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INTRODUCTION

The Phonetics Laboratory at UCLA and the Phonology Laboratory at
Berkeley have been engaged in studies of various aspects of tonal devel-
opment {"tonogenesis") for the past 5 or 6 years. This paper consti-
tutes a progress report on some of this research.

We should first explain our appreach to tonogenesis -- or any
other sound change which is found in many languages. Our primary in-
terest is not tonogenesis in any particular language but torogenesis
as a universal or potentially universal process. Thus we are interes-
ted in every case of tonogenesis. Observing similar patterns of tonal
development in many languages quite distant from each other chronologi-
cally, geographically, and genetically, we of necessity look to the uni-
versal physical properties of the human speech production and speech
perception system to explain the origin and directionality of these
sound patterns. We will not attempt to further justify the utitity of
this approach except to point out that it has had considerable success
in historical phonology for a century or so; see, e.g., Passy (1890),
Rousselot (1891), Lindblom (1975), Lehiste and Ivid (1963, 1977), Jdan-
son (1977). )

One of the consequences of thig approach -- quite surprising to
some -~ is that we feel justified in studying the physical causes of
tonal development by examining modern languages that need not be tonal,
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e.g., English, French, Russian, or Japanese. As w111 be dem??st;ated,
it is not at all difficult to find what we metapbor1?a11y ca heOF
seeds of many sound changes, including tonogenesis, in the sp?ec o
present-day speakers. Although the factors causing tonogenesis, tha 1
s, the seeds of tonogenesis, may have germinated and ?1o?somed seve:zr_
centuries ago in Middle Chinese, Early Vietnam?se, Punjabi, ets:.,dne's
theless these same seeds may be found dormant in the speech of today
eaking today's languages. |
speak:r2r2§hica]grepresentation may be he1pfu? in conYeying an 1:zaf:im
how physical constraints of the speech mechanTsm‘can 1nfTu:nc: e
of speech via sound change in a purely mechan1st1c,'n0?—te ?0 og:th s
way. We can liken speech communication to a transmission line w

relay stations or "repeaters”, as in Figure 1:
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Transmission line with repeater, used as an analogue ©
speech communication process.

i i i d, yield-
A transmitter sends out a signal, u, to which noise, v, 15 added, y

ing the distorted signal, w=u + v, which is picked up by the receiver,

part of the vepeater unit. It is the distorted signal, w, which is re-
transmitted as the signal, %, sent to the next repeater.' .
In the case of human speech, important sources of distortion are
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the constraints of the transmitting and receiving systems, that is,

the vecal tract and the auditory system. This is represented in Fig-
ure 2:

ARTICULLATORY AUDITORY
CONSTRAINTS CONSTRAINTS
SPEAKER HEARER / SPEAKER 'u__
INTENDED RECEIVED
SPEECH SPEECH
SIGNAL SIGNAL

Schematic representation of how articulatory and auditory con-
straints can introduce distortions in the speech signal.

The speaker, although intending to produce a certain pronunciation,
may, due to vocal tract constraints, actually produce something sTight-
Ty different, that is, a speech signal with unintended additional fea-
tures of pronunciation.

Auditory constraints can affect pronunciation somewhat different-~
ly. Parts of the speech signal which are auditorily ambiguous, that
is, those which, as far as the Tistener is able to tell, may have been
produced by any of two or more distinct articulations, may be articu-

latorily re-interpreted by the 1istener when he repeats the signal
{Sweet 1891:238, Jonasson 1971)

There are these two ways, then, that the speech signal, by the
time it is received by the Tistener, may contain elements not put there
by the speaker. The listener does not have independent access to the
mind of the speaker and so cannot differentiate between parts of the
signal which were intended from tho<e unintended. When he repeats the
words he hears, he may pronounce intentionally those features which
were unintended by the speaker he first heard the words from. We would
maintain that through such mechanisms ‘mini-sound changes” occur all
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-he time -- potentially, at least, every time someone sp?aks andtsozf-
me else listens. MNaturally, most of these changes -- masun?irfsa:he
ings, we might call them -- are corrected sooner or.1ater. X i .

Jnes that aren't which go on to become regular “maxi-sound change .

via normal non-phonetic social transmission of patterns of pronuncia-
twn-There are at least the following four steps that must be take: to )
show that a particular aspect of tonogenesis {or any other sound change

is a natural, potentially universal sound change:

1 It must be shown to be wide-spread among the languages of
the world.
2 It must be possible to find its "seeds", i.e., manifesta-

tions of systematic variations in pronunciati?n iftZE; o
i tionality, in the articula

ame type and same direc ory

Eercepzﬂal behavior of any speaker whose speech off

the proper phonetic conditions.

3 It must be shown that these variations are uninte?ded by-
- products of other intended elements of pronunciation.

fations.
4 It must be shown that listeners can detect these variatjons

e
Our claims, then, can be falsified at any one of these steps. Weha:
constantly in search of counterevidence ourseives but we ask the help

of all interested phonologists in this task.

TONAL DEVELOPMENT DUE TO CONSONANTAL INFLUENCE

The first pattern we will discuss is one which was first not1cej Py
Maspero (1912) and Karlgren (1926) and extensively documented by Ha? ri
court during the past 30 years {(Haudricourt 1954, 1961, 1971), namely,

that represented schematically in (1):

(1) pv -+ pv
bV =+ pV
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Sequences of voiced obstruent + vowel give rise to Tow tome on the
vowel; voiceless obstruent + vowe] give rise to high tone, usually
with concomitant neutralization (to voiceless) of the voicing con-
trast in the obstruents. This process has been extensively document-
ed in Sino-Tibetan, many languages of Southeast Asia, and some Tan-
guages of Africa (Hombert 1975a).

As for the seeds of this change, we're sure most readers are
famitiar with the extensive phonetic Titerature showing small byt
very consistent differences in pitch on the vowels following voiced
and voiceless consonants in English, Russian, Swedish, Japanese, etc.
(Ohala 1973, Hombert 1975a, Jeel 1975).

One question that came to mind in examining this pattern was whe-
ther in addition to voicing, degree of aspiration also contributed to
these pitch variations. We measured pitch after voiced and voiceless
stops in the speech of speakers of French and English since the stops
in these languages have different phonetic properties: [English voice-
less stops are far more aspirated than those in French {although our
study showed French /p + k/ are by ro means completely unaspirated,
as the usual textbook descriptions would imply). The English voiced
stops, often phonetically voiceless in word-initial position, were
uttered in a context that would tend to guarantee their being voiced.
The resulting data, shown in figure 3,
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Average fundamental fregquency measurements in Hertz (vertical
axis) of vowels following /p t k/ (upper curve) and /b dg/
(lower curve} as a function of glottal period starting from
vowel onset (horizontal axis) for one male speaker of English
(left graph} and one male speaker of French (right graph}.
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suggest that degree of aspiration does not significantly affect pitchs
the relevant feature is presence or absence of voicing, as was stated
in the traditional works on tonogenesis. {(For further details of this
study see Hombert and Ladefoged 1977 and Hombert 1978.)

Before discussing the physical causes of this effect we should
mention another pattern, namely, that the voicing of a non-glottal ob-
struent can induce a distinctive tone on the vowel following, not on
the vowel preceding. Most of the cases discussed in the literature
are in accord with this., Moreover, virtually all instrumental pho-
netic studies of consonantal effects on vowels have failed to find
any influence of the voicing of non-glottal consonants on the pitch
of vowels preceding them (Hanson 1975, Jeel 1975}.

Regarding the physical causes of these pitch perturbations, our
investigations are still incomplete although we feel we have made some
progress on the problem. Previously it was thought that aerodynamic
differences created by the voiced/voiceless distinction would account
for the pitch differences. We can say with some confidence that aero-
dynamic factors -- as we currently understand them -- cannot account
for these pitch variations. This judgment is based on an examination
of previously obtained aerodynamic data and on our own computer simu-
1ation of aerodynamic events in speech (Ohala 1976 and 1978). If it
is not aerodynamic factors which perturb pitch, logically it has to
be due to variations in the state of the vocal cords {their tension
and/or mass} since that is the only other factor affecting the rate
of vibration of the vocal cords. The guestion is, how is the vocal
cords' state affected in this case? The best hypothesis we have so
Far is that variations in larynx height are responsible. The larynx
is s1ightly higher for voiceless obstruents thar for voiced obstruents

{Jespersen 1889, Ewan and Krones 1974). Other studies have shown that
Jarynx height varies with pitch (Ohala 1972). If this variation re-
flects causal factors our case is complete. Unfortunately we have not
yet been able to forge this final link in our argument. We believe
the larynx is lowered during voiced obstruents in order to enlarge the
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oral cavity so that oral air pressure may be maintained at a level lowe

er than subglottal air pressure: this is necessary if voicing is to

continue during the obstruent closure. OFf course, the Tarynx lowering

should be greatest at the end of the obstruent closure and current evi-

dence shows that it is {Ewan 1976a). This helps to explain why obstru-

ents may affect only the piteh of i

o p the following, not the preceding vow-
. éTthough non-glottal consonants only affect following vowels, there
is evidence that glottal consonants {? n] may induce tone on preceding
vowels and, presumably, following vowels as well. We have phonetic data
from Arabic, a Tanguage that has word-final [?2] and [h], that [7] ele-

vates the pitch on the preceding vowels and [h] lowers the pitch on pre-

ceding vowels (Hombert 1976¢). This pattern parallels the influence of

::EZEa;ZZ.consonants on the development of tone in VYietnamese and other
To round out this case we had to determine whether such small con
sanantally-induced pitch changes were audible or not. In a number of )
psychophysical tests involving American English listeners -- prob b?
the Teast skilled 1isteners where pitch variations are conceried ?- .
found these small pitch perturbations were detectable (Hombert 1975;;e

TONAL DEVELOPMENT AND VOWELS

iy One peint that disturbed us as a potential disconfirmation of our
claims regarding consonantal involvement in the development of tones is

that vowel quality is also known to affect vowel pitch by about the sa
magnitude as the obstruents -- higher pitch on high vowels, Tower pit ?e
on Tow vowels -- but there seems to be no consistent patte;n of v05e1c
q?a11ty leading to tonal development. There are two possible explana-
tions for this, nefther of which is sufficiently tested yet although
work is underway on them {Hombert 1976d, Hombert and Greenberg 197:)
First we note that consonants usually produce a small pitch con-

tour on adjacent vowels, whereas the effect of vowel quality on pitch
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is a steady-state higher or lower pitch. Naturally, a rapid change in
pitch is more noticeable than a steady-state difference in pitch. The
second phservation we can make is that the effect of consonant% on the
pitch of the vowel is in some sense separable from -- in fact Tt ?ccurs
after -~ the consonantal segment that produces the effect. This is not
the case with vowel quality: necessarily the vowel quality and the
changed pitch level caused by the vowel guality occur simultaneously.
Perhaps, for a sound change to occur, the phonetic perturbation must
he perceptually separable from the perturbing environment in order ?hat
the listener have an opportunity to mistakenly regard the perturbation
as an independent and therefore intended part of the speech signal.
Additional work by our laboratories on the phonetics and phonology
of tone are listed in the references.
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