For each of the three sets, every stimulus was paired with every
other stimulus, producing 20 pairs. These were presented twice, with
channels reversed the second time; the earphones were then shifted and
the forty pairs presented again. Thus there were 80 stimulus pairs for
each set. The pairs were presented with a six-second interval, with
the exception of a block of 40 pairs in the tome word set, which were
presented as doubled pairs. This was done to increase errors.

The subjects were provided with eight answer sheets with five
columns, ten rows per page, eight pages for each stimulus set. Each
column was headed by the appropriate 'tone-word' or 'consonant-word',
designated in both Thai and English orthography, and by iconic diacritics
to represent the tones. These diacritics plus the Thai word for the
tones headed the '"hum' column. For each stimulus pair, the subjects
were directed to respond by marking an L under the appropriate column
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to indicate the stimulus heard in the left ear, and an R under the column
that identified the stimulus heard in the right ear. The order of re-
porting left-ear-right-ear, or right-ear-left—ear was reversed every

ten pairs.

Before each of the three stimulus sets, practice sessions were
conducted for all subjects using binaurally presented stimuli.

For the first study using 23 right-handed native Thai speakers, we
found a significant right ear effect for tone-words and consonant-words,
but no ear effects for hums. We inferred that the Thai speakers were
processing the feature contrasts in the pitches (tone-words) and con-
sonants as language, and were therefore engaging the left hemisphere for
these two tasks. The hums yielded no significant ear effects because
they were not linguistically significant (although containing the same
contrasts as the tones).

Our second experiment was conducted to determine whether a similar
result would be obtained using subjects who were not native speakers of
a tone language but who were musically trained. Our interest was to
see if the right ear effect found in the Thai subjects was primarily
due to the linguistic system of these speakers or whether it could have
been due to greater familiarity with pitch contrasts. Our interest
in this question was enhanced by a recent finding of Bever and Chiarello ,
who reported that musically trained subjects recognized melodies better
at their right ear, whereas untrained subjects demonstrated the usual
left ear advantage for musical sounds (in a monaural listening task).
These authors suggested that musical training may have "real neurological
concomitants" in requiring different strategies which engage the left
hemisphere for otherwise right hemisphere tasks.

For this experiment, therefore, we selected 40 right-handed male
native English speakers as subjects, divided into two groups with
respect to musical training. The musically untrained group had had no
formal musical training in the past ten years and had four years or less
total exposure. Nearly all had had zero to one year in elementary school
and no musical activity since. The musically trained subjects had had at
least eight years formal training, some as many as 40 years active par—
ticipation. Most were currently playing an instrument or singing in a
chorus.

These subjects received the binaural training session and heard the
same dichotic stimuli as the Thai population.

For both untrained and trained subjects, a Wilcoxon signed ranks test
on total errors (counting wrong answers and ear location errors, which we
called intrusions) yielded a significant difference between ears for the’
consonant-word recognition. (This was also true of the Thai subjects).

No significant difference by this scoring was found for either group (un-
trained or trained)on either the tones or the hums. This is in contrast
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with the Thai subjects, who showed a significant right ear effect on
the tone-words (but not on the hums).

Figure 1 summarizes the results of the three groups, musically un-
trained (u), trained (t), and Thais (T). The percentage of error scores
for the left ear ("right ear advantage') are nearly identical in the
untrained and trained English speakers in each task. In the tone-word
task, both groups of English speakers perform .differently from Thai
speakers. In the consonant-words task, all three groups show a right
ear advantage, and no significant difference between the groups is
found. In the hums task, all three groups show no significant ear
advantage.

When wrong-answer errors only (not intrusions) were subjected to
statistical analysis, the trained (but not the untrained) subjects were
found to have a left ear advantage for tone-words (p <.05) and for hums
(p <.01).

Our experimental results do. not support the hypothesis that musical
training leads to the engagement of the left hemisphere in tasks involving
non-linguistic pitch contours.

We did find support for Gordon's claim that musical sophistication
correlates with: degree of advantage, because (when wrong-answer errors only
were analyzed in our data) a significant left ear superiority was found
for tones and hums for the trained subjects only. However, the directiom
of the ear advantage was in contradié¢tion to what might be predicted from
either the Bever and Chiarello or the Gordon studies. This may be be-
cause our stimuli were pitch contours presented in single or doubled pairs,
while the other two studies used melodies.

A summary of our findings can be seen in Figure 2, which presents the
significance’ levels of. right versus left ear percentage of error scores
for the three subject groups on the three tasks.

Standard interpretation of dichotic listening results leads us to con-
clude that Thai speakers processed pitch contrasts which have a linguistic
function more efficiently in their left (language) hemisphere. English
speakers, regardless of musical training, did not show a left hemisphere
preference for these same contrasts, but did show a significant ear
difference for consonant-word contrasts as did the Thai subjects. The
only effect of musical training in English speakers was to increase the
degree of right hemisphere processing of tones and hums. Left hemisphere
specialization was found for sounds only when they were part of a linguistic
system in the perceiver.
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(1) Tone-words

Stimulus
naa
AY
naa
naa
r 4
naa

A
naa

Table I.

Tone

mid

tone

low tone

falling

high tone

rising

(2) Consonant-words

daa
naa
saa
caa
laa
(3) Hums

mid
mid
mid
mid

mid

mid

low

tone

tone

tone

tone

tone

tone

tone

falling

high tone

Yising

3 sets of stimuli used

Length (ms) English gloss
625 "field"
650 (a nickname)
575 "face"
625 "aunt"
650 "thick"
700 (a nickname)
650 "field"
700 "diminish"
650 "tea"
600 "goodbye'
650
550
550
575
525
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Figure 2. Significance levels for ear difference in
musically untrained (u), musically trained (t)
and Thai groups (T) on the three dichotic

listening tasks.
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Tone loans: a question concerning tone spacing
and a method of answering it

Tan Maddieson

1. Tone-spacing

An unanswered question relating to the nature of possible tone systems
concerns the spacing of level tones. Is there a relationship between the
number of contrastive level tones in a language and the amount of a speaker's
pitch range which is employed to distinguish them? Two straightforward types
of relationship between the number of tones and their spacing may be conceived
and presented as extreme possibilities. One of these types of relatiomship
would posit a more-or-less fixed interval between tones. 1In a language with
only two level tones these tones would be separated by this interval. 1In
a language with three level tones the highest and lowest would be separated
by twice this interval, and so on. In other words, the pitch range used
for paradigmatically contrasting tones would be determined by the number of
tones in the language. The other type of relationship would posit that
level tones are maximally separated in the speaker's available pitch range.
In this case, the two tones in a language with only two levels would be
produced towards the extremes of the pitch range. In a language with three
level tones the mid tone would be produced in the center of the pitch range.
Additional tones would subdivide the pitch range further. If this relation-
ship holds, the pitch range used is assumed to be knowvn, and it is the size
of the interval between tones that is determined by the number of tomes in
the language. The 'spacing' being discussed is within an abstract phonetic
space which represents a point of contact between physical and psychological
reality. Syntagmatic variability of tones is not concerned here.

Where the issue has been discussed in the literature various linguists
have offered views which seem to support both of the above positions, as
well as some which are intermediate. In his book Tone Languages, Pike (1948)
expressed his opinion that "a language with two registers tends to have the
contrastive levels further apart than are the contrastive levels of four-
register systems''. He illustrates his view of this tendency with the dia-
gram in (1).
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B
A B C
High —— High —— High —
: Mid —_—
Mid Norm ——o
Low —— Low -_ Low —

The diagram indicates that, in Pike's view, the high and low tones in
languages with two (A), three (B) or four (C) tones can be on the same
level. In other words, the range is the same and the interval between
tones is determined by the number of tones. Westerman and Ward (1933)
seem to agree with this observation, to judge from the advice for learning
tones which they offer to students of African languages, and a similar
view seems to underlie the tonme letter notation and numerical transcrip-
tions for tones proposed by Chao (1930). Wang (1967) also proposed that
larger numbers of level tones can be more narrowly separated than smaller
numbers of tones. As he put it "the greater the number of distinct tones
in the paradigm the narrower the phonetic range of each tone would be'.
The diagram he provides to illustrate his view can be redrawn as in (2).

(2) 2 levels 3 levels 4 levels 5 levels
. . high
total high high E;g?hi - mid-high
pitch 1 mid e mid
range ow mid-low
low Tow
low

It is not clear if Wang is suggesting that the tones vary freely over the
ranges indicated, or if he considers that fluctuation within the range is
conditioned variation predictable from context, intonation, etc.

Woo (1969) suggests that in systems with two levels. However, in her
view, systems with four or five level tones divide the upper and/or lower
portion of the speaker's pitch range into smaller intervals. She actually
suggests that an additional feature, such as a modified mode of glottal
vibration, is required to distinguish the fourth and fifth tones in a system
and that pitch alone is not sufficient, but if we construct a diagram just
based on her view of the division of the pitch range it would have the
form in (3).

(3) 2 level (A) 2 level (B) 3 level 4 level (A) 4 level (B) 5 level
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In a discussion of universals of tone (Maddieson 1977) the present
author proposed essentially that the first of the relationships outlined
above is true. That is to say, there is a fixed interval between para-
digmatically neighbouring tones and the range is determined by the number
of tones (at least in the majority of languages). Possible tome systems
would include those represented by the diagram (4) besides others not re-
presented there.

(4) 2 level 3 level 4 level 5

=
m
<
m
bt

The situation is summarized by (5) (from Maddieson 1977).

5 A larger number of tone levels occupy a larger pitch range
than a smaller number.

It is worth emphasizing again that what is under discussion here is
the pitch range which is used for distinguishing tones that are in like
contexts, i.e. abstracted from any syntagmatic variability. In connection
with (5) it is assumed that languages with fewer tones will permit greater
variability in their realization whether through superimposition of in-
tonational contours, changes in pitch due to position in a sequence of tones
or interaction with segmental structure.

The question is, do the languages of the world lean toward the
Pikean or the Maddiesonian extreme in regard to the spacing of tones?
(Or do they conform to an intermediate position, or simply vary one from
another in regard to spacing of tones?).

If the languages of the world conform to Pike's diagram in (1) in
the spacing of their tomes, then it may be said that the tones are maxi-
mally separated in the available space. On the other hand if the tones
conform to the spacing indicated by the diagram in (4) then it may be said
that tones need only to be adequately-separated by a standard interval.
The principles of maximal separation or merely adequate separation may be
posited as competing theories of the basic nature of phonological inven-
tories, which also require positing different strategies for production and
perception of phonological units.

The claim that phonological entities are maximally separated has been
proposed, for example, to account for the spacing of vowels of different
qualities (Liljencrants and Lindblom 1972). For a language with only three
vowels in its inventory, this principle predicts that they will be at the
apexes of the basic vowel triangle, i.e. /i, a, u/. In general this seems
to be true (Sedlak 1969). The principle also seems to successfully predict
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tone languages requires special interpretation because of the usual pre-
sence of contour tones in the tonal inventories, and also because of the
frequent cooccurrence restrictions between tones and consonants. Con-
sequently the data presented here is largely from African languages. None-
theless, an adequate number of languages to draw some conclusions is pro-
bably represented.

3. Loanwords taken from the same donor language

We will first examine loanwords from Hausa, a Chadic language spoken
principally in northern areas of Nigeria. It was the language of the most
influential political units in these areas in the nineteenth century. Sub-
sequently, it became an official language of the Northem Region of Nigeria
whose boundaries included speakers of very many other languages. It has
played an important role in trade, religion, education and administration
in the region. Consequently, many languages have loanwords from Hausa.

We will describe the pattern of loaning in three of these - Gwari, Nupe
and Kpan.

Hausa contrasts two level tones, High (H) and Low (L) (Abraham 1959).
The sequences of these tomes that are permitted in a word are relatively un-
restricted, but words with some patterns (such as LL) are rare and others
may be typical only of certain grammatical categories, e.g. plural nouns.
There are no significant cooccurrence restrictions on the tones with seg-
ments of particular types. A third tone has often been recognized: ' this
is a falling tone that usually appears with a short vowel (though often
the syllable concerned has a geminate consonant or a consonant cluster).
On various grounds the falling tone may be analysed as a sequence of
high and low tones on the same syllable (HL). For example, the falling tone
behaves like a sequence of H + L tones in relation to the processes of
downdrift and high-raising. Meyers (1976) has shown that downdrifting
applies to a sequence of like tones (all H or all L) and calls this a rule
of like-tone lowering. However, when H and L tones alternate in sequence
a steeper lowering pattern occurs. The process of high-tone raising in-
creases the pitch of the last of a series of 2 or more H tones before a
following L. When a falling tone follows H tone(s) the same raising of the
beginning of the fall can be observed. This is illustrated in (7).

N HHLH H HL H
dvn et [_-] 0 e [N
'new town' 'coming out'

The phonetic output of downdrift and like-tone lowering will be shown to
have some importance in the loaning of Hausa words.

In each case the tones of the Hausa words which have been borrowed
are those given by Abraham (1962). The first borrowing language examined
is Gwari, classified by Greenberg (1963) as a langauge in the Kwa branch
of Niger-Congo. The Hausa loanwords in Gwari have been extracted from
Hyman and Magaji (1970). The dialect represented is that of Kuta, a city-
state which maintained political independence until the end of the nine-
teenth century, despite owing some allegiance to the Hausa Sarkin Zazzau

52




the location in this two dimensional acoustic space of the most common ly
found five and seven vowel inventories /i, e, a, o, u/ and /i, e, €, a, o,
0o, u/. It is less easy to see if successful predictions are made about
consonant inventories, perhaps because the dimensions involved are less
well understcod. Considering particular subsystems of consonants simplifies
the question somewhat. For example, for -nasals one might posit a 'place
of articulation' dimension. In this case the maximally distinct pair of
nasals would be the bilabial and uvular pair /m, N/. However, a more

usual system of two nasals contains a bilabial and an alveolar or dental
member /m, n/. For reasons of this sort it is difficult to maintain that
consonants are constrained to be maximally separate (cf. the discussion of
place of articulation in Ladefoged 1971). There is, however, evidence that
when two consonants are in a similar area of the articulatory space they
tend to make maximal use of the part that is available to them (Ladefoged
(1975) . For example, the labiodental fricatives in Ewe are usually made
with the upper lip raised so as to make these sounds more distinct from

the bilabial fricatives.

As far as tones are concerned, maximal separation would imply that
articulation is the major factor in determining tone-spacing, since the
size of the total pitch range is constrained much more by physiological
limits on pitch production than by limits on pitch perception. On the
other hand, adequate separation would imply a much greater role for per—
ception, since discriminability must be a major factor in determining the
gsize of an adequate interval.

2. Tone-loans as evidence for tone-spacing

Because of the relative nature of pitch contrasts there are difficulties
in determining whether tone levels are maximally separated or not. Some
idea of the spacing of tones can be obtained from comparing the intervals
between the fundamental frequencies of tones measured in various instrumental
studies of tone languages (cf. Maddieson 1977). However, this technique
is unsatisfactory as there is no control for individual characteristics
of speakers, and the contexts of the tones measured differ from study to
study. Also differences of experimental technique and measurement procedures
introduce other variables which can affect the actual numbers. Consequently,
an interval of, say, 15 Hz in one study may not be equivalent to an interval
of 15 Hz in another case. A series of instrumental studies could be made
which would standardize the form of the utterances as far as possible and
standardize all the technical aspects of the procedures used, but the in-
dividual variable could only be eliminated from playing a distorting role
if a large number of speakers from each language could be studied. Other
approaches to the question could involve measuring the contrast between
tone intervals in the speech of those who are able to speak two or more tone
languages fluently, or creating 'instant bilinguals' by teaching words from
one tone language to speakers of another with a typologically different
tone system.
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A This paper reports on another technique. It examines loan words

which have been taken from one tone language into another. When words

from a language with fewer level tones are taken into a language with

more tomes the loan correspondences between tomes show which intervals

are treated as equivalent. As an illustration, consider a disyllabic word
with a High-Low tone sequence in a language with only two tone levels which
is taken into a language that has three level tones. In this three level
system this word might be treated as a High-Mid or Mid-Low word, as in

(6a or b), or as a High-Low word, as in (6c).

(6) 2 level language 3 level language
a) HL — B M
b) HL — ML
) HL — HL

1f the result of such borrowing is as in (6a) or (6b) then the interval
between H and L in the two tone language is treated as a smaller interval
than the high to low interval in the three level language. In other words,
something like a standard interval between adjacent tones describes the
relationship of tones in the example. On the other hand, if the result is
as in (6c), then the evidence shows that the two levels in the two level
System are separated as widely as the most widely spaced tones in the 3
level language. In other words, this pattern of borrowing suggests that
the tones are maximally distinct. From examining a number of words from a
number of pairings of languages it should be possible to detect if there is
a consistent tendency for one or the other of these two situatioms to be the
case and hence to answer the question about the spacing of tones that was
asked at the outset of this paper. Note that since this technique involves
looking at the phonological tones of the loan-words, not at actual pitches,
the normalization of individual differences is implicit in the data. An
agreed perception of the tones of the donor language has been reached in
the process of assigning a phonological representation to the words which
have been adopted in the recipient language.

In order to be reasonably sure that a general principle is being dis-—
covered it is desirable to have the same language represented as the donor
in more than one pairing, the same language represented as the reciplent in
more than one pairing, aad some pairings which are quite independent of each
other (i.e. have no language in common) . There are also important con-
siderations of adequacy of data involved. A sufficient number of words
to suggest a reliable equation is desirable. The phonologies of the languages
involved must be known. It must be ascertainable that the words involved
are in fact loanwords and not historically inherited cognates and it must
be clear what the direction of loaning is.

Relatively few cases satisfy these requirements of adequacy of data.
No data is available from American tone languages, although it is surely
possible that there are, say, Apachean loanwords in Tanoan languages or
Yucatec loanwords in Otomanguean tone languages. The data from Asian
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at Zaria and later at Abuja. Undoubtedly a closer contact with Hausa
existed at an earlier date in more northerly Gwari-speaking areas and it
is possible that Hausa words have entered Kuta speech from these other
dialects (cf. Temple 1919),

There are three basic level tones in Gwari, high (H), mid (M) and
low (L). All possible sequences of tones are found, although the
vocalic prefixes of nouns may only bear L or M (as most Hausa words are
consonant-initial this camnot affect the pattern of borrowing in most
cases). A mid tone following a low tone 1s heard as a lowered mid tone.
A high tone following L is heard as a low to mid rise. An examination
of the vocabulary in Hyman and Magaji shows that the lowered mid is
also heard as the usual variant of M in a word-initial CV syllable when
H follows. There are some exceptional cases where a lowered mid occurs
on the second syllable of a word even when no L precedes, or where a
phonetic level high tone is heard even when L does precede, but these
exceptional tone patterns do not generally occur in the words borrowed
from Hausa. The loanwords recorded for Gwari are listed in detail in
Appendix I. A summary of the tone correspondences which emerge from
these loanwords is given in Table 1. In this table, as in the others
that follow, the tone patterns of words in the donor language (in this
case Hausa) are listed in the first column. In the second column the
tone patterns in the borrowed forms are listed. In the third columm
two numbers usually appear, separated by a slash. The number of words
with the particular tone pattern in the donor language that have been
borrowed is given after the slash. Before the slash, the number of
those words that have the corresponding tone pattern in the recipient
language is given. In many instances these numbers are equal, Where
they are unequal this 1s because either some of the borrowed words have
entered the recipient language with tone patterns that are difficult to e~
quate with the tone pattern in the donor language, or, in cases where
a relatively large number of words with the same tone pattern in the
donor language have been borrowed, it is possible to select one pattern
in the recipient language as typical and disregard the others as ex-
ceptional. In a few cases, several tone patterns in the recipient lan-
guage are listed as corresponding to one pattern in the donor language.
In these cases a brace replaces the slash before the second number.
Further details may be found in the appendices.

It may be seen from Table 1 that, with few exceptions, the inter-
val between H and L in Hausa is treated as the equivalent of the inter-
val between H and M or between M and L in Gwari. H in Hausa words
containing no L tones is borrowed as Gwari M. Cwari therefore provides
evidence against a theory of maximal spacing of tones. The only apparent
exception comes in the final two syllables of Hausa HHL words, borrowed
as Gwari MHM. This exception is, however, explicable as a result of the
syntagmatic effects of the high-tone raising rule in Hausa described
above. This rule raises the second H in the HHL sequence so that an
interval is created between the first and the second H. Gwari represents
this as a step up from M to H and then represents the following HL inter-
val as a step down from H to M, just as the interval in disyllabic Hausa
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Table 1

Tone correspondences of Hausa loanwords in Gwari

Hausa Gwari
tone pattetrn tone pattern number / out of

level HH MM 7 7
patterns HH H’ MMM 2 / 2
EI HHH MMMM 2 / 2
LLL LLL 2 / 2
descending HL HM 8 } 15

ML 3
patterns HHL MHM 5 / 6
HLL MLL 1 / 1
HHHL HHHM 1 / 1
ascending LH LM 11 / 16
patterns LLH | LLM 6 / 6
LHH LMM 6 / 8

ascending and LHL LMM 3
LML 2 } 8

descending LMHM 3
LHEHHL MHHM 1 / 1
LHLH LMLM 1 / 1
"(HLH MLM 2 / 6)
| / 2

HHLH LMLM 1
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words with HL is usually represented as HM in Gwari.

Nupe is a fairly closely related language to Gwari, spoken in an
adjoining area to the west. Although trade with Hausaland dates from
earlier times, extensive contact with the Hausa language prebably did not
occur until after the reformist Islamic Sokoto Caliphate had consolidated
its influence over Nupeland in the mid nineteenth century (Nadel 1942,
Mason 1970). Consequently Hausa loanwords in Nupe and Gwari are indepen-
dently borrowed well after the separation of the two languages.

The Nupe tone system is described by Smith (1967) and George (1970)
as containing three level tomes (H, M, L). Contour tones arising from
contractions of level tones are also possible. An important rule pro-
duces a rising variant of H after L and a voiced consonant. Tone combi-
nations are unrestricted except that the noun prefix /e-/ may only have
L or M. The loanwords from Hausa in Nupe have been extracted from Hyman
(1570) and are recorded in detail in Appendix II. A summary of the tone
correspendences is given in Table 2.

The Nupe data is not quite so easy to interpret as the Gwari. It
is obvious that the well-represented Hausa HL and LH patterns are nor-
mally represented as Nupe HM and LM, i-.e. by a small interval, and H
tones in words with no L are represented by Nupe M. However, in words
with tone patterns which contain both an ascending and a descending
interval it is not uncommon for one of these intervals to be represented
by a 'single step' in Nupe tones and the other as a 'double step'. Thus
the usual borrowings of Hausa LHL and HLH are Nupe LHM and HLM. The
downdrift rule in Hausa probably explains why Hausa HLH is borrowed as
Nupe HLM. This rule ensures that a markedly smaller interval separates
the medial L from the final H than separates the initial H from the
medial L, i.e. Hausa HLH = [~_-] (in fact the final H can even be lower
than the medial L (Meyers 1976)). Nupe has no comparable downdrift rule
and the HLM pattern probably represents an attempt to capture the
difference between the HL and LH intervals in Hausa when they appear in
the same word. In the two worde where the Nupe pattern representing
Hausa LHL is MHL a similar explanation could apply (Hausa LHL = [--_ ]).
But it is unclear why Hausa LHL should more often be represented by Nupe
LHM.

Neither of the competing theories of tone spacing can explain why
the initial but not the final tone in a Hausa LHL word is represented as
Nupe L, particularly as the LH interval in the LHL sequence is phonetically
smaller than the HL interval and the Hausa HL in disyllabic words is
Nupe HM. But overall, albeit with this rather puzzling example, Nupe
also provides evidence against the hypothesis of maximal spacing of tones.

A third language into which Hausa borrowings have been taken is the
Jukunoid language Kpan, spoken well to the east of the Hausa heartland.
The Kpan were included in the Jukun 'empire' of Kororofa, subsequently
conquered from the east by the Chamba and partially under the control
of the Fulani emirate of Adamawa until colonial times (Meek 1931a, 1931b).
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Table 2

Tone correspondences of Hausa loanwords in Nupe

Hausa Nupe
tone pattern tone pattern number / out of
level HH MM 5 / 5
patterns L L LL 1 / 1
descending HL HM 7 /7
patterns HHL HHEHM 2 / 3
HL L HL L 1 / 1
HHHL HHHM 1 / 1
ascending LH LM 5 / 7
LLH LLM 2 / 3
LBH LMM 1 / 1l
ascending and LHL LEM 7 }
MHL 2 13
descending LHL 2
LHHL LMML 1 } 2
LHHL 1
LHLH LHLM 1 / 1
HLH HL M 8 / 9
HLHL MLML 1 / 1
HHLH HHL L 1/
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Hausa loans therefofe are of recent origin, probably having largely entered
the language in recent decades because of the status of Hausa as an
officially recognised language. The loanwords from Hausa into Kpan have
been extracted from Shimizu (1972). Shimizu (1971) describes the tone
system as one with three level tones (H, M, L), The three tones may

freely combine in all possible sequences, although the prefix vowels of
nouns are generally L before L or M and M before H. The list of loanwords
is given in detail in Appendix III. A summary of the tone correspendences
between Hausa and Kpan borrowings is given in Table 3.

In Kpan there is some hesitancy between representing the Hausa
interval between tones as one step or two steps. Also, the two HH words
come in as HH but the two HHH words come in as MMM. We may count the
number of times the Hausa interval is represented in the two different
ways in Kpan, disregarding doubtful instances of borrowing. Of the
cases where a descending interval is included in the Hausa tone pattern,
ten move down one step in Kpan (from H to M or from M to L) and eight
move two steps down (from H to L). Of the Hausa ascending patterns there
are thirteen which move up one step and five which move two steps up.
Thus the cases in which the Hausa tone interval is represented as one
Step in Kpan tones do outnumber the cases in which it is represented as
two steps. Furthermore a number of these two step intervals are
readily understandable. Thus, as in Gwari, the loaning of Hausa HHL and
HHHL patterns as MHL and MMHL in Kpan is a consequence of the high-tone
raising rule of Hausa; the interval from the raised H to L in Hausa is
represented by a 'double step' in Kpan but between the initial tone
and the final tone of these patterns in Kpan there is only one step,
from M to L. If we consider these two patterns as representing essentially
a one-step interval we have the numbers shown in (8).

® interval = one step interval = two steps
descending 12
ascending 13 : 5

These numbers make it clear that it is prevalent for the Hausa interval
between tones to be treated as equivalent to the interval between H or

M or M and L in Kpan, although there are some exceptions, particularly

in the case of Hausa HL words. A theory of maximal separation of tones
is less successful in predicting this pattern than a theory of a stan-

dard interval between tones.

4. Loanwords received from different langnages

The loans from Hausa into Gwari, Nupe ‘and Kpan fulfil the require-
ment that loans from the same source into a number of different languages
should be examined. This is one way to provide a check against corres-
pondences that result from a fortuitous coincidence of subsidiary
phonetic properties of tones in a given pairing of languages. Another
way of providing the same check is to find instances where a given
language has borrowed from more than one language. Southern Africa pro-
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Table 3

Tone correspondences of Hausa loanwords in Kpan

Hausa Kpan
tone pattern tone pattern number / out of

level HH HH 2 / 3
patterns HHH MMM 2 / 2
L L L L 1 / 1
LLL LLL 3 / 3

descending HL HL 3
HM 1 9

patterns ML 2
HHL MHL 1 / 1
HL L HMM 1 } 9

HL L 1
H H HL MMHL 1 / 1

ascending LH LM 3
M H 1 6

patterns LH 1
LLH LLH 2 } 3

LLM 1
LHH LMM 2 / 2

ascending and LHL LML 2
LEL 1 5

descending LMM 1

HLH ML M 1
HMH 1 g 3

HLH 1
HLHL MLML 1 / 1
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vides an example of this type, involving borrowing from two different
Bantu languages into the 7u |'héasi dialect of 'xu (Khung), a Khoisan
language spoken in South West-Africa (Namibia). Unfortunately the
number of words involved is not large, but the case is interesting be-
cause the 'xi tone system as described by Snyman (1975) has four level
tones, here called Extra High (EH), High, Mid and Low. There are
minimal contrasts between all four tones and most sequences are found
to occur. The M tone is the most frequent in the vocabulary that Snyman
has examined, followed in descending order of frequency by H, 1. and EH.
The first source of borrowed words in ‘xii is the Sotho-Tswana group
of dialects. Contact has been principally with Tswana members of this
group, speakers of !'x% and Tswana having been involved in recent times
in a kind of master-serf relationsnip (Silberbauer and Kuper 1966). 1In
addition workers from both groups have often been employed together on
farms in South-West Africa. The loanwords have been extracted from
Snyman's \xi-Afrikaans dictionary, which identifies the Tswana words
concerned but does not mark their tomes. Tone-patterns for the Tswana
words have therefor been sought in a variety of sources (Cole and Mokaila
1962, Cole 1969, Ziervogel 1961, and even Jones 1927, 1928 and Tucker
1929) and checked with Thula Mndaweni, a speaker of a Southern Sotho
dialect. The Sotho-Tswana dialects have two level tones. An jmportant
rule raises L to H after H in many environments (Cole 1969). Conmse-
quently almost none of the loanwords contain a descending tone pattern
in 'xi, even when the Sotho-Tswana word from which it comes contains a
HL sequence in its underlying tones. The words involved are. listed in
Appendix IV and the tone correspondences summarized in Table 4. The
table shows that none of the borrowed words contains EH in 'xu. The
sequence LH in Sotho-Tswana is stable and this sequence is represented
as an interval of only one step in 'xu (L to M or M to H). The fact
that three of the correspondences to Sotho-Tswana HL contain an ascending
step in 'xU may be due to the penultimate stress rule in Sotho-Tswana
which results in a iengthened vowel, possibly with a rising onglide, on
the H syllable of a disyllabic HL word (cf. Jomes 1927, 1928). In par-
ticular, the two words that represent this stressed vowel as a geminate
with contrasting tomnes in 'xu seem to indicate that the lengthening played
a role in determining the shape of the borrowed word. These words are
given in 9).

(9) gloss Tswana Ixu
'hill® théta tuuta
'pound, beat' bata baithd

The two Sotho-Tswana HL words which come into 'xu as HH .amd MM are fairly
straightforwardly derived from forms to which the rule HL = HH has
applied, while MH might derive from patterns l1ike those in (9) with
contraction of the geminate vowel.

Insofar as these borrowings provide evidence, they provide support

for the view that a standard not a maximized interval separates para-
digmatically neighbouring tones. Maximal separation would predict the
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Table 4

Tone correspondences of Sotho-Tswana loanwords in 'xi

Sotho-Tswana ‘xu
tone pattern tone pattern number / out of
level HH HEH 3 / 3
patterns HHH MMM 2 / 2
LL LL 2 / 3
LLL LLL 1 / 1
descending HL HM 1
MM 1
patterns HH 1 6
MH 1
LMM 1
MHH 1
HHL LM 1 / 1
ascending LH LM 5 7
MH 1
patterns
LHH MHH 1 / 2
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occurrence of EH in the loans and a larger interval in the words borrowed
from Sotho-Tswana LH,

The second language from which borrowings into !xU are noted by
Snyman is Herero. Herero is from a quite different subgroup of Bantu
from Sotho-Tswana but it also has a tone system with two level tones
(Kéhler 1958, von Essen 1971). Unfortunately Herero dictionaries
(Irle 1917, Meinhof 1937) de not mark tones and the specific tone-
patterns on the Herero words involved cannot be identified at present.
However, again none of the words contain EH tones in 'x&, which would be
expected to appear if tones were maximally separated, and in general
there is no more than one step between their tomes. Thus the Herero

borrowings appear consistent with the observations on the other cases
discussed above.

In connection with the discussion of 'xii it seems appropriate to
quote a remark by Lanham and Hallowes (1956) on a related language spoken
in South Africa. On the basis of minimal contrast they recognise three
level tones in Eastern Bushman, then additionally argue that:

"another factor lending support to the recognition of three level
tonemes is the unusually big fall from the tones marked as high
tones .... to those marked as low tones. This fall is noticeably
‘greater than that heard between the high and low tonemes in Nguni
and Sotho (with their ditonemic structure) ..."

5. Other data

In addition to the cases reported above there are also a couple of
rather fragmentary instances of loanwords reported from other African
ianguages. M. Trifkovié has kindly provided me with some data from the
Lendu dialects she has studied. Lendu is in the Central Sudanic branch
of Nilo-Saharan. A principle dialect called Baled2 has four tone levels,
H, M, L and Extra Low (EL). There are lexical and syntactic restrictions
that are not entirely clear on the twec lowest of these (Trifkovid 1977).
Another dialect, éiéa, spoken by the Bahema percple (z group of Bantu
origin who have adopted Lendu as their language) has only three level
tones, not distinguishing the two lowest levels. Some 7ida words have
been borrowed into BaleBa. These words can be shown to be loanwords
because the original Baleda lexical items can still be traced. The two
upper levels of Zida and BaleOa correspond straightforwardly (Zida M be-
comes BaleGa M and Zi0a H becomes Baleda H), but ;iaa L becomes Baleda L,
not EL, except where the morphemic category of the word requires other-
wise. Thus, the verb /ra/ 'go' and the plural pronoun /ma/ 'we, us'
must take EL tones, but nouns and adjectives which may bear either L
or EL take Baleda L to correspond to 3ida L, as in /hwahwa/ 'slender’,
/1&/ 'weman', /yaya/ 'mother'. In sum, the lowest tome in Zida is not
represented by the lowest tone in Baleda in cases where there is any
freedom to choose,
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from Songhai, which, although described by Williamson (1967) as not
2 tone language "in the usual sense", can nonetheless be described in
terms of two pitch levels. Among the loans are the words in (10).

(10) donor language original word Mo:re form gloss
Bambara bark barka 'blessing'
\
Bambara kara karé-m (-m = 'reading’
class suffix)
Malinke kibard kTbd-rg 'story’
(cf. Susu xibdri) (-re = class
suffix)
Songhai wato, wakato wakatod "hour, time'
(with high level
pitch)

explain the patterns generally found in borrowed words.

6. Apparent counterexamples to a standard interval

No persuasive cases have been found which argue for the theory of
maximal separation of tones. The accumulated data is generally compatible
with the theory that tones are separated by a standardized interval.

There are, however, two cases that seem to be inconsistent on the surface
with the data so far presented. These concern loans from Chinese into
other Asian languages.

One of these cases involves recent loans from Swatow (Chaochow,
Chaozhou) Chinese into Standard Thai (Siamese). Egerod (1959) 1ligts
close to two hundred loanwords belonging to this layer of borrowing. The
tone correspondences are also tabulated and discussed in his article, so
the wordlists and correspondences are not included here. Egerod des-
cribes a Swatow tone system with two level tones, H and L, and four
contour tomes, high falling, low falling, high rising and low rising.
Thai has three level tones, H, M and L and one rising and one falling
tone, Usually the Swatow underlying H comes in as Thai H and the Swatow
underlying L comes in as Thai L. Because neither of these Swatow level
tones comes in as Thai M, it seems that they are treated as being as far
apart as the H and L tones in Thai. However, a number of things suggest
that the Swatow tone system described by Egerod is not the correct one
for the source of the loans in Thai. In the first place, as Egerod points
out, the Thai mid tone appears in many of the borrowed words that have
an underlying high rising tone in the dialect of Swatow he describes,
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whereas in Fielde's dictionary of Swatow (1883) this tone (shang ping) is
described as level. Thus, the relevant Swatow subdialect appears to be
one which had three level tones, the same number as Thai. PFurther
evidence that Egerod's tonal system is not the right one for the source of
the loans comes from the fact that the short syllables with final stops

in Swatow come into Thai with H tone regardless of whether the tone in
Egerod's dialect was H or L. Since Thai permits both H and L on syllables
of this shape it seems as if the relevant Swatow dialect must be one that
had lost the tonal contrast in these syllables. It may also be noted

that the high rising tone derived from other tones in sandhi positions

in Egerod's Swatow does not correspond with Thai M, as the underlying
high rising tone does. Instead, it corresponds to Thai falling tone.

This suggests that this sandhi tone must have had a different shape in

the relevant dialect, perhaps being a low falling tone, as the underlying
low falling tones in Swatow come into Thai as falling tomes. It thus
seems fairly certain that Thai borrowed from a phonetically different
Swatow dialeet, unlike the one deseribed by Egerod in certain tonal
characteristies., As this dialect had three level tones, like Thai, no
evidence on the question at issue in this paper can be obtained from

this case.

A second possible case not consistent with the foregoing data would
seem to be the Yanghao dialect of Miao, spoken in K'ai 11 hsien of Rweichow,
China. Yang hao (Ying 1972) has four level tones, as well as two rising
and two falling tones. It has borrowed extensively in recent times from
Chinese and it is presumed that these loans come from the local variety
of Yunnanese (Southwestern Mandarin) which has two level tones, as well
as a low rising and a low falling tone. Using the usual five-digit gcale
for transcribing tones (Chao 1930) the Yanghao level tones are, in des=
cending pitch, 55, 44, 33 and 11. The lower of the two level tones in
Chinese is borrowed as Yang hao 33, but the higher level tone is not
represented by the next highest tone (44) but by Yang hao 55. In this
case it would seem that a wrong prediction is made by a theory of standard
intervals between tones. However, there are restrictions on co-occurrence
of initial consonants and tones in Yanghao syllables. The 55 tone may
appear only with voiceless initial consonants (including voiceless
aspirated). In the local Kweichow Mandarin dialect the higher level tone
may appear with voiced initials (mainly liquids and nasals) as well as
with voiceless initials. It seems that rather than resolve the question
by dividing the Chinese loanwords between the 44 and 55 tones according to
the voicing of the initial consonant, Miao speakers (many bilingual, ac-
cording to Ying) were aware that these words bore the same tone in
Chinese. The tonal unity of this group of words was thus preserved by
assigning them all to the same category in Yang hao. It is not clear what
factor(s) may have led to the chosen category being the higher of the two
tones available. All that may be said is that this case contains a
complicatiag factor which makes it difficult to use it as evidence to
decide the question at issue in this paper.
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7. Conclusions

This paper shows that.in general a theory of standard intervals between
tones correctly accounts for most of the data on tone loans presented. On
the basis of this evidence we may posit that it is generally true for the
tone languages of the world that level tones are paradigmatically separated
by a standard interval, although it would not be inconsistent with the
evidence to posit that a small decrement in the size of this interval
occurs as the number of level tones increases. This might explain the
hesitancy sometimes observed between different tone patterns in a group
of loanwords that had the same pattern in the donor language. A theory
of maximal separation of level tones does not account for the data pre-
sented and consequently may be viewed as false.

This conclusion, in the first place, makes predictions about the kind
of linguistic interference and language-learning difficulties that might
arise for speakers of tone languages and about other cases of loaning.
But, more significantly, it takes an important step towards defining the
constraints on overall tone inventories and provides significant input
to the process of building models of the production and perception of
tones. Selection between competing proposals for phonological features
of tone must take account of it. For example, a feature set containing
[Extreme], as proposed in Maddieson (1970), is better able to explain why
the highest tone in a system of two levels is not equated with the high-
est tone in a system with four or five levels than are the proposals by
Wang (1967), Woo (1969) and others.

The paper also shows that tone rules, especially those which affect
the syntagmatic relationships of tones, importantly affect the way in
which tones are perceived and reproduced in the process of borrowing.
Because other factors besides the number of paradigmatically contrastive
tone levels are involved in determining the way in which a tone system
with fewer levels is represented in loanwords in a language with more
levels, indirect confirmation is provided of another basic condition on
tone languages. Namely, languages with less elaborate tone inventories
permit more syntagmatic variability in the realisation of their tones.
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Hausa

Appendix I

Loanwords in Gwari

Words
Hausa

form,

are listed in groups according to the tomne pattern in Hausa. The
form is given first, followed by an English gloss, then the Gwari

followed by a further gloss if the meaning is sufficiently differ-

ent from the meaning in Hausa to require it. Comments on particular

items

HH

HHH

follow after the . group to which they belong.

ddbi: 'thousand' dubu

gadd: "bed' godo

ha:14: "character' ali

hi:ed: 'resting’ futu 'holiday'
ké:yé: 'load'! (noun) kaya

nufé: 'Nupeland' nufed '"Nupe person'
sa:tdi: 'Saturday' sati

The final -{ in /nufef/ is assumed to be a suffix in Gwari.

makulll: "key' makuli
Ly J4 ' 1 L 4
nufa:wa: Nupe people anufawai

s, Y-S 2 2 PR .
The initial a- in /anufawai/ is a plural noun prefix in Gwari;

the final‘/e{/ in this word is taken to be the suffix noted above.

H

P2 1 ' -
makaranta school makaranta
Y Y N A 4 L, =, T -2
la:raba:wa: 'Arabs' alarabawail

Prefix and suffix in /3larabawai/ as in /anufawai/ above.
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gd:de 'give thanks' gwode
{:ko "power' yikwo
kwa:nod '"bowl, basin' kwanu
Rarfe "clock, hour' karfe, kdldfye
laima "umbrella’ léma

LS .=
mu:du (a measure) mudu
ri:ba 'profit’ gyiba

’ s ' ' r =
r0o:go cagsava rogo

[ ] 1 . Y
go:xo kolanut goro

PN, I -_s P
sulai shilling sule, sile

2 LN [ 1 ;N
te:bur table tebul

One Hausa word /garke/ 'cattle~pen, herd' enters Gwari in the form
/garice/ with MHM normally representative of Hausa HHL. Another
HL word, /[4ida/ 'witness' is related to the Gwari /séidada/,

but both the LMMM pattern and the syllabic structure are puzzling.

b{nd{gé "gun' bid{ga

/4 ’_ N ] . 1] ~cl1 T
ga:fara pardon, forgiveness gafala
jommd23 'Friday’ 2Téma, 33Tdma
la:fi:vya "health' laafiya
dab{:nd 'date (fruit)' dabifno

The HL word /gérké/ has been counted among the examples of this

pattern, see above.

14hadi 'Sunday’ laddl
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HHHL

» 2,2 1 I N4 <
musulunci 'Islam’ musulunci
LLL
| A 3
akwa:ti "box' akwatl
\ AY \ 1 ] \ AN ] 1]
ayaba banana(s) ayaba bananas

The initial /a~/ in Gwari /ayaba/ is treated as a plural prefix

and a singular /yaba/ is formed on the model of /(a)kuta/ 'rock(s).

LH
bauta: 'slavery' biuta
dard: "hundred' tagyi
furé: 'blossom' fare "flower'
gwafd: "prop' gwofwa 'pillar'
jaka: 'bag' 31ka
jarkd: "donkey' jaaki
ko:kéS: 'cocoa' kwokwo
kyauta 'generosity, gift' kyauta, cauta
80:86 'loofah, sponge' s0s0
yanga: 'boastfulness' yanga "bluff’
wandd: "trousers' wando, waido
ke:ké: 'bicycle' kyekyé, cecé
sannd: 'greetings!’ hand, sanu
ammd : "put' am3
guiga: "bucket' gwoga
sd:sai 'well, correctly' soséi 'very'

Hausa /lé:md:/ 'lime, lemon, etc' may be the source of Gwari

/1émwi/ but the vowels and tones display unusual correspondences.
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LHH

LHL

The last three words in the list above have the irregular level

variant of H after L in Gwari.

\ 1 4
amfa:ni: 'advantage'
Id .
kara:td: 'reading’
As J4 . cq
mugunta: wickedness, evil
NatrTme 1 1
musulmi: Moslem' (noun)
\ \ 4 -
tu:ra:wa: 'white men'
\ \N, !
ungulu: 'vulture'

0y 7T ] ]

ampani use’' (noun)
\ AY -

karatu 'education'
S A} -

mugunta
\ | s

musulmi
AY \ -

turawa

agulu, gulu

The form /gulu/ for 'vulture' in Gwari probably arises from the

perception of the initial vowel /a-/ as a detachable plural prefix.

\ 4 2 .
alka:1i: 'judge'
asi:ri: 'secret' (noun)
g !’
gaski:ya: 'truth’
RO:kari: 'effort'
Id V4 . .
nasa:ra: 'Christians’
LA 4
ra:kimi: 'camel'
' 4 .
go:di:ya: 'gratitude'
N2 _» ' '
tura:re: perfume
anf:ya 'intention'
g
fitdla 'lamp'
’ A3
la:ba:ri 'story'
\ P ' . T
addu?a invocation
2
asabar 'Saturday’
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d1ikali

. TT LU ry

asiri, asigyi

gliciya

kukori, kukogyi 'attempt'
nasara "Christian’
1akumi

gwad{yé

AN =
turare

aniya 'determination'
fitila
lébgrz, nébggy{

N LT
aduwa ‘prayer’'



LHH

HHL

Words

\ F Y .
albasa "onion'

\ ’ \ -
batu:re 'white man'

tala:ta 'Tuesday’

S\, T
alubaasa
A\ =y -
batuure

atalaata

Beside the form given above for 'omion', Gwari also has /lﬁpﬁsé/.

balarébe

alukawdli

-\ -
azurufwa

cokali, [ekali

3Eléb5 "temptation'
’ 2 v

azumi

2’ o5 1 L
ankali good sense
takadada "book'

Only in the first two of these words are the Gwari tome patterns

a fairly straightforward reflection of the Hausa HLH sequence.

The remainder are surprising, not least for their inconsistency.

L

bald:rdbe 'Arab person'’

H

alkd:ward: 'promise' (noun)
azurfa: 'silver'
cb:ka1d: 'spoon'

jalabi: 'self-serving act'
dzumi: 'fast' (noun)
hankal{: 'intelligence'
takarda: 'paper'

H

dlayyafd: 'spinach'
éléyyéd{: 'palm oil'

with falling tone

4111: "chalk'

1aiff: 'crime, fault'
alhamis '"Thursday’
1ittinin 'Monday'
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aleefo

LY -\ I 4
aleedi

sin



kwArkwata 'louse’ kwordkwota

In two of these cases Gwari seems to represent Hausa falling tone
as ML ('sin' and 'louse'). In final position a falling tome is
apparently retained ('Thursday', 'Monday') but there is no native
parallel to such a pattern and these forms may be recognized as

not yet assimilated loans.
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Appendix II

Hausa loanwords in Nupe

Words are listed according to the format described in Appendix I.

HH
gldb: 'bed’ ggda
£4: f{ 'anger' fufi
kiskd: "bowl' k3 [Tko
kErké: 'last' (verb) kglfka
ward: 'open space’ wari

LL
daga "from' dégg

HL
flska 'face' £t [{ka
hijja 'excuse' (noun) wiija
{:ko 'power' yiko
{rt » 'kind, species’ yiri
milki 'authority" mh1fki
kai (exclamation) kéyf
rii 'life' réyi
Two Hausa monosyllables with falling tone are included here.

HHL
igd:ya 'rope' yigiya
gafdka 'school bag' géféka
jlmm323 'Friday' jima

The final falling tone seen in the Nupe form for '"Friday' is an

unusual occurrence very rare in the native vocabulary.
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HLL

HHH

LEL

14h4dl

L

Ju:gabd
kwaday{: -

marhabi:

gaski:y4:

d1birka
albdsa
aljdnna

anf:ya

t

'Sunday'’

'hypocrisy'

"thankfulness'

'slavery'
"horn'
'loinéloth’

'board'

'difficulty'

"leader'
'covet'

'welcome!''

"truth'

'blessing'

'onion'

'paradise’

determination'

'skill!
'desire'
"letter'

'pilgrim'

ladé

A S 4 -
Ay -
manafici

[igdba
A}

kodari

1 hY V 3
marahabi

-gafikiya

aldbdrika
aldbdsa
d11jén3

indy3



Appendix III

Hausa loans in Kpan

Words are listed according to the format described in Appendix I.

HH
ddiddi "correct' déaé
kwdlb4: "bottle' kwéb4
gdrwi: 'petrol can' garuwa 'oil drum'
The tone pattern of Kpan /garﬁwé/ is surprising. Perhaps this
word is not directly loaned from Hausa.

HHH
kid:td:ké: 'plank' katako
dinkwiri: 'small cap' dankwari 'headtie'
Shimizu suggests Kpan /dankwari/ is from Hausa /dén‘kwéli/ 'vel-
vet' (literally 'son of bobbin'). The etymology given here is
preferred but either yields the same tone correspondence.

LL
wa:to: "that is, i.e.' wato

LLL
ayaba "banana' ayaba
akwa:td "box' akwati
adadd 'lidded box' adudu

HL
kwé:kwa '0il palm' kwikwa 'palmtree’
mi:td 'motor car' mito
td:ba 'tobacco' ‘taba
tébur "table' tébi
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wiya 'wire' wiya

kwd :nd 'bowl, plate' kwinu 'plate, zinc'
td:sd 'plate, bowl'’ tasa

kidu. "south' kudd

dénko "rubber' donko 'catapult'

Because they are little changed in Hausa it is difficult to be

certain that 'table' and 'wire' did not enter Kpan directly from
English.  Shimizu connects Hausa /tffd/ 'garment' with /atukpo/
'cloth' in Kpan; this looks doubtful and it is not counted among

the loanwords discussed in this paper.

HHL
fatdnya 'small hoe' pit{nya
HL L
kb: wané 'whichever, every one' k& wene ‘every'
mAngward 'mango’ amingoro
H H HL
kﬁnénzir 'kerosene' kanaz{d
LH
aki: 'parrot' aku
cirtd: 'pepper’ afita
rakd: 'sugar-cane' arike
le:md: 'lime, etc'’ aremd
ké:kd: 'bicycle' kyekyé
gangd: 'drum' gangin

The final /-n/ in Kpan /gangidn/ is of unexplained origin. Shimizu

suggests that Hausa /ko:kd:/ 'calabash' used in the expression
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/kokwén kdi/ 'cranium' (literally 'calabash of head') has been
borrowed into Kpan in the expression /kdokd ikyi/ 'skull'. This

would be the only case where Hausa LH became levelled to ILL.

tusra:ré: "perfume’ turaré

akaswi 'clerk! akawd (personal name)
agwa:gwi: "duck' agwagwa

anf:ni: "button' anini

Juwd k4: (a shrub) Jdwaka 'bitter-leaf'

vernonia amygdalina
Hausa /muzé:rd:/ 'male cat' is connected with Kpan /damdsud/ in

some way but the first syllable in Kpan is of obscure origin.

sa:bilu "soap' sapurd
tumd : tir "tomato' tumatu
addd?a 'prayer' adda

har [4: [1 "bullet, shell’ arifafi
alb4sa 'onion' irabasa

The final vowel and tone pattern in Kpan suggest that 'tomato'
was not borrowed direct from English as Shimizu suggests. The
word for 'onion' in Kpan may not be from Hausa; this root is from

Arabic and is widespread in West African languages.

£\ -y -
réwd: 'north' aréewa
LR T i 1 .y
cotkali: spoon cokori
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HLH

LHL

{ya:yé 'parents’' {yayé

singi1dtd 'singlet’ singiriti

This word is considered a direct loan from English by Shimizu,

but the specific shape of the Hausa form is much closer to the
Kpan word.

H

There is one Kpan form derived from a Hausa word with LHLH tone
pattern. This is /t4tdba/ from /tantibari:/ 'pigeon’', but the
syllabic structure and tone pattern have been altered so much that

this form is not useful for the purposes of this paper.

81



Appendix IV

Sotho-Tswana loanwords in !xu

Words are listed according to the format described in Appendix I. In
some cases it has been necessry to select between different forms in the
Sotho and Tswana sources consulted to find the most probable origin of

Yy~

the borrowed form in !x.

HH
kdké "chicken' horokékd
k4né 'can' khani 'milk can'
kx4ré 'headpad' x4rd
"Chicken' also appears with HL pattern in Sotho /kx8go/.
HHH
gitdsé 'stamp, beat' katisa 'tame'
kxdbbgi 'gather' kxobaha 'scour off’'
LL
¢hoka "lack' thoka
thigd 'appear' thaha 'arrive, jump'
seme 'whip' (noun) sami
LLL
belé[a 'carry on back' barisa 'load’
HL
padi 'goat' péri, bari
théta "hill' tduta
bita 'pound, beat' badthi
bo-14d1 'inner bark’ dur{
ai-bé1s "ball' béru
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The Sotho-Tswana word for 'ball', borrowed from Afrikaans or
English,seems to have a more common variant with LL on the stem.
The !xUG° loanword looks more like a borrowing from a HL stem, but

as this group of words is very inconsistent this remains uncertain.

gaddka 'roast, fry' xari

The loss of the final syllable in 'xud is unexplained.

kxo1é "thong, rope’ xore
mad{ 'blood' madi 'money’

\ 2 ' ey A=
moa breath, spirit moa
nyats{ 'lover' nyat[i
pho1d 'ox, bull' phoro
tad '"lion' tiu

\ ' ' .

tswaya mark, brand t fwa
sekd16 'school’ sikdréd
bordky & 'trousers' bérdgo
bordkywé "trousers' bilrtkhoe

The two forms of the word for 'trousers' in both languages is an

oddity. The original word is Afrikaans.

One Sotho-Tswana word with LHL pattern is borrowed into 'xi with
MM. This is /4had13/ 'share out, divide' which enters 'xii as
/tharo/ 'separate’. This word is not useful for the purposes of

this paper.
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Tone-spreading and perceptionl
Ian Maddieson

[Paper presented at the 92nd Meeting of the Acoustical
Society of Aﬁerica, San Diego, California,

"November, 1976]

Among the various phonological universals of language that have been
proposed are two that concern the phenomemon of 'tone-spreading' in tome
languages. Examples of tone-spreading rules are illustrated in Figure 1,
where H represents a high tone syllable and L represents a low tone syllable.
Schematic representations of the pitch contours in these rules are given by
continuous lines on the right-hand side of Figure 1.

"TONE-SPREADING

A. high tone perseveration
HLL — HHL >

B. low tone perseveration

LHH — LLH g -__TI

C. high tone anticipation

LLH— LHH — 0 - _I

D. low tone anticipation

HHL— HLL I

Figure 1.
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The proposed universals state that there are asymmetries in the way in which
rules of this type are distributed in languages of the world; specifically
that tone-spreading is more often perseverative than anticipatory and that
spreading of high tones is more likely to occur than spreading of low tomes.

An experiment was conducted to test if an asymmetry in the perception of
tone sequences can contribute to explaining the asymmetrical distribution of
these rules. A synthetic speech parameter file representing a trisyllabic
word /wawawa/ was created, using programs implemented on the PDP-12 computer
of the UCLA Phonetics Laboratory. Syllable divisions were determined to
coincide with the lowest values of Formants 1-3 in the /w/ segments. Two
series of stimuli, each containing 16 items, were produced by modifying the
F, contour of this word. The composition of these series is represented in
Figure 2. In the High-Low series the entire first syllable had a higher F,
(125 Hz) and the entire third syllable had a lower F, (112.5 Hz).2 1In
Stimulus 1 the whole of the middle syllable was low like the first syllable;
in Stimulus 16 the whole of the middle syllable was high like the first
syllable. In the other stimuli the position of the change in F, was
progressively delayed by 15 msec steps. A similarly constructed series of
Low-High stimuli was also created in which the entire first syllable had the
lower F, and the entire third syllable had the higher F,. In each case the
change in Fj was abrupt. It may be seen from Figure 2 that the stimuli
numbered 1 and 16 in each series correspond to the patterns in the graphic
representation of tone-spreading rules in Figure 1. The other stimuli are,
to a greater or lesser extent, ambiguous between HLL and HHL or LHH and LLH.

Two randomly ordered sequences of the 32 stimuli were generated using an
Ove III speech synthesizer and recorded on audio tape. Each sequence
contained five tokens of each stimulus type, making a total of 320 trials.
The inter-stimulus interval was 1 second. The two sequences were presented
on consecutive days to a group of subjects who were students at UCLA taking
an introductory phonetics course. Presentation was over a loudspeaker in
the classroom against a background of ordinary environmental noise. The
subjects were asked to judge if the middle syllable of each token sounded
more like the first or more like the last in pitch. Subjects indicated
their response by marking the word FIRST or the word LAST on a response
sheet. Every tenth token was numbered on the response sheet and the number
was read on the tape to ensure that subjects did not lose their place.

During the instructions prior to doing the task on each of the two days
the subjects heard the stimuli numbered 1 and 16 from each series of stimuli.
They were then played a practise sequence in which each of these four stimuli
occurred four times in random order. The practise sequence served to
familiarize subjects with the nature of the task and with the tempo at which
they were required to do it. It also provided a basis for distinguishing
those who could do the task from those who found this particular task
difficult or confusing to perform. Because the middle syllable is in fact
the same as either the first or the last there is a 'correct' response to
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the stimuli numbered 1 and 16. A pilot experiment had shown that failure

to give this correct response to the practise stimuli predicted a performance
that was close to chance on the whole task. Therefore, to eliminate those
for whom the task presented irrelevant difficulties, results from only those
subjects who gave no more than one aberrant response in the 32 practise trials
are reported. There were 16 such subjects whose results are discussed below.
No significant learning pattern emerged in comparing the responses from the
two days, so the data from both days is pooled.

The subjects' responses amount to deciding which of the number 1 or 16
stimuli a more or less ambiguous stimulus is equivalent to, and sorting the
F, patterns into the four categories HLL, HHL, LHH and LLH. If there is no
perceptual asymmetry influencing the responses, the stimuli 1 through 8
should be predominantly judged to have the middle syllable like the last
syllable (i.e. HLL and LHH) and the stimuli 9 through 16 to have the middle
syllable like the first syllable (i.e. HHL and LLH). TFigure 3 shows the
responses to the stimuli in the High-Low series. For each stimulus number
the percentage of HLL responses is shown by a solid bar and the percentage
of HHL responses is shown by a striped bar. For this series no perceptual
asymmetry is apparent. The cross—-over from a majority of HLL responses
to a majority of HHL responses falls between stimuli 8 and 9 - stimuli in
which more than half the middle syllable is low are overwhelmingly judged
to be HLL, stimuli in which more than half the middle syllable is high
are overwhelmingly judged to be HHL.

The responses to the stimuli in the Low-High series are shown in Figure 4.
The percentage of LHH responses for each stimulus number is shown by a solid
bar and the percentage of LLH responses by a striped bar. The cross-over
point from a majority of LHH responses to a majority of LLH responses occurs
around stimulus 10. In this series more of the ambiguous stimuli were
heard as having the middle syllable like the final high toned syllable than
like the initial low toned syllable. A definite asymmetry is apparent.

This bias may be interpreted as favoring high tone spreading over low tone
spreading, as one of the proposed universals indicates is the case. But the
asymmetry results from a preference for anticipating the following high tonme,
which is the antithesis of the other proposed universal.

The results may be tabulated and the conclusions drawn by totalling the
reponses in various categories. With the High-Low series of stimuli 50.8%
of total responses were equivalent to HLL (and 49.2% to HHL). This is not
significantly different from 50% by a Y% test for goodness of fit. With the
Low-High series of stimuli 59.4% of total responses were equivalent to LLH
(and 40.67% to LHH). These figures are significant at better than a .0l level.
In the two series together, those responses which treated the middle syllable
as anticipating the final tonme (i.e. HLL + LHH) totalled 55.17 and those
responses which treated the middle syllable as high toned (i.e. HHL + LHH)
totalled 54.3%. These figures are also significant at better than .01,
but their significance results from the asymmetrical responses to the Low-High
series.
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The unexpected finding of a preference for anticipation3is not suff-
icient to lead to a denial of the proposed generalization, but it may
suggest that the data on which it is based deserve re-examination. A
different choice of underlying forms can convert a perseverative rule
into an anticipatory rule. For example, consider a case where HLL
and HHL alternate. If HLL is the underlying pattern, then HHL is
derived by a perseverative rule (Figure 1 A); but if the HHL pattern is
chosen as underlying, then HLL is derived by an anticipatory rule (Fig-
ure 1 D). It is necessary to ensure that a choice between competing
analyses is soundly motivated in order to either confirm or refute the
generalization.If it 'is confirmed then a problem remains in reconciling
these experimental data with the linguistic facts.%

Footnotes

1. In the design, execution and writing up of the” experiment reported. -
in this paper I have benefitted greatly from consultation with others,
principally my colleagues in the Phonetics Laboratory at UCLA. I am
especially grateful for encouragement and advice from Peter Ladefoged
and Louis Goldstein who also wrote a program to tabulate the scores.

I should like to record my gratitude to those who endured unpaid the
rigors of being subjects both in the pilot and full-scale studies.

This work was supported by the NSF. )
2. These F, levels are within the range typically employed by a male
speaker in distinguishing tones in a language with two tone levels.

3. It is possible that this finding would not be repeated if subjects
were speakers of a tome language. The experiment will be re-run with
such speakers to test this possibility. It has also- been suggested to
me that the finding results from there being perceptual syllable bound-
aries located differently from the acoustic boundaries defined for the
experiment. If the perceptual boundaries were later than the acoustic
boundaries then the acoustic center of the syllable would be in the
earlier half of the perceptual syllable. A cross-over point between
stimuli 8 and 9 would then indicate that there was a preference for
perceiving perseveration in relation to these perceptual boundaries.

A listening test conducted with stimuli prepared by removing all or most
of either the first or the last syllable of /wawawa/ appeared to refute
this possibility. Moreover, the original experiment was designed to
discover if there was an asymmetrical response to a lack of correlation
of a pitch change with a 'segmental' change, simulating an articulatory
slop in production. If indeed there was a delayed perceptual bound-
ary to syllables this would be part of the subject-matter of the
investigation.

4. Cf. H. Javkin "Auditory basis of progressive tone spreading"
[Abstract] Journal of the Acoustical Society of America 60 Supp 1: S45.
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Tone Effects on Consonants
Ian Maddieson

Introduction

It is well-known that consonants induce pitch transitions in follow-
ing vowels that differ according to the type of consonants concerned.
There are also pitch differences in vowels which precede consonants. The
synchronic and diachronic effects of such differences on the tone sys—
tems of tone languages and the possibility that nontonal languages deve-
lop tonal contrasts from them has been the subject of much discussion
in the linguistic literature (e.g., Hyman 1973a, Gandour 1974, Hombert,
Ohala and Ewan 1976).

Less attention has been paid to the fact that differences of tone
may affect the adjacent consonants. In fact it has even been denied
that such an effect is possible (Hyman 1973b, Hyman and Schuh 1974, Pike
1974) . It may well be true that there are fewer phonologically signi-
ficant effects of consonants on tones. This is not surprising, since
there are more different consonants than different tones in any language
and the consonants differ along many more dimensions than the tones.
However there is a sufficient number of well-attested cases of tone
effects on consonants that the possibility must be recognised as a fact.
Additional cases, for which the evidence may not be complete, appear
more convincing in view of similarities to the better attested cases.

This paper will review in three sections the available evidence
showing that tones affect consonants. The first describes diachronic
changes of consonants in which tone affects the results. The second
describes those cases in which a synchronic consonantal difference has
been impressionistically observed to depend on tone. These vary from
cases where small phonetic differences are reported to those where pho-
nemic boundaries are crossed. Comments on the diachroniec sources are
added where appropriate. The third describes phonetic effects of tones
on consonants which have been instrumentally determined. In each of
these sections similar effects are grouped together as a preliminary
step towards establishing a typology. The fourth section of the paper
examines the significance of the fact that tones can affect consonants
for those cases in which a correlation of consonant types and tone is
open to interpretation as either an effect of consonants on tones or of
tones on consonants. The final section discusses further the relation-
ship of the diachronic and synchronic effects.

1. Diachronic effects of tones on consonants.
(1) Changes in phonation type.

Beach (1938) reports that, in the Southern African Khoisan language
Korana (lora), */g/ and perhaps other previously voiced segments have
become devoiced when one of the higher tones follows. In additionm,

Beach reconstructs a tone-splitting process in the closely related Nama
language by which the two lower tones (described as mid-low and mid-fall-
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ing) in the parent language developed a rising variant after an original-
ly voiced consonant. Because this split does not affect the higher tones,
Beach suggests that the originally voiced consonants must have become de—
voiced before the high tones prior to the tone-split. After the tone-
split, consonants before the lower tones also became devoiced. The com~
Parison with Korana provides both the evidence for the original voiced
status of the consonants concerned and the evidence for the early de-
voicing before high tones.

In Guthrie's '"Group C' of Bantu languages, Ellington (1970-1) shows
that /1/ in Ngombe corresponds to /t/ before high tone in Lingala, Bo-
bangi, Mongo, Ntomba, and Bolia; but /t/ before low tone is common to
the group. A few of Ellington's examples are given in 1.

(1) in Ngombe elsewhere in Group C
'thousand' kétd nkétd
'scorpion' kd1d nkotd
'to leak' tanga tanga
'to count'’ 14nga tdngad

Ellington formulates a 'sound change rule' (2):
(2) A 1/ ¥

and has over 30 examples of corresponding series to illustrate it. He
considers the possibility of other causes, but concludes that:

"since high tone is the only consistently present factor in those
cases where /t/ became /1/ then it may be assumed that this is the
conditioning factor."

The change (2) is shared by the closely related Bwela (or Doko) language
(Hulstaert 1961), e.g., Bwela 'to count' is /13ngd/. Note that, since
/1/ is the normal reflex of Proto-Bantu */d/ in Ngombe, the change may
have been of /t/ to /d/ in the first instance, i.e., a straightforward
voicing change.

This development in Ngomb€ may seem surprising as the association
of high tonme with voicelessness and low tone with voicing is more pre-
valent. It should be remembered, however, that where diachronic effects
of consonants on tones have been detected the correlation of voicing with
higher tone and voicelessness with lower tone is not unusual. It is
found, for example, in Sui (Haudricourt 1972), the Central branch of the
Tai family of languages and many of the Northern Tai languages (Brown
1965, Sarawit 1973), Nasu and L#-Ch'#ian among the Loloish languages
(Matisoff 1972), Chaochow and Shaowu among the Min Chinese dialects
(Norman 1973), etc.

The languages of Chinaland South-East Asia provide many examples
of changes in phonation type of initial consonatns that depend on the
tonal category of the following vowel. For example, in Puyi dialects
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of the Tai family, original voiced obstruents have modern voiceless
aspirated or unaspirated reflexes depending on the tones (Sarawit 1973).
A group of Northern Thai dialects is identified as sharing a loss of
aspiration in voiceless aspirated stops before reconstructed tones I and
IV, whereas voiceless aspirated stops remain unchanged before tones II
and III (Jones 1965). In Mandarin and Yueh dialects of Chinese, the old
voiced obstruents became devoiced but became voiceless aspirated if
preceding the "even' tone (p'ing-sheng), and voiceless unaspirated else-
where (Forrest 1965:230, Cheng 1973). Cheng gives the table of corres-
pondences in (3) between voiced initial consonants? in Middle Chinese
and their reflexes in the Taishan dialect of the Yiieh group. The Middle
Chinese initials are based on an interpretation of the Ch'ieh-yun rhyme
tables compiled before 601 A.D.

(3) Taishan reflexes of Middle Chinese voiced stops
Middle Chinese initial consonants b |didz|d3 dz d|g
Taishan reflex before 'even' (p'ing) tone ph h|t" tfh k
Taishan reflex with other tones p |Bft | tf k

In some Yueh Chinese dialects words with the 'lower' (yang) rising
tone (shang-sheng) also have voiceless aspirates (Hashimoto 1972:32).

In the Hakka group of Chinese dialects the voiced obstruents show voice-
less aspirated reflexes in all tones (Yang 1967). Mandarin and Yueh
therefore seem to show a selective further development to unaspirated
reflexes in some tones.

As for another major Chinese grouping, Ballard (1969) shows that
the Wen-Ling dialect of the Wu group has preglottalized variations of
nasals and laterals with the originally 'rising' tone. Furthermore,
these appear with the higher reflex of this tone, which is normally
associated with originally voiceless consonants. Nasals and laterals
with one of the other three original tones occur with 'voiced aspiration'
(transcribed /hm, hn, h!/) and appear with the lower reflex of the tones.
Interestingly some varieties of Wen-Zhou have voiced aspirated nasals and
laterals in the rising tone. Two other dialects, Chang-Zhou-Shi and
Jin Hua, may have shared this change since they have the unexpected
higher reflex of the original rising tone after nasals and laterals.
Although nasals and laterals to not currently have different reflexes
according to the tones in these two dialects, some explanation is re-
quired for the different way the original tones have been split.

Chang (1973, cf. Li, Ch'en and Ch'en 1972) provides extensive
evidence of changes similar to the Chinese ones in the Miao languages
of the Southern China border area. The series of reconstructed voiced
stops have voiceless unaspirated reflexes with 'A2' and 'D2' tones, and
voiced aspirated reflexes with 'B2' and 'C2' tones in the Hsien-chin
dialect. In Chi-wei the voiced stops become voiceless unaspirated with
'A2' tones and are voiceless stops followed by voiced aspiration with
'B2' 'C2' and 'D2' tones. In Tsung-ti they become voiceless unaspirated
with 'A2' and 'D2' tones, but voiceless aspirated with 'B2' and 'C2'
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tones: the voiced stops remain voiced with 'C2' tone and with the
special reflex of 'B2' tone that occurs with nouns, but become voiced
aspirated with 'A2' and 'D2' tones and the reflex of 'B2' tone with
verbs. Some examples are given in (4) to illustrate these changes.

(4) Hsien-chin| Chi-wei | Tsung-ti [Shih-men-k'an
original
initial tonal

gloss consonant category

'nine’ * A2 & 32 o 21j& 42 jra 35

'to wait' *d- B2 dhau 21 than 22| thon 22 dho 13

'to die' *d- C2 dha 13 tha 42| tha 13 da 31

'ten’ kg D2 kau 24 khu 221 ku 31 ghau 31

Chang and Li et al. also show that former prenasalized voiced stops
in Tsung-ti become plain prenasalized voiceless stops with A2 and D2 tones
but are followed by voiced aspiration with B2 and C2 tones.

(ii) Place or manner of articulation.

Tonal differences have also affected the distinction between
fricative and affricate initial consonants in Chinese. Pulleyblank
(1970, 1974) shows in detail that the distinction between Middle Chinese
voiced palatal and retroflex fricatives and affricates was lost by the
end of the Middle Chinese period. A retroflex fricative, perhaps with
a breathy offglide, was the merged reflex. Later in Mandarin dialects
a split occurred conditioned by the tones. Pekinese has a retroflex
voiceless aspirated affricate withthe lower even tone (yang p'ing) and
a retroflex voiceless fricative with other tones (and also before the
vowel /+/ in even tone). The process is illustrated by the diagram in (5).

(5) Early Middle Chinese Late Middle Chinese Mandarin

h, even tone
ts') &V

dz, d3 — A >
z, 3% >— 5 TTT————a 5/ elsewhere

or i on
any tone.

Examples of modern reflexes are given in (6).

(6) Early Middle Chinese Mandarin reflex (transliterated)
segment yang p'ing tone ch'u tone
palatal fricative ch'eng 'to fill' | sheng 'full'
palatal affricate ch'eng 'to ride' | sheng 'vehicle'

The words across the rows in (6) rhymed in all but tome in Middle
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Chinese, now they differ also in the initial consonant. The words down
the columns are now homophonous, having lost a contrast in the initial
consonants,

Some tone-dependent changes of final consonants are noted by Jones
(1961) in his phonological history of Karen dialects. For example, in
the parent of Sgaw and Palaychi dialects, Proto-Karen final */-dh/ became
/-h/ after high tone but /-d/ after low tone.

In Kpelle, a Southwestern Mande language, originally voiceless
obstruents have three different reflexes (Dwyer 1973, 1974). These may
be illustrated, using /p/ as a representative, as in (7).

(7 1) *p —p
(ii) *A-p —1b
(1ii1) *n-p —bb

As may be seen, prefixed high and low toned nasals have different
effects. The low-toned nasal prefix that results in the voiced geminated
obstruents in (7 iii) can be reconstructed from an examination of
synchronic alternations (cf. Hyman 1973c). These involve changes in
initial consonants when nouns become definite or verbs take a third
person pronominal object. Words beginning with a nasal still add a
low-toned syllabic nasal prefix in these cases, but those with initial
voiceless obstruents replace them with homorganic voiced geminates.
Examples are given in (8) (from Welmers 1962, with modified transcrip-
tion).

(8) nouns indefinite definite
'thing' SEn zZEN
'vehicle' kélen ggélen
'rice' m313n mm3 130
verbs without object with object
'jump, throw' plIT bbliT
'swell, blow up' fE€ VVEE
"boil' nén nnén

Dwyer denies that the low tone on the nasal was the cause of the gemina-
tion but suggests rather:

"stress is generally assigned to the first high tone in the nominal
phrase. Consequently phrase-initial low-toned nasals are never
stressed while phrase-initial high-toned nasals are always
stressed. As a result, Gemination applies to low-toned nasals

and not to high-toned nasals because of the location of the stress.
The reduction of marked features in an unstressed segment is a
very common event.' (p.69)

Dwyer's explanation is an interesting attempt to find a natural cause
of the Kpelle distribution. Other writers, e.g., Welmers (1962) and
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Bird (1971) have suggested that the low tone is causally involved in
the origin of the geminated voiced ('"heavy voiced") segment.

Dwyer objects to the argument that low tone causes the consonant
change on the grounds that other low tones do not cause gemination, only
low-toned syllabic nasals. He cites such examples as (9) in Central
%pelle. By a tone-lowering and voicing rule (9i) becomes (9ii), not

9iii).

9) i) kd 100 "chief' + p313 ‘'old'
ii) kd16mb31d>  'old chief'
not iii) *k31ombbd1d

However, the non—occurrence of gemination in such an enviromment is

not gxplained by an appeal to stress, since the second syllable of

/kalon/ is an unstressed syllable. Stress is a secondary feature of
Kpelle predicted from the tones, and unstressed syllables are not

altered by deletion, contraction or neutralization processes. On the
other hand, tone is a primary feature in the Southwestern Mande languages.
Thus the low tone surely must have played a role in producing the result
shown in (7).

(iii) Introduction of consonantal segments due to tones.

In many Scandinavian dialects, two tonal accents distinguish words
which are otherwise identical. Originally monosyllabic words have
Accent I, originally bisyllabic or polysyllabic words have Accent II.
Due to compounding and epenthesis, some Accent I words now have more
than one syllable, and due to contraction some Accent II words are now
monosyllabic. There are more minimal contrasts in Norwegian dialects
than in Swedish. Oslo Norwegian, for example, bunden 'the floor' has
Accent I (a rising pitch pattern) but bunden 'bound (participle)' has
Accent II ( a falling rising pitch pattern) (Kock 1901). In Standard
Danish however, the accent distinction is not realised as a tonal
difference. Instead, the words with Accent I have a glottal stop (st¢d)
at the end of the vowel in the accented syllable. Larsen (1890) also
reports that there is little accentual difference in some of the southern-
most Norwegian dialects and a glottal stop characterizes Accent I. Most
scholars have been persuaded that the Danish situation represents an
innovation caused by tonal differences between accented syllables in
the parent language of all the continental Scandinavian dialects. The
accented syllables can be distinguished from unaccented syllables, and
only stressed syllables with Accent I develop the glottal stop. Kock,
following Sievers, suggests that the Danish stg¢d

"must have arisen in the following way; in the course of the tens-
ing of the vocal cords required to produce the rapidly rising
pitch contour of the stem syllable of words with Accent I, the
tension was over-articulated so that the vocal cords momentarily
closed"
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It is not really necessary to maintain that the voecal cords actually closed
in producing the contour as a simple cessation of voicing in this position
could readily be re-interpreted as a laryngeal segment. A very similar
effect seems to have occurred in Latvian (Ekblom 1933), a language in the
quasi-tonal Baltic group (cf. Steinbergs 1975).

Another case of high rising tone introducing a glottal stop where
none existed before can be detected from comparing dialects of the Mon-
Khmer language Jeh (Gradin 1966) . In a Southern dialect, there is a
'high tone' which consists of a word-final sharp rise after a level
pitch of normal short vowel duration. This sharp rise corresponds to a
segment that Gradin calls a 'glottal fricative' in some Northern dialects
of Jeh, and to /h/ and /s/ in related adjacent Mon-Khmer languages. If
this segment /h/ is a devoiced or aspirated final vowel, the origin of
the pitch rise may be connected with the increase in airflow through the
glottis caused by widening the aperture between the vocal cords. Gradin
notes that the sharp rise in pitch in the Southern dialect can occur with
a vowel broken up by a glottal stop. As this involves closing the vocal
cords it is not plausible to suggest a direct change h —=? . Rather,
an originally automatic pitch rise may have been interpreted as phono-
logical, and subsequently the over-articulation of an energetic rise
resulted in vocal cord tension reaching the point where vibration was
halted.

It is also probable that the glottal stop in the high rising 'broken'
tone (ngd) in Northern varieties of Vietnamese originates from a similar
process. Mohring (1972) shows that many words in Vietnamese with nga
tone have cognates in Khmu? with final /-h/. Again, it seems unlikely
that /?/ directly corresponds with /h/. Haudricourt (1954) proposed that
both high rising tomes in Vietnamese arose from final /~h/ (or /-s/).

The second one (sac) is not accompanied by the intrusive glottalization
found in the ngd tone. Mohring is unable to find evidence for final /-h/
in the cognates of words with s3c tones: The absence of cognates with
final /-h/ and the absence of the glottal stop in sac tones emphasize

the similarity with the development in Jeh.

One other probable case of the introduction of a glottal stop occurs
in an American language. In Kiowa (Sivertsen 1956) the occurrence of a
glottal stop syllable-finally before pause can be predicted from the
occurrence of low tone in long syllables. This glottal stop varies in
other positions with medial constriction of the vowel, or laryngeal (creak)
of the vowel, or a plain voiced but 'rearticulated' vowel. Low tone
occurs without this glottal feature in short syllables, and long syllables
with high tone do not have it. It may therefore be an innovation, rather
than a residual phenomenon, introduced by the rule given in (10).

(10) p——2/VV_(C)#

The phonetic process probably involved first, the development of
laryngealization simply because vocal cord vibration slows to a very low
frequency at the end of a long low-pitched vowel. Subsequently, the
complete glottal closure developed in final position.

2. Synchronic rules showing effects of tone on consonants.

In this section phonological rules or allophone distributions which
are based on impressionistic description will be covered.

a7
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(i) Phonation type.

Two cases in which low tone predisposes voiceless stops to become
voiced are reported from Tibeto-Burman languages spoken in North-Eastern
India. In Tankhur Naga (Bhat 1969) "the three unaspirated voiceless stops
P, t and k become voiced intervocalically especially before a vowel in
low tone". In Central Monpa (Das Gupta 1968) the rule is a more strict
selection between allophones determined by tone. The stops /p, t, ¢, k/,
which are voiceless unaspirated before high tone, are described as having
"softened low tone varieties” with "indistinct voicing" before low tone.
Voiceless aspirated stops occur before both tones in these languages
without any observed allophonic variation.

In Jingpho (Maran 1971), a more distantly related language spoken
in Burma, voiceless final stops after low tone vowels become voiced stops
in a gemination process which occurs before certain suffixes (such as an
affirmative, possessive or imperative marker). This alternation of voic-
ing does not occur after high tone vowels, as (11) shows.

(11)  yak 'difficult' yaggai 'it is difficult'
cat 'tight' cattai 'it is tight'

It can be shown that the voicing is an innovation in Jingpho. An archaic
ritualized form of the language apparently does not exhibit voicing of
final consonants (Maran 1971:194), and Proto-Lolo-Burmese cannot be shown
to have had any voiced final stops (Burling 1967, Matisoff 1972).

Among the Kwa languages of West Africa, Dunstan and Igwe (1966) re-
port that the "glottal fricatives" (symbolized /h, R, hj, Aj/) "appear to
be partially voiced before low tones". This remark probably means that
a murmured onset to a low tone vowel occurs.

(ii) Place and manner of articulation.

In Tucano (West and Welch 1967), spoken in an area on the border
between Colombia and Brazil, there is an alternation between plain and
prenasalized stops after nasalized vowels such that if the vowel has a
high tone the stop is prenasalized. An additional condition is that the
nasalized vowel must be preceded by a voiceless consonant. Examples are
given in (12).

(12) with prenasalization
/Kpd/ [kémpéhl "left'
/wghéki/ [wéhégkuh] "fish net'
/wakuti/ [wahkintih]  'remember?'

without prenasalization
ALy EP 2NN ' '3

/siikua/, [sgkug ] small of the back

/dT?kaka/  [nT?k@kaP]  'today'
In Picuris, a Tanoan language of New Mexico, Trager (1971) observed an
effect of low tone on the first member of a consonant cluster with a
glottal stop as the second member. The effect is illustrated with the
example in (13).

(13) /ém?ene/ —» [AMb2ene] (" represents low tone and primary stress)
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In the example Trager describes the /m/ as becoming "partially denasalized
and devoiced, and more tense'. She attributes the effect (of which no
further examples are given) principally to anticipation of some of the
qualities of the glottal stop in the /m?/ cluster. However as similar
clusters preceded by high or mid tone do not show the effect, there is

a differential effect of tones on these clusters.

An interesting case where tone seems to affect place of articulation
in Atsi, a Burmese language, is reported by Burling (1967). Discussing
variations in the realisation of /v/, which in most cases is labio-dental,
he notes that before /e/ and /a/, in high-toned syllables only, it has
bilabial friction. His description is not entirely clear but it does
seem certain that he observed some tone-dependent variation in the articu-
lation of this segment.

(iii) Duration

Malmqvist (1962) reports that in Chengtu, a Western Mandarin dialect
of Chinese, final nasals have phonetic variants conditioned by tones. In
words ending /-en/, the nasal is long (transcribed [n:]) after the rising
tones 1 and 4 (which are 45 and 213 on the Chao five-digit scale). After
the falling tones 2 and 3 (21 and 53 respectively) the nasal is short. 1In
words ending /-an/, a fully articulated nasal is only heard after tone 4;
with other tones the nasal is described as ''weakly articulated"” and its
presence is principally indicated by nasalization of the preceding vowel.

3. Instrumentally-verified phonetic effects of tones on consonants.

Surprisingly few instrumental investigations of tone languages have
been carried out, and only in a small proportion of these have properties
of consonants been measured to determine if there are differences depen-
dent on tone. This is in contrast to a considerably larger number of
instrumental investigations in which pitch differences caused by adjacent
consonants have been studied. These latter studies have been greatly
stimulated by the interest in seeking the phonetic basis of tone-splits
and tonogenesis. As the possibility of tone effects on consonants has
been largely neglected there has been no equivalent stimulus to seek a
phonetic understanding of the precess involved. Yet there is no a priori
reason to rule out various forms of co-articulation between tones and
adjacent segments. Non-pitch effects of tones on consonants are discussed
below.

(i) Phonation type.

Gandour (1974) has shown that the aspirated stops in Standard Thai
have two allophones; one is voiceless aspirated, the other has 'voiced
aspiration' following a voiceless closure phase. The frequency with
which the 'voiced aspirated' variant appears is determined by the tone
which follows. Approximate figures are given in (14).

(14) Approximate percentages of breathy allophones of
aspirated consonants (Thai)
High Falling Mid Low Rising
Tone Tone Tone Tone Tone
100% 907% 50% 28% 20%
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The breathy allophone is normal with high and falling tones but rare

with low and rising tones. Gandour suggests that this may be due to
retention of breathiness from one series of consonants from which the
aspirated stops are historically derived. But, as the allophones occur
with aspirated stops from several sources apart from the Proto-Thai voiced
(or 'breathy-voiced') stops, it is not clear that this is correct. Never-
thelegs whether this is differential retention of a feature or an innova-
tion of a tone-determined allophone, the distribution of allophones is

the result of the tonal differences.

It may also be noted in this section that in Pekinese Karlgren (1960)
experimentally observed a devoicing of final nasals after falling tones.
The instrumental evidence is not published or described in detail, put
he reports that in k3n 'dare' (rising tone) the /-n/ "was intense and
richly voiced to the very end: whereas in k'dn 'look' (falling tone)
the /-n/ "had a weak intensity...and lost its voiced nature at the end
(being a voiceless pn in its final moments) ",

(ii) Larynx movement.

The data collected for a study of larynx height in Thai provided the
opportunity to measure the differences in larynx position of the three
consonants /p,p", and b/ which result from differences of tone. The
highest point reached by the larynx during the closure of each of the
stops is not significantly affected by the following tone (although the
height reached differs for the voiceless and voiced consonants). However,
the movement from the highest point down to the low position reached at or
near the beginning of the vowel is strongly affected by the tone, as nay
be seen from the table in (15).

(15) Amount of Larynx Movement in Consonants
Rising Low Falling High Mid
Consonant Tone Tone Tone Tone Tone
p 9.3 7.9 4,2 4.8 4.1
ph 6.8 5.1 5.4 4.6 3.7
-ngv,N-__ﬁﬁ_--ﬁgk_ﬁlu__21*_%ﬂ.
Average 8.3 6.4 4.9 44 37

The units in the table are millimeters of displacement of the larynx
tracing on the oscillomink records used in the experiment described in
Gandour and Maddieson (1976) (these magnify by a small but unknown

factor the amount of the actual movement of the thyroid process). The
downward movement of the larynx is largest when a rising tone follows the
consonant. The low tone causes the next largest movement and the mid
tone the least. This shows that the following tone has an important
physiological phonetic effect on these preceding consonants.

(iii) Consonant duration.

It seems in general true that higher tones predict longer consonant
durations. Zee (1977) has shown that in Taiwanese long syllables with
the segmental shape /si:/, the duration of the /s/ segment is positively
correlated with the pitch of the beginning of the vowel. There are five
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possible tones in this environment. The fricative is longer before the
high and falling tones and shorter before the low and rising tones than
before the mid tone. In Standard Thai, which has a broadly similar
pattern of tones on long syllables to Taiwanese, the high and falling tones
predict longer consonant durations and the low, mid and rising tones
shorter durations. Sample durations of /b/ are given in (16) below.

These are measured from oscillograms prepared in connection with writing
the paper on larynx height in Thai (Gandour and Maddieson 1976).

(16) Duration in Msec. of Consonant

Segmental High Falling Low Rising Mid

Composition Tone Tone Tone Tone Tone
bi: 120 113 106 104 101
bu: 107 106 88 88 83

Elert (1965) shows that in the quasi-tonal Swedish of the Stockholm
area consonants following the stressed vowel are longer in words with
Accent II than those with Accent I. In Accent II the stressed syllable
has a level high or rising pitch whereas in Accent I the stressed syllable
has a falling pitch (i.e., is low at the end).

The durations of the measured consonants in Swedish show an inverse
correlation with the duration of the preceding vowel, and the same may
well be largely true for Thai (cf, Abramson 1962), but in Taiwanese
the vowel durations cannot be used to predict the duration of the con-
sonant. Vowels on rising tones are long, much longer than vowels on low
tones, yet consonants before both these tones are short in duration.
Therefore the only generalization that will cover these three related
cases is that in (17):

(17) Consonants adjacent to hgih-pitched vowels are longer than those
adjacent to lower-pitched vowels.

4. Implications of tone effects on consonants for interpretation of
ambiguous cases.

As the previous three sections have shown, some correlations be-
tween tones and properties of adjacent consonants can arise because of an
effect of the tones on the consonants. We also know that certain cor-
relations between tones and consonants can arise because of effects of
consonants on tones. Some tone effects and consonant effects are mirror
images of each other. For example, the association between voicing and
lower tones can be seen to be a mutual relationship. On the other hand,
the consonant-lengthening effect of high tones is not known to be
matched by a pitch-raising effect of long consonants (e.g., phonologically
long or geminate consonants or consonant types with greater inherent
length).

Where the effects are mirror images, a correlation of tone and
consonant may be open to two different interpretations. Consider for
example a set of comparative data from two related languages showing
that where one language has words contrasting high and low tones, the
other has words contrasting voiced and voiceless consonants. A corre-
spondence of this kind is illustrated in (18).
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(18) Language A Language B

tén tan
tan dan

In this situation, most comparative linguists would probably prefer to
believe B is the conservative language while A has innovated a tone system.
These correspondances would equally well support the reverse interpreta-
tions, that language B has replaced a tonal distinction by a contrast
among initial consonants lacking in A. Without further evidence, this
correspondence alone is ambiguous,

Let us look at an example in which the data are decidedly ambiguous.
Luce (1969) reported on two dialects of Riang, a language in the Mon-
Khmer group. These dialects are distinguished as Black Riang (BR) and
White-Striped Riang (WSR). Luce says of them:

"They appear to have only two tones, level and falling, according
as the original initial of the main syllable was surd or sonant."

The 245 items in Luce's list do not include any minimal pairs demonstra-
ting the tone contrast but there are pairs such as those in (19).5%

(199  BR  WsR

kdk  kdk 'nape of neck'
kdk  kdk "to bite'
nam  nd:m "blood'

A A 1 . 1]
num  nwm, ndm 'urine

Luce does not present detailed arguments for his suggestion that the fall-
ing tone depends for its origin on an earlier voiced consonant and the
high level tone on an earlier voiceless consonant. Note that in order to
derive the falling tone in just those syllables initiated by a voiced
consonant in Proto-Riang we have to assume that the effect of the initial
consonant was not on the beginning but on the end of the vowel. This
seems bizarre. There is no support for historical scenarios of this kind
in the experimental studies of pitch that are often cited to support
reconstructions of consonant influence on tone. It is also necessary to
make some awkward assumptions about voicing contrasts and their effects
in nasals and approximants.

Notealso that two changes are assumed to have occurred. The develop-
ment of tones; and the loss of voicing in initial voiced consonants.
This latter change has been held accountable for the rise to phonological
significance of 'register' distinctions as well as tone in Mon-Khmer
languages. Proto Mon-Khmer is generally assumed to have lacked tones.
Shorto (1967) says

"It can be shown by comparison with languages which preserve the
older distinction that register in Khmer and Mon, and tone in Riang-
Lang (Black Riang), result from the loss of earlier voiced-voiceless
distinctions in various prevocalic elements in the word-structure;
chest register and Riang-Lang low tone/ reflecting earlier voicing."

If the loss of voicing is indeed real, it may be more explanatory to
reverse the assumption that tonal contrasts are innovated in Riang and
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posit both original tones, and original voiced and voiceless stop conso-
nant series. The loss of the voicing contrast can then be motivated by
the fact that a falling contour provides a context favouring the interpre-
tation of a preceding stop as voiceless. Consequently volceless stops
might come to outnumber voiced ones and this predominance could complete
the progress towards merging the stop series. We could thus provide
motivation for the lack of voicing contrasts in stops end explain why
tones contrast following nasals and approximants.

However, the evidence for anv original voiced stops in Proto-Mon-Khmew
does not seem very satisfactory. The major piece of evidence appears to
be the choice of symbols in the Devanagari seript when it was adapted to
write Old Mon and 0ld Khmer around the 7th and 8th centuries A.D.
(Pinnow 1957). Symbols which in Indian usage represented voiced seg-
ments were used to write prevocalic consonants in syllables which today
have the second ('chest' or 'low') register. Today, along with
pltch and vowel quality exponents of the register distinctions there is
a difference of consonant voicing. Shorto (1967) says chest register in
Mon "is accompanied by complete or partial voicing...of prevocalic
plosives and fricatives in most contexts". The orthographic conventions
adopted, and still used, for representing these chest register syllables
may have been a simple and sensible attempt to use available letters
where these could ingicate a subsidiary distinction that implied the
major one. And the primary distinction could have been one of tone or
register for which no orthographic precedent existed in the Indian tra-
dition. The choice of these letters is far from proof of the existence
of a primary voicing distinction in the earlier language.

Thus it may even be the case that, in Mon-Khmer languages with a
voicing contrast in initial consonants, voicing originates from the loss
of tone. The register distinctions in languages such as Mon and Khmer
would then represent an intermediate stage in this process.

5. The relationship of phonetic and'phological effects.

The importance of the evidence that tones affect consonants reviewed
in sections 1-3 would be greatly enhanced if it could be seen that the
phonetic (or sub-phonemic) evidence helps to explain the phonologized
synchronic and diachronic effects.

There are three phonetic effects that are instrumentally demonstrated.
These are summarized in (20).

(20) (a) higher tones condition longer consonants (Taiwanese, Thai,
Swedish).

(b) higher tones favor voiced aspiration after aspirated stops
(Thai).

(c) lower tomes require a greater downward movement of the larynx
in the preceding consonant (Thai).

The lengthening of consonants has also been impressionistically observed
in Chengtu where the nasals (the only permitted final consonants) are
longer following high or rising tones but shorter following falling tones.
As reported in section 3(i) above, Karlgren observed a devoicing of final
nasals after falling tone in Pekinese. Both Chengtu and Pekinese are
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Mandarin Chinese dialects, and the Pekinese situation may be a development
from a difference in length rather than a direct effect on voicing.

It is not clear that any of the diachronic effects reported can be
attributed directly to lengthening, but (20a) is often consistent with
the results in Asian languages where different reflexes emerge from voiced
or aspirated proto-consonants. For example, in Mandarin Chinese the voice-
less aspirated reflexes of the original voiced obstruents emerge before
what was probably originally a high level tone (p'ing-sheng, "even” tone).
Elsewhere these segments become voiceless unaspirated. As aspirated
consonants are longer than unaspirated consonants, this result confomms
to a prediction that might be based on (20a).

The 'voicing' of aspirated stops before high tones in Thai (20b)
suggests more strongly an explanation for such cases as the Mandarin
one. A possible scenario is given in (21).

(21) (a) (b)
before high tone ph ——— ph
elsewhere P ——

The situation in (2la) represents the same allophone distribution as found
in Thai, and (21b) represents a plausible development from it that
corresponds to the Mandarin situation. Similarly, a phonetic effect such
as the one observed in Thai could be responsible for the distribution of
reflexes of originally voiced stops in Chi-wei Miao. Voiceless stops with
'voiced aspiration' occur with a high falling or mid level tone and plain
voiceless stops with a low falling tone. However, a reliable reconstruction
of the earlier shapes of these tones is required before this can be
proposed with confidence.

A second group of effects involves the introduction or preservation
of voicing in consonants adjacent to low tones. In Tankhur Naga this is
a low-level effect which merely increases the probability of intervocalic
voicing occurring. In Monpa a significantselection between allophones
occurs, while in Jingpho phoneme boundaries are crossed (voiced stops
occur initially). In Nama and Korana significant historical changes
result. Again, the differences in consonant duration before high and
low tones are consistent with the correlation of high pitch with voiceless-
ness and low pitch with voicing, for voiced consonants are in general
shorter than their voiceless chounterparts. Furthermore, an earlier onset
of voicing may lead to perception of a segment as phonologically voiced.
However, the productive difference (20c) observed between consonants
before high and low tones may be more important as the cause of these
correlations.

It has been suggested that in order to maintain voicing during a
stop it is convenient Mludgins and Stetson 1935) or even necessary
(Hombert et al. 1976) to depress the larynx. This gesture enlarges the
cavity behind the articulatory closure and enables the flow of air
through the glottis to continue. The Thai data show that before low
tone or rising tone a sharp downward movement of the larynx occurs during
the consonant. Much smaller movements are found with other tones. These
differences in the amount of larynx movement are of similar magnitude to
the differences in larynx height between voiced and voiceless consonants
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which have been proposed as the explanation of the pitch differences on

the following vowels (Hombert et al. 1976). The difference between the
larynx height for /p/ and /b/ is 3.9 units at the highest point reached
during the consonant closure, which is the meagure that is least affected

by the following tones. The difference in larynx movement between consonants
before rising tone and falling tone is also 3.9 units and between rising

and mid tone is 4.6 units. If the vocal cords are at all approximated,
differences of this magnitude could well lead to a perceptually distinct
amount of vocal cord vibration in those cases with the greater amount of
larynx movement.

Conclusion.

This paper has reviewed the evidence for tones affecting adjacent
consonants and shown that such effects are real and that some recurrent
patterns emerge. Despite the existence of some idiosyncratic cases, the
majority of the effects recorded seem open to plausible phonetic explana-
tion and some suggestions have been offered toward development of such
explanations. A rationale has been proposed for the possibly greater
frequency of consonant effects on tones.

It is very much hoped that other linguists will be encouraged to
consider the possibility that cases of tones affecting consonants may
lie hidden by neglect in the data they are handling, and that phoneticians
will be stirred to examine and measure aspects of speech that had been
thought to conceal nothing of interest.
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Footnotes.

1. Transliteration of Chinese words may be inconsistent as the practice
of the sources quoted has generally been retained., This is intended to
make it easier to refer to the sources for those who chould not make the
transliteration from ome transliteration to another.

2. Authorities differ over whether the voiced obstruents in Middle (or
'Ancient') Chinese were plain or breathy voiced ('voiced aspirated').

The term used in the old rhyme tables translates as "muddy" and its mean-
ing is open to dispute. Adherents of both views agree, however, that
there is only one kind of voiced obstruent as the rhyme-tables never
distinguish separate series.

3. Two different tone patterns are given for this word by West and Welch
in their article. The pattern quoted here is more probably the correct
one.

4. The test items involved in this experiment contained all combinations
of three consonants (/p, ph, b/), three long vowels (/i:, u:, a:/), and

the five tones. Consonant durations could only be reliably measured for
the voiced consonants /b/ and the number of syllables of the form /ba:/ was
too small on some tones to give trustworthy comparisons. Hence only data
for /bi:/ and /bu:/ are presented.

5. Apart from the evidence from languages such as Monpa and Jingpho,
there is perceptual evidence (Chistovitch 1969; Haggard, Ambler and
Callow, 1970) which would provide a starting point for a model of change
in which pitch differences could cause initial differences in phonation
type to be perceived when none had previously existed.

6. Luce's transcription has been modified to represent high level tone
by ’ and falling tone by " . Diacritical marks above vowel letters have
otherwise been eliminated.

7. Falling tone, according to Luce's first-hand report.
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Duration and Intensity as Correlates of F,

Eric Zee

[Department of Linguistics
University of California, Los Angeles]

1. Introduction

Ferrein (1741) was probably the first to conduct an experiment on
the correlation of pitch with air pressure. He connected the trachea
of an excised larynx of a dog to a bellows, and used threads and weights
to manipulate the positions of the arytenoid cartilages to create diff-
erent vocal cord tensions. A manometer was used to measure air pres-—
sure. With constant air pressure, pitch increased as he increased the
tension of the vocal cords. With increases in air pressure further in-
creases in pitch were produced. That increase in subglottal pressure,
or increase in vocal cord tension, increases pitch has been confirmed
by more recent studies (Van den Ber, 1957; Ladefoged, 1963; Stevens,
1973, 1975). Ohala and Ewan (1972) reported that, given a comparable
fundamental frequency interval, there is a marked tendency for funda-
mental frequency lowering to be faster than fundamental frequency rais-
ing. The present study further investigates these correlations by using
a tone language. More precisely, it is concerned with the correlation
of fundamental frequency with both duration and intensity. The tone
language chosen is Taiwanese which is ideal for invéstigation as 1t has.
high, mid, low, high-falling and low-rising tones. Of the two previous
instrumental studies on tones in Talwanese, Chiang's spectrographic
analysis (1967) presents the phonetic shapes of the tones in Taiwanese
but it does not deal with the correlation of fundamental frequency with
either duration or intensity; Weingartmer (1970) analyzes the Taiwanese
tones in terms of duration and intensity, but unfortunately he does nct
provide information regarding his experimental procedures, the instru-
ments he used and his statistical method (for a review of Weingartmer,
1970, see Cheng, 1972).

2. Procedure

The five Taiwanese tones used for investigation are high, mid, 10#,
high-falling and low-rising. All these tones occur on the syllable [si]:

high [sf] 'silk'
mid [sT] 'yes'
low [s] 'four'
high-falling [st] 'to die'
low-rising [s7] "time'

A word list containing 75 tokens of these [si] words (5 words x 15 repe-
titions) was prepared. Two male native Taiwanese speakers (both univer-
sity students) were instructed to read the list at a normal rate of
speech. The test word was placed in a carrier frame:

111



z
[gud kon ___ t31 k3i thia]

'T say everyone listens'

The recording was made in a sound treated room at a single session for
each speaker. The tapes were analyzed, using a PDP-12 computer at the
UCLA Phonetics Laboratory. Fundamental frequency measurement was ob-
tained every 10 msec, using the Cepstrum method. RMS amplitude was also
taken every 10 msec, using a square window. Duration measurements were
made on the waveform displayed on the computer screen.

Since utterances have different lengths, it is necessary to select
comparable points at which the differing fundamental frequencies may
be compared. Accordingly, the values of fundamental frequency and RMS
amplitude for each token were divived into five parts, each containing
as nearly as possible equal numbers of 10 msec interval. The fundamen-
tal frequency and RMS values of each part were then taken to be the
means of the sets of 10 msec intervals within that part. The 15 repe-
titions of each syllable were then averaged so as to give mean values
for each of the five parts. Thus, the first point on any curve in
Figure 1 and Figure 2 represents the mean of the mean values for the
initial time intervals of 15 repetitions of that syllable. The second
point is the mean of the mean for the second set of time intervals and
so on. Each bar in Figure 3 and Figure 4 represents the mean of 15
tokens for each tone class. The intensity value of the low tone was
taken as reference (0 db) to compute the intensity values of other tomes.

3. Results
3.1. Intensity

As shown in Figure 1 and Figure 2, there ig a good correlation be-
tween fundamental frequency and intensity levels. In general, the in-
tensity curves fall and rise with the fundamental frequency curves.
However, we can see that the onset points in the intensity curve for
both the high and the mid tones do not correlate so well, although, as
shown in Figure 3 and Figure 4, the average RMS value is still cor-
related with the average fundamental frequency for both speakers as the
high tone has a higher overall intensity than the mid tone and the mid
tone has a higher overall intensity than the low tone. As far as the
contour tones are concerned, the intensity curves again correlate
closely with the direction of fundamental frequency change, although the
offset points o the intensity curve for the low-rising tone do not cor-
relate so well for both speakers. For these contour tones, as shown in
Figure 3 and Figure 4, the average RMS value is also correlated with
the average fundamental frequency as the high-falling tone has a higher
overall intensity than the low-rising tone.

3.2. Duration
As shown in Figure 3, for Speaker 1, the high tone has a longer du-

ration than the mid tone, and the mid tone has a longer duration than the

112



( x105)

high-
falling

Fo
e——— 1}{-1 1113 4%}

Speaker 1

Hz

LR T

c o © o :
g g 2 ) < 8 ‘3 e g < 2 o S o g
- L - - L |
luumunhmumuulmmmmdmmmuﬁuummuhmmumlumumuhuumnmhmmnuuhumnmdu‘ummmumnmﬁnmmmuuumuhn||um;(mlmmnhxml .nﬂll

mid
o“"'“‘g‘\

113



Speaker 2

Hz

fins
x10°)

(

Fo

TSt

= Intensity

high--

(]
°
N

falling

150

mid

A

140

-

120

LRI

o
-

o

N

A\

umlm‘mhmmmuhnxmm

o
o o o
OQW'\

9

-
"
N\

o/
v
FS
¢
§‘

0 '+0

© w
e iy g

:Figure 2

114



Fo
{in Hz)

INTENSITY
(in dB)

DURATION
{in ms)

Fo
(in Hz)

INTENSITY
(in dB)

DURATION

(in ms)

H {133,

M (114

L 196-

H-F 1120

L -R 111

H |8.2 Speaker 1
M Ja.4" P
Lo '

H-F |8.21

L-R 13.3

H 239
M {222
L [176

H-F [217
L-R 1242

Figure 3

H {119

M 198

L 180

H-F 1104

L-R |96

H 14.6 Speaker 2
M 12.3

L |o

H-F 4.7

L-R 13

H 1203

M 197

L 160 -

H-F 167

L-R 1224

Figuré 4



low tone. The low-rising tone has a longer duration than the high-
falling tone. T-test results reveal that:

(a) the difference in duration between the high and the mid tone is
non-significant;

(b) the difference in duration between the high and the low tones and
between the mid and the low tones are significant at the .0l level for
both speakers;

(c¢) the difference in duration between the low-rising tone and the high-
falling tone is significant at the .01 level.

Table I shows the results of grouped data T-test for durations of the
different tones for Speaker 1.

Similar results were also found in Speaker 2 as shown in Figure 4.
The high tone has a higher overall intensity and longer duration than
the mid tone, and the mid tone .:as a higher overall intensity and long-
er duration than the low tone. The high-~falling tone has a higher over-
all intensity than the low-rising tone, zlthough the low-rising tone
has a longer duration. Table II shows the results of grouped data T-test
for durations for Speaker 2.

3.3. The low tone as a low-falling tone

It should be noticed that the low tone may be considered a low-
falling tone, as the fundamental frequency range covered by the low tone
is substantially greater than that covered by the high or the mid tone
for both speakers as shown in Table III.

For Speaker 1, the fundamental frequency range difference is 7 Hz
for the high tone, 7 Hz for the mid tone and 21 Hz for the low tone.
For Speaker 2, the fundamental frequenecy range difference is 1 Hz for
the high tone, 5 Hz for the mid tone and 14 Hz for the low tone. It
seems appropriate to consider the high and the mid tones the level tones
and the low tone the low-falling tone.

3.4. The high-falling tone vs. the low-rising tone

Figure 1 and Figure 2 show that the high-falling tone covers a much
greater range than the low-rising tone: 52 Hz for the high-falling tone
vs. 14 Hz for the low-rising tone for Speaker 1, and 46 Hz for the high-
falling tone vs. 24 Hz for the low-rising tone for Speaker 2. Since
the duration of the high-falling tone is shorter than that of the low-
rising tone for both speakers (Figure 3 and Figure 4), the rate of
change of fundamental frequency is thus substantially greater for the
high-falling tone than for the low-rising tone for both speakers. For
Speaker 1, the linear rate of fundamental frequency change is 235 Hz/sec
in the high-falling tone and 57 Hz/sec in the low-rising tome. For
Speaker 2, the linear rate of change in the high-falling tone is 275 Hz/
sec and 152 Hz/sec in the low-rising tone. These are shown in Table IV.
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4, Discussion

4.1. That the high tone has a higher overall intensity than the mid
tone and the mid tone has a higher overall intensity than the low tone
may be because higher frequency correlates with both greater tension of
vocal cords and higher subglottal pressure. The vocal cords will be
driven by a heightened subglottal pressure which will lead to higher
intensity. Increased subglottal pressure (Ladefoged, 1963) and increased
tension of the vocal cords (Stevens, 1973, 1975) have been considered

as separate factors, either one of which acting alone is capable of
producing an increase of fundamental frequency. In natural speech in-
creased subglottal pressure and increased tension e¢f the wvocal cords

may operate together to get maximum efficiency. An increase of each

may be capable of producing a great increase in fundamental frequency.
However, there are cases when increased tension of the vocal cords must
operate alone to increase fundamental frequency. As we have indicated
in 3.1., the onset points of the intensity curve for both the high and
the mid tones and the offset points of the low-rising tone do not cor-
relate so well with the directions of fundamental frequency change. In
fact, in both the high and the mid tones, the second half of the inten~-
sity curve falls sharply although the fundamental frequency curve falls
in a much lesser degree for both speakers (Figure 1 and Figure 2). These
indicate that a higher fundamental frequency may be produced without a
corresponding higher subglottal pressure. Particularly in the case of
the low-rising tone where the intensity curve falls sharply while the
fundamental frequency curve rises. Thus, Increased tension of the vocal
cords alone, perhaps with the assistance of larynx elevation, is capable
of producing a higher fundamental frequency.

4.2, For both speakers, the low-rising tone is longer than the high-
falling tone and the range covered by the high-falling tone is greater
than the range covered by the low-rising tone. As can be seen in Tables
I1I and IV, the rate of change of fundamental frequency is greater for
the high-falling tone than for the low-rising tone. The reason may be
that it requires more time for the vecal cords to increase the rate of
vibration than to decrease it. This observation is supported by the
result obtained by Ohala and Ewan (1972) that there is a marked tendency
for pitch lowering to be faster than for pltch raising for a comparable
pitch interval. Similarly, Sundberg (1973) has demonstrated that unlike
singers, untrained subjects perform pitch drops considerably faster than
pitch elevations. Ohala's explanation for this phenomenon is that it
requires more physiological effort to raise a pitch than to lower it.

As shown in Figure 1 and Figure 2, the intensity curve falls sharply at
the offset point, whereas the fundamental frequency curve rises, that is,
fundamental frequency rises without the presence of a higher sub-
glottal pressure. Perhaps it is the lack of an accompanying higher sub-
glottal pressure that slows down the speed of fundamental frequency
change in the low-rising tone. It is likely that the extra physiological
effort that Ohala refers to is needed when the subglottal pressure begins
to drop during the process of fundamental frequency raising. To compen-
sate for the loss of acoustic energy, such extra physiological effort is
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- Table I. Results of grouped data T-test for durations (in msec)
of (a) high and mid tones, (b) high and low tones, (c¢) mid and
low tones, and (d) high-falling (H-F) and low-rising (L-R) tones

(a) (b) () (d)
s e P — e —
High Mid High Low Mid Low H-F L-R
MEAN 243 229 243 176 229 176 218 246
STD DEV 28 17 28 14 17 14 19 27
T"’SGGRE 1063 8022 903& 3012

Table II, Resuits of grouped data T-test for durations (in msec)
of (a) high and mid tones, (b) high and low tones, (c) mid and
low tones, and (d) high-falling (H-F) and low-rising (L-R) tones

(Speaker 2)
(a) (b) (c) (d)
P —— e — e A
High Mid High Low Mid low H-F LR
MEAN 203 196 203 . 159 196 159 166 224
STD DEV = 18 14 18 20 14 20 . 17 14
1.07 6.07, 5.63 9.73

T-SCORE

Table III. Fundamental frequency (in Hz) ranges of high,
mid and low tones and their range differences (Speaker 1

and Speaker 2)

Speaker 1

A e ™ st ——
Fo range Difference

High 135-128 7
Mid 118-111 7
Low 107- 86 21
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Speaker 2
e et ——
F, rangs Difference

119-118 1
101~ 96 5
88- T4 14



Table-V.

zzzle %V. Pundamental frequency (in Hz) ranges and linear
e of fundamental frequency change in high-falling and

1ow-risig§ tones SSEeaker 1 and Sesaker 22

Speaker 1 ' Speaker 2
: "_'\_/\_’\/__\_/\_’\
Linear rate Linear rate
Fo range of F, change Fo range of Fo change
g:gh-i‘alling 54 235 Hz/sec L6 275 Hz/séc
w-rising 14 57 Hz/sec 24, 152 Hz/sec

Conditioning ?honetic realization

tone 1 — duration/intensity 1

tone 2 — . duration/intensity 2

intrinsic duration/
intrinsic intensity D (tone 3 — duration/intensity 3

of a vowel

tone L, — duration/intensity 4

tone 5 — duration/intensity 5
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needed for further increasing the tension of the vocal cords and further
raising the larynx in order that the fundamental frequency may be raised.

4.3. That the high tone and the mid tone have a longer duration than
the low tone may be because the low tone is actually a low-falling tone
as indicated in 3.3. Statistical results have shown that the difference
in duration between the high and the mid tones is non-significant, which
may be due to the fact that they are both level tones. It seems that
the difference in duration between different tone classes is primarily
determined by the shape, rather than the level, of the fundamental fre-
quency curve. As the level (high and mid) tones are slightly falling,
we would expect the duration of these level tones to come in between
those of the low-rising tone and of the falling (high-falling and low-
falling) tones. As a matter of fact, for both speakers, the level tones
are shorter than the low-rising tone and longer than the falling tones.

4.4. Lehiste refers to intrinsic duration as duration of a segment as
determined by its phonetic quality (1970:18); and to intensity of a
vowel as intensity considered in relation to its phonetic quality (1970:
120) . These definitions are only partially applicable to a tone language,
such as Taiwanese, for in a tone language the phonetic realization of

a vowel must include both its segmental quality and its relative pitch
or tone. It may be than that the 'intrinsic duration and intensity' of
a tone interacts with the intrinsic duration and intensity constrained
by the vowel quality, or that the intrinsic duration and intensity of

a vowel in a tone language is determined by its phonetic quality as
further conditioned by its tone. (See Table V.)

It seems then the intrinsic duration or the intrimsic intensity of
a vowel in a tone language always remain recessive and will only manifest
itself as a variant.

5. Summary of results

The purpose of this experiment was to determine whether fundamental
frequency correlates with both intensity and duration. A tone language,
Taiwanese, was used for investigation. The results from analyzing the
data produced by two male Taiwanese speakers and discussion of these
results indicate:

(a) The high tone has an overall higher intensity than the mid tome and
the mid tone has an overall higher intensity than the low tone.

(b) The high tone and the mid tone have a longer duration than the low
tone. The high tone has a longer duration than the mid tone, but the
 difference between them is non-significant.

(c) The high-falling tone has an overall higher intensity than the low-
rising tone, although the 1low-rising tone has a longer duration.

(d) If the low tone is considered a low-falling tone, the low-rising
tone is longer than the level (high and mid) tones and the level tones
are longer than the falling (high-falling and low-falling) tones.

(e) The linear rate of fundamental frequency change is greater for the
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high~falling tone than for the low-rising tone.

(f) The high-falling tome covers a greater range of fundamental fre-
quency than the low-rising tone.

(g) Regardleas of the tone classes, the intensity tends to drop at

the offset point of a tone. '

(h) The difference in duration between different tone classes is.
primarily determined by the shape of the fundamental frequeney contour.
(1) The intrinsic duration and the intrinsic intensity of a vowel in
a tone language are conditioned by the tone that the vowel carries.
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The effect of FO on the duration of [s]
Eric Zee
[Department of Linguistics, University of California,

Los Angeles]

1. 1Introduction

There have been studies concerning the influence of vowels on the
duration of an adjacent fricative /s/. Klatt (1974) reported that in
English there is a tendency for the duration of prestressed /s/ to be
longer than the duration of preunstressed /s/. Schwartz (1970) found
that the fricative /s/ in the environment of a high front vowel /i/ is
longer than in the environment of a low vowel /a/. The purpose of the
present study was to determine whether the duration of the prevocalic
fricative /s/ is influenced by the tone on the following vowel. It also
examines whether temporal compensation exists between the duration of the
fricative and the duration of the vowel.l A tone language, Taiwanese,
was used for investigation. In this Chinese dialect, all its five con-
trastive tomes; high, mid, low, low-rising and high-falling, occur on the
syllable /si/:

/si/ (high) meaning 'silk'
/s1/ (mid) " 'yes'
/si/ (low) " 'four'
/si/ (low-rising) " "time'
/si/ (high-falling) " 'to die'

2. Procedure

A word list containing 75 tokens of these syllables was prepared,
that is, 15 repetitions for each tone class. Two male Taiwanese speakers,
both in their early thirties, were instructed to read the list at a normal
rate of speech. The test word was placed in a carrier frame as follows:

’ h — h/
gua tel-ma t a? tal-kei t'Ta
'I now read everyone listens'

The recording was made in a sound treated room in a single session for
each speaker. The data were analyzed, using a PDP-12 computer at the

UCLA Phonetics Laboratory. Duration measurements of both segments of

the syllable /si/ were made directly on the waveform.
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3. Results

Figure 1 shows the results of the duration measurements of both
the fricative and the vowel of the syllable produced with different
tones for both speakers. Each blank bar on the left represents the
mean duration of 15 tokens of the fricative /s/ for each tome class.
Each dark bar on the right represents the mean duration of 15 tokens
of the vowel /i/ for each tone class. Durations are given in milliseconds.

An examination of the durations of /s/ for both speakers shows that
the duration of /s/ associated with either the low tone orf the low-rising
tone is longer than the duration of /s/ associated with the high, the mid,
or the high-falling tone.

T-test results reveal that the difference in duration between /s/
associated with the low tone and /s/ associated with the high, the mid, .
or the high-falling tone is significant.2 The difference in duration be-
tween /s/ associated with the low-rising tone and /s/ associated with the
high, the mid, or the high-falling tone is also significant.3

The fact that the duration of the fricative /s/ associated with either
the low or the low-rising tone is longer than the fricative /s/ associated
the high, the mid, or the high-falling tone-.indicates that there may be a
correlation between the duration of the fricative /s/ and the onset value
of the tone on the following vowel /i/.

4. Disucssion

In Zee and Hombert (1976), we presented the duration pattern of the
vocalic portion of the syllable /si/ produced with the same five Taiwanese
tones, which is similar to the duration pattern obtained in the present study
as shown on the right side of Figure 1. The low-rising tome is longer
" than the high and the mid. tones,and the high and the mid tones-are logger
than the low and the high-falling tomes. It was claimed that the duration
of the vocdlic portion of the syllable /si/ is determined by the shape of
the tone. Figure 2 shows the duration of the entire syllable produced with
five different tones. Each is the mean of 15 tokens. The only difference
between Figure 1 and Figure 2 is that in Figure 1 the lineup point is the
onset of a vowel and in Figure 2 is the beginning of the fricative /s/.

As before, the blank bars represent the fricative portion /s/ and the dark
bars represent the vocalic portion /i/. We can see for both speakers the
duration of the syllable /si/ associated with the low-rising tone is longer
than the duration of the syllable associated with any other tones; and

the duration of the syllable associated with the high-falling tone is the
shortest of all. Although the duration of the vocalic portion associated
with the low tone is similar to the duration of the vocalic portion asso-
ciated with the high-falling tone, the duration of the syllable is longer
for the low tone than for the high-falling tone as the duration of the
fricative portion for the low tone is lomger than the high-falling tone.
Thus,' the duration of a syllable, such as /si/, varies according to the
tone that the vowel carries, and furthermore, it is the onset of the tone
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that determines the duration of the fricative portion and the shape of
the tone that determines the duration of the vocalic portion.

Temporal compensation within the sequences of the segments /s/ and
/1i/ associated with any one of the five tone classes was tested. To see
whether there is temporal compensation within two segments is to find out
whether the durations of the two segments are negatively correlated (Lehiste,
1970). There is a negative correlation between the durations of two
segments if the relative variance of the duration of the sequence of two
segments is less than the sum of the relative variances of the segments
considered separately. Relative variance is simply variance divided by
average duration, a concept introduced by Allen (1969). The result is,
within each tone class, the relative variance of the duration of the syllable
/si/ as one unit is greater than the sum of the relative variances of
the segments /s/ and /i/ consideied separately. This is true for both
speakers. This indicates that there is not a negative correlation between
the durations of the two segments. It follows that, within each tone class,
temporal compensation does not exist between the duration of the segment
/s/ and the duration of the segment /i/ in the syllable /si/.

A negative correlation between the durations of two segments has
been taken to imply that the two are programmed as one unit at some
higher level at which articulatory sequences are programmed (Lehiste,
1970) . Our result would seem to imply that the segments /s/ and /i/ in
the syllable /si/ produced with any tone are programmed not as one unit
but as two separate units at some higher level, as there 1is not a negative
correlation between the durations of the two segments /s/ and /i/. However,
the fact that the duration of the segment /s/ is determined by the tone on
the following vowel /i/ indicates that the segments /s/ and /i/ in the
syllable /si/ produced with any tone cannot be programmed as two separate
units at some higher level at which articulatory sequences are programmed,
but as one unit. Thus, in a tone language, such as Taiwanese a negative
correlation between the durations of two segments, a fricative /s/ followed
by a vowel /i/, does not constitute a necessary condition for determining
whether the two segments are programmed as two separate units, or as one
unit, at some higher level at which articulatory sequences are programmed.

5. Summary and Conclusions

The purpose of this study was to determine whether the duration of
the prevocalic fricative /s/ is influenced by the tone on the following
vowel and to examine whether temporal compensation exists between the
duration of the fricative and the duration of the vowel within a certain
tone class. A tone language, Taiwanese, was used for investigation. The
results from analyzing the data produced by two male Taiwanese speakers
indicate that:

(1) the duration of the fricative /s/ is influenced by the tone on
the following vowel, and it varies according to the onset value of the tome.
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(2) within each tone class, temporal compensation does not seem
to exist between the durations of the segments /s/ and /i/ in the syllable

/si/.

(3) 1in a tone language, such as Taiwanese, a negative correlation
between the durations of two segments, such as a fricative /s/ followed
by a vowel /i/, does not eemstitute a necessary condition for determining
whether the two segments: areprogrammed as two separate units, or as one
unit, at some higher level at which articulatory sequences are programmed.

Footnotes

1. It refers to the temporal compensation between segments /s/ and /1i/
within one single tone class, not across different tone classes.

2. (a) The difference in duration between /s/ associated with the low
tone and /s/ associated with the high tone is significant at the .005
level for Speaker 1 and .025 level for Speaker 2.

(b) The difference in duration between /s/ associated with the low
tone and /s/ associated with the mid tone is significant at the .005 level
for Speaker 1. However, only a trend in this direction was obtained for
Speaker 2 (.1 level).

(c) The difference in duration between /s/ associated with the low
tone /s/ associated with the high-falling tone is significant at the .005
level for both Speaker 1 and 2.

3. The difference in duration between /s/ associated with the low-rising
tone and /s/ associated with the high, the mid, or the high-falling tone
is significant at the .005 level for both speakers.
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