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CHAPTER 1

A Taxonomy of Phonetically-2ased Sound Changes

ABSTRACT

The developrent of phonetically-based sound
changjes has teen viewed by a number of researchers
to ve a result of the speech process acting as a
"noisy"” trarsmission Uline between speaker and
hearer. The listener has no way of separating the

"neise" frcm the "signal” and may come to
interpret the nroise as part of the Llanguage.
Articulatory factors <create certain types of
"noise™; perceptual factors <create others. The

beginninds of @& taxoncmy of different types of
causes of sound change within +this paradigm 1is
suggested. four types of phcnetic causes of sound
chanae are identitftied, Type (1) <chanaes are
caused chiefly by articulatcry factors, Type (I1)
chanaes are alsc caused <chiefly by articulatory
factors, but prerception is more heavily
implicated: the perceptual "loss” of a distinction
is necessary for the changes to occur. Type (III)
changdes involve both articulatory and rperceptual
facters, and in adaition, are oependent ¢n
acoustic factors. Type (1v) are chiefly
perceptually based. The idea that sound chanaes
can occur primarily as a vresult of rperceptual
factors has not received much support cutside of
this thesis (although it has been acknowledged to
te part of the paradigm). That i1dea is defended
with some simple statistical models.

Introduction

A paraaicm fcr the origin of certain sound changes has
been advanced in recent years din a number of papers
(Jonasson 1971, Arndersen 1973, Chala 1973, 1974a, 1974b,
1975, Michailovsky 1975, Hcmbert 1975). The paradigm (in

the form presented by Ohala 1975), holds that speech may be



viewed as a transmission Line between a speaker (or
transmitter) whe knows the Llanguage, and a Llistener (or
receiver) who is learning the language, Constraints of the
speaker's articulatery mecheanism and of the Listener's
perceptual mechanism cause a certain amount of perturbeation
(cr roise) in the sicral actually reaching the listener, so
that the signal conwvains not only characteristics intended
by the speaker, but also extraneous, fortuitous elements.

Fig. 1T illustrates this pcint.



Acoustic

constraint
Speaker Hearer (Speaker)
Articulatory Auditory
constraint constraint
Intended \L ‘l Received
speech hd , speech >
signal signal

Figure 1. Speech commmication viewed as a transmission
system (version modified from Ohala 1975a)



The listener has no way of distinguishing the noise from the
signal intended by the speaker. The listener may therefore,
in certain c¢circumstances, incorporate these elements idinto
his own knowledce cf the language, and begin intentionally
producino them,

The paradigm Sucggests that the study of +these sound
changes involves the study of the <characteristics of
articulation and perception which <cause noise, because
certain types of ncise are likely to occur and others are
not. Determining what types of noise occur, and what their
magnitude and likelihood are, will allow the explanation of
these sound changes. Although the paradigm provides a
framework within which the origin of certain types of sound
change can be exarinecd, the framework reaquires extension. A
number of taxoncmies of scund <change have been proposed
(e.g. Sweet 1889, Sturtevant 1917, Bloomtield 1933,
Hoeningswala 1960) tut rnone have been developed within the
present paradigm, and none have taken jnto account recent
cevelorments in chonetic instrumentation and methods.
Isolating the differert types of phonetically-based <changes
should make it easier to determine what kinds of
explanations can be sought for specific sound changes. The
following pages discuss and attempt tn do this.

The different types of sound changes break down rouchly

intec four types. Type (1) chances are caused chiefly by



articulatory factors, althouagh the changes must be
sufficjently perceptible in order to occur. Type (II1)
changes are similar to Type (1), although the perceptual
mechanism 1is sowmewhat more involved == it must lose a
distinction in crder for the chanoe to occur. Type (II1)
changes are similar to Type (I1), althouch (unltike Tyre
(I1)) they would rot cccur if speech Were not transmitted
via an acoustic medium. Type (IV) changes are chiefly
perceptual in crigin. RBefore elaborating on this
classification, cne point must te made. ALl areas ot the
speech trznsmission process are inextricably interrelated,
s¢ that 1in discussirg scund changes it wculd be misleacirg
to categorize a particular phenomenon as purely
articulatory, acoustic, or percertually-based.

The categories I will suggest are rot =all equatly
distinct. Type (I) 4is oquite similar to Tyoe (II). Type
(111) 49s relatively similar to Types 1) and (11)
(especially to Type (II)). Type (IV) is auite distinct from
the other three. The immediate constituent structure of the

cateqories is somethirg tike that in Figure 2.
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Fizure 2

Type (I): Articulatcrily-based chanages

In Tyoe (I) changes, perceptual factors are 1involved
crly in that the articulatory perturbation is perceptible,
ctherwise they are not imolicated. In sucth 2@ <change, the
role ot the articulatory mechanism must be consicered

primary. Such a change js the development of epenthetic

stops between nasals and following fricatives, Qhala
(19743, 1975) found that chanaes <such as "something"
/s 78In/ to ‘“something" /sA\mp&ln/ were due to an early

closure of the wvelur, <cr denesalization, prier to the
release of the labji2l closure for the /m/. This epenthesis
ccecurs sporadically ir the speech cf many fnglish speakers.
'"hen 2 stcp does not occur, the opening at the velum is
closed at the same time that the labial closure at the Llips
is released. The stce cccurs when the velic port is closed
prior to the release of labial closure. This results 1in a
{abial stnp. The articulatery gzestures for this stop are

the same s the qgestures for 3 stop made intentionally by



the sceaker. The stcp may be somewhat different in closure
duration from one occurring intentionally, btut 1its other
characteristics are the same. This contrasts with some of
the chanages discussed below, in which the sound resulting
from the change requires a different articulation. 1In the
case discussed here, listeners only re-interpret the
unintended stop .as intended. In the changes below, other
speakers produce a new articulation as a result of
misinterpreting the actual gesture« of the origiral speaker.

To amplify this point, a Tyre (1) <change would cccur
even if "listeners" used a thr:e-dimensional X-ray machine
with perfect resoluticn instead .f relying on the acoustic
signal., It would occur even if "listeners” used an accurate

phonetic transcripticrn as the hasis for learnina their

sneech, 0f course, the articulatory perturcation rust Gte
sufficiently perceptible if it is to have an effect. This
means that the perceptual mechanism is not ‘totally

irrelevant even in these changes. One Tyve (I) change s
discussea 1in Chapter 2. The addition aof creaky vaice to
contour tones or low tones, a development seen in a number
of Thinese dialects, is, 1in one sense, similar to
erenthesis. Neither cf these changes involves a lLoss of a
distinction. The perceptual mechanism is thus not "losina"
or "failing toc receive" any part of the signal. Therefecre,

our perfect x-ray machine would rermit such a change to take



Type (I1) comprises changes in which the articulatory
mrechanism dis still primary, but 1in which some earlier
distinction is in most cases (ost by the perceptual system.
The rperceptual wechanism, or internal processes, therefore
hecome responsible for the completion of the <change. The
development of tonal distinctions from pbrior initial voicing
cistinctions as described by Hombert (1975) and others s
one important example of this kind of change. Articulatory
facteors cause vowels preceded by voiceless consonants tn
have a higher initial pitch than vowels oreceded by voiced
corsonants. This has led to the development of tonal
cistinctions in a large number of languages, in which words
with former voiceless initials developed high or falling
pitch (retaining the high dnitial pitch of the vowel) and
waords with former voiced consconants developed low or risinag
pitch (retaining the Llcw initial pitch of the vowel). 1In
most of these cases, the voicing distinctions disappeared,
although there is one example, described by Cappell (1949),
in which the New Cuirean language of Yabem maintained the
‘voicing distinction, which co-occurs with the fpitch
distinction. OQur X-ray machinre wouid prevent the completion
c¥ this change. It would never fail to detect the presence

or absence of voicing. It would, of course, detect the rate



ct vocal fold vibration, so that tonal distinctions might ke
added to djstinctions in voiCing, but would never vreplace
them.

Another change of this type is the development of
distinctive nasalized vowels 1in the environment of nasal
ccnsonants, with the nasal consonant frequently dropping
out. This has occurred 1in Ffrench (Pope 1952), in many
dialects of Chinese ({hen 1972), and in a numrber of other
languyages (see Ohala 1975, Bhat 1975, for references). The
change occurs as a result of an articulatory effect (velic
position for the rasal being raintained or anrnticifFatea in
the vowel), causing@ a perturbation (nasalization of the
vowel) which is dirterpreted bty lListeners as intended and

rart of the linguistic code.

Type (III), similar to TybDe (11), occurs when
articulatcry factors <cause a perturbation which results in
an acoustic similarity to another sound. This kindgd of
cnarge is at least partly caussd by the fact that speakers
and Llisteners communicate through an acoustic medium,
FPerceptual factors then permit the reinteroretation of the
perturbed older fcrm as the new form. An example of this
kind of <change 1is the development of /pj/ into /t/ in the

"Tet k" djalects cf Czech, reported bty Andersen (1977). The



similarity between /pi/ and /t/ is acoustic, not
artjculatory. 1In sore ways, this kind of change would seemn
to be an 1identical process to the one involving the
development of pitch distinctions from voicing aistinctions.
The difference is that the effect of voicing distinctions on
pitch differences is manifested in a consistent way 1in all
fzcets of the signal: articulatory, acoustic, and
perceptuat, while this does not occur in the /pj/ to /t/
change. Specitically, the pitch perturbation is manifested
as a changsa rate of vocal fold vibration <(an articulatory
effect), as & <changed funaamental frequency (an acoustic
effect), and 2as a8 <changed pitch sensation (a perceptual
effect). The similarities causing the change from /pj/ to
/t/ are not manitested articulatorily, only acoustically and
perceptually. The reason the similarity appears in the
acoustic signal is, in this case, a result of the fact that
there is a rany-to-cne corresponcdence between some
articulatory events and the resylting acoustic results.
Specifically, the <ccmplex transformation from articulatory
shape tc accustic output can cause two different
articulations to '"converge" Jin the accustic domain. This
convergence is the mcst impertant factor in the development
cf Tyce (1I11) changes.

Such a convergence has caused a set of changes in Lisu,

which are discussed 1in Chapter 4, where /ap/ became /o/,
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/at/ became /e/, and /ak/ became /ae/. It is shown that the
old z2nd new forms are similar acoustically, although they
are very different in articulatory terms. The comparison of
what happens with an X-ray machine with what happens in
acoustically transmitted speech is crucial. A perfect X-ray
Jevice wculd not show the similarities that show up in an
acoustic image. If only an acocustic medium permits a change
to occur, the <change is acoustic-based. Accordincly the
changes have been called acoustic-based, by Sweet (1899:23),
Von Essfn (1964), Ohala (1974b), Thurgood and Javkin (1975),
and ~ichailovsky (1975), Only the fact that speech
percection occurs through an acoustic medium cermits these
kinds of similarities to be detected and thus to influence
rhonological charaes. In Thurgcod and Javkin (167%), we

grgued that such explanations of changes shoutd bte accepted

i8]

“ecause of their similarity to the development of nasalizea
vewels in the environment of nasal consonants. The same
argument 1s made in Chapter 4. Howeyer, the fact that there
are Similarities tetween the two explanations should nct
obscure an important difterence. The development of
nasalized vowels in the enyironrent of nasal consonants 1is
not due to two different articulations resulting in similar
acoustic outputs. Rather, these cases of nasatizatijon of
vewels are Type (11) <changes, 1in which an articulatory

perturbation is the primary cause of the <change. Another
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case of nasalization, however, the nasalization of vowels in
the environment of /h/, may be a Type (I11) <change. Ohala

(1975:3C02) has suggested a possible explanation for this

chanage:

Jecause of the open clottis during phonation
accompanying ar [Inl <(or breathy vocice), the
spectrum of the vowel Wwill be <changed 1in the
following ways: there will bhe an upward shifting
ot the formants, especially F1 (0Qhala 1974b),
increased bandwidth of the formants, gresence cf
anti-resonances in the spectrum and an overall
lowering of the amolitude of the vowel (cf. also

Fant 1973:8, Fujimura anc Lincqgvist 1971), This
is identical tc the effect of nasalization on
vowels, Articulatory re-interpretation of the

signal may occur, i.e., actual nasalization may be
proguced on the vowel.

Note that in the <changes discussed above, fhe only
relevant characteristic of the perceptual mechanism has been
its resolution. In Type (I) and Type (1I) changes, it was
irportant to determine whether the nerceptual mechanism was
able to perceivye an articulatorjly-baesed perturbation. 1f
the perceptual system did not have that resolution, or was
not ¢cf a type that cculd perceive the changes, we would not
exsect @ change to occur. In Type (II1) changes, a chance
cculd not occur if the perceptual mechanism could too easily
distinguish between +t+ne new and older forrs. Although, @s
ncted above, such lack of resolution does not appear
amenaole to aquantification, resolution is still the issue.
In other words, fcor Type (1) and Type (II) changes to occur,

the magnitude of the perturbation must be above some



threshold determined by the perceptual system. For Type

(III) <changes to occur, the magnitude must be below sore

threshold.

- - - — -

The perceptual mechenism <c¢an, dJin additicon, produce
perturbations of 1its own other than the simple success or
failure to note an articulatory based perturbation. The
changes based on these perturbations I will put into Type
(IV),. One Type (lV) <change dinyvolves a relatively weak
tendency of the perceptual apparatus to distort the incoming
sianal. In Chapter €, I will show that a tcnal contour s
perceived as occurring after a spectral contour when the
two, in fact, occur sSimultaneously. There 1is, 1in other
words, 2 "bias" cp the part of listeners, so that they hear
tone changes as occurring somewhat Llater than they actually
c€ 1in relation tc changes in the spectrum. This appears to
have Led to a number of sound changes in which tones have
soread into following syllabples, and have nrevented (for the
most part) the appearance of tone spobreading in which tones
spread 1into preceding syllables. In a number ¢cf cases, the

!

sound change ncw appears as a synchronic rule.

-—— o we - - - e - - - am . o -

The results ctf the experiment reported in Chapter &

show that the perturbation is relatively small, of the order
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of 10 ms. This is less than mogt acccunts of the minimum
difference required for the perception of temporal order
(Hirsh 1959, Stevens and Klatt 1974, Pisoni 1976), which put
the minimum difference at about 20 ms. However, Efron
(19¢2a, b, 197C) fourd the minimum difference for judanents
of simultaneity to be about 15 ms and reports that attentive
listeners can better this considerabty, to about 5 ms. Tt
is not <clear that minimum differences are the prcper
criterion for determining whether an effect is great enough
to dinfluence phcnolcgical developments. The concept of a
threshold above which psychophysical events are perceived
has come under serijous attack in recent years. A number of
investigators have suggestea that such a concept of
threshold does not take dinto account the distribution of
subjects® responses. This has led to the cdevelopment ot the
theory of signal detectability (T5D). I will briefly
describe the thezory both to defend the notion of ignoring
jnd's and to Llay the groundwork for the way in whick the
results described in Chapters & and 6 should be viewec,
(For more c¢cmplete treatments, cf. Swets 1564, 1973, Egan
and Clark 1966; Tanner 1960, 1961.)

The proponents of TSD have noted that threshold 1is
simply "a statistically defined point, meaning that it is an
arbitrarily defined point and that some sensing and

recognizing occurs beloy t" (Hake & Rodwan 1966:344).
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These authors say, in addition (1966:344):

Perhaps the major implications of TSD for

perceptual research iJnvolve its insistence that

the threshold <c¢ccncept itself may have dubious

validity. In fact, the empirical shape of the ROC

(relztive operating characteristics) denies the

existence of the threshold, i.e., denies the

existence of «cccasions (trials) 1in the usual
perceptusl research situations in which the
subject purely and simply cuesses at the identity

of the stimulus.

The theory holds that the aquality which detfines a
subject's ability tc detect a stimulus in noise is a ratio
of two distributicns rather than a threshotld. (ALl input to
the subject is held to contain noise. For azuditory stimuli,
even the gujetest Listening ccnoitiors are contamingted by
the subject's own heartbeat, the spontaneous firing of
neurons, etc.) The ratio defining the subject's ability to
hear 3 sound 1in ncise concists of the protability of his
¢iving an "1 hear jt" response whan a signal occurs along
with the noise, divided by the probability of giving an "1
keer it" response whén noise alene is present. This is
defined as the likelihood ratio. Listeners are assumed to
hzve a certain expectation that a signal + noise will occur,
or that noise alone will occur. The likelihood ratio is the
ratio between the twc probabilities, and thus itself a
probabitity.

It should be noted here that, while the Llikelihocd

ratio as descrited above refers to the presence or absence

of a signal and describes what has teen termed "detection",
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the same ratio car describe the ability to recognize the
difference between two signals. It is then ' termed
"recognition". %nce again, the aquestion that detection

theory seeks to arswer is not whether the subject <can or

cannot '"recognize" the difference between two stimuli, but
rather, what the Llikelihood ratio of the sutject!'s
recognition is. An unbiased subject (i.e., one without 3

tendency in either direction) will have a Likelihood ratio
equal to 1.

Let us now return to the guestion of whether a small
perceptual effect can cause a sound <cheange. The
distribution c¢f the Llistener's input and his responses
overlap. The means of the two distributions are different,
but the dgistributions overiap tc a large deqree. Let wus
acsume that the duration of the tore produced by the speaker
has a normal distribution clustered around the end of a
sylilable. In acdition, Llet us assume that the listener's
perception of when the tone ends also has a normat
distribution, put that the wvariance is somewhat greater.
(The Listener =adds the effects of his errors to the effects
of the speaker's errors. The result is 3 convolution of the
distributions of the speaker's production and the listener’'s
perception. The result 1is a Lltarger variance than the
varjance of the sgeaker's production.) If hoth distributions

have the same mean, the two distributions can be graphed as



follows:
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Figure 3

Nistribution of Speakers' Production (solid lines) and
Distribution of Listeners' Perception (dashed lines)

18
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(The solid line represents the variance of the speaker's
productjon; the dashed Line represents the variance of the
listener?®s perceptior.)

Let us look at what happens toward the extreme points
within the distribution, the so-called "skirts" ot the
bell=-shaped curve. The aquestion of relevance here, in terms
cf the theory, is what is the criterion for initiatinag a
change. The c¢ritericr value relatijve to a perturbation, or
relative to listeners' perception, has not been establishecd.
Let us assume a relatively large criterion, one greater than
the difference tetween the means of the two distritutions.
In other words, orly percents of the end of the tone thsat
differ by a relatively large amount <can cause a sound
change., Only effects greater than the criterion value c¢an
cause a scund chanae. The critericon values (Q) are cgiven in
Figure 4, These are efftects to the left of the left dotted

Line or to the right of the right dotted line.



Distribution of Speakers' Production (solid lines) and
Distribution of Listeners' Perception (dashed lines)

Figure 4

20
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Tone spreading could still occur, but in either direction,
if Ljsteners Llearn to produce their own output from values
outside the criteria. The fact that the perceived change in
tone sometimes falls cutside the criteria can have a similar
effect to a speaker scmetimes producing an epenthetic step.
The spreading would be anticipatory if listeners perceived
the tone as changing tetore the end of the syltable. The
spreadinag would te perseveratory if listeners perceived the
tone as changing after the end of the syllable.

Evidence will be given 1in Chapter € that tones do
"linger" somewhat. The effect <c¢an te illustrated as jn

Fioure S.
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Figure 5

Distribution of Speakers' Production (solid lines) and
Distribution of Listeners' Perception (dashed lines)
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The solid Line represents the end of the syllable for
the speaker. The dashed Line represents the mean of the
distribution of the perceived values, The distance bhetween
these two Llines is stitl less than the criterion value.
However, observe the effects on the number of perceived
values occurring earlier than the <crijterion before the
sreaker's production and the number of perceived wvalues
occurring Llater than the criterion followina the speaker's
production. It will be a very rare case when a Listener
will perceive a duration that falls to the left of the
criterion, while the number of cases in which the Llistener
perceijves a duratiocr falling to the right of the criterion
will dincreage considerably. As a result, there will te more
c2ses of perseverative tone spreading than anticipatory tone
spreading sccurs. This fits well with the linguistic data,

as will be seen in Chapter 4.
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There is 2nother problem thazt must be faced here. It
czn be argued that the Ulistener's perception of his own
speech is distorted ir the same way that the speech ot other
speakers is aistorted. This, so the argument goes, would
grevent perceptual distortions from having any phonological
effect. In other wcrds, the speaker produces tones which
the listener hears as "lingering”. If the Listener nrocuces

his own speech without adding the "lingering” eftect, he
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will still hear that effect in his own speech. As a result,
the Listener would presumably learn to produce speech that
is the same as that of the speaker, so that the distortion
brought about by his perceptual mechanism should have ro
etfect.

This is =a cogent araument, and it would wmilitate
az2ainst the explanation offered here for perseverative tone
snreading, ag well as against the explanation offered fer
the Llonger duration of vowels before voicea consonants 1in
Chapter 5, if it stooc unchallenaed. In response, it must
te noted that tisteners do not rerceive their own speech 1in
the same way that they perceive that of other sceakers. The
lListener's percepticn of his own speech is not limited to
the auaitory chanrel; it includes kinesthetic information
from his own vocal gestures. Such kinesthetic feedback
provices an input which is not subject to the same ©bias
which &affects auditory perception. Moreover, the auditory
information he does receive as to his own speech is of 3;
very ditferent sort thanm the auditory information he
receives as to the speech of others. Thie information 1s
different in at least two ways. Fijrst, the information is
distorted ty the very powerful transmission of sound from
the wvocal tract to the ears that occurs through the skull.
Since skull trarsmission characteristically passes low

frequencies much more than high frequencies (because ot the



skull's mass) a distaortion is created. Second, there are
two muscles, the tensor tympani and the stapedjus, which
protect the ear from very loud sounds such as those that
reach the ear cdurirg speech by <changing 1its mode o¢f
vibration (Dallgs 1972:475). This also distorts the
listener's percection of his own speech. In particular,
these two effects, which Llower the frequen:y response,
reduce the temporal resolution available to the Llistener
throuch his auditory system. These differences between a
listener?'s perceptior of his own speech and his perception
of the speech of other speakers shows that the two processes

are not comparable.

Vowel cduration differences associated
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tnother example of a Type (TV) change is the result of
a perceptual error made by listeners which is so pervasive
that it causes 2 ophonological wuniversal. In Chapter 5,
experimental evidence 1is provided which shows that vowels
hefore voiced consonants are perceivedq as lonaer than vowels
before voiceless consonants. This occurs even when
artificially produced vowels having the same duration are
presented to listeners. This explains the fact that vowels
are longer before voiced consonants in esyvery Llanguage that
has bteen studied tc the present time. It also explains the

origin of a development in English and Latin, where, in many



environments, the vcwel duration difference replaces the
voicina distinction of the following obstruent 1in many
environments. It wculd seem that vowels before voiced
consonants are always heard to be longer than they actually

are.

Conclusicn
In conclusion, fcur types of rhonetic causes of sound
changes have heen identified. The taxonomy is describec in

Table 1.



Table 1
Type Defining Characteristics | Features FLoss of a Examptes
Necessary Distinction
for Change
1 occasjonal articulatory rerturbation |[no Cls] ==> [lts] in English
perturbation -- when perceptible [low tone --> [low creaky]
change occurs, pertur-~ in Cantonese
bation simply ccmes to
be used consistently
11 articulatory perturbation]oerturbation lyes voicing contrast -=-> tone
always occurs == change perceptible contrast, in many Chinese
occurs when speakers dialects
hear perturbation as
primary cue
111 acoustic convergence acocustic yes Capl =--> (o]
of two sounas with similarity [at] =--> [e] in Lisu
different articulations between old [ak]) -=> [R]
and new sounds fpjl ==> {tl in Czech
dialects
1v perceptual perturbation sufficient sometimes vowel Llengthening in English

perturbation

and Latih
perseverative tone spreading
in West Africa

L2
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Type (I) includes clear cases of articulaterily=-based
changes. Althouch a vast number of examples are not
avaitable, the explanations are very straightforward. The
perturbation must be simply rcerceptible, and occur with
sufficient frequency, in order to allow the change to occur.
Type (II) changes are also artijculatory-based, although the
perceptual mechanism is somewhat more strongly 1implicated.
Nct only must the perturbation be perceived but, 1in
addition, the distinction causina the perturbation Lleading
to the change must be lost. Type (III) changes have been
called acoustic-basec by a numter cf recsearchers.
Aprticulatory factors cause an acoustic perturbation which
causes a sufficiernt acoustic simijlarity to another sounc;
this other sound comes to replace the original sound in the
language. The "acgustic-based"” label 1is justified, sirce
such changes would nct occur if an acoustic medium were not
smployed in the transrmission c¢f speech. Type (IV) <changes
are the result of a perceptual perturbation which comes to

te produced by speakers.
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CHAPTER 2
Epenthetic Stops PRetween /l/ and Sibilants [1]

ABSTRACT

A sound change appears to be developing in English
in which a /ft/ is inserted between /l/ and a
following /s/, so that words such as "pulse”
/pals/ are coming to be pronounced as /palts/ by a
number of speakers. In addition, a small number
of words in some 1Indo-European Llanguages have
developed /stl/ for 1Indo-Furopean /[/sl/. The
epenthesis c¢f /t/ 1is explained in terms of the
failure of speakers to release the contact for /LU/
(or [/s/) before assuming the contact for /s/ (or
/l/). The fact that Snglish is not developing an
epenthetic /d/ between [/l/ and /z/, which have
similar articulatory patterns is shown to have two
possible explanations: either the weaker burst of
/d/ makes it Less percepotible in this environment,
or the fact that /l/ and /z/ never come together
in Enalish excert at word or morpheme boundaries
ctauses a different temporal organization of the
two gestures. Articulatory factors are claimed to
be of primary importance in this type of change.

Introduction

A sound change appears to pe occurring in English
which, although it irvolves only a small number of words, is
nevertheless siqnificant as an example of a <change whose
crigins are largely articulatory. A number of words with
/t/ + /s/) sequences are developing epenthetic /t/, so that a
word such as ‘*false' /fols/ 1is becoming /f2lts/ in the
production of a number of speakers of American English. A

partial list of the words fulfilling the conditions for the

change apoears below:
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else ¢ls elts

pulse pAls pAlts
false fols f21lts
convul se kanvALls kanvalts
calcitfy kaelsIfaj kadltsIfaj

The epenthetic /t/ occurs rather consistently for
certain speakers, who do not appear to form a coherent
dialect. O0ther speakers have this form some c¢f the time.
This epenthesis 1is very sirilar to an eﬁenthesis found by
Phelps (1937) tc occur 1in a number of Indo-furopeean
languages. [2] &An /sl/ secuence is reconstructea for Indo-
Furopean, which has become /stl/ in a number of daughter
languages, tefore urdergoing further change in a number of
them. Phelps repcrts the change to have occurred in Latin,
Greek, B8reton, and Czech. The explanation given by Phelps
alsc appli=ss (in reverse order) to the on-going <change 1in
Fnglish. Phrelps notec that the areas of contact between the
tonque and palate for /s/ and /l/ are complementary in that
the gesture for /s/ closes off all but a small area at the
front of the alveolar ridge, while /L/ closes oft a small
area on'y at the tront, leaving an opening at the sides. 1If
the /s/ contact is not released before the /l/ contact
occurs, the result will be closure atl around the alveolar
ricge. Such contact constitutes a /t/ or /d/, depending c¢n
whether wvoicing tegan with the onset of alveolar contact or

with the offset ot lateral contact. The areas of contact on



the palate are shcwn by the larger dots on the outline of

the palate in Figure 1.



Figure 1

/s/

/t/

/1/



Fhelps suagested that this kind of errcr in production
would occur as a resuit of the fact that the tongue tip is a
very fast articulator, which moves up to the /l/ position
hefore the sides ¢f the tongue can release their contact.
This explanation, however, cannot apply to the case of /ls/
to [/lts/ din Enclish, For this to occur, the sides of the
tongue must make contact too quickly, before the tongue tio
releases its contact. This suggests that it is not the
inherent rate of movement of the different parts of the
tongue which are responsible for the dinsertion of /t/.
“~ather, speakers simply make an error in timing, and fail to
ralease one area of contact before completing another.
presumably, listerers would lLlearn words which originally had
/sl/ (or in the <case of Enclish, /ls/) as having the
epenthetic /t/, thus producing the change.

The change ir Erglish seems somewhat curious agiven the
fact that a similar <change has not occurred with /lz/
sequences, that wcrds such as ‘*falls?! /f90L1lz/ have not
developed 4dinto /t3ldz/ even in those speakers who regularly
use the /fatts/ form tor 'false'. 1In order to study this
phencmenon, and to confirm the cbservatiors regarding the
epenthesis of /t/, a method for determining contact between

the tonaue and palate was used.

—— v - - —— - —— - -

There were several questions that gpalatographic date
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might answer 1involving epenthetic stops LCLetween /L/ and
alveolar sibilants. 1) Would stops occur accidentally 1in
/st/ sequences, thus confirmina Phelps' observation? 2)
Would stops occur accidentally din /ls/ sequences, thus
confirming the <cbservation here? 3) Would differences
between /ls/ and /lz/ emerge that wouloc show why epenthetic
stops are developing tetween /l/ and /s/ but not between /l/

and /z/?

¥ethods

The method fcr determining tonque-palate <cortact used
for these studies js an apparatus for dynamic palatography
similar to systems developed by a tew other investigators:
Kuzmin (1942), ¥ozhevnikov and Chistovich (19¢£5), Hardcastle
(1668 ,1969), Shibata (196&8), Fujimura, Tatsumi and Kagaya
(1972), Fletcher (197%).

A dynamic palatcgrach congists of & sta-plate (or
orthoqontic retainer) with a series of electroces embedaed
in the sta-plate so that they are exposed on the inferior
(tongue-facing) sice. The &electrodes are attached to
narrow-gaune wires wWhich are joinesa cnto a cable that Lleads

out of one or both corners of the mouth. Figure 2 shows one

such device.



Figure 2

’



36

Each wire is connected to a separate amplifier. A 20 KHz AC
sianal 1is applied to the body at 0.1 volt rms. At the time
of this experiment, the current was applied at the wrist,
using a copper electrode and standard electrode paste. More
modern practijce calls for the current to be applied at the
rack of the neck, in order to minimize the distance the
current must travel.

Wwhen the tongue tcuches an electrode on the artificial
nalate, this <coroletes a <circuit which registers as an
increase in vcltaoe across the two leads <coming from the
subject: the Lead from the electrode and the lead from the
electrode at the wrist or neck. When the voltage is above a
certain level (rormally €é0% of the voltage applied to the
kody) contact has taken place. Whep it is less than this,
contact has not taken place. The change in voltage can be
cetermined either by adjustable analog circuits or by
software. Analpq circuits were used in these studijes.

The Linc¢=8 ccrputer was used to record the
palatoaraphic record on digital tape together with a
relatively coarse-grained form of the amplitude wave of the
speech signal. The Lirc-8 has a CRT display. €Each sample of
tongue—-palate contact is analogouys to a Single movie frame.
The amplitude wavefcrm cf the entire utterance is shown at
the bottem of the displayv. A cursor on the amrplitude

waveform co-ordinates the tongue-oalate sample to the proper
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place on the waveform. Fiqures 3 and 4 provide examples of

the contact pattern for the weords "false"”™ and "falls".
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The sampling rate of the computer record was 2 ms. The
arplitude waveform was also recorded on an Fm tape recorder.
The audio signal was recorded on a direct track of the M
tape recorder. The recordings were made in the computer
rcom. Noise from the teletype attached tc the computer and
from the computert's cooling fan was eyident in the amplitude
signal. This was somewhat minimized by keeping the
microphone as <close as possible to the subject. ALl the
relevant speech scunds were jcentifianle from the amplitude

waveform.

First palatographic st

- An e m— o — -
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A number of wcrds were selected and gut 1dinto a
randomized List, fEach word occurred a2 minimum ot 4 times
and a maximum of 6. Two words were included which actually
included the stops, in order to compare them to words that
micht have the eperthetic stops. The words were the

follcwing:

false /f9ls/

falls /falz/

pulse /phAls/
pulls /phulz/
colts /khowlts/
colds /khowidz/
pills /philz/

Itlse /1lsa/
utensils ljuthensals/
slop /slap/

Although it had criginally been planned that 3 subjects
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would participate 1in this test, two had to be eliminated.
One subject, who appeared to have alveolar /L/ in a ¢pre-
test, was found tc substitute /w/ in most ot the test words.
(Such substjtutions are not uncommon in American English,
especially for /L/ preceding stops, in words such as *milk?'.
See Chala 1974a for discussion.) The palatograph of a
second subject did not function reliably enough in pre=~
testing to permit its use in this stucy. A shorter study
was subsequently done with this sutject, however, which is
reported later in this chapter. The results of the one
subject, for whorm palatographic and amplitude data (but not
air pressure data) was recorded, are given in Table 1. The
column headed "Complete Closure” provides the number of
cases in which the closure <characteristic of an alveoclar
stop occurred. A drop in amrplitude is also characteristic
of a stop since closure results in a silent or near-silent
interval, However, a similar drop can also occur at the
cnset of a8 fricative. The column headed "Amp Drop" fgrovides
the number of times that amplitude dropped to the level of

the noise in the room.
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Table 1

Results ot first palatographic study

Complete Amp Number of

Closure Drop Samples
false 1 4 4
falls r 3 5
pulse C 8 8
pulls . 2 4
colts 7 7 7
colds c 2 9
pills C 4 8
Ilse n 4 £
utensils C 5 é
slop c 8 8

0f the words with orthographic /t/ and /d/ between /l/ and
the sibitant, ccemplete closure was recorded 7 out of 9 times
in the case of 'colds! and 7 cut of 7 times in the <case o¢f
tcolts?. The stop occurred erenthetically only once between
an /l/ and & fellewing sibilant, in the word 'false? on one
of the four tires it was sproken. However, nothing in the
centact pattern fourd here, nor 1in the timing of the
gestures of /L/ and the two sibilants (with the exception of
the one occurrerce nf the stop in 'false') suggest that it
Could not have as easily occurred with a voiced sibilant.
In words both containing the voiced and the voiceless
sibilant, the /l/ cortact completely enclosed the small area
which was released to form the narrow aroove for /s/ or /2/.
The change from /l/ to the following sibilant was always

completed within 2 ms, in both the voiced and voiceless



versions. This suqagests that epenthetic stops are as likely
tc occur as an accident, in this envirorment, with either
voiced or voiceless sibilants.

A further observation to be made from the data en /Ul/
and following sibilants is that the amolitude signal dropped
to the noise levet in most of the samptes (52 of 64).
Although the amplitude drop occurred in nearly all the
samgcles in yhich closure occurred (20 of 21), this still
left 32 occurrerces of an arplitucde drop developed without
closure along the alveglar ridge, as determined by the
palatograph. The effects of this will be discussed later in
this chapter. The most Jnteresting fact dinvolved tre
surprising numbher of times that complete closure occurred in
the word 'slop': 5 out of 8 times. Given the fact that
[stl] and [sall are impermissible sequences for English
rhonology, the nurber of occurrerces ctf the stop 1in this
environment seems extremely high. Of further interest 1is
the tact that these stops are not percejved by listeners --
several trained prhoneticians did not note the arpearance of
these stops. There are several reasons for this. First,
the transitional cues for an alveolar stop will not show uo
between two other alveolar consonants. The stops for this
speaker were voicea, so that the release burst of the stop
into the /l/ was considerasbly less than it might have been

if the stop were voiceless. In fact, the cquestion of the
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perceptibility of /d/ between /l/ and following a sibilant
is also relevant tc the faijlure of /ldz/ sequences to
develop in English. Eefore proceeding with a discussion of
this point, hewever, T will discuss a brief test which was
run on the one subject for whom oral air pressure data was
available, but whose palatograoh did not behave with
sutficient consistency to allow the use of the full word

List.

This shorter stucy consisted of 12 words or phrases,
within the frame " again". The procedure was

- — —— ——

ctherwise as described above. The words were:

false /f3ls/
falls /f3Lz/
pulse /fohAls/
pulls lphulz/
halls /halz/
sills /sIlz/
slop /s lap/
calls /khalz/
call Sue /khalsu/
call zoo /Tkhatzu/

The results are given in Table 2.
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Table 2

Results of second palatographic study

Complete Amp Number of

Closure brop Samples
false 1 1 1
fells 1 n 1
pulse 1 1 1
pulls 1 0 1
hatls N 0 1
sills 1 0 1
slop 1 1% 1
call Sue 0 1 2
call zoo 4] 0 1

There was a bad recoraing of palatographic <ceontact on the
second occurrence of "call zoo™. Complete closure cccurred
in all the utterances with the exception of the word "halls"
and din the two-word utterances "call Sue" and "call zoo".
Once again, the patterns of <contact were essentially the
same for the utterances containing the Voiced anc voiceless
sibjlents. There were differences, however, in the patterns
of oral air pressure. The pressure pe2ak was greater in the
voiceless cases. In addition, while the air pressure in the
voiceless stop-ard-sipbilant corbination quickly reached a
near-maximum and then s|lowly increased, pressure gradually
bujlt up to a maximum in the voiced stop-and-sitilants and

then aradually decayed,
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Similar differences between the pressure patterns for
voiced versus voiceless consonants have been presented by a
number of investigatcrs (Malécot 1955, 1966, Ladefoged 1963,
Arkebauer, Hixon & Hardy 1967, Brown & McGlone 1969, Kent %
Moll 1969, Lisker 197C, Malédcot 1970, Warren & Hell 1973).
There, although the data from the current experiment
represents a vyery small sample, there is no doubt that the
differences between the voiced and voiceless cases are to be
trusted. Ffinally, before proceeding to the discussion of
the two experiments, cone further observation should be made.
In the second experiment, the amplituce dron between the /Ll/
and the sibilart <cccurred for both of the voiceless

sibilants and none of the voiceless.

Tiscussion

The opalatographic data gathered 1in these studies
ccnfirms Phelps* cktservatjoen concerning the origin of
epenthetic stops hetween /L/ and sibilants. If the contact
recessary for /l/ "overlaps" with the contact for /s/ or
/z/, complete closure will occur, so that a stop closure
will be formed. The palatographic patterns of contact do
not reveal any reasor why ebenthetic stops should develop in
the <case of /l/ followed by a voiceless sibilant but not in
the case of /l/ fcllowed ty a voiced sibitant. The voiced

and voiceless sitilarts haa the same contact patterns. The

articulations of both would lead to complete closure of the
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/\/ contact were nct released in time. Furthermore, the
timing of the gestures were essentijally the same, so that
this alsc fails to explain the tailure cof an epenthetic /a/

to develop.

Possitle reasons for the lack of /lz/ -=> /ldz/

There are twec possiblte explanations for the fact that
epenthetic stops are developing between /l/ and /s/ but not
between /l/ and [/z/. Cne is based on the lesser
perceptibility of /d/ wversus /t/ opetween an /l/ and a
following sibilant. The other is based on the fact that

Frclish rpermits /lz/ clusters only at morpheme touncaries,

wnile /7ls/ clusters can occur within a2 morpheme.

The cdifferences in pressure suggest an explanaticn,
The cues for the presence of an alveolar stop 1in an
environment between two alveolar consanants are relatively
scarce. There are ro transitional cues. The stops are of
relatively short duration. One cue for the cresence of a
stop, of course, wculd be the ©presence of a periocd of
silence between the /l/ and the foltlowing sibilant.
However, the stops are of relatively short duration.
Furthermore, the drop in amplitude (in other words, the
silence) characteristic of a stop also occurs when a stop is

not present. The silence in the cases in which stops do not



48

occur is probably due to the fact that it takes a short time
fer sufficient pressure to build up in the oral cavity to
provide fricative noise. A Llistener, therefore, hears
almost exactly the sare thing regardless of the presence or
absence of a stcp in this environment, with one exception,
That exception is the burst characteristic of the release of
the stop into the sibitant. If a stop is present, there
will be a momentarily high fricative noise level, which will
decay rapidly. This burst 1is smaller 4in the case of a
voiced consonant, simply because the oressure build-up s
sraller. The differerce cen be seen in the overall amplitude
of the stop bursts measured by Halle, Hughes and Radley
(1957). The result 1is that the one cue available to the
listener that a stop has occurred 1is Lless strong for a
voiced than for a voiceless epenthetic stoo. Therefore,
although both types cf stops probzbly occur with similar
trequencies accidentally, only the voiceless is likely to te
noticed by listeners, so that such stcps are less Llikely to

kEecome part of the listener's code.

The occurrence of /dz/ in other languages

Tests to determine the re(ative perceptibility of /lts/
clusters versus /ldz/ <clusters have not been performed at
this time, However, there is a way of assessing the

relative perceptibility of the two sequences. The effect of

the /L/ on the perceptibility of the /dz/ and /ts/ clusters



49

should be similar. The /U/ will obscure the consonantal
transitions of toth scunds. I1f the smaller amplitude burst
of /d/ relative to /t/ causes the /d/ to be less pérceotible
when the consonants are followed by a sibilant, one would
expect [/dz/ sequences to occur with less relative freauency
than /ts/ sequences in the world's languages. furthermore,
if /d/ were relatively imperceptible in this environment,
one would expect that phones consisting of [dz]l] sequences
would tend to alternate with [2zJ phones and be members of
the same phoneme more fpequently than would be the case with
the phones [tsl ard [sl. In other words, if the contrast
between [dz]l and U[z] 1is relatively imperceptible, that
contrast would not be used in many languages.

In making this kind of assessrent, it must be borne 1in
mind that voiced <consonants occur less freguently than
voiceless consonants (Trubetzkoy 1929). This factor can be
taken 1into =account, howeyer, by comparing the numper of
times /ts/ and /dz/ occcur with the number of times that /s/
and J/z/ occur. Even if [az] sequences were perceptually
salient for speakers, we wnuld stitl not expect them to
occur 2as frequently (relative to [tsl) as [d] and (2]
(relative to [t]l and [s]).

A count was obtained of the number of times that weach
of the sounds abcve occurred in the Llanguages whose

phonologies are described in the Stanford Phonology Archive.
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The files of the Archive contain, at the time of this
writing, rather reliable synchronic phonological
descriptions of 221 of the world's languages. A computer
printout bprepared by the Archive staft provided the
languages in which each o0f the sounds appeared as non-
alternating phones (the only ©phone 1in a phoneme), main
allophones, cr secondary allophones. Some of the
tabulations described below had to be cdone by hand. [2] The

results are given in Table Z,

Table 2

The cccurrence of dental/alveclar
stops, affricates and fricatives

t cr d ts or dz s or 2
Voicelegg 168 &4 198
Voiced 149 42 &9

In assegsing the numbers given in table 3, I will use a
statistijcal approach wused in OChala and Lorentz (1977). One
mioht suppose thzt the protability that /ts/ anda [/dz/
affricates will occur in the world's Lanauages might te
trelated to the prcbabjlity that /t/ and /s/ will <co-occur;
the probability that /dz/ will occur would be related to the
probability that /d/ and /z/ will co-occur. The probability

that /t/, /s/, /d/ and /z/ occur can be taken from the table



above. Dividing the rumber of languages in which each of
these sounds o¢cur by the total number of languages in the
sample (2Z21) provides the probability of occurrence. The
protability of cccurrence of /t/ and /s/ is calculated ty
multiplying the independent probabilities that /ty and /s/
occcur; the probability that /d/ and /z/ will co-occur is
calculated by multiplyina the independent probabilities that
/d/ and /z/ occur. The probability of co-occurrence can then
be translated intc the number of languages expected to hgave
a co-occurrence by nmultiplying by the sample size. The
results are given in Table 4, rcuncded off to two significant

digits.

Table 4

Statistical analysis

(p)t = 198/221 = .90

(p)s = 198/¢21 = .90

(p)t and s = (p)t x (p)s = .81 = 179.0 languages
(p)d = 1€9/221 = .7¢

(p)z = E9/221 = .40

(p)d and 2 = (p)d x (p)z = .31 = €8.5 languages

Thus, /ts/ occurs less frequently (84 Llanguages), in
relation to the number of lanauages in which its individuzal

sounds can be expected to c¢c-occur, than /dz/ does (&b
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languages). This suaggests that /dz/ is not a djsfavored
cluster, but does not answer the question of how distinct it
is from /2/.

To determine how distinct [dz] was from [2], I <counted
the number of times that [dz] was an alternant of [z], with
toth phones being part of ¢the sare chonere. A  computer
program proyided the segment inventories and a guide as to
which languages should be examined, but the inventories were
searched by hand. All Llanguages in which [ts] and [dz]
cccurred were examined. The data leading to this count was
checked twice. The results were the following: there were a
total of &4 alternations between [d2zl and [2], and 3
alternations btetween ([tsl and [s]. This 1is wvery weak
support for the hypothesis that [dz] and [z] are relatively
incistinct.

I searched for all the Lltanauages which had all six
ohones: [t31, ([tsl, [sl, [dl, [czl, and [2]. There were 24
such lLanguages. 1In this group, there were no zalternations
between [ts]) and [(s]), and two alternrations between [dz] and
[2). This is very weak support for the hypothesis that [dz]
and [z1 are indistinct.

1 searched for all the languages which contrasted [dz]
and ([z2z]l, and those which contrasted [ts] and [sl). This
included all cases ir wWwhich the <ccntrasting pairs were

members of different rhonemes. This count shoula te



examinea with the count of the Llanguages in which ([tsl,

{d2z2, £[s] and [z] occurred. The numbers obtained are given

in Table S.

Table &

Constrasts betweenrn affricates and fricatives

Voiceless Voiced
ALl languages with [ts] or [dz] 84 42
ALl languages with [s] or [23] 198 £9
ALl languaaces contrasting
“ts] and [s] cr (dz] ana [z] &0 232

We can
the pairs
orobabitity

calculated

compare the number of languages which contrest
/ts/ ancd /s/, and the pair /d2/ and /z2/, to the
of co-occurrence of each of the pairs. I have

the cronebilities, which are given in Table &,

according to the methcd used in Ohala and Lecrentz (1977).
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Statistical analysis

(p)ts = 84/221 .38

(p)s = 198/c¢21 .90

(p)ts and s = (p)ts x (p)s

421221 = .19

(p)dz

(p)z = £9/221 = .40

(p)dz angd z

(p)dz x (pl)z =

.34 = 75.1 lanquages

0?6 = 16,8 languages

75.1 lanquaaces csn te expected to have a co-occurrence

]

of /Jts/ 3and [/s/; &

P

) languages actually have & contrast

between these two sounds. 16.8 languages cah be expected to

have a co~octcurrence of /dz/ and /z/; 23 lanauaaes have 2

centrast between them. Thus both pairs contrast more
frequently than cne would expect them to co=-occur.
Furthermore, c¢oO-cccurrence is not the sanre thing Fs
ccntrast., The rumter of Llarguages in which two souncs

contrast can never exceed the number of
they <co~accyr, but the coposijte can te
the number of languages have a3 contrast
exceeds the number of languages which

have a mere cto=-occurrence shows that we

languazes 1in which
true. The fact that
between /dz/ and /z/
woula be expected to

cannot conclude thet

contrasts between /dgz2/ and /z/ are unlikely. Taking into

account the fact that {dz] alternates with [z] in only four
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languages, but contrasts in 23, it is obvious that contrast,
rather than alternaticn, is the general tendency. This does
not support the hyrothesis that [dz]l and [zl are very

similar perceptually.

The preponderance of the evidence suggoests that /dz/ is
a cluster which can contrast with /z/. Although /dz/ occurs
less frequently thar /ts/, and participates 1in fewer
centrasts, this 4s part of a general tendency favoring
voiceless obstruerts, Althoucgh part of the reasor for that
tendency 1is vperceptually-based (i.e. the weaker Eurst of
voiced stops, even if a sibilart does not follow), the
tencency 1is not sufficient to prevent the occurrerce of
voiced obstruents or clusters of voiced obstruents such as
/tdz/. Since that tendency is partly based on the lesser
rerceptibility cf voicec cbstruents, it could te argued that
the percectual factcrs helpine to form that tendency make
the development ot epenthetic wvojced steps Lless Llikely.
This s opartly true. However, while the tendency makes the

deve lopment of such stops less likely, it dces not prevent

them. Voiced <clusters such as /ldz/ do occur. They are
heard by listeners, who LlLearn to produce them. Fnglish
listeners are accustomed to hearina such <clusters.

¥Yoreover, the tendency is only partly based on perception.

The fact that obstruents reduce the trans—alottal pressure
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drop needed for wvoicing may account for much of ¢that
tendency. Given the evidence just gathered that /dz/
clusters are not strongly "disfavored"” by the worldts
languages, it seems unlikely that the reason for the failure
of epenthetic /d/ to cevelop in English between /l/ and a
following sibilant 1is due to the lesser perceptibility of

this sound (vis-a=-yis /t/) in this environment. [4]

Morphological constraints of English for /ls/ and /lz/
In English, /lz/ and [/ls/ occur under different
cenditiorns, ALL the words which potentially coula cdevelop

#n erenthetic /d/ hetween an /l/ and a followinag /2z/ contain
3 morpheme boundary between these two sounds. The sound /z/
fcllcews /1/ onltly as the plural morpheme, 2as a possessive
sutfix, or 2s a third person cinaular marker., ALL the ceses
in which /s/ follcws /l/ cccur within a morpheme. This
difference changes what is involved in the epenthesis of 2
stop in the two caSeS. Ffor a stop to be inserted between 2zn
/l/ end an /s/, a spreaker merely has to store the word in a
rew form in his lexiccn. For a stop to bte inserted between
an /fl/ and a [tz/, the speaker must create a minor rule,
since the /d/ cannot ke assigned either to the stem or the
suffix, ac it cdoes not occur in other environments. If the
steaker were to store the /3/ as part of the stem or suffix.
he would .have to Jintroduce a rule celetinag the /au/

everywhere it did not occur. With either rule, the process
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would be quite different than the storing of words in @ new
form.

The fact that epenthesis doces not occur when @& word
toundary separates /l/ and [/s/ provides support for the
hypothesis that the boundary bhetween /fl/ and /[z/ alse
prevents epenthesis. Phrases such as "tall Sam", "tell
Candy®, “yell softly" do not <contain the epenthetic /t/,
even for speakerc whc have the epenthetic /t/ within words.
The non-occurrence of accidental epenthesis in "call fue" in
this experiment is suggestive. The organization ot the
motor movements by the speaker mzy be different 1in <cases
where a morpheme or word boundary intervenes. The result

cculd be a delay in the tongue gesture for the sibijlant

until the /Ll/ contact is released. £53

/
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he difficulty of rperceiving alveolar stors bhetween
alveolar <ccocnscnarts, as well as the English constrairt
against /stl/ clusters, are relevant to the data regarding
epenthetic stoos hetween /s/ and following /Ll/. The
agppearance of complete closure in thic environment in 5 out
cf 8 samples 1in English for one subject, and in the one
sample for another subject, is surprising. These stcps were
not perceived during this study and are not even during
careful listening to the speech of the subjects. The fact

that /stl/ and /scdl/ are not permissible sequences 1in
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English undoubtedly plays a role. However, Phelps has noted
that the Llanauaages that may have developed /stl/ sequences
from Indo-European /sl/ have frequently undergone further
changes, 1in which the /t/ became another consonant in a
numeer of Llagnguages in which this change originally
occurred. In some cases, the /l/ changed or the /s/ dropoed
out. One of the most interesting <cases involves the
development of Vulgar Latin 'sclcppus'. This is reflected
in Italian 'schioppo' (a gun). The /t/ has become a /k/
pcssibly because of the difficulty in the perception of an
/stl/ seocuence. Incidentally, the /j/ is a reaular reflex
of /l/ in Italiar 1ir post-occlusive position. The phonetic
tasis of this change is one of the areas discussea 1in the

fcllowing chacter.

Conclusion

In conclusicn, the the results suggest that the
epcenthesis of /t/ between /lL/ and [fs/ is due to the
occasional occurrence of such stops as a result of the
failure to release /l/ contact before /s/ contact tegins.
It also suggests that Phelps' observation conterning the
epenthesis of /t/ between /s/ and /l/ in some Inco-European
Languages is correct. In the <case described by Phelps,
there is a failure to release /s/ contact before /l/ contact

occurs. Phelps suggested that the change was due to the

faester rate of tongue-tip movement compared to the rate cf
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movement of the tcngue body. The fact that the same change
occurs in English, but in the opposite direction, shows that
it is not the differert rates of movement of the two rparts
of the tongue, but rather the lack of precision in timing
the two events, that 1is respcensible for both changes.
Finally, the failure of epenthetic stops to develop between
f\/ and /2/ in English appears to be due to the fact that 2

morpheme boundary always occurs tetween these sounds in

English.
The <change, where it occurs, is essentially
erticulatorily-based. That 1ts potential occurrence in

English is restricted by facts about morpheme structure does
not lessen 1ts articulatory nature. It 1is therefore

classified as a Type (1) change.
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FOOTNOTES

1. An abstract of an earlier version of this chapter
appeared as Javkir ard Ohala (1973).

2. 1t has teen brought to my attention (Gary Holland and
Carol Justus, personal communications) that none of the
words which Phelps gives as evidence for the epenthesis of
[t] have an established Indo-furopean etymology. The
l?2nguages he cites as having undergone the change have Llost
Indo-furopean [stl, but may have borrowed their (relatively)
rare [stl] forms.

2. In preparing these other tabulations, I noticed that one
language, Yurak, had the phone [dzl, despite the fact that
the ccmputer printout aid not list this language 2s having

[3z]. This seems to have occurred because the recoras of
the Archive for yurak were not complete at the time that the
printout w3as orepared. The phone [dzl thus occurs in 42

languaaes, altncugh a reader ocbtainina the same orintout
from the Archive would only find 41,

4, This is 2 different view from that in Javkin and Chalgs
(1972), where we tentatively concluded that the lesser
probability of [d] was responsible for the failure of [d] to
cevelop between [l] and [2] in English. Drachman (1977) hes
noted that [lz] becomes [ldzl in some dialects of Greek,
which shows that such a development is not impossible. We
never claimed it was.

5. The fact that crammatical conditions <can intluence
chonotogical processes 1is well established (cf. K. Pike
1647). That influence has been thoyght to be the result of
the way ohonological units are organized (e.g. Chomsky and
Halle 1962) or of the necessity for signaling boundaries
(Trubetzkoy 1939, Ccker 1974). Regardless of the cause (an
jnterestind gquestion, althouch I will not try to answer it
here), there are many ohonological processes aependent on
grammatical boundaries. In Javkin 1975b, 1 found that 346
ocout of 754 phonological rutes in the files of the Stantord
pPhonology Archive made reference to grammatical boundaries.
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CHAPTER 3%

Palatalization of Fost=0cclusive and Geminate /l/ [11]

ABSTRACT

Two related sound changes, the palatalization of
geminate /l/ in Spanish and of post-occlusive /l/
in Italian, were investigated to determine whether
they had a similar phonetic basis. The hypothesis
was formed that the two changes occurred because
these two types of /l/ involve a higher tongue
position (and therefore a higher second formant)
than non-~gemrinate, non-post-occlusive /Ll/, which

does not wundergo the <change. Acoustic data
confirmed tre hypothesis for Spanish, but not for
Italian. The acoustic cimilarity of post-

occlusive /l7 to a palatal glicde in Italian
appears to be responsible fer the development of
/CL ==> Cj/ in that languzge.

Introduction

In Chapter 2 1 presented an exarnte of a2 sound change
dhich was strictly the result of an articulatory process.
The sound change disCussed in this chapter is somewhat more
complicated. Articulatory events can cause two relatively
distinct souncds to become more similar. That similarity, or
rather the increase in simitarity can lead to a situation in
which one sound changes 1into the other. Such a change
occurred 1in the development of Latin geminate /l/ into
Spanish /j/. A closely related change in Italian, in which
post-occlusive /t/ became /j/, was hypothesized to have had

a similar origin. As will ke shown, however, this involves

an acoustic effect, with articulatory features not playing a



major role,

Other sound changes irvolving /L/

The alternation of light or palatal /l/ with /j/ and of
dark or wvelarized /l/ with fu/ or /w/ has been ncted %n
several |anguages by a few investigators: Fortuguese and
Spanish (Zauner 1921, cited in Von Essen 1964) have changed
2 nurber of velar /l/ sounds to /u/, as have French and
Folish (Von Essen 1964). There are some examples of this in
English. For many speakers of Enalish, words such as "Bjili"
anog "milk™ are prcduced as [bIU] and [mIUk] (cf. Kenyon
1650:155-¢6). (2]

Some cialects ¢t Scouthern Germany have changed /l/ to
/i/ in certain environments (Von Essen 1964). Von Essen
also roted the cases in ltalian in which pcst-occlusive /fL/
hasg chanaed 4Jnto [/3i/: plenu>pieno, clave>chiave, etc.
Spanish has undergone changes of geminate /l/ to /j/, as can
te seen 1in the data from Lapesa (1962). The changes cf
ticht /U/ to /j/ ¢cr /i/ and of dark /l/ to /w/ or /u/ were
explained by Von Esser (1964) (ard by Jonasson (1971) in the
case of the change tc /w/) 1in terms of the =acoustical
similarities between the alternating forms. The
similarities are ngost striking 1in the Lower end of the
scectrum. Von Fssen found that dark /l/ and /u/ show very
similar peaks at 2950 and 400 Hz. Jonasson showed the

similarity between cark /l/ and /w/. In the case of Llight
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/t/ and /i/, Von Essen found a2 first formant peak at ¢50.
The second formant for these sounds is different, hcwever,
with light /L/ showing a value of 1600 Hz, while /i/ has an
F2 o¢f 3150. 7The second formant value for /i/ found by Von

Essen is questionable. [2]

It seemed curious that the changes 1in Spanish and
Italian were restricted to specific conditions for /l/. 1In
Ttalian, /l/ following stoos became /j/ while /L/ in octher
envircnments (as well as gerinate /L/) did not change. 1In
Spenish, short /l/ did not change in the same way, either
when following stops or between vowels, but geminate or long
/\/ tecame [j/, merging with the [/j/ alreacy 1in the
lanauage. Fxamples are given below. Note that in examples

¢ and 7, the stcp + /l/ <clusters became palatalized /Ll/.

[41
Latin Spanish Itzlian
1. tellum bejo ket:o "beautiful"
2. pul lum nojo rol:o “"chicken"”
2. caballum kzbajo kabal:o “"horse"
4, templum templo tempijo “temple”
5. blancum blanko bjanko "white"
6. planum jano pjano “flat"”
7. clave jab e kjad e Ykey"

The "pl" and "cl" <change to "LL" s a complicated
gevelopment, which probably involved both the palatalization

and gemination of post-occlusive /L/ pricr to the loss of
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the occlusive. For more extensive treatments, see Lapesa
(19€2) and Malkiel (1964); suffice it tc say here that the
development s quite general, and does not contradict the
tendency for pcst-ccclusive /t/ to palatalize. Some further

exarpleés 2are given belou:

Latin Spanish (present-day)

Orthographic FPhonetic
plants Llanta janta "a plant”
placa llaga jaya "ulcer"”
pluvia Ltuvia juBia “"rain®
clamare Ltamar jzmar “to call®
clave Llave jzBe "key"
flamma Ltara jama "flame"

It should be clear, then, that only ceminate and post-

ncclusive /U/ underwent palatalization. YWe can hypothesize

trat geminate and post-occlusive /L7 each contained
scmething that made them more Llikely <candidates for
palatalization than shert, nor-cost-occlusive [/L/. The

situatjon presents a rare opportunity for the constructicn
and testirt of hycotheses concerning these kinds of changes.
wve ¢cén lcok at present-cay geminate /t/ in Ttalian for the
rhonetic motivaticn of the change which occurred in Spanish.
wWe can loock at present-day Spanish for the fghonetic
motivation of the change Jin Itatian. In other words,
thel:0o/ and [pol:o/ 4in present-day ltalian shculd contain
scme basis for rpalstalization, as shoulc present-day

/templo/ and /blanko/ in Spanish.
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I formulated the hypothesis that these two conditions
for v/, geminatjon and oost-occlusive position, had
scmething in commen which led to palatalization: namely,
they both had a higher tongue position, leading to a higher
second formant, than short, non-post-occlusive /L/.
Geminate /l/ micht have this if the tongue blade continpued
moving wupward after /l/ contact was achieved. Post-
occlusive /L/ might have a higher tongue position due toc the
fact that the jaw has to be in a relatively high position
for the occlusive. According to fant's data for palatalized
and ncn-palatalized /l/ in Russian, a high tgongte Ppo2sition
for /l/ is associated with a higher second formant, which is
the major cue of palatalijzation. Such an accustic effect
would make these two kinds of /L/ <cifferent (closer

acoustically to /j/ or /i/) from intervocalic, shert /L/.

Cne speaker of the Poman dialect of Italian was
recorced to determire whether geminate /Ll/ has a higher
second formant than the non-gemirate /l/. A set cf nine
miniral pairs was fut 1into @2 randomized word list, with
three repetitions of each word. The speaker read the worags
within the frame sentence: "Ora diro el

microfono” ("1 now say into the microphone.").

- e e - — -

The following worags were used:



calo
callo
cola
colla
mola
molla
molo
nmollo
pala
palla
polo
pollo
scolare
scollare
velo
vello

the rarnce (-=4CCOC

were rounded off to the

66

Yloss, waste"
“"corn, hard skin"
“"strainer"

Mqlue (13
"grindstone”
"spring, spring lock"
"whar{”

"flabby"

"Sh OVel"

"ba ll ”

"DO lO"

"chicken"

"to drain”

“to unglue”

llve .i l 11J
"sheepskin"

The speech was analyzed using a \Voiceprint 700 spectrograph

Hz. The first, secend, ang third

fcrmants were measured at the rmic-point ot the /L/. Values

nearest 50 Hz.

The results are shown below:

Geminate
F1 3¢1
Fe 1357
FR 253

A t-test for difference

words shows the results

The second formant

Yon-geminate
418
1183
2324
in mean FfZ wvalues 1in the paired

to be sianificant at the .CC1 level.

is consicerably higher for ogeminate

than for non-gemirate /L/. It eppears to continue to

rise after the /l/ is formed. The fact that the midpoint of

reaches a different formant value in the geminate might
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be compared to the phenomenon of vowel reduction, in which
vewels attain different formant values dependina on their
lenoth. The greater duration of geminate /fl/ teads to a
rore nearly palatalized /L/. Althouagh even geminate {l/
dees not reach the wvalues for full palatatization, the
direction and magnitude of the change sugaoests that this is

the origin of the charoge in Spanish.

Fost-occlusive /L/
M2thods

In orcer to determine whether post-pcclusive /l/ also
involves 2 more pa}atalized spectrum, eiaht pairs of words
in Spanish having initial /t/ ang 1dinitial stoo + /U/
clusters were used. Four repetitjons of each word were
produced from a randomized list by a speaker of Buenos Aires
Spanish in the freme “"__________ otra vez." (" __________
onte again.,"). Utterance initial position was used in order
to minimize difterencesS in the co-articulatory effects of
preceding sounds. This also made possible the wuse c¢f a
nearly aytomatic reasurement procedure. Since minimal pairs

were not available in all instances, near-minimal pairs were

utilized. The words used are given below.



clavo
lavo
cloro
loro
clueca
Ltuego
clima
Lima
plancha
Llancha
rlata
lata
pluma
Lumtre
ploro
lomo

"nai lll

lluashll

"chlorine"
“parrot"

"a brooding hen"
"Later"

"climate"

llfile"

“an iron"

"a Llaunch®
"silver”

"t inll

"a feather"

v ight"

"lead (the metal)"
Ythe small of the back"”

The first 25 ms of each /l/ were analyzed
rrogram on the PDF-=12 computer at the

Laboratory. A sutsequent analysis used maxi
cderivative of the LPC spectrum to finrd
focrmants) in the spectrum. An LPC arnalysis

such as /Ll/ may sormetimes yijela

tcmparison cf the LPC spectra with thoese

fourier analysis (which is not subject to

error) showed that this did not occur here.
well with FFT analysis of

correlated an

cutput of the peak=picker was usen.

The results are given ktelow:

using

UCLA

me

the

of

produced

the
{51

the

peaks

¢8

an LPC

Phcnetics

in the second

(or

consonants

misleading recsults, tut a

by a

same kind of

The

results

data, so the
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Post=-occlusive /L/ Initial /LU/
F1 2C2 277
F2 1577 1599
F2 2488 2458
The differerces between mean F2's here is net
sionificant. Note, in addition, that the F1 and F3 values

fcr the two groups were also not significantly different.
This part of the hypothesis 1is not <confirmed. It was
hypothesized that the tongue would be higher for pcst-
occlusjve /l/ than fcr initial /l/ due to the fact that the
jaw must be relatively hich for the occlusive. I would
arpear, howeyer, that the jaw §s already hiah for an initial
/l/ so that the preceding stop does not have an effect.
what, then, 1is responsitle for the change in Italian of
"pclano" to "piano"? The change involves goine from stop +
/t/ + wvowel to stop + /j/ + vowel. Such sequences cen be

quite similar acoustically, as is shown in Ficure 1.
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The sl/, and the transition from the /L/ to the vowel,
csn be quite similer to a palatal glide. The change
occurred for /Ll/ following labial and velar consonants, and
prreceding all the Italian vowels /i,e,a,o0,u/. Following
velar consonants, and between velar consonants and Ltack
vewels, the presence of /i/ raises the second formant
transition, in conrparison with 3 stop + vowel sequence,. At
the time this <change occurred, Listeners may have re-
interpretea the /l/ &s a palatal glide. In other werds,
aiven the acoustic similarity of the sequences /plo/ and
/vjo/, the two appear to have been confused by Llisteners,

causing the sound charge.

fiscussicn

- - ——— v - - e - —-— -

There has been a related change in Spanish, of ceminate

/nl/ to palatal /n/. Examoles are given below.

Latin Speanish Fnglish aloss
€anna canja "cane"
pannu pafijo "ctoth”
annu afijo "year"
The development was concurrent with that of the

palatalization of geminate /l/ and was almost certainly
brought about in 3 sirilar way: gemination of the dental
consonant caused a rajisina of the tongue body. Further work

to determine actual tongue height values would not only help
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substantiate the exptanation given here for the
palatalization of /l/ but would (probably) explain the

palatalization of /n/.

fenclusion

Note that the explanation for the 1Italian change s
acoustic-based while the <Spanish 1involves articulatory
factors jn additicn. Note, alsc, that it has c¢only been
possible to explain the phonetic motivations tehind these
chances, not why each of the languages '"chose”™ to make the
thanges it did. [¢€] The two changes, althouagh closely
related in terms of the sounds themselves, and occurring in
two closely retated Llanguaces of the same origin, show
rarked differences 1in their =2ctivatina mechanisms. In
Spanish, the fortuitous effect of gemination, the
ccntinuation of ugwara tcngue movement during the extenced
curation of the /l/, caused the acoustic characteristics of
the /1/ to change. This <chapged acoustical shape was
interpreted by listeners as /j/, and came to be proGucea as
13/7.

In Italian, the environment in which the /l/ occurred
crused its acoustic shane to become more difficult to
distinauish from the sound 4{t eyventually became. for a
turther Jtlustration of this difference, assure that the
reason for the continuation of movement occurring in the

geminate /l/ resulted from the inertial properties of the
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tongue, [7] If speakers were endowed with a different
articulatery apparatus, say, cne with much less inertia, the
change in Soanish would not have taken »place, while the
chance in Italian would still have occurred.

Conversely, if the speech perception apparatus
consisted of x=-ray machines which allowed perceivers to
accurately determine ell articulatcry activity, the change
in Spanish micht still have occurred, since the difference
in gesture between /Ul/ and /l:/ would still bte perceptible.
The <chance 1in Italian, caused as it was by a difficulty in
aistinguishing /l/ transitions frocm /j/ offglides, would nct

h3ave happened.
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FCOTNOTES

1« This is a revised version of a paper presented at a
meeting c¢f the Acoustical Society of America, Sprirg 1977.
The atstract appeared as Jzvkin (1977).

2. Some of the cases 1in which Engtish G&ppears to have
changed /l/ intc /u/ @are spurious. The nronuncieticocn cf
words such as “folk" /fouk/ and "yolk" /youk/ is due to the
diphthongization of /o/, as can be seen in the word "yoke"
/youk/. (Examples here are from Jones 195€).

3. The second forrmant value found by Von Essen for /i/ may
be Jnaccurate. It 4s much hicher than the value found ty
Lehiste & Petersor (1661) of 2200 Hz, and closer to their
value for the third formant of 2200 Hz. Von Essen m3y have
been measurino the third formant. This seers likely Since he
2lso finds what he terms an zverage spectral oeak at 125 Hz
for all his data. This 1is almost <certainly just the
fundamental frequency.

4, 1 am agrateful to Eduardo Gutentag, who provided a number
of examples used 1in this chapter, and Alessandro Purante,

who helped <construct the 1Italian word Llist for the
experiment, anc Frofessor Yakov Malkiel, who enlightened me
as to the <complexity of thece changes in several

giscussions.I have used the following dictionaries in this
chapter: Velasguez (1973), <Corominas (1974), Lysle and
Cuslteri (1951), ana (assell's New tLatin Dictionary:
Simpson (1960).

S. LFC analysis is subject to two possible kinds of error
if z2erces are preseprt in the consonant being analyzed; this
is the case with /L/. First, the zeroes are not cetected:
the output of the LPC produces something like a smoothed
ctaraktolic interpolaticn between the peaks of the spectrum.
Second, the vposition of the peaks of the LPFC outprut may
ciffar scmewhat from thoese in the actual spectrum if zeroes
are present. Fourijer analysis 1is not subject to these
problems. Accordingly, the output of the LPC analysis was
compared to a Fourier analysis of the same data, Although
the results were not compared statistically, a careful
visual inspectior of the two outputs showed that the peaks
found by the LPC analysis were within 50 Hz of the peaks
found by the Fourijer, with the excention of the two tokens
of /L/. In these twc cases, the zeroes were extremely close
to the peaks representing the second formant. The exclusion
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of these two tokens (and of two tokens of /i/ <chosen
arbitrarily) still aid not yield sicnificant results. One
possible way in which the presence of zeroes could cause the
chance from /L/ to /3/ is if F2 were sufficiently reduced in
amplitude, so that one o¢f the higher formants might be
risidentified as F2. The resulting percent would be one of
a very high F2, which would be a cue for palatalization.
Both analyses showed that F2 was not reduced relative to the
hicher formants. Therefore, listeners would pe unlikely to
re-=interpret c¢ne of the higher formants as F2. Given that
the LPC analysis rprovided similar results to a Ffourier
analysis, the LPC analysis was used, since this allowed the
use ot an autoratic peak-pickina procedure.

6. One possible expltanation for the fact that Spanish
palatalized geminate /l/ while Jtalian did not, is based on
another scund charnge which occurred 1in Spanish. Spanish
lost the former Latin palatalized /l/'s, which were retained

in Italjan., Thig is dillustrated in the changes below.

Latin Spaniskh
orthograchic phonatic
melicre mejor mexor
folia hoja cxa
filiu hijo ixo
ampliu ancho antfo
ruliere mujer muxer
Italiar English gloss
orthogrephic phonetic
meglio meljo “"better"
figlia filja "Letter"
figlin filjo "son"
ampio ampjo "wide"
muliebre muljebre "woman"

It could be suagested that Spanich was abte to palatalize
geminate /l/ because it was Llosing its palatalized /71L/.
Since Italian did not lose palatalized /l/, it might resist
the <change, and thus keep the sounds apart. The problem
with this explanation is that it requires another. How «@o
we explain why Spanish lost its inherited palatalized /1Ll/,
while ltalian did not?



76

7. This 1is, certainly, only one of several possible
reasons; the wupward movement could as easily be the result
of active muscular effort.
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CHAPTER 4

An Acoustic Expotanaticn of a Sound Change in Lisu [1]

ABSTRACT
In Lisu =0 is the modern reflex of *-qp, =—e is the
rodern reflex of =*=-Qt, and =-ae is the modern
reflex ot *-qk. These changes lack a c¢onvincina
articulatcry explanaticn, but a simple and
straichtferward explanation exists: the steady-
state values c¢f the secord-formant changed as a

resylt of the acoustic influence of the following
conscnants on the vawel and yowel transitions.

Irtrogucticn
In this chapter 1 will discuss 2 set of related scurd
changes which occurred in Lisy which involve primarily the

influence of a consonant on the acoustic characteristics of

preceding vowels.

The change of *-ap to -o, *-at to -¢ and *-ak to -g-

Lisu 3s a mermber of <+the Lolo-Burmese subgroupina of
Tireto-Burman Ltarguaces, which, 1in turn, are part of the
Sino-Tibetan family. Lisu and the other Lolcijsh Llanguages
have wunderqone 38 creat deal of consornantal Lloss, btut,
tecause of the relative ccnservetism cof related ncn-Loloicth
languages, Lisu car be reconstructed with 3 high degree of
reliability. The changes which concern us are the
fclitcwing. In Lisu, =o is the rogern reflex of *=gp, —=e is

the modern reflex of #*-4t, and =~ze is the modern reflex of

*=gk. The basis for #+hese reconstructions is illustrated in



Tebles 1, 2 and 3.

*kiap
*ron
*tsqo
*(-kao
*k=-niap
*rijap

*k=r-wat
rcat
*C-sat
*ca -wat
*tsat
*kjot

Nritten
“yrmese

kjap

khap
hniap

Written
urmese

krwat
tshQot
sat
wat
tshat

Table 1
*=(An ¢toO
Lahu Lisu
el ¥
chd/ tsho
kh &
n &0 njc
ohd
Tabie ?
*=-gqt to -e
Labu Lisu
vel wé ,
ché? chwe
’ é;
Ji-vﬁ? si-uwe
tste
ché¢

T o

Akha

c?
¥a
tso
X9

D32

and -§¢

Akha

i€
tse
SE
it
tse
ce

"stick into"
"needle"
"stick intc"
Yaoraw water"
"D’inCh"
“"turn over"”

"leech"

"hreak in twe"
"kill™
"flower"
“"deer"

l'runll

78



79

Table 2

*-ak to-22 and -Q

Written Lahu Lisu Sani

urmese
*zak cak jac jee ze "descena"
*wak wak va? d-va ve "rig®
*fak Y4 xd Je “tear"
*rak ma nok nap n&e ne "early

morning"

*mak mak - ma mae me Yarmy; war"
*s—=nak nok raye nae ne "olack"
*Paak a-k hak cé s i-kd ne "tranch"
*kak chi kha tf'e "village"
*C-sak sak e se "breath"
tak lak La lae lLe "hand"

7f the larguaces given, Yritten Zurmese 1i1s a Furmish
mrember of the Lolo-3urmese subgrcuping, while the cthers are
tcloish. Ncte especially that Written 3urmese has retained
the erdings that are reconstructed for Lisu. The
correspondences for the *-Qap reconstructions are very
straichtforward. Scre variation exists 1in the reflexec,
Afrer velar initials the -o is sometimes replaced by =u, and
in Ffraser's dialect of Lisu (Fraser 1922) the reflex is
graohically repbresented ty —-aw which, at that time, usually
represented -9. The Lahu reflex is -o, the Lisu reflex -o or
-3, and th=s Akha reflex -). Some varijaticn exists for the
*-at ending, as can be seen in Table 2, but it is irrelevant
to this discussion.

As car be seen ir Table Z, the *-ak either becomes -Q
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in Lisu or becomes =ze. In Sani (another Loloish tLanguage)
all *-gk rhymes to go -e. In modern Burmese, the reflex of
*=- ak is - Efollowed by glottal stop. The vowel becomes a
front vowel in all thcse casec in which it chanhaes. Some of
the wvariations will be discussed later in this paper. The
changes from oroto-tolo-Furmese to Lisu are, therefore: *-ap
te -0, *=at to =-e, arcd *-ak to ~-ae.

Historically, *-go, *-a and *- ak underwent similar
changes. The final stops became giottal stops which lgter
disappeared, leaving only Llaryngealization on the wvowel.
Fach of these stages is attested in data from other Lolocish
languages. FPhunoi, fcr example, still retains the fineal
stops from the *-ar and *-at rhymes, but the final -k from
*+-ak has droppecd. The final clottzl stops are found in the
Lahu data above, and the laryngealization is found in a
number of languages c¢f the Loloish gqaroup. Accompanyina
these changes, there was frequently a <chance in vowel
quality; it is this change in vowel auality which 1is the

focus of this stuay.

Niscussion

An examinaticn cf the articulatory facts shows that
they do not account for these changes. @ne might think that
/t/ has a tongue chape similar to /e/, but it 3§s <certainly

no more Like that vowel than any other non-low front vowel.

In fact, though, x-ray studies show that the tongue
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configuration of dental stops is very different from those
fcr vowels such as /i/, /e/, or [ &€/ (see, e.qg., Perkell
16¢69). For /t/, the tongue has a very flat and horizontel
position against the rim of the alveolar ridge, while it s
bunched toward the hard paltate for the four vowels. The
main constriction is palatal for the vowels, and dental for
/t/. In the case of the change from *- p to =-o, toth soundas
can be called labial, but the Llabiality is different in the
two cases: -0 involves rounding and =-p does not.
Furthermore, ~-¢ has rc effect on tonaque Dposition. It s
thus difficult to see what vowel might result from
assimilation to the articulation of =-o. Articulatory
correlates of *- Qk and =-ae a2re simply nonexistent. The
torgue position for [/k/ varies with the opreceding and
tfollowino vowel, sc that the influence of /k/ on vowels is
difficult to define in articulatory terms. To the extent
that one can mzke 3n articulatory determination, the
different types of -k articulation that occur are most
similar to the tongue configquration for -u and -o, and quite
unlike the configuration for -2e (Ladefocea 1948, 1571).

The explanation of these changes apparently lies in the
acoustic influence of the consonant on the vowel. In each
case, the vowel has taken values determined by the a&acoustic
characteristics of the stop. Cuosequently, the final stop

became a glottal stcp and eventually disarpeared. The
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explaration 1is tighter for the *-ap to =-o and *-at to -~e
changes than for the change from *-gk to -ae, but it fits
all three.

A number of studies conducted at Haskins Laboratories
some time ago (cf. Cooper, Delattre, Liberman, Borst and
Gerstman 155?; Likterman, Delattre and Cooper 1%52; Liberman,
Pelattre, Ccoper ard Gerstman 1054; Delattre, Liberman zard
Ccoper 1955; Libterman 1957) <chowed that one of the
characteristic cues for the place of articulation of stocs
and nasals consisted of the direction and rate <of the
different formant trajectories from the consonant to a
follcwing yvowel anr from the wvowszl to the fcllowirag
tonsonant. The first formant correlated less with place of
articylation than with voicing distincticns. The transition
of the second formant determinec whether subjects Llistening
to synthetic speech heard ¢tilabisl, alveolar, or wvelar
tcnscocnants. Althouch the shape of the trarsitions varied
within the same ccnsonant, loci were found toward which the
second formant was directed. These loci were: 720 Hz for
tilabtijals; 1600-180C vz tor atveclars: and 3IC0CO0 Hz fer
velars in the environment of front vowels.

The steady-state value of the second formant is one of
the most important cues for the identification of vowels. In
an adult male speaker, the second formant for -o would be

ctose to 700 Hz, while for -e or - Eit would te close to
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1¢00 Hz., We can thus see an'acoustic relation tetween the
consonant transitions and the value for the vowels.

The acoustic influence of consonants on preceding
vowels has been further docurmented and the original Haskins
determinations refinec by acoustic measurements by a number
of investiacators, including Lehiste and Peterson (19¢1),
Lindblom (1563), thman (1666), Stevens and House (19é3), and
Stevers, House anc Paul (1%46). The first formant wass found
tote affected less than the =second, and the place of
articulation of the consonant had relatively little effect.
The tendency of the secona formant risina fcr ~-a followed by
-t 2nd lowering fer -3 followed by -p is qenerally supported
in these studies, althouch the values given have differeo.
The second formznt transition was generally higher for
a lveolars or dentals than for labials.

The *~ak to -ae chanae is similar althouch the data are
more comprlicated. The Haskins perceptual cdats show that,
after front vowels, there was a locus of abcut 3CL0 Hz. For
batk vowels, there was no single locus and the transitions
were modercte. At the moment 0of consonant Cleosure, 1in any
case, the second forrant value was sliqhtly higher than the
value for the vowel. Since the shitt in the kind of formant
transiticns occurs somewhere between a tront -a and a back
- ) and sinte the original Lisu vowel i5 reconstructed as a

Lew central vowel, the determination of a second formant
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value dis probleratical. Nonetheless, the historjcal and
acoustic facts strondly suggest that a rising second formant
transition (which is common to most varieties of -k) caused
the raisina in the second formant that is found in the *- ak
to -ae chance. Interestingly, the dearee of variability for
the transition of /k/ correlates nicely with the variaoility
among the reflexes of *=-ak; ir the aifferent languages in
the Loloish branch *-ak becomes -e, €, or —-ae, depending on
the language.

Locus theory has been criticized, chiefly because the
formant transiticns from real sceakeprs aiffer frcm, zng are
rot as concistent =2s, those of nerceptual experiments in
which the trarsitiocrs were the only cues. The differerces
de not alter thig analysis. The production data are very
clear for Llabials and alveolars and dentals, with labials
aenerally showing a lcwer value for the consonant transition
than alveolars and dentals. velars rzise the second formant
transitions sharply ir the envircnment of front vowels, and

hzve a variable effect in the environment of non-back

vowe ls. In Lehiste & Peterson (1%9%1) wvelars 1in the
environment of back vowels showed the lcwest formant
transitions. Lindelom (1962) found more of an wupward

certurbation for /a/ in the environment of c_g than in the
environment d_d. Chman (1666) found a aqreater wupward

transition for /a/ than for /d/ in the ervironment a_a, but
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also found that /d/ had a higher transition than /g/ between
back wvowels. Stevers & House (1963) and Stevens, House §
Paul (1966) found that for front vowels, velars showed
hiaher oerturﬁations than postdentals which in turn showed
hicher perturbaticns than labials. For back vowels, the
effect of wvelars ard dentals is reversed, but again toth
show a higher perturpation than tabijals.

It is clear from the ecarly experiments of the 1950¢s
that wvcwel transiticns cculd effectively serve for the
corplex cues thet occur in stors. Lisu speakers encoded
the dinformation cresent in the nlace of articulation of thre
consonant into the preceding vowel 25 the conscnant became a
glottal stop. The consonant transitions thus “ecame
interpre+tea as glides, with the vow2ls assimilating, 1in
verious deorees, to those glices.[2]

Cases of similar developments have been ncteaq sin;e
this analysis was first presented (Thurgood & Javkin 1974).
Michailovsky (1¢7%) found that the arnalysis for alveolar and
dental consonants alsoc apolied to a number of cther
langudges. The phencmenon of a ccnsonant leaving an imprint
(2coustic or articulatory) on the preceding vowel is not at
all uncommon. For example, final nasal consonants often
drop out, Lleaving the preceding vowel nacsalized. The
changes described here are similar. In one case, the

speakers of a language reinterpret nasalization as
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characteristic of the vowel rather than as the allophonic
result of a final nasal; in the other, speakers reinterpret
the second formant transition as an integral part of the

vowel rather than as a transjticn to the fipal stop.

Conclusion

£s an explanation of a sound <change, the acoustic
assimilation of the second forrant of the vowel to the
second formant of the <consonant 1is not restricted to a
hsnoful of well-chosen examples from Lisu. The phenomenon
is widespread in Sinc=-Tjbketan languaaes and involves nct
just stop finals, but nasal finals as well. Thus, changes
such as *-am te =~c and *-gqn to -e¢ naralleling the *-~ac to -o
and *- Qt to =-e¢ <chtanges 3are found in many Sino-Titetan
Larouages, among them Lahu and Lisu itself,

Three sound charces have been examined here: *=-ap to
-¢, *=-at to =-e, znd *-ok to -o. The second formant values
of the vowels took on the second formant values of the
following consonants. Since the seccnd formant transitions
are determined, other things teing equal, by the ntace of
articulation of the consonant, these vowel quality changes
are best explained in terms of thke unit <consisting of the
vowel and final ccnsonant.

These changes have arisen as & result of the fact that
sreakers of Lisu perceived the older forms as similar to the

forms they carme to procnounce. They could not have perceived
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articulatory similarities, only perceptual ones. Those
similarities arose from some of the characteristics of the
vocal tract as an acoustic resonator, These can cause a
convergence of the output of more than oné reésonating cavity
so that they becore rercentually similar. A numter of sound
changes have therefore been explained as having teen caused
ty acoustic factors. Nevertheless, a number of changes
which are clearly based on this kind of convergence have
ceen explained as being due to articulatory anc/or
perceptual factors. At times, researchers have gpresented
exclusively acoustic data, and yet have failed to
acknewledge the role of 2coustics in the chance.

Von Fssen (1944) explained the chai ges of /l/ to [/j/
and /L/ to /w/ which have pccurred jn various languages as
being acoustic-btased. He noted, among <cther cases, the
change from /l/ to /w/ in Polish. Joﬁasson (1971) explained
the same change in different terms. Jonasson oresented
spectrographic evidence showing that the two sourds are very
similar accustically. He presented no perceptual evicence,
He suggested that the perceptual similarity between the two
sounds implied by the acopustical simitarity led to what he
termed "articulatory reinterpretation” on the part of
sreaker~listeners. Although Jorasson?s expl2nation provides
an example of what I call an 2coustic-based explanation, the

terms "perceptual similarity" and "articulatoery
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reinterpretation" erphasize two areas of the speech
transmission process which are secondary in 1importance for
this change compared to the effects of the acoustic medium.

This is unfertuprate. Jonasson argues convincingly that
these changes are very poorly described in articulatory
terms. It 1s alsc clear that the perceptual similarity is
nrot accidental. It is the result of the fact that two very
different articulatory shapes can result in similar acoustic
shapes. This is a fact of acoustics, which can be explained
by examining the properties of resonators, The perceptual
confusions btetween the two scunds are thus a secondsry
effect c¢f the acoustic-besed similarity.

hAs mentioned in Chapter 1, soeech has been compared to
cther types of cermunication Systems. Commynicaticn systems

typically consist of a transmitter, 2 transmission line, end

a receiver. In the sound <changes discussed here, the
characteristics of the "(line", the accustic recium, are
primary in 1importance. The bperceptual similarity of one

articulatorily rermicsible sound to another are resultant
fzctors and alsoc important, but would not occur if it were
1

not for the specific characteristics of the acoustic medium.



&9

FOOTNOQTES

1. This chapter is a revised version of a2 paper by Thurgood
and Javkin (197%5). The reconstructions exemplified here
were prepared by Graham Thurgood.

2. The stace where the cecond formant transition Lecomes
interoreted as a c¢lide can be seen in scme of the Turmish
data. In Taunayo, a Rurmish language, *-at has gone to
-ait.

*Nat nait “"spirit"
*gat _a-it "kill"
*eat tQik “be likely (be wont)"

*-wat -wdik " clothes™
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CHAPTFR S

The Perceptual Fasis of Vowel Duration Differences

Associated with the Voicec/Voiceless Distinction [1]

Abstract

Lisker (1974) has <chown that there existed no
viable explanation of vowel duration differences
associated with the voicing state of the following
consonant. Lisker's conclusion, however, that
such difterences are due to constraints specific
to English, does not adecquately explain such
differences in cther Llanguages. Scully (1974)
sucgests that such differences are due to the
different 2erodynamic conditions that depena c¢n
the wvoicing state of the followinc cecnsonant.

Scully?s zerodynamic model cdoes not provide
results entirely consistent with speech cdata,
however, and is therefore open to cquestion, A

different kind of explanation may be neeced.
fvidence from perceptual experiments involving
Fnglish speakers suggests that voiced vs.
voiceless <ccnscnants make the preceding vowel
appear to be Llonager vs. shorter. Although these
results heve yet to be tested with speakers c¢f
other languages, they surrort an interestinrg
hypothesis: the voicing of the followinag
consonant, by continuing the voicing present in
ths vnwel, may <create the 1illusior of oreater
length. Such @an illusion, acting as an input to
phonological acauisition, may explain the observed
vowel duration differences.

Introduction

In this chapter ] will be dealing with a Dphonologic=l
uriversal which has led to a cound chance in at least two
languages. The longer duration of vowels before voiced
consconants, compared to their duration before voiceless

ccnsonants, has been reported in many languages. 1In certain

environments, Enclish and Latin have replaced the voicimg
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aistinction of the censonant foltowing the veowel with a
vcwel duratijon distinction.

While in the case c¢f the sound changes discussed earlier,
Listeners either heard a sound someéwhat perturted by
articulatory factcrs or made certain sporadic errors in the
ciscrimination ctf sirilar sounds, a different process
occurred to cause the universals about to be discussed, In
these cases, Llisterers mace consistent and systematic errors
in their percepticn., This is 3 strcng claim, but 1 believe
the following pages contain strong support for it. 1t
should be noted especially that ro alternative explanations
have rroved wvalid, despite the fact that 2 great ceal of
effort has cone into fincding explanatiecns ot another king.

The longer curation of vowels before voicea consonants,
compared to theipr duration before voiceless consonante, has
been observed in méry lanauages by a Llarace number cf
investigators, e.g. Sweet (1&77) and Meyer (1903 for
Enalish, Meyer (1904) for german, Yeyer and Gombocz (1909,
cited 1in Elert, 19¢4) fcr Hurgarian, Gregoire (1911) fer
French, etz (1914) fecr ltalizan, Mavarro Tomes (1916) fer
Sranish, Einarsson (1927, cited in Elert 1964) for
Icelandic, Fintoft (1662) for Norwegian, Elert (1964) for
Swedjsh, Fischer-Jéraensen (1664) {for Danish, Slis and Cchen
(1569) for Dutch, Maddieson and Gandour (1975) for Hindi.

The observations of Meyer fcir German have been re-examined
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by Maack (1953). The observations of Sweet and Meyer for
English have been re-examined by Hcuse and Fairbtanks (1953),
Peterson and Lehiste (1960), House (1961), sharf (1662),
Klatt (1977b). The mcre recent work generally confirmed the
earlier, 2lthough the magnitude of the duration difference
for Enalish wss found to be relatively small when the words
were not in utterance-final bposition (Umeda 1975, Klatt
1975).

In these stuagies, English tenrdea to <show a greater
vowel duration difference than other Llanguages, ana a
similar trend acpeared in comparative s+udies by Zimmermzn
eand Sapen  (165R), who examined Spanicsh a2nd Fnglish, and by
Chen (1970), who comrared Englicsh <to Ffrench, Russian and
Knrean. Chen's work added Russian ana ¥orean to the
l2nguzges in which greater vowel oauration before wvoiced
consonants was found to occur. Zimmerm2n and Sapon were
criticized by Delattre (1962) for their failure to isolate
the voiced/voiceless distinction as the only indepengent
varjetle; and Chen, who compared, tor example, Russian
cisyllables to Fnelish monosyllables, is oven to similar
criticism. Nevertheless, the gqreater difference for Enalich
seems rather well-established (Lehiste 1970). The
relatively large duration difference associated with the
vcicinc c¢f the foltowing consonant which occurs in Fnglish

has been shown to function as a perceptual cue unaer certain
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conditions (Denes 1955, Raphael 1972), a function which, for
the most part, has nct been established for other languages.
In Latin, vowels became distinctively long btefore clusters
of the form voiced obstruent + voiced obstruent by Lachran's

Law, while the voicing of the first obstruent was lost (Kent

1628).

A number of explanations have been offerec for the
greater vowel duration before voiced consonants. Lisker, in
1974, reviewed most of the explanations that had teen
propocsed to that tire and showed that all were seriously
flawerd,

Halle and Stevens (15A7), for example, had sugzested
that "vowels are lenathered ba2fore voiced steps tc allow
time for larynceal re-adjustment needed if vcicing is to te
maintained during closure."{2] Lisker pointed out that
laryngoscopric and electromyograrhic data (Licsker, Sawashima,
Abramson 2nd C(Cooper 1970) showed no such adjustment for
veiced steps. In fact, it showed the cnpoSite, that the cnly
adjustment ncticec was the separation of the vocal tolcs
necessary for voiceless stops. Lisker 3also discussed the
various explanations that ©posit @a shortening of vowels
preceding the supprosedly more fortis, or more stronaly
articulated, voiceless stcps. Variations of this explanaticn

have been suaoested ty a number of dinvestigators (Meyer
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1903, Delattre 1941, Belasco 1953, House 1961, Malecot
1970). Lisker showed that there wads no agreed-upon measure
of what <constitutes articulatory effort, and that, when
frrtisness is defired, that defirijtion is 1in terms of an
earlier closure and later release. Since an earlier closure
simply entails a shorter vowel, the putative explanation is
nc more than the fact for which an explanation is sought.
One explanation involving a faster closure was prorosed
by Chen (1970), whec suggested that the closing naesture for
voiceless stops is more rzpijid than that for voiced stops
because the articuletors have to withstand greater cral
nressure in the cese of voiceless stops. This &argument
fails on <ceveral grounds. If it were correct, we would
expect that close vowels would be less affected than open
vowels. Since a close vowel such @as /i/ reguires less
articulator movement than an open vowel such as /a/ (for
dental stops, for exemple), a difference in rate should have
less effect. This prediction 1is not Ltorne out by data
presented by Peterscn and Lehiste (1960) and by Sharf
(1962). Eoth of these studies show approximately the same
influence from wvoicing of dental consonants following /i/
arnd following /a/.
furthermore, *he rate of consonantal closure s not
sufficiently differert for wvoiced vs. voiceless stops to

account for the vowel duration difference. Takins the
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combined rate of movement for both the jaw and lips for the
closure of labjals, Sussman, MacNeilage and Hanson (19732)
found that, after /i/, voiced stops showed a faster rate
of closure than did veiceless stops. Since close vowels
skow the same relationship as other vowels in their duration
differences before the veiced and voiceless Conscnants, one
would have tc rposit a different explanation for close
vowels,
In any cazse, Chen may have confused cause anc effect.
Fven 1f the firal closing velccity of the jaw were faster
fecr final voiceless ccnscnants, this could be ocue to tthe
requirement of shorter vowel duration for these consonants
egnd rot the cayuse cf that shorter vowel duration.
& somewhat teleclogical explanation was proposed ¢ty
Klatt (1973a) who sugcested that:
One possible reason for a universal tendency to
encrcach on the duration of a vowel if @ voiceless
seqment follows concerns the relative timing of
oral closure ana glottal orening gestures at vowel
termination. A slightly delayed qi.ottal opening
cesture 1is Llikely to rproduce a tew cycles of
vibration durino closure, which dis & cue to
vcéicinag. Since perfect synchrony of oclottal and
supraclottal activity s impossible, it is
proposed that the glottis 1is normally opened
somewhat early in order to avoid generation of a
false voicing cue.
I1f this hypothesis were correct, we would not expect vcuwels
to shorten before voiceless consonants in languages which

use vowel length cistinctively. ferman zand Huncgerian have

such @ contrast ard have vowel duration differences based on
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the voicing of the following <consonant. Although Meyer
(19C4) reports that the duration difference in German does
not cause an overlap between short vowels rpreceding a
voiceless consonant, the vowel duration difference
associated with vcicing surely weakens the perceptibility of
the vowel tenath distinctions. To accept ¥latt's
explanation we would have to explain why German (and
Hungarian) would sacrifice some of the perceptibility of one
distinction in orcer to preserve another.

Lisker's own expltanation for the ohenomenon ds that
vowels become <chorter before vojceless conscenants in order
to crevent such ccnscrants frem htecoming pre-aspirated. It
is based on the fact that the vccal folds bteqin to separate
aquring the final portion ot wvowels obrececinag voiceless
ccnsonants. 1f the clecsure for the conscnant were delayed,
pre~-aspiration would result. <Since Dre-aspiration is nct
permitted in Fnoglish, the closinc gesture cccurs immediately
after the vocal feclds start to separate. It is maintained
that this close coorcination of vocal folds and vocal tract
csuses the shorter vecwel duration.

Lisker's argument uses one fact of Enalish to explain

another. The c¢cnstraint on pre—aspiration 1is said to
explain the loncer duratijon of vyowels tefore voiced
consonants. The <constraint on pre—-asoiration is then left

unexplained (in fact, the phonetician's responsibility for
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explaining the pre-aspiration constraint is specifically
denied). It thus puts the ultimate reason for the vowel
duration difference outside the realm of phonetic
explanation, an ursatisfying result at best. Not only does
the explanation fail to explain why every lancuage thus far
examined shcws the same kind of difference (albeit 3 smaller
cne), but also sore irportant phenomena of vowel duration in
Fnalish are Lleft <corpletely unexplained. kKlatt ((1975),
usina Enalish cata, fcund that the 1influence of the
following consonant is hiaghly ocependent on the syntactic
snyironment. Since the injuncticon against pre=-asciraticn in
Fnalish coes not vary accorcira to these environments, 1t
cannot bte the major factor resnonsible for variable vowel
Juration differences.

The aboye explaration s Llirited to vecwel duration
differences in Fnglish. An explanation suggested ty Scully
(1974), which weculd apply to atl languages, involves
reference to an aerodypamic rodel that opredicts vowel
duration differences based c¢n the different serodyramic
conditions that occur in VvOiced ang yoiceless stops. It
predicts that vowel arplitude will decay sooner and build up
later when a voiceless consonant occurs between vowels than
when a2 voiced consonant does, even though the supbraglottal
cecnsonanrntal closira gestures are timec identically.

There are scme problems with the model. True, it
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predicts that vcwels will bte shortened when they prececde
voiceless fricatives. However, it also predicts that vowels
will bhe shortened even more following voiceless fricatives.
This last effect is nct borre out bty the measurement data cf
Peterson ard Lehiste. The model also predicts that the
duraticn of vowels 1s the same regardless ¢f the voicina of
the preceding stop, if aspiration is counted as part of the
vowel. PFeterson and Lehiste show that vowels following
aspirated stops are shorter 43f the aspiration is not
tountea, but Ltonger if it is counted. In neijther <case are
the durations equal, which is the prediction cf the mcdel.
Scully's sercdynamic rodel geserves further
investigation, 1in particular, to determine if the drop 1in
vewel amplitude gredictea by the model occurse in real
speech, and to determine 1if simple modification would
eliminate the mcdel's discrepancies with speech data.
‘evertheless, since the predictions of the model show
discrepancies with duration data from real speakers, we must
conclude that the mnodel has not been successfully

demonstrated.

-—— e -

It seems reasonatle, then, to look elsewhere for the
basis of vowel duration differences. It is possible thgat
the explanation lies rot in the constraints of speakers!

articulatory mechanisms, ftut in the constraints of their
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auditory mechanisms. The fact that one of the
characteristics c¢f the vowel, voicing, continues into the
consonant, might make the vowel appear to te longer than if

voicing abruptly endecd. [3%]

Experiment 1
dn experiment was constructed to test this hypothesis.
The Snglish words "hiss™ (/hls/) and "his" (/hlz/) were

synthesized as shcwn in Figure 1.



2000 [Qt;ﬁ

400 | AL

-4

/nis/

2000

i e
.

s NSV P TR NN LT o, 0 B

\ \
el WA

R e R A o

;r N
/nIz/ i.*_(:r?'l “‘}‘

1

ST e e T S e R e

il A o T A CON e P 0 OB S R T o gt

AR N
/heez/

ooy v

(vl

i U e Ty, L, 4, VTV S ™ R T

T et I R e T i S BT PRI LR Aed Shr e gt s

—_—

— e ——
h/ tran- final
85 msec eition [/s/ or /z/
L 35 msec 120 msec
vowel durations of

95, 125, 155, 185

meec

100
Figure 1:

Synthesized stimuli



109

Poth words had identical duration for the initjal /h/ and
the final sibilants, €5 and 120 ms, respectively; there were
ro formant transitions between the /h/ and the following
vowel, the tywo seamerts differine only in voicing; there was
a 35 ms transition between the vowelt and the following
sibilant. The words differed only in that voicing, in the
csse of /hlIs/, ended at the end of the transition, whereas,
in the cacse of /hlz/ voicing continued throughout the finat
/z2/. The vowels were given durations of 65, 125, 155, 1§&S
ms including the transition. This oprovided for two
ccnditions and four durations. There were three repetitions
of each stimulus, ard the stimulil were presentec in quasi-
random order. The ©presentation of the stimuli and the
recording of resmponses were controtled by a small laboratory
ccmputer. The subjects heard one ot the two worcs, @t one
of the four durations, followed by a tone (250 Hz) a half
second later. Their task was to match the duraticon of the
tone to the duration of the vowel in the word, Subjects
cculd control the duraticn of the tone by adjusting a knob.
They could hear each word and foltlowing tone as many times
as they wished hy rpressing a hutton. When they were
satisfied that the vecwel and the tone had the same duration,
they pressed ancther button. This caused their last
adjusted tone duration to be recorded and started the next
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Fight subjects participated in this experiment. In thig
and 1in the two experiments described below, the subjects

were students, native speakers of American English, with no

histcry of hearing patholony, who served with nro

compensation.

-— - —— P A AL - - ————

Table 1 shows the mean respcnse durations averaged over
eight subjects and three repetitions for both the voiced and

voeiceless sibilants.

Tat le 1

Imitation of Vowel Stimuli - Experiment 1

Puration of subject-produced tones in ms

Stimulus £5 125 155 185
cduration
Stimuli
"hiss" /hlIs/ 181 221 2L 280
"his" /hIz/ 222 250 264 298

Figure 2 is a grachical representation of response durations

as a function of the different stimulus vowel durations.
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Averages of 8 subjects, 3 repetitions

"hi s"
llhi SS"

95

125 155
Duration of Vowel Stimuli

185 msecs
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The results were shown to be significant at the (0.02 level
by a two-way analysis of variance. Subjects consistently
made the imitating tcne somewhat longer than the vowel they
were imitating. This may have heen due to their including
the /h/ as part of the vcwel, or their including part of the
/hs and psrt of the following sibilant. Note that if &5 ms
of /h/ duration is adoded to the duration of the stimulus
vewels, the suybjects appear to be much more accurate,
especially for the voiceless sibilant.

The results cf the experiment support the hypothesis.
Sreakers op®erceijve vcwels preceding the voiced consonant as
longer than vowels preceding the voiceless consonant. It is
pcssible that Listeners were influenced in theijr responses
by their knowledge of English sound patterns, 1i.e., since
fnalish wvowels are lonaer Ltefore wvoiced ccnsonants than
hefore vpoiceless conscnants they may have expectea the same
rettern to be present in the stimuli and their juagments of
vowel dyration aight have reflected their expectations
rather thzn what they heard. This possibility is minimized
by the fact that the stimuli were presented in isolation ang
ir random order, sc that the Llisteners really had ro
cpportunity to <comnare a civen stimulus to another.
Nevertheless, a secord experiment was conducted to determine
how the sound patterns found in Enalish may have affected

these results.
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It is well krown that low vowels, other things being
eaqual, are longer in duration than high vowels (Peterson and
Lehiste 1960). As Ccocrdax and Krones Showed (1973,197¢),
spreakers are at lLeast aware of the duration differences
between /1/ and /R/. The synthesizecd word "has" (/hxz/) was
therefore added to the experiment. I1f listeners reported
the low vowel to te lLlonger than the high vowels in the
experiment (even theugh the stimulus vowels were equal in
duration), i1t would suggest that they were following their
irtuitions about Enolish. If listen2rs d4id not report that
vowel as longer, it wculd 1ndicate that the judged duration
differences for the voiced/voiceless difference were not
influenced by knowtedce of the ohonetic rpatterr cof the
tanguage. The second experiment followed the same tormat as
the first, except that the words were: hiss,”™ "his"™ and
"has." As 1in the first experiment, there were four

cdurationsS anc three repetitions.

Twelve subjects participatea 1in this experiment,
jrcluding one whe hao participated in the first experiment.
Table 2 shows the mean response durations for the three

words ayeraged over all four stimulus vowel durations.
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Tabte 2 Imitaticn of vowel Stimuli - Experiment 11

Puration of subject-produced tones in ms

Stimulus 95 12¢ 155 185
duration
Stimuli
"hiss" /hls/ 164 228 261 277
"his*" /hlz/ 203 255 28¢ 328
"has" /h z/ 161 215 2€4 289

Figure 3 i a oraphical regpresentation of the response

durations 2s a functicn of the different stimulus locations.
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A two-way analysis of variance showed the results to be
significant at the C.01 level. Vowels were perceived to be
shorter for "hiss" than for "his" by about 12 percent, which
agrees closely with t he results of Experiment 1.
Surprisingly, "has" was perceived to have the shortest vowel
duration of the three stimuli. This dces show that listeners
were not simply following their English intuitions, but it
is somewhat puzzling.

It is possible that the sharo F1 transition for /%/
(which, Lltike the transition for /1/, took 35 ms) may have
caysed this. It s also possible that Listeners thought the
vowel 1in "has" to be short for that vowel, znd thus judged
it as very short., Although thigs suggests that the listeners
were, to som€ extent, reacting to their knowledge of
Fnalish, ncte that this juccment for "has" 4s opposite 1in
direction from what was obseryed for the "his"/"hiss"
difference. Listeners presumably knew that "has" contains a
long vowel. 85 Feterson and Lehiste (1960) showec, /%/ has
an averaage curation of close to 200 ms. The /®/ wvowel in
this experiment had an averange duration of 140 ms If the
listeners were exoecting 2 retatively Long vowel, they may
have judged the wvcwel they heard as very short. Now, they
oresumably knew that vowels are Llonger befqre vojced
consSonants. Application of speakers' knowledge to the

vciced/voiceless distinction would have led to vowels before
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the voiced <consonant being judged as shorter. 1In other
wcrds, given that the "his" ard "hiss" stimuli were of the
same duration, "his"™ might have been judged as having a
short vowel for that weord. It any such effect occurred, it
was evidently overshadowed by the perceived lengthening aue
to the voicina of the following consonant, In 2ny event,
the second experiment suagests that Listeners in this kind
of experiment do rot simply imitate the durations that occur

naturally within Engalish.

For comperiscn with the results of Experiments 1 and 2,
it would te of interest to see exactly what listeners'
irternalized knowledge of the cduration patterns of Fnglish
would teed them to dc in judging the vowel durations of the
words in FExperiment 2, without the influence of the
synthesizea werds. In orcer to do this, a third experiment
w3s tonducted. The suhjects were asked to 3adjust the
duration ot the tone not to a vowel in a3 synthecized word,
tut to a vowel they said to themselves. In order to keep
the experimental situation as comparablile as possitle to the
first two experiments, 2 similar procedure was followed.
Instead of hearing '"hiss,” "his" and "has," the subjects
teard the cue words "a,” "t," and "c," that is, /ej/, [/bil/,
and /si:/. I1f they heard "a," for example, they were to say

“hiss" to themselves and copy the duration of their own
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vowel by, once again, adjusting the duratjon cf the tone.
1f this expérimént patterned like Experiment 2, it would
suaggest that the results of that experiment could ke due to
the listeners' intuitions about English. Twelve subjects,
two of whom had also been subjects 1in Experiment 2,
pzrticipated in this experiment. The results are given 1in

Table 2.

Table 2

Imitation of Internal Production - Fxperiment III

crd "hiss! This! "has!

-

Duration of subject-
produced tone (ms) 255 LN 365

The word "hiss" showec the shortest duration, followea ¢ty
"his," followed by "hacs." This pattern, and the maanitude of
the differences, correspecnds closely with the durations thet
these vowels have in spoken English. This suggests that the
results in Fxperiment ¢ were not merely due to Llisteners?
intuitions about Fnclich, but rather to the innerently
gifferent auditory characteristics of the aifferent stimuti.
The perceived difference in the durations of the vowels 1in
"hiss" ys. "hig"™ therefore seem to be aue to the

continuation of voicing 1nto the rconsonant in the case of
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llh.i s.ll

There is some additicnal evidence which supports the
two critical points of this study, that (1) tisteners
perceive vowels before voiced consonants to be Llonger thean
vewels before wvoiceless <consonants, and that (Z) this
perceptual difference forms the bosis for the vVowel aquration
differences that are actually manifested in speech.

Raphael, Norman and Liberman (197°%) found that vowels
were more likely to te judged as short when precedeqg by the
voiceless consonart /s/ than when orececdead by the wvoiced
consonant /d/ (cr when a vowel beains the syllable)., This
result, on the perceptual effect o+ the consonant, parallals
the results of the first two experiments descrited in this
paper. (It shculd be noted, however, that it is stilt
necessary to determine why this perceived vowel curation
difference does not lead to vowel cduration ditferences based
cn the voicing of the initial consonant.)

For suopbort of the secono point, we may turn to the
syigdence in Sharf (1964) that whispered sceech also
menifests vowel duration differenced based on the "voicing"
of the following consonant. Sharf correctly viewed this as
evidence that the vowel duration difference is part of the
linauistic code of English. It it were the case that

articulatory factors contributed to the vowel duration
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cifference, we would expect that the difference would
diminish somewhat, even in English, when the =supposed
articulatcry basis for 4Jt, a difference in voicing, wes
ramoved, As this cdid not occur, we can only ceonclude that
articulatory factors are not involved. This evidence 1is
much more consistent with the notion that vowel duration
dgifferences =&zssociated with the wvoicing of the following
ccnsonant sterming frem rerceptual rather than from
articulatory facters.

It should he emphasized that the hyoothesis put forth
here stetes only that there dis a upriversazl augitery
cocnstraint which mekes vowels hefore wvoiced consonants
arpear to be lorger than they zre. It makes ne claim that
8LL languages will nevelop actual (not apparent) vewel
duration differences due to this factor anc thus core to use
the vcwel duration as a pajor distinctive feature in formirg
lexjcal contrast. English haprens to have unaergone these
processes 2s the a2bove-cited phcnetic studies and the fPenes
perceptual tests have shown. Hecwever, I make no claims that
2Ll languajes show the same results in such tests, only that
all Llisteners will manifest the effects of the posited
auditory constraint as revealed by the experiments reported
here.

In Enaslish, of ccurse, the tendency causeo by thet

constraint has hkecore exaggerated and integrated into the
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linauistic code, so that the vowel duration difference can
be wused to form lexical contrasts. For that development,
there is at present nc explanation. Rather, the explanation
here 1is for the phonetic differences that formed the basis

for the growth of that cantrast.
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FOOTNOQTES

1. This is a2 revised version of a paper presented at the
Fall meeting of the Acoustical Society of America, 1975. &An
abstract appeared as Javkin (19753a) and an earlier revised
version appeared as Javkin (1976a).

2. Quoted from Lisker (1974) .

2. Parker (1974) sucgested a superficially similar proposal
regarding the abruptness of termination of the vowel, vowel
duration, and the voicing ot the final <consonant. Careful
reading, however, shows that while the proposal presented
here assumes the continuatjon of voicing into the <consonant
causes the perception of greater yowel lenoth (eventuatly
leading to the preoduction of grecter vowel lenath), Parker's
proposal attempts tc derive both greater vowel duratior and
the voicina of the firal consonant from & loosely cefined
"rradual vowel cffset”. Any <imilarities hetween the two
croposals are thus purely coincidental.



115

CHAPTER 6

The Perceptual Pasis of Perceverative Tone Spreadinag [11]

ABSTRACT

uyman and Schuh (1974) noted that tone spreading,
in which a tone extends its domain in time, 1is
always perseveratijve, never anticipatory. Some
further evidence for this ¢laim is presented. The
ohenomenon is shcwn to be a result of the slower
processing cf pitch vis-a-vis segments. Evicence
for this hypcthesis 1is drasn from the psycho-

acoustic Literature, and the results of an
original psychophysical experiment wusing speech
stimuli.

Introduction

“yman and Schuh (1974), in 2 stuay cealing with tonezl
grocesses in a large numrber of West &frican languaqges, note
tpat tone spreadino is alwavs perseverative, never
snticipatory. They examined 2% languaces, wemters cf four
farmilies, Perseverative tone sorezding occurred in ERamileke
end ¥Yikuyu o0f the PRantu group; Hausa and Nzgizim of the
Chadic group; Gwari, ANuepe, and Yoruba of the Kwa group; and
“epde of the Mande aroup. Thus, eight of the languages,
representing all fecur farilies surveyed, underwert
p2rseverative tone spreacging. They view the proctess as the
spreading in time of a tone's domain., Given the seqguence of
tones high=-lcw=hiah, the Llcw tone «#ill soread to the
following syllable to give high-low-low, but will not spread

tc the preceding syllable to oive low=Low-high. They claim
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that this tendency is not only true in the languages they
have examired, but in the rest of the languages of the world
as well. The «c¢lajm is particularly interesting since
segmental assimilations show a tendency to be anticipatory
rather than perseverative. If true, this would suggest that
tocne behaves differently from other ohonological units.

In this chapter, 1 will first discuss evidence fronm
Lancuages not exemired by Hyman and Schuh which, on the
whole, sucport their claim. 1 will then attempt to show the
extent to which this contrasts with segmental assimilations
and will propose & phonetic explanation for why tone should
behave this way. Finally, I will report the results ot an

experiment which tends to suprort this explanation.

Tone spreadirg dces nct seer to be as cormcn cutside
Africean Llangyaces as it s among them. However, there
appears to be evidence that Hyman and Schuh's c¢leim 1is
cenerally, if not universally, true.

In additjon to the languaGes with tone socreading found
by Hyman and Schuh, a number of cther African lancuages show
Prerseverative spreadirg. Maddieson (1974a) noted a very
general perseverative process of tone spreadina in Ciluba, a
Rantu language. Cerending on the tone pattern, the

spreadino can occur over as few as one or as many as three
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syllables so that given the lLabels H (for tigh tone) ana L

(for Llow tone), the following tone processes can occur:

LD HLH ==> HLL
2) HLL ==> HHH
2) HLHL ==> HLHH
4) HLLH -=--> HHLL
5) HLLL +==> HHHH
) HLHH =-> HLLL

The perseverative sopreadina 1is thus quite extensive 1in
Ciluba.

In another exarple frem 2antu, Fennett (1976) found
tone spreading occurring in Shona, although.she reports the
rattern is somewhat cifferenmt then that fcund by Fivaz
(1970, cited in Bennett).

Tone soreadirag 3is nerseverative in Lango, a "Nilotic"
tanguage of Uoganca (¥acaieson, Shopen, and Okellc 1973). &
number of perseverative processes occur, for exzmple, the
sequence ~¥f tones HIGH-LCW becores HIGH=FALLING so that the
HPIGH tone nf the first syllable spreads into the second in
disyllabic nouns.

Blood €1947) reocrts that the Low tone on the first
syllabkle of disyllatic words in Cham sometimes undergoes
perseverative tone spreading. This case is wperticularly

interesting for two reasons. First, there geers to be a
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general tendency for high tones to aftect (ow tones more
than vice versa (cf. Hyman and Schuh's low-raising, also
Maddiesen 1977b). The rule in Cham c¢ces against that
tendency. Second, Plood has examples in which the low tone
spreads into final syllables ending in glottal stop, a
segment which has a tendency to raise pitch (Matisoff 1670,
Mohr 1971, Hombert 1975, Hombert, Ohala and Ewan 1976) with
seme excections (Maran 1971, 1973). The perseverative
soreading seems tc override these tendencies.

Lhasa Tivetan appears to have cases of perseverative
teone spreading 1in disyllabic <compounds.[Z] Qu (1563
reports four tonal processes occurrin?g in “isvllatic

ccmpounds:

7) 35+415 -=> 25455
£) ES+415 ==> 55+55
9) S5+4325 ==> 55453

10) 53435 --> 55453

The first two of these look lLike soreading of the 5 tone,
put are rot. The fjrst part of the tone in the secong
syllable simply gets raised to level 5 between two LlLevel 5
tcnes. The second two rules, hcwever, are cases cf
perseverative spreadirg. The 53 pattern spreads to the end
cf the words.

Pallard (1975) stucdied the tone sandhi phenorena in the
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Wu family of dialects of Chinese. Rallard found what he
called tone spreacing in three of the dialects, namely
Shanaghai, Tanasic and Ningpo, and found that this effect wes
always perseverative. Other types ot sanchi occurred in
both directiors, bcth 1in some of the above three dialects
and in sore of the other Wu dialects.

In discussino Shanghai Rallard says (on the basis cf
data from Sherard 1972) that "within a phonological word,
all syllabies after the first ignore their citation tone and
take their tone frcm the first (leftmost) syllable by its
snreading out over the whole phonglogical word.” In other
words, =a 42 tcne on the first syllable of a word results in
3 falling tonal cgntour over the entire word. This s
clearly a case of perseverative tone spreading.

In Tangsic, Sherard finas a similar pattern cf
screading as occurs in Shanghai. In Ningpo, however, a case
cf spreading occurs which is exactly analcaous tc what Hyman
and Schuh found in some of the African languages: the tone
of a following syllable took on the tone of the last part of
the rrreceding syllatle. It should be noted that the
Leftward, or anticipatory, sandhi effects found by Fallard
are completely different in kind from spreading; they simply
invelve one or more of the beginning syllables in
phonological words bejne neutralized to some value, often

simply a mid tone. Nc¢ cocunterexamples, i.e., cases of true
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spreading which were anticipatory, occurred in any of the Wu
dialects.

An extremely interesting case of tone spreading occurs
in Telefcl, a languace of New Guinea, which was described by
Kealy (1964).[31 Some of the rules are straightforward cases

of perseverative tone spreading:

11) 33 ==> 55/55___

12) 55 ==> 33773 __

Thase rules cause a perseverative spreading throughout an
utterance, with each tone spreading into the following

syllatble, vyielding processes such as the followina.
13) 22 55 73 3THEF  -~=> 2R 3T 56 Zp a4

The reason the last tcne does not become 323 s that the

presence of a pause causes a lowering of the 23 tone:
14) 33 -=> 32/ ___4#

The sequence in (13) 1is thus the result of the arplicatien
of two rules. First, each of the tones spreads into the

following syllatle:
15) 33 55 23 23 ~-=-> 33 33 55 23

Fcllowing the spreadirg, the presence of a2 pause causes the

last 33 tone to become 32.
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Ayulta Mixtec has a number of perseverative tone rules
(Pankratz and E. Pike 1967), some of which are cases of tone
spreadina. For example, words not ending in glottal stop
which end 1in a bhigh tone <cause a following mjd tone to
become hich. Enclitics take 2 high tone when following high
tone in the sten.

The tanguages whtse tone spreading phenomena are
discussed above (including the languages cited by Hyman and

Schuh) total 18.

The

"
13
[log
|-h
[To]
1<
{e)]
1c
1
3]
<
-de
Q
(42
o]
(4]
[¢)

I examined a nurkter of phonological descripticns cf
Languaces which use tone distinctively. Most of these (the
numbter was not recorded) did not have tone spreacging. Some
descriptions provided evicenrce which I felt should not be
ccunted, for several reasons. The possihility of the tone
spreading in these landuages is discussed below, together
with my justification for not counting these lancuages. The
tanguages with tone spreading in both directions are also
included in this section.

Downer (1647) has noted a number of tone sandhi rules
in wWhite M™jao, a larquage spoker in parts of Laos and which
has some dialects sooken in China (Kratochvil 1968). Downer
gives & number of examples of tcne sandhi, which apparently
typity a mcre ceneral prccess in White Miao, in which nearly

all of the effects are perseverative. One of these looks
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very much Like tone spreading.

18) nton(33) -=> nton(11) / nplon(51)

Fven if we assume that this example represents a general
rrocess, however, there 2are <o many tone sandhi rules in
White Miao that dc nct lcck Like any assimilatery precess at
atl, that 1 would not wart to count this example as

relevant. Some of the effects of the 51 tone zre-

17) 35 --> 32/51_
51 -=> 31/51___
33 —=> 11/51
11 --> 31/51

Tones other than 51 heve other effects, ncne of which Llook
lLike spreadinag. The systemr of alternations becomes so
ccmplicated that we wculd not want to single out c¢cne of
those alternations &nd claim tha*t Jt was cdue to some
urjversalt process. Similarly complicated tone sandhi
systems, such as that occurring in Taiwanese (Robert Cheng
127%) were simply excluded here tecause they would be
subject to the sare preblem,

Roth anticiratory and perseverative tone spreading
cccur in Soyaltepec Mazatec, a Lanquage of central “exico,
reported by E. Pike (1956). Pike says: "pllomorphs with
tone <clusters 45, 24 zna tone &4 are replaced by allomornhs
with tone 5 when precedinc a morpheme Wwith tone 5." [o. €03

I have translated Pike's system into the Chao tone letters.
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Her term “tone clusters"” refers to what are called contour
tones by others. Pike also found cases of perseverative
spreading, however. The tone cluster 45 causes the tone of
the followine weord to tecomre tone 5, and tone clusters 34
and 24 cause a tone ¥ in the followinag word to btecome tone
4, In Loth these cases, the tone level at the end of the
first word spreads to the tone of the following word.

2oth anticipatcry end perceveratiye tone spreading
occur in the San Ecteban and San Miguel dialects of "ixtec
(Mak 1952). The spreading rules are said to be optional.

& prrotler arises 1in cdetermining the djrection cf
spreadirg in Villa‘ &tta Iarotec. F. Pike (1548) reports
only enticipatory spreading in the dialect spoken in Oaxaca.
£ preliminary dinvestigation by Jeri Jaeger and Rotert Yvan
Valin (personal communication) has thus far founa only
rerseverative spreading in the dialect <spoken 1in Yace,
whkich is also in the villa Alta oroup. The data of Jeeger
ana VYan Valin is limited at this time, and that from Fike is
scmewhat difficult to analyze. Although it is likely that
gialect differences are responsible for the different
patterns, the possibility remains that btoth anticipation
ard perseveration occur in speakers ot the same dijalect.

There are apparent counterexambples in synchronic
alternations 1in other Chinese dialects, althoygh I have not

fcund any that were actual cases of spreading. In
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(antonese, there are cases of tone sandhi such as the
following (Steve Faron, nersonal communication):

18) 52 £S > 55 55
syl syl syl syl

If we view the tores cf each syllable as units, i.e., that
5T 95 a unit, that 55 is a unit, the case in (1) tooks Llike
anticipatory tone spreading. In other words, if we call the

tone with 8 5% contcur Tone A znd the tone with contour S5

Tene B, the followino rule results.

19) A-->B/__ P

As Hyman (1975) points out, if we consider the contour tones
as a seaguence of level tones, level ? is simply aoing up to
Level S when cccurring betweer two Llevel 5 tones 1in a
process that has been tabelled "vertical assimilation" by
HHyman and Schuh. I will ignore the issue here of whether cr
nrot contour tones should te considered as seauences of level
tones. The fact 4s that one cannot make a <case for
rhonetically motivated tone spreading in either direction
from the example in (1). In terms of phonetic values, the
tere value descrited as 3 simply tcok on the value that both
preceded and followed.

In Mandarin, in a similar way, the tone sandhi cannct
be analyzed as tcne spreading. However, in discussing tone

sandhi, Chao (1962) says: "In Mandarin, as well as in other
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Chinese djalects, the tone of the syllable is affected much
more by the tone of the syllable following than by the
preceding one."” An exception to this occcurs in the neutral
tone, whose wvalue 1is determined by the value of the

prececinag tone, but 1is not simply a cantinuation of the

end-point of the follcwing tone.

Chichewa, a PRantu Llanguage, has anticipatory tone
socreading. Trithart (1976) describeg a rule which makes
Low-High tone patterns on disyllabic nouns very rare,

chancing mecst of them to Hiah=Hinh.

20) Low -=> high/___High#

Another Rantu larquage, Xinyarwanda, has a number of

orocesses of anticipatory ton2 spreading (Kimenyi 1976).
In some cases, Hiagh-Low seauences become Falling-Low. In
others, level tones simply spread to the preceding

syltacles.

-—— e e A = - — - —-——— - - - v - — ——— - o m- ——

Although the cases of anticipatory tone spreading show
that the tendency for perseveration is not universal, it is
clear that perseverative tone spreading is encountered more
frequentiy. It might bYe useful to provide a count of the

examples above. 1 have nct included Wwhite Miao since it s
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not clear that the “sgreading" in that languaage is a general
process. I have nrot counted Mendarin and Cantonese since,
as I showed above, it is not correct to view the sandhi in
these languages as spreading. 1 have counted \languages
which have both anticipatory and perseverative spreadinrg
twice: once in each group. 1 have <counted the different
dialects of Wu and ™ixtec 2s different lancuaaes. The tally
thus results in 22 cases of perseverative tone spreaaing
varsus 6 cases of anticicatory spreading. (If the difterent
dialects of Wu anc Mixtec are counted as single Llznguaaes,
the numbers are 20 and 4). In either case, the difference
is sjonificant at the .01 level.

& tendency dces not have tgo bhe universal, ot course, in
order to "e interesting snd wort*hy of explanation. In this
psrticular case, however, it is importent to establish that
the btehavior of tcnes differs from the behavior of segments.
1f perseverative tore spreadinc were sirply part of a
general tendency tcward perseverative assimilation, apy
explanation would have to encorpass the related tendency fcr
segments, It is +thus irportant to see whetner seagmental

assimilations are gererally perseverative.

Vowel harmony is comparatle to tone spreading. As will
be seen tetlow, the fact that vowels and rones are

communicated chiefly by frequencies in the Lower part of the
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spectrum makes the ccmparison particularly important. Ultan
(1973) notes that vowel harmony has been largely thouaht cf
as perseverative because it has been studied so extensively
in Altaic and Uralic, which are primarijly suffixina languace
families. He notes that a very similar process is called
tmlaut when it is anticicatory. Ultan notes that 4§t s
nearly always the stem vowel that determines the shape of
the harmrordic vcwel, sc that the directionality of vowel
hzrmony “ithin utterances Llargely depends on whether
tanguages tend to use prefixes or suftixes. Lindau (197%)
h3s & simitar view concerning the vowel-harmenizing Niger-
(onge and Mjlo-Saharan landuages, 1in which, she notes,
harmony 1is largely articipatory, with a greater tendency for
stems to affect prefixes than suffixes.

There =2re cases, however, in which vowel narmony tends
to be anticipatory withcut involving an affix harmonizing to
& stem. One is Cerman uymlaut, in which the stem vowel takes
on some of the properties of the suffix vowel. €fnrglish, of
course, had wumltaut very simitar to German in formina
rlurals, with /fot/:/toti/ btecoming /fot/:/féti/, manifested
in present day 'fcot: feet.' According to Sapir (1921:172)
the Fnglish umlaut developed independently of the German, so
that these can te considered different examples. We can at
least conclude that vpowel harmony, unlike tone spreading, is

not predominantly perseverative. Vowel harmony probably
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develops from rhonetic <co-articulatory effects bLetween
vewelS. Bhman's (166¢6) spectrographic study of VeV
utterances showed that such co-articulatory effects go in
toth directions. In cther words, in an uytterance of the
type VICV2, V1 affects V2 and vZ2 affects v1. Broad and
Fertig (1970) show a similar eftect. Given this evidence,
tcgether 4ith the phonolooical evidence above, we <c¢can
ctoanclude that vowel harmony, unlike tone spreading, is not
predeminantly perseverative.

Another proc¢ess qQuite simijlar to tone spreading occurs
ir the cdevelopmert cf cerirate conscnants from two adjacent
cissimilar consonants. If we have the seaquence c1c2
tecoming the seauence (C1C1, we would have a case of complete
rerseyepative assimjlaticn, whereas if the same sequence
tecame c’ce, we would have complete anticipatcry
assimilation. 1Irm these cases, it <can be said that the
ccnsonant that rerains (2s a geminate) has spreaac its domain
in time. There are ctvious differences, cf course, in that
it is very unlikely that the "surviving” ccnsonant gradually
entroaches on the time 3vailable to the "concuerec"
consonant. In the cases of tone spreadirg reported in Hyman
an¢ Schuh, something very much Llike this occurs with™ tones,
so that =2 higch-low seauence on two syllabhles becomes high-
falling, #ith the high tcre centinuing into a domain at some

pocint held ty the low tone.



Nevertheless, a comparison with <consonant gemination
might tell wus something about the nature of similar
assimilations in tone. Thurgoed (1974) studied <consonant
assimilations in several language families: Italian and
Sardinian within fomance, several languages of the Muskogean
family, and Fali, &an Indo-Aryan language. He found that
"other things teing equal, the first consonant assimjlates
to the second."”

Althecugh Thurcccd found a few exceptions, his analysis
reveals that these occurred in a Llimited numbter of consonant
combinations. Thus in consonant clusters in 4hich /s/ wes
present, the result was always a geminate /s/, reocgardless of
whether the /s/ was the first or seconc cecnsonant.
Corsonantal cemination thus appears to be generally
anticipatory in sharp contrast to tone spreading.

The most conclusive way to deterrmine whether segments
have the <same perseverztive tendencies that tones cdo would
te tc ccunt the number of anticiratory vs. perseverative
dssimilation rules in 3 Llarge number of Llanauages.
Accordingly, I examineo %65 cecmental assimilatory rules
culled frem 60 larquages whose phonologies are documented 1in
the Stanford Phonclogy Archive. 195 of these rutes involved
anticipatory assimitation of & segment to a following
segment. 39 of these involved the perseverative

assimilation of a seament to a pPreceding segment. &1 of the
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rules fell into hoth <categories, 1in that segments were
affected both by preceding and following segments. The
conclusion must be that segmental assimilation is generally
anticinatory, in sharp <contrast to the situation in tonal

assimilation.

why should tone spreadinc be rerseverative? Hyman ard
Schuh (in a footncte <obvicusly meant to provoke further
recearch) suggest that a nossible explanation might be that
the physiolcgical adjustrents necessary to change pitch take
tcnzer than the rchysiological adjustments necessary to
procduce different segments. They did not presen” evicdence
fer this sugqgesticn, and inceed, it js difficult to see how
this notion might te confirmed. €ven if the vocal folcs
were slow relative tec syrra-alottal artjculators, it is not
clear that this wculcd cause perseverative tore spreading. A
comparison might te drawn with the relative sceed of other
types of speech gestures. The tongue tip is ar extremely
fast artjculator, as evidenced by the very short duration of
alveclar taps occurrina in certain languages (see Lehiste
1970 on Fstcnian, for example). The wvelum 1is almost
certainly slower, g¢iven the relative slowness of its
movements (see, fcr example, the tracings in Ohala 1974a).
Yet there are nurercus cases of anticipatory nasalization

befcre alyeolar nasals, sugcesting that the different sreeds
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of articulators are 1in some w2y taken 1into account by
spegkers.

A perceptual asynchrony between tones and segments
micht explain perseverative tore spreadine. If tones were
processed more slowly than seaments, a Llistener woculd
rerceive a tone as occurring later within a sequence of
segments than whern it was produced by the speaker. Such
misperceptions, if they occurred ccnstantly within a
langquage community, wou Ld favor cerseverative tone
spreading, and disfavcer anticipatory tone spreading.

There is evidence sugaesting the possibkility that tones
are processed more slcwly. There 2re at lLeast two different
ways in which a slower processing of tones could come atout.
Cne involyes the fact that +tich and Llow frequencies are
rrocessed by aifferert mechanisms, the other retates to the
fzct that high and Llow frequencies have different effects on
the ez2r even within the same general mechanism. Before
proceeding, I will ncte some ¢eneral facts of hearing.

The middle ear armplifies the amount of motion caused at
the eardrum Yty the pressure varijations known as sound, and
transmits these pressure variations to the ccchlea.
Different frequencies cause the basilar membrane, incide the
cochlea, to be set into maximum motion at different
lccations., The displacement at different locations along

the basilar membrene cause the excitation of differert nerve
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endings. A ccmplex sound, such as a vowel, causes
excijtation maxima at several differert locations along the
basilar membrane, corresponding to the different formants,
or concentrations cf energy, of the vowel.

It 4s generally agreed (Plomp 1945, Tobias 197¢,
Rroadbtent 1971) that there are different mechanisms used fer
orocessing of retatijvely hioh frequencies <(compbrising most
of the frequencies 1dinvelving spoeech segments) and fer
processing of relatively Low freguencies (comprising the
freguencies involveo in speech tone). A place rechanism,
which uses the areas cf maximum excitaticn of the <cochlea,
azpears tn te the only wzy in which hiash frequencies are
processed. Althouoh the place mechanism thecretically <can
prccess low frequercies, a mechanism of tire-znd-frequency
analysis =zppears to bre used for Llow frequencies. This
mechanism, working et the train rather than at the ccchlea,
cetermines frequercy ty Teasurinc how cften the 1ircoming
pattern reneats itself, The reasen two mechanists are
*elieved to be presert is that neither is carable c¢f doing
2lone what the zuditory system is known to do. The place
nmechanism cannot acccunt for the remarkable accuracy with
which sounds are fdiscriminated.[41 Time and frequency
analysis cannot account for the processing of high
frequencies, since the "recovery time" (refractory period)

of nerve fibers dces rot allow them to respond accurately to
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rapidly varying signals. [5]

The characteristics of the two mechanisms suggest that
there may be differences between the processing of
fundamental frequency, or tone, @and the ©bprocessina of
segments. Given that the funaamental frequency of the human
vcice hardly ever exceeds 200 Hz, even in small children, it
js safe to =assume that @ time and frequency analysis 1is
czpable of determining tone. Miller & Nicely (1955) +tound
that the freaquencies above ard below 220C Hz made ecual
contributions to the perceotion of duration of segments.
This means that rost of the cues for duration are above the
1400 Hz limrit suggested ty Plemp (1966). VPMoreover, there is
evidence that segnents, regardless of frecuency, are
crocessed by a different, and less accurate, mechanism than
the mechanism which processes tone. Flanajan (1972), 1in
ccmparing the results of flanacan (1955) and cf flanacan and
Saslew (1958), rotes that the accuracy of percertion is
about 10 times areater for fundamental freguency than for
formant freauencies (a cifference limen c¢f arproximetely .3
tn .5 percent for furdamental freaquency but X to S5 percert
fer formants). T61 Since the mechanism involving time and
frequency analysis is capable of far more accuracy than the
place mechanism, it would seem reasonable to assume that
fundamental fregquency is crcbably orocessed by a3 time and

and frequency analysis, while formants are crocessed by a
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place mechanism. It must be remembered that the place
mechanijsm performs its frequerncy analysis at the cochlea,
and that the time and frequency analysis must still use the
input from the cochlea to determine freguency. It is
likely, then, that the time and frequency analysis takes
mcre time than the place rmechanism, since the brain has to
get the inout from the cochlea te even begin a time and
frequency analysis.

There is a3 ccmplication in all this, in that the place
mecharnism agpparently undergoes a ‘'sharpening" or contour
erhancemert that dJncreases its 2accuracy Somewhat. This
sharpenina, since it also npresumably takes time, might take
as much time as a tire and frequency analysis, thus
ecualizing the time taken by the two mechanisms. 0©n the
cther hand, it is likely that a tirme and freguency analysis
uses the "sharoened" cutput of the cochlea, so that it would
otcur after the sharpenina process. Fowever, this 1is not
the cnly evidence. Althcugh it is possible that the fact of
two mechanigsms in the ear would explain a slcwer processing
ot tone, this 1is not the only wzy 1in which a slower
processing of tone cculd occur.

Datlos (1972:517, 211-217) <cuggests, on the basis of
evidence frorm Kiano (19€5) and from Méller (1970) that the
cochlea's transient response is nquch slower for Low

frequencies than for high fregquencies. This stems airectly
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from the frequency-analyzing prorerties of the cochlea. The
ccchlea may be thought of as a set of resonators, each with
a different resonating frequency. The hicher the rescnating
frequency, the wmore quickly a resonator will begin and end
its oscillation. Ccnversely the Llower the resonating
frequency, the more slowly a resonator will begin and end
its oscillation,

Pallos goes on to suggest (1972:517) that an
oscillation in the ccchlea will continue for a given number
cf cycles after 2 sound input has ceased., He says:

At any point alcng the membrane the vibration is

in the form ot a decayina oscillaticn, The

frequency of this oscillaticn 131s precisely the

same as the best freguency (as far as maximum

amplituage with sinusoidal stimulation is

concerned) c¢cf the given site. There are several

(5-1C) cycles of this oscillation, and thus any

point along the partition is in actual vibration

for 2 length of time that is determined by its

characteristic frequency.

This could explain the tendency of tones to “!inger" 1in
the ear and thus undergo perseverative spreading. There is
goo¢ reason for <caution here, however. First, the
experiments on which Da2llos has based his conclusions were
dcne with animals. Second, the rate of decay of the
oscillations that follow an input to the ear is relatjvely
kigh (20 d® per cycle). 1f the rate of decay is much higher
than that in humans, the effect would be minimized. Worse,

the rate of decay (measured in cycles) could be different

tor different frequencies, so that it is possible that all



frequencies linger approximately the same amount of time.
These facts cf hearing thus seem promising btut not
conclusive as an explanation for perseverative tone
zssimilation. Accorcinaly, an exceriment was conducted to
cetermine 1if tones are processed more slowly than seoments,
in this <case vowels, &althougah no atterpt was made to
determine which of the possitle explanations above might
cause this effect. The assumption was made that, 1if
fundamental frecuency were processed more slowly than the
formants in vowels, a tore change and a forwrant change could
be perceived as occurring simultaneously it the tore
cccurred somewhat befcre the formant change. The amount by
which an FC (fundarental frecuency) change would have to
lead in order for the changes +*to be perceived as
sjmultaneous should reveal the difference 1in the tire

required for processing F™ vs. formants.

- - - - ——— - - - -

The vowel glide /ej/ was synthesized with a3 tcne change
cccurrine near the middle of the glide. The colide was
actually compcsed c¢cf a steady=-state lel portion, a
transition portien c¢f 57 ms. and a tinal /I/ portion. The
formant values for /e/ were 5850, 2C00, and 2600 Hz. The
formant values for /1/ were 4N0O, 2200, and 2600 Hz. The
transition consisted cf a2 linear irterpolation between the

/el and /1/. This transition was the shortest that could be
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produced witncut giving the subjective dimpression of a
consonant. FO changed abruptly from 120 to 140 Hz at
different times in relation to the midpoint of the formant
transition: =320, -2C, -10, -5, 0, +5, +10, +20 and +30 ms.

These are gijven in Fiaure 1,
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A tape was prepared in which each o¢f these stimuli

appeared 4 times, with the entire set in random order. A

training tape was prepared in which the following sequence

vas
a)
b)
c)
d)

e)

1)

G)

repeated 4 times.

The vowel /e/ with no change in quality or pitch.

The vewel fe/ with a pitch change toward the preginning.

The vowel /e/ with a nitch change toward the end.

The glide /ej/ without a pitch change.

The glide /ej/ with a pitch change from 120 to 140 Hz
occurring 5 ms. before the heginning of the formant
transition (and thus 3T ms. before the midpoint =of the
transition). Irstructions told the listeners that the
pitch change here occurred kefore the glide.

The gltide /ej/ with a pitch change from 120 to 140 Hz
occurrinc 25 ms. into the formant trznsiticn (and thus
2t the midpoint c¢f the trancition). The subjects were
told that the rpitch change here occurred at the same
time as the vowel change.

The clide /ej/ with a2 pitch change from 120 ro 140 H2z
nccurrina 5 rs,. after the end of the forrant transition
(and thus 20 ms. atter the midpoint of the transition.
The subjects were tola that the pitch chance here

occurred after the vowel change.

27 subjects participated in the experiment. They were
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students and faculty at the University of California, native
speakers of American Encglish, with no history of hearing
pathology, who served with no compensation. Each listened
to the stimulus t2pe three times. There was thus a total of
12 repetitions of each stimulus per subject. The training
tace was played tc sutjects imrecdiately before the first and
second administrations of the stimulus tape. The subjects
heara the tape throuoh earpshones in a sound-treated room and
were esked to make a fcrced=choice decision as to whether or
not the tone chance ano the veowel change were simultaneous.
They were told tc quess if they were not sure. A numpoer of
sutjects reported the task to be extremely ditficult but all
completec the =2xperiment. The resoonses to the first
playing of the stimulus tazpe for one subject, however, were
not counted due to failure to understand the instructijons,

The results are given in Table 1 and Table 2.

Teble 1
Time of FC
change relative
tc micpoint
of ferment
transition -iC =20 =10 -5 & ) 10 2t >0

No. of responses 11¢ 167 1803 165 172 159 168 143 113

ot simultaneity
fnot significant]
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Table 2
Simultaneity judgrents Simultaneity judgments
when tone change preceded when tone change followed
formant change formant change
675 587

Table 1 gives the number of responses, pooled for all
subjects, to each c¢f the different stimuyli. 1In the =20
stiwulus, the FQ change occurred 20 ms. prior to the
ridpoint of the fcrmant transition. In the +2C stimulus,
the FN change cccurred 30 mg. followina the mid-point of the
formant transition. The particular pattern indicated in
Table 1 is not significant by a chi-square test. HcwWwever,
if we compare all the cases in which the FQ change occurred
pefcre the mid-point cf the transition with all the cases in
which the change gccurred after that mid-point, as in Table
2, the results are significant at the S% Llevel. The tore
ind vowel <change were judged to be simultanecus €35 times
when the tone charge preceded and 582 times when the toane
chanage followed. The results thus show a tendency for tone
to be procesced more Slowly than formants, but they de not
reveal, in a statistically significant way, the magnitude cf
the effect. The experiment thus provides supperting, if

incomplete, evidence for the hyoothesis that perseverative
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tone spreading is due to a slower auditory processing cf
tone compared to the processing for segments. [7]

Two questions rerain unanswered. First, the maanitude
of the effect needs to be determined, sincte 2 relatively
small dijfference 1ir nprocessinc time for fundemental
freaquency would weaken the hypothesis. This coculd te dore
by having the subjects control the asynchrony between a tone
change and some secmental event until they were setisfied
that the two were sirmultaneocus. Although this was not done
(instead of the experiment reported) for lLack of socme of the
necesgary equirment, it s the cbvious method fecr
Zetermining the ma2qgnitude of the effect.

Second, it is irportant to cdetermine which ©f the two
c3uses sugcested here account for the lLonger processing tire
for fundamental frecuency. Onre method to test for this s
relatively straichtfcrward. The mechanism sugecested ¢ty
nalles's findings, that the ~ransient responrnse of the

ccchlea is slower for low frejuencies, requires that the

fundamental frequency be present in the cochlea. However,
we can hear fundarmental frecuency, wusing a tire and
trequency analysis, even when that frequenzy is only

represented iJin higher harmonics as occurs when we hear
through a telephore. Py repeating the opresent experiment

with the fungarental freguency missing, we should be able to
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cetermine which of the two explanations is correct.

Cosnc lusions

- . e o - - ——

Several conclusions can be drawn concerning tcne
spreading. First, there 1is a definite tendency f~r tone
spreading to be perseverative rather than anticipatory. The
tendency 1is certainly not a universal one, as there sre too
many counterexamples. Second, this tendency coNtrasts with
the tendency of segmental assimilations to be anticipatory.
The experimental results show that the perception of when
tonal <ceontours occur with respect to when segments occur is
nct very accurate. The third <conclusicn 1is that such
results suggest a rmrechanism for tone screading in either
¢irection. If listeners have a cifficult time determining
where a tonal contour occurs, they may hear it and learn it
as occurring at a different time from that produced by
speakers. Fourth, the experimental results, as well as
certaiﬁ characteristics of hearing, —sucgest that the
tendency toward perseverative spreading is due to the stower

protessing of tones versus segments.
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FOOTNOTES

1. This is @ revised version of a oaper presented at the
Fall meeting of the Acoustical Society of America, 1976. An
abstract appeared as Javkin (1976b).

2. I have used the Chao tone letters, in which 1 represents
low tone 2and S represents high tones, throughout this
chapter where appropriate.

2. I would Llike to thank John Crothers for bringing this to

my attention.

4. Even with a "sharpening” rmechanism, to be discussed
below, which increases its accurscy.

S. Estimates as to the maximum freauency which could be
crocessed by a tire and fregquency analysis have been as high
as SCO0 Hz (Wever 195C) but Plome (L%66) concluded, from a
wice survey, that the Llimit dis probably arourd 140C Hz.
This figure has convinced other ijnvestigaters, includirg
Eroadbent (1971).

A. In fact, it there 1is & tendency for tones to tLte
rrocessed more slowly than segments, it may be due not to
the frequency cdiffererces between these two types of sounds.
Hirsh (1959) found ro tencency for =anticipation or
cerseveration for pure tcnes of different freauencies.
Pisoni (197é) +fcund effects that would probably tead to
snticinatory spreading if they occurred for speech sounds.,
His results are difficult to reconcile with those of Hirsh.
1t 1is not <clear, however, that the stimuli in these
experiments would reflect differences in the processing of
tones and segrents.

7 However, see Yaddiescn (197ét, 19772) for a report on

different experimental results bearing on this questicn,
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CHAPTER 7

Conclusion

ARSTRACT

This chapter corcludes this thesis and summarizes
the sound changes explained here.

In conclusion, it might be usefu| to note the purposes
which the preceding chabters have served. First, the
explanations of sound changes offered here have provided
additional examples urder a paracdigm which holds that speech
communicaetion may be viewed @as a transmission line.
Examples have peen given of sound changes that are caused by
articulatary, accustic and perceptual factors.

The change from [ls] to [lts] in English and the change
cf geminate [L] to [j3 in Spanish add to the numper of sound
changes which have already been explained “n terms of
articulation; e.g. nasaljzation c¢f vowels in the environment
cf nasal c¢onsornants, the developrment of tone contrasts frcm
former yoicing <contrasts, the epenthesis of stops tetween
nasals and following fricatives. I have chosen to separate
the articulatory-based explanations jntc Typs (1) and Type
(11), depending cn whether the loss of 3 distinction is
part of the charge (Type 11), or whether a segment (as in
cases of epenthesis) cr a feature (as in the agevelopment of
creakiness on Llew tones) 1is  @2oded to words fulfilling

certain conditions. This is net the cnly possible
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classification., One might well want to put the two kinds of
changes into the same category, since both kinds of charges
share the major <characteristic of being articulatory in
oricin. Classifying them separately suggests a way to Llook
for more examples, however, and I have chosen to do that
hsre.

The chanaes ¢f *- p to -0, *- t to =-e, and *- &k -to
~ze add to the small number of sound changes which have been
explained as heing based on an acoustic similarity between
the older and newer forms; e.a. the change of [L] to [w],
of [stl to [sl], of vowels nasalizing in the enviroment ocof
[h]. I #m somewhat more cauticus in sugoesting that the
change ¢cf post-occlusive [l] in Italian also adas to +this
croup. The c¢riginal hycothesis for explaining this last
change was (hat the tasis was articulatory: that the tongue
Was higher for post-occlusive [l3 than for non-post-
ccclugive TL] in cther environments. While the study of
this <change did not confirm the hypothesis, it is possible
that a more <complete study would confirm 4t. I haQe
classified these changes as Type (II1).

The changes in which vowels Lengthen before voiced
consonants and in whijch tones underao perseverative
spreading opens an area for explenation which has not been
very thoroughly explored. These changes (certainly, 1

think, the former anc protably the Llatter) are caused by
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censtraints of the Llistener's perception. I have classified
them as Type (IV). By providing evidence of <changes of a
different type, these explanaztions serve to extend the
paracdigr into an area in which explanations miaht have been

expected, but had not been develop=ad.
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