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CHAPTER 1 

A Taxonomy of P h o n e t i c a I l y - ? a s e d Sound Changes 

ABSTRACT 

The development of phonetically-based sound 
changes has been viewed by a number of researchers 
to ce a result of the speech process acting as a 
"noisy" transmission line between speaker and 
hearer. The listener has no way of separating the 
"noise" from the "signal" and may come to 
interoret the noise as part of the language. 
Articulatory factors create certain types of 
"noise"; perceptual factors create others. The 
beginnings of a taxonomy of different tyDes of 
causes of sound chanqe within this paradigm is 
suggested. Four types of phonetic causes of sound 
change are identified. Type (I) chanaes are 
caused chiefly by articulatcry factors. Type ( I D 
changes are alsc caused chiefly by articulatory 
factors, but perception is more heavily 
implicated: the perceptual "loss" of a distinction 
is necessary for the changes to occur. Type (III) 
changes involve both articulatory and perceptual 
factors, and in addition, are Dependent on 
acoustic factors. Type (IV) are chiefly 
perceptually based. The idea that sound chanoes 
can occur primarily as a result of perceptual 
factors has not received much support outside of 
this thesis (although it has been acknowledged to 
be part of the paradigm). That idea is defended 
with some siirple statistical models. 

iGtCS^uction 

A paraaiom fcr the origin of certain sound changes has 

been advanced in recent years in a number of papers 

(Jonasson 1971, Andersen 1973, Chala 1973, 1974a, 1974b, 

1975, Michailovsky 1975, Hcmbert 1 9 7 5 ) . The paradigm (in 

the form presented by Ohala 1975), holds that speech may be 
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viewed as a transmission line between a speaker (or 

transmitter) whc knows the l a n g u a g e , and a listener (or 

receiver) who is learning the language. Constraints of the 

speaker's articulatcry mechanism and of the listener's 

oerceptual mechanism cause a certain amount of perturbstion 

(cr noise) in the sicrai actually reaching the listener, so 

that the signal contains not only characteristics intended 

by the speaker, but also e x t r a n e o u s , fortuitous elements. 

Fig. 1 illustrates this point. 



Acoustic 
constraint 

Speaker 

Articulatory 
constraint 

Intended 
speech 
signal 

I 

Hearer (Speaker) 

Auditory 
constraint 

Received 
speech 
signal 

Figure 1. Speech communication viewed as a transmission 
system (version modified from Ohala 1975a) 
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The listener has no way of distinguishing the noise from the 

signal intended by the speaker. The listener may therefore, 

in certain circumstances, incorporate these elements into 

his own knowledge cf the language* and begin intentionally 

produci nq them. 

The paradigm suggests that the study of these sound 

changes involves the study of the characteristics of 

articulation and perception which cause noise/. because 

certain types of noise 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 exanrined, the framework reauires extension. A 

number of taxonomies of sound change have been proposed 

(e.g. Sweet 1889* Sturtevant 1917, Bloomfield 1933, 

Hoeningswald 196C) but none have been developed within the 

present paradigm, and none have taken into account recent 

Developments in chonetic instrumentation and methods. 

Isolating the differert types of Dhonetica I ly-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 to do this. 

The different types of sound changes break down roughly 

intc four types. Type (I) chances are caused chiefly by 
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articulatory factors, although the changes must be 

sufficiently perceptible in order to occur. Type (II) 

changes are similar to Type ( I ) , although the perceptual 

mechanism is sorrewhat r.ore involved -- it must lose a 

distinction in order for the chanoe to occur. Type (III) 

changes are similar to Type (II), although (unlike Type 

( I D ) they would not cccur if speech were not transmitted 

via an acoustic medium. Type (IV) changes are chiefly 

perceptual in origin. Before elaborating on this 

classification, cne point rrust be made. All areas of the 

speech transmission process are inextricably interrelated, 

so that in d i s c u s s i n sound changes it would be misleacirg 

to categorize a particular phenomenon as purely 

articulatory, acoustic, or perceptually-based. 

The categories I will suggest are not all equally 

distinct. Type (I) is quite similar to Tyoe (II). Type 

(III) is relatively similar to Types (I) and (II) 

(especially to Type (II)). Type (IV) is auite distinct from 

the other three. The immediate constituent structure of the 

categories is somethirg like that in Figure 2. 



F i -jure 2 

ll2£ ^I^ : iCtjculatcH l^-bas ed changes 

In Tyoe (I) changes, perceDtual factors are involved 

only in that the articulatory perturbation is perceptible, 

otherwise they are not imDlicate^. In such a change, the 

role of the articulatory mechanism must be considered 

primary. Such a chanqe is the development of epenthetic 

stops between nasals and following fricatives. Ohala 

(1974a, 19v5) found that changes such as "something" 

/s f6In/ to "something" /s/\mo6Ir)/ were due to an early 

closure of the velum, cr denasaIization, prior to the 

release o"f the labial closure for the /tt/. This epenthesis 

occurs sporadically ir the speech cf many English speakers. 

\ben a stop rioes not occur, the opening at the velum is 

closed at the same time that the laoial closure at the lips 

is released. The stcn occurs when the veIic port is closed 

prior to the release of labial closure. This results in a 

labial stop. The articulatory gestures for this stop are 

the s^me as the gestures for 3 stop made intentionally by 
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the soeaker. The step may be somewhat different in closure 

duration from on e occurring intent ionally, but its other 

characteristics are the same. This contrasts with some of 

the changes discussed below, in which the sound resultinq 

from the change requires a different articulation. In the 

C3se discussed here, listener? 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 gesture1, of the original speaker. 

To amplify this point, a Tyre (I) change would occur 

even if "listeners" used a th r >>e-d irr.ens i ona I X-ray machine 

with perfect resolution instead of relying on the acoustic 

signal. It would occur even if "listeners" used an accurate 

phonetic transcription as the basis for learnina their 

speech. Of course, the articulatory perturbation '"•ust be 

sufficiently perceptible if it is to have an effect. This 

means that the perceptual mechanism is not totally 

irrelevant even in these changes. One Tyoe (I) change is 

discusseo in Chapter 2. The addition of creaky voice to 

contour tones or low tones, a development seen in a number 

of Chinese dialects, is, in one sense, similar to 

epenthesis. Neither cf these changes involves a loss of a 

distinction. The Derceptual mechanism is thus not "losing" 

or "failing to receive" any part of the signal. Therefore, 

our Derfect x-ray machine would permit such a change to take 
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place 

Type (II) comprises changes in which the articulatory 

mechanism is still primary, but in which some earlier 

distinction is in most cases lost by the perceptual system. 

The perceotual mechanism, or internal processes, therefore 

become responsible for the completion of the change. The 

development of tonal distinctions from Drior initial voicing 

cistinctions as described by Hombert (1975) and others is 

one important example of this kind of change. Articulatory 

factors cause vowels preceded by voiceless consonants to 

hive a higher initial pitch than vowels oreceded by voiced 

consonants. This has led to the development of tonal 

cistinctions in a large number of languages, in which words 

with former voiceless initials develooed high or falling 

pitch (retaining the high initial pitch of the vowel) and 

words with former voiced consonants developed low or rising 

pitch (retaining the lew initial pitch of the vowel). In 

most of these cases, the voicing distinctions disappeared, 

although there is one example, described by Cappell (1949), 

in which the New Guir.ean language of Yabem maintained the 

voicing distinction, which co-occurs with the pitch 

distinction. Our X-ray machine would prevent the completion 

of this change. It would never fail to detect the presence 

or absence of voicing. It would, of course, detect the rate 
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cf vocal fold vibration, so that tonal distinctions might be 

added to dist 

tberr. 

Another 

dist inct i ve 

consonants, w 

out. This 

dialects of C 

lanquage s (se 

change occurs 

position for 

the vowe I ) , c 

vcwe I) which 

pert of the I 

T ^ e (Ill): 

Type (III), similar to Tyoe (II), occurs when 

articulatcry factors cause a perturbation which results in 

an acoustic similarity to another sound. This kino of 

cnange is at least partly caused by the fact that speakers 

and listeners communicate through an acoustic medium. 

Perceptual factors then permit the reinteroretation of the 

perturbed older form as the new form. An example of this 

kind of change is the development of /pj/ into It! in the 

"Tet k" dialects cf Czech, reported by Andersen (1977). The 

inctions in voicing, but would never replace 

change of this type is the development of 

nasalized vowels in the environment of nasal 

ith the nasal consonant frequently dropping 

h^s occurred in French (Fope 1 9 5 2 ) , in many 

hinese (Chen 1 9 7 2 ) , and in a nurrber of other 

e Ohala 1975, Bhat 1975, for references). The 

as a result of an articulatory effect (velic 

the rasal being rraintained or anticipated in 

ausing a perturbation (nasalization of the 

is irterpreted by listeners as intended and 

i ngui stic code. 

Acoustically-based changes 
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similarity between /pj/ and /t/ is acoustic, not 

articulatory. In sorre ways, this kind of change would seem 

to be an identical process to the one involving the 

development of pitch distinctions from voicing aistinetions. 

The difference is that the effect of voicing distinctions on 

pitch differences is manifested in a consistent way in all 

facets of the signal: articulatory, acoustic, and 

perceotual, while this does not occur in the /pj/ to /t/ 

change. Specifically, the pitch Perturbation is manifested 

as a changed rate of vocal fold vibration (an articulatory 

effect), as a changed funaamentai frequency (an acoustic 

effect), 3nd as a changed pitch sensation (a perceptual 

effect). The similarities causing the change from /pj/ to 

/t/ are not manifested articu latori ly, 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 correspondence between sorre 

articulatory events and the resulting acoustic results. 

Specifically, the complex transformation from articulatory 

shape tc acoustic output can cause two different 

articulations to "converge" in the acoustic domain. This 

convergence is the rrcst important factor in the development 

cf TyDe (III) changes. 

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

which are discussed in Chapter Uf where /«p/ became /o/. 
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/at/ became /e/, and /ak/ became /ae/. It is shown that the 

old and 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 

device would not show the similarities that show up in an 

acoustic image. If only an acoustic medium permits a change 

to occur, the change is acoustic-based . Accordingly the 

changes have been called acoustic-based, by Sweet (1*99:23), 

Von Ess^n (1964), Ohala (1974b), Thurgood and Javkin (1975), 

and vichailovsky C|975). Only the fact that speech 

oercection occurs thrcuqh an acoustic mediurr oermits these 

kinds of similarities to be detected and thus to influence 

phonological charges. In Thurgcod and Javkin (1975), we 

argued that such explanations of changes should be accepted 

because of their similarity to the development of nasalized 

vowels in the environment of nasal consonants. The same 

argument is made in Chapter A. However, the fact that there 

are similarities between the two explanations should net 

obscure an important difference. The development of 

nasalized vowels in the environment of nasal consonants is 

not due to two different articulations resulting in similar 

acoustic outputs. Rather, these cases of nasalization of 

vowels are Type (II) changes, in 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 (III) change. Ohala 

(1975:303) has suggested a possible explanation for this 

change : 

because of the open glottis during phonation 
accompanying ar Th} (or breathy voic e ) , the 
spectrum of the vowel will be changed in the 
following ways: there will be an upward shifting 
of the formants, especially F1 (Ohala 1974 b ) , 
increased bandwidth of the forrants, presence of 
anti-resonances in the spectrum and an overall 
lowering of the amDlitude of the vowel (cf. also 
Fant 1973:S, Fujimura and Lincqvist 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 
proauced on the vowel. 

Note that in the changes discussed above, the only 

relevant characteristic of the perceptual mechanism has been 

its resolution. In Type (I) and Type (II) changes, it was 

important to determine whether the perceptual mechanism was 

able to perceive an articulatorily-based perturbation. If 

the perceptual system did not have that resolution, or was 

not cf a type that cculd perceive the changes, we would not 

expect a change to occur. In Type (III) changes, a chance 

cculd not occur if the perceptual mechanism could too easily 

distinguish between the new and older forirs. Although, as 

nct e d above, such lack of resolution does not appear 

amenaole to quantification, resolution is still the issue. 

In other words, for Type (I) and Type (II) changes to occur, 

the magnitude of the perturbation must be above some 
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threshold determined by the perceptual system. For Type 

(III) changes to occur, the magnitude must be bel.ow sorre 

thresho Id . 

lY-ELS ( I ¥ ) : E£C£§G*y§Iiy."ba sed changes 

The perceptual rrechanisir can, in addition, produce 

perturbations of its 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 (IV) change involves a relatively weak 

tendency of the perceptual apparatus to distort the incoming 

signal. In Chapter i , I will show that a tcnal contour is 

perceived as occurring after a spectral contour when the 

two, in fact, occur simultaneously. There is, in other 

words, a "bias" en the part of listeners, so that they hear 

tone changes as occurring somewhat later than they actually 

cc in relation tc changes in the spectrum. This appears to 

have led to a number of sound changes in which tones have 

spread into following syllables, and have prevented (for the 

most part) the appearance of tone spreading in which tones 

spread into preceding syllables. In a number of cases, the 

sound change new appears as a synchronic rule. 

^ ^§1?D§?- 9.1 §!D§iI differences 

The results cf the experiment reported in Chapter 6 

show that the perturbation is relatively small, of the order 
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of 10 ms. This is less than most accounts 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 

(1963a, b, 197C) fourd the minimum difference for judgments 

of simultaneity to be about 15 ms and reports that attentive 

listeners can better this considerably, to about 5 ms. It 

is not clear that minimum differences are the proper 

criterion for determining whether an effect is great enough 

to influence phcnolcgical developments. The concept of a 

threshold above which DSychophysicaI events are perceived 

has come under serious attack in recent years. A number of 

investigators have suggested that such a concept of 

threshold does not take into account the distribution of 

subjects' responses. This has led to the development of the 

theory of signal detectabi lity (TSD). I will briefly 

describe the theory both to defend the notion of ignoring 

jnd's and to lay the groundwork *or the way in which the 

results described in Chapters 5 and 6 should be viewec. 

(For more complete treatments, cf. Swets 1964, 1973; Egan 

and Clark 1966; Tanner 1960, 1961.) 

The proponents of TSD have noted that threshold is 

simply "a statistically defined point, meaning that it is an 

arbitrarily defined point and that some sensing and 

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

Perhaps the major implications of TSO for 
perceDtual research involve its insistence that 
the threshold concept itself may have dubious 
validity. In fact, the empirical shape of the ROC 
(relative operating characteristics) denies the 
existence of the threshold, i.e., denies the 
existence of occasions (trials) in the usual 
perceptual research situations in which the 
subject purely and simply guesses at the identity 
of the stimu lus . 

The theory holds that the quality which defines a 

subject's ability tc detect a stimulus in noise is a ratio 

of two distributions rather than a threshold. (All input to 

the subject is held to contain noise. For auditory stimuli, 

even the quietest listeninq ccnoitiors are contaminated by 

the subject's own heartbeat, the spontaneous firing of 

neurons, etc.) The ratio defining the subject's ability to 

hear a sound in ncise consists of the probability of his 

giving an "I hear it" response when a signal occurs along 

with the noise, divided by the probability of giving an "I 

hear it" response w h©n noise alone is present. This is 

defined as the likelihood ratio. Listeners are assumed to 

heve 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 

probabiIity. 

It should be noted here that, while the likelihood 

ratio as described above refers to the presence or absence 

of a signal and describes what has been 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". Once again, the question that detection 

theory seeks to arswer is not whether the subject can or 

cannot "recognize" the difference between two stimuli, but 

rather, what the likelihood ratio of the sutject's 

recognition is. An unbiased subject (i.e., one without a 

tendency in either direction) will have a likelihood ratio 

equa I to 1. 

Let us now return to the question of whether a small 

perceptual effect can cause a So^nd change. The 

distribution cf the listener's input and his responses 

overlap. The means of the two distributions are different, 

but the aistriPutions overlap tc a large degree. Let us 

assume that the duration of the tone Droduced by the SDeaker 

has a normal distribution clustered around the end of a 

syllable. In acdition, let us assume that the listener's 

perception of when the tone ends also has a normal 

distribution, but that the variance is somewhat greater. 

(The listener *dds the effects of his errors to the effects 

of the speaker's errors. The result is a convolution of the 

distributions of the speaker's production and the listener's 

perception. The result is a larger variance than the 

variance of the speaker's production.) If both distributions 

h?ve the same mean, the two distributions can be graphed as 
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f o l l o w s : 
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Figure 3 

Distribution of Speakers' Production (solid lines) and 
Distribution of Listeners' Perception (dashed lines) 
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(The solid line represents the variance of the speaker's 

production; the dashed line represents the variance of the 

listener's perception.) 

Let us look at what happens toward the extreme points 

within the distribution, the so-called "skirts" of the 

bell-shaped curve. The question of relevance here* in terms 

of the theory, is what is the criterion for initiating a 

change. The critericr value relative to a perturbation, or 

relative to listeners' perception, has not been established. 

Let us assume a relatively large criterion, one greater than 

the difference between the means of the two distributions. 

In other words, only perceots of the end of the tone thst 

differ by a relatively large amount can cause a sound 

change. Only effects greater thsn the criterion value can 

cause a sound change. The criterion values (Q) are given in 

Figure 4. These are effects to the left of the left dotted 

line or to the right of the right dotted line. 



20 

Figure 4 

Distribution of Speakers' Production (solid lines) and 
Distribution of Listeners ' Perception (dashed l ines) 
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Tone spreading could still occur, but in either direction, 

if listeners learn 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 sometimes producing an epenthetic step. 

The spreading would be anticipatory if listeners perceived 

the tone as changing before the end of the syllable. The 

spreading would te perseveratory if listeners perceived the 

tone as changing after the end of the syllable. 

Evidence will be given in Chapter (-. that tones do 

"linger" somewhat. The effect can be illustrated as in 

Figure 5 . 
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Figure 5 

Distribution of Speakers' Production (solid lines) and 
Distribution of Listeners' nerceotion (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 v a l u e s . The distance between 

these two lines is still less than the criterion value. 

However, observe the effects on the number of perceived 

vclues occurring earlier than the criterion before the 

speaker's Droduction and the number of perceived values 

occurring later than the criterion following 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 listener 

perceives a auratior falling to the right of the criterion 

will increase considerably. As a result, there will be more 

cases of persever ative tone spreading than anticipatory tone 

spreading occurs. This fits well with the linguistic data, 

as will be seen in Chapter 6. 

The listener's oercegtion of his own speech. 

There is another problem that must be faced here. It 

can be argued that the listener's perception of his own 

sceech is distorted ir the same way that the speech of other 

speakers is aistorted. This, so the argument goes, would 

prevent perceptual distortions from having any phonological 

effect. In other wcrds, the speaker produces tones which 

the listener hears as "lingering". If the listener nroauces 

his own speech without adding the "lingering" effect, 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 

effect. 

This is a cogent argument, and it would militate 

against the explanation offered here for perseverative tone 

spreading, as well as against the explanation offered fcr 

the longer duration of vowels before voiced consonants in 

Chapter 5, if it stood unchallenged. In response, it must 

Le noted that listeners do not perceive their own speech in 

the same way that they perceive that of other speakers. The 

listener's perception of his own speech is not limited to 

the auaitory channel; it includes kinesthetic information 

from his own vocal gestures. Such kinesthetic feedback 

provides 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 a 

v T y different sort than the auditory information he 

receives as to the speech of others. This information is 

different in at least two ways. First, the information is 

distorted by the very powerful transmission of sound from 

the vocal tract to the ears that occurs through the skull. 

Since skull trarsmission characteristically passes low 

frequencies much more than high frequencies (because of the 



25 

skull's mass) a distortion is created. Second, there are 

two muscles, the tensor tympani and the stapedius, which 

protect the ear from very loud sounds such as those that 

reach the ear during speech by changing its mode of 

vibration (Dallos 1 9 7 2 : 4 7 5 ) . This also distorts the 

listener's perception of his own speech. In particular, 

these two effects, which lower the frequency response, 

reduce the temporal resolution available to the listener 

through 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. 

^ojir! ^yC2.i.l2D differences associated wi.th the 

y2i£§^^voice less distinction 

Another example of a Type (JV) change is the result of 

a perceptual error made by listeners which is so pervasive 

that it causes a phonological universal. In Chapter 5, 

experimental evidence is provided which shows that vowels 

before voiced consonants are perceivea as longer 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 every language that 

has been studied tc the present time. It also explains the 

origin of a development in English and Latin, where, in many 
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ration difference replaces the 

following obstruent in many 

em that vowels before voiced 

o be longer than they actually 

environments, the vcwel du 

voicina distinction of the 

environments. It wculd se 

consonants are always heard t 

are . 

Cone lusion 

In conclusion, four types 

changes have been identified. 

Table 1 . 

of ohonetic ' causes of sound 

The taxonomy is described in 



T a b l e 1 

Type Defining Characteristics 

I occasional articulatory 
perturbation -- when 
chanqe occurs, pertur
bation simply ccmes to 
be used consistently 

II articulatory perturbation 
always occurs -- change 
occurs when speakers 
hear perturbation as 
primary cue 

III acoustic convergence 
of two sounds with 
different articulations 

IV perceptual perturbation 

Features 
Necessary 
for Change 

perturbation 
perceptible 

oe rturbati on 
perceptible 

acoust i c 
similarity 
between old 
and new sounds 

sufficient 

perturbation 

Loss of a 
Di st inction 

no 

yes 

yes 

sometimes 

E xamp les 

ClsD — > CltsD in English 
Clow tone — > Clow creaky} 

in Cantonese 

voicing contrast — > tone 
contrast, in many Chinese 
dialects . 

Cap] — > Co] 
CatD — > CeJ in Lisu 
CakD — > [3,3 
CPjD — > Ct3 in Czech 

dia lects 

vowel lengthening in English 
and Latin 

perseverative tone spreading 
in West Africa 

tv) 
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Type (I) includes clear cases of articulatorily-based 

changes. Although a vast number of examples are not 

available, the explanations are very straightforward. The 

perturbation must be simply perceotibie, and occur with 

sufficient frequency, in order to allow the change to occur. 

Type (II) changes are also articu latory-based , although the 

perceptual mechanism is somewhat more strongly implicated. 

Net only must the perturbation be perceived but, in 

addition, the distinction causing the perturbation leading 

to the change must be lost. Type (III) changes have been 

called acoustic-basec by a number of researchers. 

Articulatory factors cause an acoustic perturbation which 

causes a sufficient acoustic similarity to another sounc; 

this other sound corres to replace the original sound in the 

languaqe. The "acoustic-based" label is justified, since 

such changes would net occur if an acoustic medium were not 

employed in the transmission cf speech. Type (IV) changes 

are the result of a perceptual perturbation which comes to 

te produced by speakers. 



CHAPTER 2 

Epenthetic Stops Between /I/ and Sibilants C U 

ABSTRACT 

A sound change appears to be developing in English 
in which a It/ is inserted between /I/ and a 
following / s / , so that words such as "pulse" 
/p^ls/ are coming to be pronounced as / pA 11 s / by a 
number of SDeakers. In addition, a small number 
of words in some Indo-European languages have 
developed /stl/ for Indo-European /si/. The 
epenthesis cf /t/ is explained in terms of the 
failure of speakers to release the contact for /I/ 
(or /s/) before assuming the contact for /s/ (or 
/ I / ) . The fact that English is not developing an 
epenthetic /d/ between /I/ and Izl, which have 
similar articulatory patterns is shown to have two 
possible explanations: either the weaker burst of 
/d/ makes it less oerceDtible in this e nv i ronrrent, 
or the fact that /I/ and Izl never come together 
in Enalish except at word or morpheme boundaries 
causes a different temporal organization of the 
two gestures. Articulatory factors are clai-ned to 
be of Dri-nary importance in this type of change. 

A sound change appears to oe occurring in English 

which, although it irvolves only a small number of words, is 

nevertheless significant as an example of a change whose 

origins are largely articulatory. A number of words with 

III + /s/ sequences are developing epenthetic /t/, so that a 

word such as 'false* HOlsl is becoming HOltsI in the 

production of a number of speakers of American English. A 

partial list of the words fulfilling the conditions for the 

change appears below: 
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else Cls cits 
pulse pAls pAlts 
false fJls f^lts 
convulse kanvAls k a n v M t s 
calcify kaelslfaj k a M t s I f a j 

The epenthetic /t/ occurs rather consistently for 

certain speakers, who do not appear to form a coherent 

dialect. Other speakers have this form some cf the time. 

This epenthesis is very similar to an epenthesis found by 

Phelps (1937) tc occur in a number of Indo-European 

languages. C2] An /si/ seauence is reconstructed for indo-

European, which has become /stl/ in a number of daughter 

languages, before urdergoing further change in a nurcber of 

them. Phelps reports the change to have occurred in Latin, 

Greek, Breton, and Czech. The explanation given by Phelps 

also applies (in reverse order) to the on-going change in 

Fnglish. Phelps notec that the areas of contact between the 

tongue and pa late for /s/ and /I/ are complementary in that 

the gesture for /s/ closes off all but a small area at the 

front of the alveolar ridge, while /I/ closes off a small 

area on'.y at the front, leaving an opening at the sides. If 

the /s/ contact is not released before the /I/ contact 

occurs, the result will be closure all around the alveolar 

ridge. Such contact constitutes a /t/ or /d/, depending en 

whether voicing began with the onset of alveolar contact or 

with the offset of lateral contact. The areas of contact on 
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t he p a l a t e are shc^n by t h e l a r g e r d o t s on the o u t l i n e of 

the p a l a t e i n F i g u r e 1 . 
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Fhelps suggested that this kind of error in production 

would occur as a result of the fact that the tongue tip is a 

very fast articulator, which moves up to the /I/ position 

before the sides cf the tongue can release their contact. 

This explanation, however, cannot apply to the case of /Is/ 

to /Its/ in Enolish. For this to occur, the sides of rhe 

tongue must make contact too auickly, before the tongue tin 

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 insertion of /t/. 

father, speakers simoly make an error in timing, and fail to 

release one area of contact before completing another, 

presumably, listeners would learn words which originally had 

/si/ Cor in the case of Ennlish, /Is/) as having the 

epenthetic /t/, thus producing the change. 

The change in English seems somewhat curious aiven the 

fact that a similar ch3nqe has not occurred with /lz/ 

sequences, that wcrds such as 'falls* Mo lz/ have not 

developed into /faidz/ even in those speakers who regularly 

use the /fDlts/ form for 'false'. In order to study this 

phenomenon, and to confirm the observations regarding the 

epenthesis of /t/, a method for determining contact between 

the tongue and palate was used. 

1*2 Bii§t22C§.°bi£ studies 

There were several que stions that pa latographic data 
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might answer involving epenthetic stops between /I/ and 

alveolar sibilants. 1) Would stops occur accidentally in 

/si/ sequences, thus confirming Phelps* observation? 2) 

Would stops occur accidentally in /Is/ sequences, thus 

confirming the observation here? 3) Would differences 

between /Is/ and /lz/ emerge that ^oula show why epenthetic 

stops are developing between /I/ and /s/ but not between /I/ 

and Izll 

Methods 

The method fcr determining tongue-palate contact used 

for these studies is an apparatus for dynamic p a l a t o g r a p h 

similar to systems develoDed by a few other investigators: 

<uzmin (19*2), Kozhevnikov and Chistovich (1965), Harccastle 

(1968,1969), Shibata (19^8), Fujimura, Tatsumi and Kagaya 

(1973), Fletcher (1975). 

A dynamic palatcqraph consists of a sta-plate (or 

orthodontic retainer) with a series of electroces embedded 

in the sta-plate so that they are exposed on the inferior 

(tongue-facing) side. The electrodes are attached to 

narrow-gauge wires which are joinso onto a cable that leads 

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

such device. 
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Each wire is connected to a separate amplifier. A 20 KHz AC 

signal is applied to the body at 0.1 volt rms. At the time 

of this exDeriment, the current was applied at the wrist, 

using a copper electrode and standard electrode paste. More 

modern practice calls for the current to be applied at the 

cack of the neck, in order to minimize the distance the 

current must travel. 

When the tongue touches an electrode on the artificial 

palate, this corro'letes a circuit which registers as an 

increase in voltage 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 (formally 60% of the voltage applied to the 

body) contact has taken place. when it is less than this, 

contact has not taken place- The change in voltage can be 

aetermined either by adjustable analog circuits or by 

software. Analog circuits were used in these studies. 

The Linc-f? computer was used to record the 

P2latographic record on digital tape together with a 

relatively coarse-grained form of the amplitude wave of the 

speech signal. The Lir.c-8 has a CRT display. Each sample of 

tongue-palate contact is analogous to a single movie frame. 

The amplitude wavefcrm of the entire utterance is shown at 

the bottom of the display. A cursor on the amplitude 

waveform co-ordinates the tongue-oa late sample to the proper 
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place on the waveform. Fiqures 3 and A provide examples of 

the contact pattern for the words "false" and "falls". 
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The sampling rate of the computer record was 2 ms. The 

amplitude waveform was also recorded on an FM tape recorder. 

The audio signal was recorded on a direct track of the FM 

tape recorder. The recordings were made in the computer 

room. Noise from the teletype attached to the computer and 

from the computer's cooling fan was evident in the amplitude 

signal. This was somewhat minimized by keeping the 

microphone as close as possible to the subject. All the 

relevant speech sounds were identifiable from the amplitude 

waveform. 

Lin^t pa l.§i.2Sr.2p_h i c study_ 

A number of wcrds were selected and put into a 

randomized list. Each word occurred a 'ninimum of 4 times 

»nd a maxinum of S. Two words were included which actually 

included the stops, in order to comoare them to words that 

might have the eperthetic stops. The words were the 

following: 

false 
falls 
pulse 
pu I Is 
colts 
colds 
pills 
I Ise 
utensils 
s lop 

/f*ls/ 
/faiz/ 
/phAls/ 
/phUlz/ 
/khowlts/ 
/khowldz/ 
/philz/ 
/Ilsa/ 
/ j uthen s» Is/ 
/s lap/ 

Although it had criginally been planned that "* subjects 
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would participate in this test, two had to be eliminated. 

One subject, who appeared to have alveolar /I/ in a pre

test, was found tc substitute /w/ in most of the test words. 

(Such substitutions are not uncommon in American English, 

especially for /I/ preceding stops, in words such as 'milk 1. 

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 study. A shorter study 

was subsequently done with this subject, however, which is 

reported later in this chapter. The results of the one 

subject, for whorr p a latogr ap hi c 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 alveolar 

stop occurred. A drop in amplitude 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 

onset of a fricative. The column headed "Amp Drop" provides 

the number of times that amplitude dropped to the level of 

the noise in the room. 
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Table 1 

Results of first p a l a t o g r a p h i c study 

Complete Amn Number of 
Closure Drop Samples 

false 1 4 4 
falls C 3 5 
pulse C- 8 8 
pulls • r, ? 4 
colts 7 7 7 
colds 9 8 9 
pills C 4 8 
U s e n 4 5 
utensils C 5 6 
slop 5 8 8 

Of the words with orthographic /t/ and /d/ between / I / and 

the s i b i l a n t , complete closure was recorded 7 out of 9 times 

in the case of 'colds' and 7 out of 7 times in the case of 

•colts'. The stOD occurred e p e n t h e t i c a I ly only once between 

an / I / and a following sibilant, in the word 'false' on one 

of the four tirres it was spoken- h o w e v e r , nothing in the 

contact pattern fourd here, nor in the timiny of the 

gestures of / I / and the two sibilants (with the exception of 

the one occurrence of the stop in 'false') suggest that it 

Could not have as easily occurred with a voiced s i b i l a n t . 

In words both containing the voiced and the voiceless 

sibilant, the / I / cortact completely e n c l o s e d the small area 

which was released to form the narrow g r o o v e for / s / or / z / . 

The change from / I / to the following sibilant was always 

completed within 1 ? m s , in both the voiced and voiceless 
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versions. This suggests that epenthetic stops are as likely 

to occur as an accident, in this environment, with either 

voiced or voiceless sibilants. 

A further observation to be made from the data en /I/ 

and following sibilants is that the arrolitude signal dropped 

to the noise level in most of the samples (52 of 6 4 ) . 

Although the amplitude drop occurred in nearly all the 

samples in which closure occurred (2D of 2 1 ) , this still 

left 32 occurrences of an amplitude drop developed without 

closure along the alveolar ridqe, as determined by the 

palatograph. The effects of this will be discussed later in 

this chaDter. The most interesting fact involved the 

surprising number of times that complete closure occurred in 

the word 'slop 1: 5 out of S t i m e s . Given the fact that 

[stl3 and CsalT are impermissible sequences for English 

phonology, the nuirber of occurrences cf the stop in this 

environment seems extremely high. Of further interest is 

the fact that these stops are not oerceived by listeners --

several trained phoneticians 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 U D 

between two other alveolar consonants. The stops for this 

speaker were voiced, so that the release burst of the stop 

into the /I/ was considerably less than it might have been 

if the stop were voiceless. In fact, the question of the 



44 

perceptibility of /d/ between /I/ and following a sibilant 

is also relevant tc the failure of /Idz/ sequences to 

develop in English. Before proceeding with a discussion of 

this point* however, I will discuss a brief test which was 

run on the one subject for whom oral air oressure data was 

available, but whose palatograph did not behave with 

sufficient consistency to allow the use of the full word 

list. 

Second p_a la tograr hi c study_ 

This shorter stucy consisted of 12 words or phrases, 

within the frame " again". The Procedure was 

otherwise as described above. The words were: 

false 
falls 
pu I se 
pulls 
halls 
sills 
s lop 
calls 
call Sue 
call zoo 

/ f s l s / 
/ f 3 l z / 
/ o h A l s / 
/phU l z / 
/ h a l z / 
/ s l l z / 
/ s U p / 
/ k h a l z / 
/ k h a l s u / 
/ k h a l z u / 

The r e s u l t s a r e g i v e n i n T a b l e ? . 
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Table 2 

Results of second pa latographic study 

false 
falls 
D U I se 
pulls 
halls 
sills 
s lop 
call S ue 
call zoo 

* anp I itud 

Comp lete 
Closure 

1 
1 
1 
1 
n 
1 
1 
0 
0 

e dropped into 

Amp 
Drop 

1 
0 
1 
0 
0 
0 
1* 
1 
0 

the noise 

Number of 
Samp les 

1 
1 
1 
1 
1 
1 
1 
2 
1 

af ter clos 

There was a bad recoroing of pa I atographic contact on the 

second occurrence of "call zoo". Complete closure occurred 

in all the utterances with the exception of the word "halls" 

and in the two-word utterances "call Sue" and "call zoo". 

Once again, the patterns of contact were essentially the 

s^me for the utterances containing the voiced anc voiceless 

sibilants. There were differences, however, in the patterns 

of oral air pressure. The pressure oeak was greater in the 

voiceless cases. In addition, while the air pressure in the 

voiceless stop-ard-sibi lant combination quickly reached a 

near-maximum and then slowly increased, pressure gradually 

built up to a maximum in the voiced stop-and-sibi lants and 

then gradually decayed. 
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Similar differences between the pressure patterns for 

voiced versus voiceless consonants have been presented by a 

number of investigators (falicot 1955, 1966, Ladefoged 1963, 

Arkebauer, Hixon I Hardy 1967, BroHn & McGlon e 1969, Kent % 

Poll 1969, Lisker 197C, Malecot 1970, Warren I Hall 1 9 7 3 ) . 

There, although the data from the current experiment 

represents a very small sample, there is no doubt that the 

differences between the voiced and voiceless cases are to be 

trusted. Finally, before proceeding to the discussion of 

the two experiments, one further observation should be made. 

In the second experiment, the amplitude droD between the /I/ 

and the sibilart occurred for both of the voiceless 

sibilants 3nd none of the voiceless. 

M s c u s S22Q 

The Da I atographic data gathered in these studies 

confirms Phelps' observation concerning the origin of 

epenthetic stops between /I/ and sibilants. If the contact 

necessary for /I/ "overlaps" with the contact for /s/ or 

/z / , complete closure will occur, so that a stop closure 

will be formed. The pal atographic patterns of contact do 

not reveal any reasor why eDenthetic stops should develop in 

the case of /I/ followed by a voiceless sibilant but not in 

the case of /I/ followed by a voiced sibilant. The voiced 

and voiceless sibilarts haa the same contact patterns. The 

articulations of both would lead to complete closure of the 
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/I/ contact were net released in time. Furthermore, the 

timing of the gestures were essentially the same, so that 

this also fails to explain the failure of an epenthetic /d/ 

to develop. 

EQS-Slti6. C?-3sons for the lack of /lz/ --> /Idz/ 

There are twe possible explanations for the fact that 

epenthetic stops are developing between /I/ and /s/ but net 

between /I/ and / z / . Cne is based on the lesser 

perceptibility of /d/ versus Ixl oetweep a n /I/ and a 

following sibilant. The other is based on the fact that 

Irclish permits /lz/ clusters only at morpheme touncaries, 

while /Is/ clusters can occur within a morpheme. 

Is. /Idz/ difficult l£ P.erceive? 

The differences in pressure suggest an explanation. 

The cues for the presence of an alveolar stop in an 

environment between two alveolar consonants are relatively 

scarce. There are no transitional cues. The stops are of 

relatively short duration. One cue for the cresence of a 

stop, of course, would be the presence of a period of 

silence between the /I/ and the following 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 
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occur is probably due to the fact that it takes a short time 

for sufficient pressure to build up in the oral cavity to 

provide fricative noise. A listener, therefore, hears 

almost exactly the saire thing regardless of the presence or 

absence of a step in this environment, with one exception. 

That exception is the burst characteristic of the release of 

the stop into the sibilant. If a stop is present, there 

will be a momentarily high fricative noise level, which will 

decay rapidly. This burst is smaller in the case of a 

voiced consonant, simply because the pressure build-up is 

smaller. The differerce can be seen in the overall amplitude 

of the stop bursts measured by Halle, Hughes and Radley 

(1957). The result is that the one cue available to the 

listener that a stop has occurred is less strong for a 

voiced than for a voiceless epenthetic stoo. Therefore, 

although both types of stops probably occur with similar 

frecjuencies accidentally, only the voiceless is likely to be 

noticed by listeners, so that such steps are less likely to 

become part of the listener's code. 

Ihx 2££.yLCiD0.?. 2f /^z/ i.n other languages 

Tests to determine the relative perceptibility of /Its/ 

clusters versus /Idz/ 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 /I/ on the perceptibility of the /dz/ and /ts/ clusters 
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should be similar. The /I/ will obscure the consonantal 

transitions of both scunds. If the smaller amplitude burst 

of /d/ relative to /t/ causes the /d/ to be less perceptible 

when the consonants are followed by a sibilant, one would 

expect /dz/ sequences to occur with less relative frequency 

than /ts/ sequences in the world's languages. Furthermore, 

if /d/ were relatively imperceptible in this environment, 

one would expect that phones consisting of CdzD sequences 

would tend to alternate with CzK phones and be members of 

the same phoneme irore frequently than would be the case with 

the phones CtsU ar-d [si. In other words, if the contrast 

between CQzD and Cz] is relatively imperceptible, that 

contrast would not be used in many languages. 

In making this kind of assessment, it must be borne in 

>r»ind that voiced consonants occur less freouently than 

voiceless consonants (Trubetzkoy 19?9). This factor can be 

taken into account, however, by coT.paring the number of 

times /ts/ and /dz/ occur with the number of times that /s/ 

and /z/ occur. Even if CazD sequences were perceDtually 

salient for speakers, we would still not expect them to 

occur as frequently (relative to CtsD) as CdT and Zzl 

(relative to CtD and [si). 

A Count was obtained of the number of times that each 

of the sounds above occurred in the languages 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 prepared by the Archive staff provided the 

languages in which each of the sounds appeared as non-

alternating phones (the only phone in a p h o n e m e ) , main 

allophones, cr secondary allophones. Some of the 

tabulations described below had to be cone by hand. C?D The 

results are given in Table 3. 

Table ? 

The occurrence of denta I /a I vec lar 
stops, affricates and fricatives 

t cr d ts or <Lz s or z 

Voiceless 198 F4 198 

Voiced 169 U2 89 

In assessing the numbers given in table 3, I will use a 

statistical approach used in Ohala and Lorentz (1977). One 

mioht suppose thct the probability that /ts/ and /dz/ 

affricates w i n occur in the world's languages might be 

related to the probability that /t/ and /s/ will co-occur; 

the probability that /dz/ will occur would be related to the 

probability that /d/ and Izl will co-occur. The probability 

that /t/, / s / , Idl and Izl occur can be taken from the table 
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above. Dividing the rumber of languages in which each of 

these sounds occur by the total number of languages in the 

sample (221) provides the probability of occurrence. The 

probability of occurrence of /t/ and /s/ is calculated ty 

multiplying the independent probabilities that /t/ and /s/ 

occur; the probability that /d/ and 111 will co-occur is 

calculated by multiplying the independent probabilities that 

161 and Izl occur. The probability of co-occurrence can then 

be translated intc the number of languages expected to have 

a co-occurrence by multiplying by the sample size. The 

results are given in Table 4, rounded off to t*o significant 

digi ts . 

Table 4 

Statistical analysis 

(p)t = 193/221 = .90 

(p)s = 198/221 = .90 

(p)t and s = (p)t x (p)s = 

(p)d = 169/221 = .76 

(p)z = 89/221 = .40 

(p)d and z = (p)d x (p)z = 

.51 = 179.0 languages 

= .31 = 68.5 languages 

Thus, /ts/ occurs less frequently (84 languages), in 

relation to the number of languages in which its individual 

sounds can be expected to cc-occur, t han /dz/ does (44 
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languages). This suggests that /dz/ is not a disfavored 

cluster, but does not answer the question of how distinct it 

i s f rom I zt. 

To determine how distinct Tdz] was from Cz3, I counted 

the number of times that Cdz 1 was an alternant of CzD, with 

both phones being part of the saje phoneme. A computer 

program provided the segment inventories and a guide as to 

which languages should be examined, but the inventories were 

searched by hand. All languages in which Cts3 and [dz3 

occurred w r e examined. The data leading to this count was 

checked twice. The results were the following: there were a 

total of 4 alternations between CdzD and Cz3, and 3 

alternations between CtsT and L"sD. This is very weak 

support for the hypothesis that rdz3 and Czl are relatively 

i nci stinct. 

I searched for all the languages which had all six 

phones: CtU, [tsl, Lsl, CdD , tczl, and CzD. There were ILL 

such languages. In this group, there were no alternations 

between L~ts3 and CsT, and two alternations between CdzD and 

CzD. This is very weak support for the hypothesis that [dz] 

and CzT are indistinct. 

I searched for all the languages which contrasted [dzT 

and CzT, and those which contrasted L~ts] and CsU. This 

included all cases ir which the contrasting pairs were 

members of different chonemes. This count should be 
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exair.inea with the count of the languages in which Cts3, 

Cdzl, CsD and CzD occurred. The numbers obtained are given 

i n Tab le 5. 

T a b l e 5 

Constrasts between affricates and fricatives 

Voi cele ss 

All languages with Cts3 or TdzD 84 

All languages with HsD or Lzl 198 

All languaaes contrasting 
Tts] and CsJ cr TdzD and Cz3 80 

Voi ced 

42 

F9 

?? 

We can comDare the number of languages which contrast 

the pairs /ts/ and / s / , and the pair /d?/ and lzl, to the 

Probability of co-occurrence of each of the p a i r s . I have 

calculated the cronabiIities, which are given in Table 6, 

according to the Tethcd used in ohala and Lcrentz (19 7 7 ) . 
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Table * 

Statistical analysis 

(p)ts = 84/221 = .38 

(p)s = 198/221 = ,9C 

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

(p)dz = 42/221 = .19 

(p)z = £9/221 = .40 

(p)dz and z = (D)dz x (p)z = .076 = 16.8 languages 

.34 = 75.1 languages 

75.1 lanauaaes can be expected to have a co-occurrence 

of /ts/ and Is/; SO languages actually have a contrast 

between these two sounds. 16.3 languages can be expected to 

hsve a co-occurrence of /dz/ and Izl; 23 lanauaaes have a 

contrast between them. Thus both pairs contrast more 

frequently than cne would expect them to co-occur. 

Furthermore, co-occurrence is not the same thing ?s 

contrast. The rumber of languages in which two sounds 

contrast can never exceed the number of languages in which 

they co-occur, but the opposite can be true. The fact that 

the number of languages have a contrast between /dz/ and Izl 

exceeds the number of languages which woula be expected to 

have a mere co-occurrence shows that we cannot conclude that 

contrasts between /az/ and Izl pre unlikely. Taking into 

account the fact that Zdzl alternates with [z] in only four 
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languages, but contrasts in 2 3 , it is obvious that contrast, 

rather than alternation, is the general tendency. This does 

not support the hypothesis that Cdz] and CzD are very 

similar perceptually. 

The contrast of /dz/ and Izl 

The preponderance of the evidence suggests that /dz/ is 

a cluster which can contrast with Izl. Although /dz/ occurs 

less freauently than /ts/, and participates in fewer 

contrasts, this is part of a general tendency favoring 

voiceless obstruerts. Although part of the reason for that 

tendency is perceptually-based (i.e. the weaker burst of 

voiced stops, even if a sibilant does not follow), the 

tencency is not sufficient to prevent the occurrence of 

voiced obstruents or clusters of voiced obstruents such as 

/Idz/. Since that tendency is partly based on the lesser 

perceptibility cf voicec obstruents, it could be argued that 

the perceptual factors helpino to form that tendency make 

the development of epenthetic voiced steps less likely. 

This is Dartly true. However, while the tendency makes the 

development of such stops less likely, it does not prevent 

them. Voiced clusters such as /Idz/ do occur. They are 

heard by listeners, who learn to produce them. English 

listeners are accustomed to hearing such clusters. 

Moreover, the tendency is only partly based on perception. 

The fact that obstruents reduce the trans-glottal pressure 
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drop needed for voicing may account for much of that 

tendency. Given the evidence just gathered that /dz/ 

clusters are not stronqly "disfavored" by the world's 

languages, it seeus unlikely that the reason for the failure 

cf epenthetic /d/ to develop in English between /I/ and a 

following sibilant is due to *he lesser perceptibility of 

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

^orghological constraints of Fng^ish for /Is/ and /lz/ 

In fc'nqlish, /lz/ and /Is/ occur under different 

conditions. All the words which potentially coula develop 

?n epenthetic 161 between an /I/ ^nd a following Izl contain 

a Tiorpheme boundary between these two sounds. The sound Izl 

fellows III only as the plural morpheme, as a possessive 

suffix, or as a third person singular marker. All the cases 

in which /s/ follows /I/ occur within a morpheme. This 

difference changes what is involved in the epenthesis of a 

stop in the two cases. For a stop to be inserted between an 

/I/ and an / s / , a speaker merely has to store the word in a 

p°w form in his lexicon. For a stop to be inserted between 

an /I/ and a Izl, the speaker must create a minor rule, 

since the /d/ cannot be assigned either to the stem or the 

suffix, as it does not occur in other environments. If the 

soeaker were to store the /d/ as part of the stem or suffix, 

he would have to introduce a rule aeleting the /a/ 

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

form. 

The fact that epenthesis does not occur when e word 

boundary separates /I/ and /s/ provides support for the 

hypothesis that the boundary between /I/ and Izl also 

prevents epenthesis. Phrases such as "tall Sam", "tell 

Sandy", "yell softly" do not contain the epenthetic /t/, 

even for speakers whc have the epenthetic IX.I within words. 

The non-occurrence of accidental eDenthes-is in "call Sue" in 

this experiment is suqgestive. The organization of the 

notor movements by the speaker "nay be different in cases 

where a rnorpheme or word boundary intervenes. The result 

could be a delay in the tongue gesture for the sibilant 

until the /I/ contact is released. C53 

/si/ and /stl/ 

The difficulty of perceiving alveolar stoos between 

alveolar consonants* as well as the English constraint 

against /stl/ clusters, are relevant to the data regarding 

epenthetic stoos between /s/ and following / I / . The 

appearance of complete closure in this environment in 5 out 

of 8 samoles in English for one subject, and in the one 

sample for another subject, is surprising. These steps were 

not perceived during this study and are not eve n during 

careful listening to the speech of the subjects. The fact 

that /stl/ and /sdl/ are not permissible sequences in 
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Enqlish undoubtedly plays a role. However, Phelps has noted 

that the lanauaaes that may have developed /stl/ sequences 

from Indo-European /si/ have frequently undergone further 

changes, in which the /t/ became another consonant in a 

numcer of languages in which this change originally 

occurred. In some cases, the /I/ changed or the /s/ dropped 

out. One of the nrost interesting cases involves the 

.ieve lopment of Vulgar Latin 'sclcppus'. This is reflected 

in Italian 'schioppo' (a g u n ) . The /t/ has become a /k/ 

possibly because of the difficulty in the perception of an 

/stl/ seouence. Incidentally, the / j / is a regular reflex 

of /I/ in Italiar ir post-occ lusive position. The phonetic 

basis of this change is one of the areas discussea in the 

following cha cte r . 

In conclusion, the the results suggest that the 

epenthesis of /t/ between /I/ and /s/ is due to the 

occasional occurrence of ?uch stoDS as a result of the 

failure to release /I/ contact before /s/ contact tegins. 

It also suggests that Phelps' observation concerning the 

epenthesis of /t/ between /s/ and /I/ in some Indo-European 

languages is correct. In the case described by Phelps, 

there is a failure to release /s/ contact before /I/ contact 

occurs. Phelps suggested that the change was due to the 

faster rate of tongue-tip movement compared to the rate cf 
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movement of the tongue 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 parts 

of the tongue, but rather the lack of precision in timing 

the two events, that is responsible for both changes. 

Finally, the failure of epenthetic stops to develop between 

/I/ and Izl in English appears to be due to the fact that a 

rrorpheme boundary always occurs tetween these sounds in 

Eng I i sh . 

The change, where it occurs, is essentially 

articulatorily-based. That its potential occurrence in 

Fnglish is restricted by facts about morpheme structure does 

not lessen its articulatory nature. It is therefore 

classified as a Type (I) change. 
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FOOTNOTES 

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

2. It has teen brought to my attention (Gary Holland and 
Carol Justus, Dersonal communications) that none of the 
words which Phelps gives as evidence for the epenthesis of 
Ct] have an established Indo-European etymology. The 
languages he cites as having undergone the change have lost 
Indo-Furopean CslT, but may have borrowed their (relatively) 
rare rst I] forms . 

3. In preparing these other tabulations, I noticed that one 
language, Yurak, had the phone Cdzl, despite the fact that 
the computer printout aid not list this language as having 
CdzH. This seems to have occurred because the recorcs of 
the Archive for Yurak were not complete at the time that the 
printout was oreoared. The Dhone CdzT thus occurs in 4? 
languages, altncugh a reader obtaining the same printout 
from the Archive would only find 41. 

4. This is a different view from that in Javkin and Ghala 
(1973), where we tentatively concluded that the lesser 
probability of Cd1 was responsible for the failure of Cd3 to 
develop between CI] and CzJ in English. Drachman (197?) hes 
noted that ClzT becomes CldzT in some dialects of Greek, 
which shows that such a development is not impossible. We 
never claimed it was. 

5. The fact that grammatical conditions can influence 
ohonoloqical processes is well established (cf. K. Pike 
1 G 4 7 ) . That influence has been thought to be the result of 
the way ohonological units are organized (e.g. Chomsky and 
Halle 196S) or of the necessity for signaling boundaries 
(Trubetzkoy 1939, Ccker 19 7 4 ) . Regardless of the cause (an 
interesting question, although I will not try to answer it 
here), there are many ohonological processes Dependent on 
grammatical boundaries. In Javkin 1975b, I found that 346 
out of 754 phonological rules in the files of the Stanford 
phonology Archive made reference to grammatical boundaries. 
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CHAPTER 3 

Palatalization of Fost-Occlusive and Geminate /I/ C13 

ABSTRACT 

Two related sound changes, the palatal 
geminate / I / in Spanish and of oost-oc 
in Italian, were investigated to determ 
they had a similar phonetic basis. The 
was formed that the two changes occurr 
these two types of /I/ involve a hi 
position (and therefore a higher secon 
than non-genr inate, non-pos t-occ lus i ve 
does not undergo the change. Acou 
confirmed the hypothesis for Soanish, 
Italian. The acoustic similarity 
occlusive /I/ to a palatal glide 
aopears to be responsible for the deve 
/CI — > Cj/ in that language. 

ization of 
elusive /I/ 
ine whether 

hypothesis 
ed because 
gher tongue 
d formant) 
/ I / , which 

stic data 
but not for 
of post-

in Ita M a n 
lopment of 

lQ£C2^yction 

In Chapter 2 I presented an exarrole of a sound change 

which 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 sounds to become Tiore similar. That similarity, or 

rather the increase in similarity can lead to a situation in 

which one sound changes into the other. Such a change 

occurred in the development of Latin geminate /I/ into 

Spanish / j / . A closely related change in Italian, in which 

post-occlusive / I / became / j / , was hypothesized to have had 

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

an acoustic effect, with articulatory features not playing a 
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major ro le. 

Qther £°.yQ£: £b.§.DS§§ iGvo^ving /_l/ 

The alternation of light or palatal /I/ with /]/ and of 

dark or velarized /I/ with /u/ or /*/ has been noted in 

several languages by a few investigators: Fortuguese and 

Spanish (Zauner 1921, cited in Von Essen 1964) have changed 

a nurrber of velar / I / sounds to /u/, as have French and 

Polish (Von Essen 1 9 6 4 ) . There are some examples of this in 

English. For many speakers of English, words such as "Pill" 

ana "milk" are produced as CblUJ and [mlUkT (cf. Kenyon 

1950:155-6). [2D 

Some oialects cf Southern Germany have changed /I/ to 

/i/ in certain environments (Von Essen 1964). Von Essen 

also noted the cases in Italian in which pcst-occ lusive /I/ 

has changed into /}/: pi enu>pieno, c I ave>chiave , etc. 

Spanish has undergone changes of geminate /I/ to /]/, as can 

be seen in the data from Lapesa (1962). The changes cf 

light /I/ to / j / cr /i/ and of dark /I/ to /w/ or /u/ were 

explained by Von fsser (1964) (ard by Jonasson (1971) in the 

case of the change tc /w/) in terms of the acoustical 

similarities between the alternating forms. The 

similarities are nrost striking in the lower end of the 

spectrum. Von Essen found that dark /I/ and /u/ show very 

similar peaks at 250 and 4P0 Hz. Jonasson showed the 

similarity between dark /I/ and /w/. In the case of light 
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/ I / and / i / . V o n E s s e n f o u n d a f i r s t f o r m a n t p e a k at 2 5 0 . 

The s e c o n d f o r m a n t for t h e s e s o u n d s is d i f f e r e n t , h o w e v e r , 

w i t h l i g h t / I / s h o w i n g a v a l u e of 1 6 0 0 H z , w h i l e / i / h a s an 

F2 cf 3 1 5 0 . T h e s e c o n d f o r m a n t v a l u e f o r IM f o u n d by V o n 

E s s e n is q u e s t i o n a b l e . [31 

S p a n i s h 5 G ^ 11 a_l2§D 

It s e e m e d c u r i o u s t h a t t h e c h a n g e s in S p a n i s h a n d 

I t a l i a n w e r e r e s t r i c t e d to s p e c i f i c c o n d i t i o n s for / I / . In 

I t a l i a n , /I/ f o l l o w i n g s t o o s b e c a m e /j / w h i l e /{/ in e t h e r 

e n v i r o n m e n t s (as w e l l as g e m i n a t e III) did not c h a n g e . In 

S p a n i s h , s h o r t / I / did not c h a n g e in t h e s a ^ e w a y , e i t h e r 

w h e n f o l l o w i n g s t o p s or b e t w e e n v o w e l s , b u t g e m i n a t e or l o n g 

III b e c a m e I \ I , m e r g i n g w i t h t h e IM a l r e a d y in t h e 

l a n g u a g e . E x a m p l e s are g i v e n b e l o w . N o t e t h a t in e x a m p l e s 

6 and 7 , the s t e p + / I / c l u s t e r s b e c a m e p a l a t a l i z e d / I / . 

CAT 

1 . 
?.. 
3 . 

A. 
5. 
6. 
7. 

L a t i n 

L e i Ium 
pu I lum 
c a b a I lum 
t e m p lum 
b I a n c u m 
p l a n u m 

c l a v e 

S p a n i s h 

be j o 
p o j o 
k a b a j o 
t emp lo 
b l a n k o 
3 a n o 
3 a ft e 

I t a l i a n 

fcelro 
ro I :o 
k iba I:o 
t e m p jo 
b j a n k o 
p j a n o 
k j a fr e 

" b e a u t i f u l " 
" c h i c k e n " 
" h o r s e " 
" t e m p l e " 
" w h i t e " 
" f l a t " 
" k e y " 

The " p i " a n d " c l " c h a n g e to " 1 1 " is a c o m p l i c a t e d 

d e v e l o p m e n t , w h i c h p r o b a b l y i n v o l v e d b o t h the p a l a t a l i z a t i o n 

and g e m i n a t i o n of p o s t - o c c l u s i v e / I / p r i o r to t h e loss of 
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t h e o c c l u s i v e . F o r m o r e e x t e n s i v e t r e a t m e n t s , s e e L a p e s a 

( 1 9 6 2 ) a n d M a l k i e l ( 1 9 6 4 ) ; s u f f i c e it t c s a y h e r e t h a t t h e 

d e v e l o p m e n t is q u i t e g e n e r a l , a n d d o e s n o t c o n t r a d i c t t h e 

t e n d e n c y for p c s t - c c c l u s i v e / I / to p a l a t a l i z e . S o m e f u r t h e r 

e x a m p l e s 2re g i v e n b e l o w ; 

Lat i n 

p l a n t a 
p laga 
p luvi a 
c l a m a r e 
c l a v e 
f I a m m a 

S p a n i s h ( p r e s e n t - d a y ) 

O r t h o g r a p h i c 

I l a n t a 
I laqa 
I l u v i a 
II a m a r 
I l a v e 
I larra 

P h o n e ti c 

j a n t a 
J aya 
j u 8 i a 
j ?iia r 

j c")5 

"a plant" 
"ulcer" 

"rain" 
"to call" 
"key" 
"flame" 

It should be clear, then, th3t only geminate and post-

ccclusive /I/ underwent palatalization- Ve can hypothesize 

trat geminate and post-occlusive /I/ each contained 

something that made them more likely candidates for 

palatalization than short, nor-cost-occlusive / I / . The 

situation presents a rare opportunity for the construction 

and testir? of hypotheses concerning these kinds of changes. 

We can look at oresent-ffay geminate /I/ in Italian for the 

phonetic motivation of the change which occurred in Spanish. 

î e can look at present-day Spanish for the phonetic 

motivation of the change in Italian. In other words, 

/hel:o/ and /pol:o/ in present-day Italian should contain 

seme basis for palatalization, as should present-day 

/templo/ and /bla*)ko/ in Spanish. 
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I formulated the hypothesis that these two conditions 

for / I / , gemination and oost-occlusive position, had 

something in commcn which led to palatalization: namely, 

they both had a higher tongue position, leading to a higher 

second formant, than short, non-post-occlusive / I / . 

Geminate /I/ might have this if the tongue blade continued 

moving upward after /I/ contact was achieved. Post-

occlusive /I/ fight have a higher tongue position due to 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 /I/ in Russian, a high tongue position 

for /I/ is associated with a higher second formant, which is 

the major cue of palatalization. Such an acoustic effect 

would make these two kinds of /I/ cif-ferent (closer 

acoustically to / j / or /i/) from intervocalic, short / I / . 

Geminate / ] _ / 

Methods 

Cne speaker of the Poman dialect of Italian was 

recorded to determire whether geminate / I / has a higher 

second for-nant than the non-geminate / I / . A set cf nine 

minitral pairs was put into a randomized word list, with 

three repetitions of each word. The speaker read the woras 

within the frame sentence: "Ora diro el 

micrcfono" ("I now say into the microphone."). 

The following woras were used: 
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ca lo 
ca I lo 
cola 
col la 
mo I a 
mo I la 
nolo 
no I lo 
pa I a 
Da I I a 
polo 
polio 
sco lare 
scollare 
ve lo 
ve I lo 

"loss, waste" 
"corn, hard skin" 
"st ra iner" 
"qlue" 
"gr indstone" 
"sprinq, spring lock" 
"wharf" 
"flabby" 
"shovel" 
"ball" 
"polo" 
"chicken" 
"to drain" 
"to unqlue" 
"veil" 
"sheepsk in" 

The speech was analyzed using a Voiceprint 700 spectrograph 

ever the rar,ce C-4CCP Hz. The first, second, and third 

fcrfants were measured at the rric-point of the / I / . Values 

were rounded off to the nearest 50 Hz. 

Results 

The r e s u l t s are shown b e l o w : 

F1 
F2 
F̂  

Geminate 
361 

1337 
?5C3 

Non-gemina te 
418 

1183 
?324 

A t-test for difference in mean F? values in the paired 

words shows the results to be significant at the .001 level. 

The second formant is considerably higher for geminate 

/I/ than for non-geminate / I / . It appears to continue to 

rise after the /I/ is formed. The fact that the nidpoint of 

/I/ reaches a different formant value in the geminate might 
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be compared to the phenomenon of vowel reduction, in which 

vowels attain different formant values depending on their 

length. The greater duration of geminate /I/ leads to a 

rrore nearly palatalized / I / . Although even geminate /I/ 

does not reach the values for full palatalization, the 

direction and magnitude of the change suggests that this is 

the origin of the charge in Spanish. 

Edst'oc^iyiiy.?. /i/ 

Methods 

In orc'er to determine whether post-oc c lus i ve /I/ also 

involves ? more palatalized spectrum, eight pairs of words 

in Spanish having initial /I/ ana initial ston + /I/ 

clusters were used. Four repetitions of each word were 

produced fro" a randomized list by a speaker of Buenos Aires 

Spanish in the frarre " otra vez." (" 

once again."). Utterance initial position was used in order 

to minimize differences in the co-articulatory effects of 

preceding sounds. This also made possible the use of a 

nearly automatic measurement procedure. Since minimal pairs 

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

utilized. The words used are given below. 
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c la vo 
lavo 
c loro 
lor o 
c lueca 
luego 
c I i ma 
lima 
p lancha 
I ancha 
P I a t a 
lata 
p luma 
lumb re 
P Lorro 
I omo 

"nai I" 
"wash" 
"chlorine" 
"parrot" 
"a brooding hen" 
"later" 
"climate" 
"file" 
"an iron" 
"a launch" 
"silver" 
"tin" 
"a feather" 
"liqht" 
"Lead (the metal)" 
"the small of the back" 

The first 25 ms of each /I/ were analyzed using an LPC 

program on the PDP-12 computer at the UCLA Phonetics 

Laboratory. A subsequent analysis used maxima in the second 

derivative of the LPC spectrum to find the peaks (or 

fcrmants) in the spectrum. An LPC analysis of consonants 

such as /I/ may sometimes yiela misleading results, tut a 

comparison of the LPC spectra with those produced by a 

Fourier analysis (which is not subject to the same kind of 

error) showed that this did not occur here. C53 The results 

correlated well with an FFT analysis of the data, so the 

output of the peak-picker was usea. 

"esult s 

The r e s u l t s are g i v e n b e l o w : 
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Post-occ lusive /I/ Initial /I/ 
F1 3C2 277 
F2 1577 1599 
F7- 2488 2458 

The differences between mean F2*s here is net 

sicnificant. Not*, in addition, that the F1 and F3 values 

fcr the two groups were also not significantly different. 

This part of the hypothesis is not confirmed. It was 

hypothesized that the tongue would be higher for pest-

occlusive /I/ than fcr initial /I/ due to the fact that the 

j^w rrust be relatively high for the occlusive. I would 

appear, however, that the jaw is already high for an initial 

/I/ so that the preceding stop does not have an effect. 

Uhat, then, is responsible for the change in Italian of 

"piano" to "piano"? The change involves going from stop + 

/I/ + vowel to stop + /]/ + vowel. Such sequences can be 

quite similar acoustically, as is shown in Fiaure 1. 
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E 

© o 
o 

o 
a 

2 
•H 
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The / I / , and the transition from the /I/ to the vowel, 

can be quite similar to a palatal glide. The change 

occurred for /I/ following labial and velar consonants, and 

preceding all the Italian vowels /i,e,a,o,u/. Following 

velar consonants, and between velar consonants and back 

vowels, the presence of / I / raises the second formant 

transition, in comparison with a stop + vowel sequence. At 

the time this change occurred, listeners may have re

interpreted the /L/ as a palatal glide. In other words, 

aiven the acoustic similarity of the sequences /plo/ and 

/ojo/, the two appear to have been confused by listeners, 

causing the sound charge. 

Piscussicn 

-2.1.3 t§iil§ti2C °f ££![lG§£? /Q / 

There has been a related change in Spanish, of geminate 

/r,/ to palatal /n/. Examples are given below. 

Latin 

ca nna 
pannu 
annu 

Spanish 

canj a 
p a n j o 
an jo 

Fng li sh gloss 

"cane" 
"cloth" 
"year" 

The development was concurrent with that of the 

palatalization of geminate /I/ and was almost certainly 

brought about in a sirrilar way: gemination of the dental 

consonant caused a raising of the tongue body. Further work 

to determine actual tongue height values would not only help 



11 

substantiate the explanation given here for the 

palatalization of /I/ but would (probably) explain the 

palatalization of I r\ I . 

[cnc lusion 

Note that the explanation for the Italian change is 

acoustic-based while the Spanish involves articulatory 

factors in addition. Note, also, that it has only been 

possible to explain the phonetic (Potivations behind these 

chances, not *hy each of the languages "chose" to make the 

changes it did. C6D The two changes, although closely 

related in terms of the sounds themselves, and occurring in 

two clossly related languages of the sarr.e origin, show 

T a r k e d differences in their ?ctivatina mechanisms. In 

fpanish, the fortuitous effect of gemination, the 

continuation of upward tongue movement during the extended 

curation of the / I / , caused the acoustic characteristics of 

the / 1/ to change. This charged acoustical shape was 

interpreted by listeners as / j / , and came to be pro^ucea as 

In Italian, the environment in which the /I/ occurred 

caused its acoustic shane to become more difficult to 

distinguish from the sound it eventually became. For a 

further illustration of this difference, assume that the 

reason for the continuation of movement occurring in the 

geminate / I / resulted from the inertial properties of the 



tongue. C73 If speakers were endowed with a different 

articuiatory 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 all articuiatory activity, the change 

in Spanish might still have occurred, since the difference 

in gesture between i l l and /I:/ would still be perceptible. 

The chance in Italian, caused as it was by a difficulty in 

aistinguishing /I/ transitions from / j / offglides, Would net 

h 3ve h appened . 
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FOOTNOTES 

1. This is a revised version of a paper presented at a 
meeting cf the Acoustical Society of America, Spring 1977. 
The abstract appeared as Jsvkin (1977). 

2. Some of the cases in which English appears to have 
changed /I/ intc /u/ are spurious. The pronunciation 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 1 9 5 0 . 

3. The second formant value found by Von Essen for /i/ may 
be inaccurate. It is much higher than the value found fcy 
Lehiste & Peterson (1961) of 2200 Hz, and closer to their 
value for the third formant of 2*00 Hz. Von Essen may have 
been measurino the third formant. This seems likely since he 
also finds what he terms an average spectral peak at 125 Hz 
for all his data. This is almost certainly just the 
fundamental frequency. 

A. I am grateful to Eduardo Gutpntag, who provided a number 
of examples used in this chapter, and Alessandro Durante, 
who helped construct the Italian word list for the 
experiment, and Professor Yakov Malkiel, who enlightened me 
as to the complexity of these changes in several 
aiscussions.I have used the following dictionaries in this 
chapter: Velasquez (1973), Corominas (1974), Lysle and 
Gdalteri (1951), ana Cassell's New Latin Dictionary: 
Simpson (i960). 
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6. One possible explanation for the fact that Spanish 
palatalized geminate /I/ while Italian did not, is based on 
another sound change which occurred in Spanish. Spanish 
lost the former Latin palatalized I l l ' s , w M c h were retained 
in Italian. This is illustrated in the changes below. 

Latin 

me I i o re 
f o l i a 
f i l i u 
amp I i u 
rru M e r e 

S££Qi§!2 

I t a l i a n 

o r t h o g r a p h i c 

m e g I i o 
f i g I i5 

f i g I i o 

amp i o 
m u I i eb re 

o r t h o g r a p h i c 

m e j or 
h o j a 
h i j o 
a n c h o 
m u j e r 

phonet i c 

me I j o 
f i 11 a 
filjo 
ampj o 
muIj eb re 

phoneti c 

mexor 
cxa 
i xo 
antjo 
mux er 

§.Q2iii!2 Skoss 

"better" 
"letter" 
"son" 
"wide" 
"woman" 

It could be suggested that Spanish was ab{.e to palatalize 
geminate /I/ because it was losing its palatalized / I / . 
Since Italian did not Lose palatalized I I I , it might resist 
the change, and thus keep the sounds apart. The problem 
with this explanation is that it requires another. How oo 
we explain why Spanish lost its inherited palatalized I I I , 
while Italian did not? 
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7- This is, certainly, only one of several possible 
reasons; the upward movement could as easily be the result 
of active muscular effort. 
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CHAPTER 4 

An Acoustic ExDlanaticn of a Sound Change in Lisu [12 

ABSTRACT 

In Lisu -o is the modern reflex of *-a.p, ~e is the 
rodern reflex of *-Q.t, and -ae is the modern 
reflex of *-<xk. These changes lack a convincing 
articulatcry explanation, but a simple and 
straightforward explanation exists: the steady-
state values c f the s ecord-f omant changed as a 
result of the acoustic influence of the following 
consonants on the vowel and vowtl transitions. 

In this chapter I will discuss a set of related sound 

changes which occurred in Lisu which involve primarily the 

influence of a consonant on the acoustic characteristics of 

pre ceding vowels. 

It!?. C-t^Qoe °1 +~fl-2 to -o, *-at to -e and *-ak to -<£. 

Lisu is a member of the Lolo-3urmese subgrouping of 

Tipeto-Burman larguaces, which, in turn, are part of the 

Sino-Tibetan family. Lisu and the other Lolo-jsh languages 

hsve undergone a great deal of consonantal loss, tut, 

hecause of the relative conservatism of related ncn-Loloish 

languages, Lisu car be reconstructed with a high degree of 

reliability. The changes which concern us are the 

following. In Lisu, -o is the rroaern reflex of *-#p, -e is 

the modern reflex of *-a.t, and -ae is the »rodern reflex of 

*-0M. The basis for these reconstructions is illustrated in 
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Tab les 1, 2 and 3 

* k i ap 
* r a n 
* t s a P 
* C.~ kap 
* k - n j a p 
*c Jap 

W r i t t e n 
^urrr. ese 

k j a o 

khap 
hn j a p 

Lahu 

Xt2 
chei1 

n6? 

T a b l e 1 

* - 0 D t o • 

L i su 

n t s ho 
kh6 
n j c 
p h d 

" 0 

Akha 

c9 

ro 
t s o 
x3 

DJO 

"stick into" 
"needle" 
"stick intc" 
"araw water" 
"pinch" 
"turn over" 

* k - r - w a t 
* c a t 
* c - s a t 
*c3 - w a t 
* t s a t 
* k j a t 

W r i t t e n 
Burmese 

k r w a t 
t s h a t 
SCLt 
wat 
t s h f t t 

L a h u 

VP? 
c h ? ? 

Ji-v^? 

L i su 

we 
ch we' 

St 
s i -we 
t s h e ' 
che 

T ab l e ? 

*-at to -e and -£ 

Akha 

tsg 

tSE 

C€ 

"leech" 
"break in two" 
"ki 11" 
"flower" 
"deer" 
"run" 
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W r i t t e n 
? u r rr. e s e 

+ zak 
*WCLk 

*Jak 
*nak 

* T C L k 

*s -nak 
*?aak 
*kak 
*C-sak 
lak 

?ak 
wak 

na neck 

mak -
n a k 
Q--khak 

s a k 
l a k 

T a b l e ? 

* -0 .k t o - a e and - C I 

Lahu L i s u S a n i 

n S j 

rrS? 

ca 
cha? 

l a ? 

jae 
a - v « 
xct 
nee 

mae 
nae y 

s i -ka. 
k hd 
J3e 

l*> 

ze 
ve 
Je 
ne 

m e 
ne 
qe 
t j ' e 
s e 
l e 

" d e s c e n a " 
" p i a " 
" t e a r " 
" e a r l y 

m o r n i n g 
" a r m y ; wa r 
" c l a c k " 
" b r a n c h " 
" v i l l a g e " 
" b r e a t h " 
" h a n d " 

Of t h e l a n g u a g e s g i v e n , W r i t t e n Purine se i s a F u r m i s h 

rreTtber o f t h e L o l o - 3 u r m e s e s u b g r c u p i n g , w h i l e t h e e t h e r s a r e 

L c l o i s h . No te e s p e c i a l l y t h a t W r i t t e n Bu rmese has r e t a i n e d 

t h e e r. d i n g s t h a t a r e r e c o n s t r u c t e d f o r L i s u . The 

c o r r e s p o n d e n c e s f o r t h e *- Cup r e c o n s t r u c t i o n s a r e v e r y 

s t r a i ah t f o r wa r d . Scire v a r i a t i o n e x i s t s i n t h e r e f l e x e s . 

A f t e r v e l a r i n i t i a l s t h e - o i s s o n e t i m e s r e p l a c e d by - u , and 

i n F r a s e r ' s d i a l e c t o f L i s u ( F r a s e r 1 9 2 ? ) t h e r e f l e x i s 

g r a o h i c a l l y r e p r e s e n t e d by ~aw w h i c h , a t t h a t t i m e , u s u a l l y 

r e p r e s e n t e d -$ . The Lahu r e f l e x i s - o , t h e L i s u r e f l e x - o o r 

-0, and t h e Akha r e f l e x ~0. Some v a r i a t i o n e x i s t s f o r t h e 

* - a t e n d i n g , as c?n be seen i n T a b l e 2 , b u t i t i s i r r e l e v a n t 

t o t h i s d i s c u s s i o n . 

As can be seen i r T a b l e 3 , t h e * - a k e i t h e r becomes -Q. 
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in Lisu or becomes -ae. In Sani (another Loloish language) 

all *-fl,k rhymes to go -e. In modern Burmese/ the reflex of 

*~ Qk is - ^followed by glottal stop. The vowel becomes a 

front vowel in all these cases in which it chances. Some of 

the variations will be discussed later in this paper. The 

changes from oroto-Lo lo-Furmese to Lisu are, therefore: *-ap 

tc -o, *~CLt to -e, ard *-«k to -ae. 

H i s t or i c a I ly , *-&o, *- °t and *- o-k underwent similar 

changes. The final stops became glottal stops which later 

disappeared, leaving only laryngealization on the vowel. 

^sch of these stages is attested in data from other Loloish 

languages. Phunoi, fcr example, still retains the final 

stops "from the * - Q P and *-at rhymes, but the final -k from 

*-0k has dropped. The final glottal stops ape found in the 

Lahu data above, and the laryngealization is found in a 

number of languages cf the Loloish group. Accompanying 

these changes, there was frequently a change in vowel 

quality; it is this change in vowel duality which is the 

focus of this stuay. 

M§_ cuss ion 

An examination cf the articulatory facts shows that 

they do not account for these changes. One might think that 

Ixl has a tongue shape similar to lei, but it is 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 l \ l , /e/, or / £/ (.see, e.g., Perkell 

196 9 ) . For /t/, the tongue has a very flat and horizontal 

position aqainst the rim of the alveolar ridge, while it is 

bunched toward the hard palate for the four vowels. The 

main constriction is palatal for the vowels, and dental for 

ft/. In the case of the change from *- p to -o, both sounas 

can be called labial, but the labiality is different in the 

two cases: -o involves rounding and -p does not. 

Furthermore, -p has re effect on tongue Dosition. It is 

thus difficult to s?e what vowel might result from 

assimilation to the 3rticul3tion of -a. Articulatory 

correlates of +- <CLk and -ae are simply nonexistent. The 

tonaue position for /k/ varies with the preceding and 

followino vowel, so that the influence of /k/ on vowels is 

difficult to define in articulatory terms- To the extent 

that one can make an articulatory determination, the 

different types of -k articulation that occur are most 

similar to the tongue configuration for -u and -o, and quite 

unlike the configuration for -ae (Ladefocea 1 9 £ 8 , 1971). 

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 acoustic 

characteristics of the stop. C U D S e q u e n t l y , the final stop 

became a glottal step and eventually disarpeared. The 
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explanation is tighter for the *-ap to -o and *-at to -e 

changes than for the change from *-<JLk to -ae, but it fits 

all th ree . 

A number of studies conducted at Haskins Laboratories 

some time ago (cf. Cooper, Delattre, Liberman, Rorst and 

Gerstcan 195?; Liberman, Delattre and Cooper 1952; Liberman, 

Delattre, Ccooer and Gerstman 1QS4; Delattre, Liberman and 

Cooper 1955; Liberman 1°57) rhowed that one of the 

characteristic cues for the nl?ce of articulation of stocs 

and nasals consisted of the direction and rate of the 

different formant trajectories from the consonant to a 

follcv-inc vowel or from the vowel to the fcllowirg 

consonant. The first formant correlated less with place of 

articulation than with voicing distinctions. The transition 

of the second forrpant determinec whether subjects listening 

to synthetic speech heard bilabial, alveolar, or velar 

consonants. Althouch the shape of the transitions varied 

within the same consonant, loci were found toward which t^e 

second forn?nt was directed. These loci were: 720 Hz for 

hilabials; 16Q0-18GC Vz for alveolars; and 3CC0 Vz for 

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 

close to 7C0 Hz, while for -e or - £it would be close to 
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1£0O Hz. We can thus see an acoustic relation between the 

consonant transitions and the value for the vowels. 

The acoustic influence of consonants on preceding 

vowels has been further documented and the original Haskins 

determinations refinea by acoustic measurements by a number 

o* investioators , including Lehiste and Peterson (1961), 

Lindblom (1963), Hh-nan (1966), Stevens and House (1963), and 

Stevers, House anc Paul (1966). The first for^ant was found 

to te affected less than the second, and the place of 

articulation of the consonant had relatively little effect. 

The tendency of the seco^o formant risina fcr -a followed by 

-t and lowering fcr -a followed by -p is generally supDorted 

in these studies, 3lthouoh the values given have differed. 

The second forrrant transition was generally hiqher for 

alveolars or dentals than for labials. 

The *-ak to -a" change is similar although the data are 

^ore complicated. The Haskins perceptual data show that, 

after front vowels, there was a locus of about 3CG0 Hz. For 

back vowels, there was no single locus and the transitions 

were rroderate. At the r"Onent of consonant closure, in any 

case, the second forirant value was slightly higher than the 

v=ilue for the vowel. Since the shift in the kind of formant 

transitions occurs somewhere between a front -a and a back 

- 0 and since the original Lisu vowel is reconstructed as a 

lew central vowel, the determination of a second forrrant 
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value is problematical. Nonetheless, the historical and 

acoustic facts strongly suggest that a rising second formant 

transition (which is common to most varieties of -k) caused 

the raising in the second formant that is found in the *- <xk 

to -ae change. Interestingly, the degree of variability tor 

the transition of /k/ correlates nicely with the variaoility 

among the reflexes of +-ak; ir, the different languages in 

the Loloish branch *-ak becomes -e, £ , or -ae, depending on 

the language. 

Locus theory has been criticized, chiefly because the 

formant transitions from real sceakers aiffer from, anc1 are 

r.ot as consistent as, those of oerceDtual experiments in 

which the trarsiticrs were the only cues. The differences 

do not alter this analysis. The production data are very 

clear for labials and alveolars and dentals, with labials 

generally showing a lower value for the consonant transition 

than alveolars and dentals. Velars raise the second formant 

transitions sharply ir the environment of front vowels, and 

have a variable effect in the environment of non-back 

vowels. In Lehiste * Deterson (19 61) velars in th» 

environment of back vowels showed the lowest formant 

transitions. LinrJblom (1963) found more of an upward 

perturbation for /a/ in the environment of a_g than in the 

environment d_d. Chman (1966) found a greater upward 

transition for /g/ than for /d/ in the environment a_a, but 



85 

also found that /d/ had a higher transition than /g/ between 

back vowels. Stevens 8 House (1963) and Stevens, House 8 

Paul (1966) found that for front vowels, velars showed 

hiqher certurbations than postdentals which in turn showed 

hiqher perturbations than labials. For back vowels, the 

effect of velars ard dentals is reversed, but again both 

show a hiqher perturbation than labials. 

It is clear from the early experiments of the 1950's 

that vcwel transitions ecu Id effectively serve for the 

corrplex cues t h & t occur in stocs. Lisu speakers encoded 

the information ere sent in the place of articulation of the 

consonant into the preceding vowel as the consonant became a 

glottal stop. The consonant transitions thus became 

interpreted as glides, with the vowels assimilating, in 

various degrees, to those glides.C2D 

Cases of similar developments have been net en since 

this analysis was first Dresented (Thurgood & Javkin 1 9 7 4 ) . 

^ichailovsky (19^^) found that the analysis for alveolar and 

dental consonants also apolied to a number of other 

languages. The phenomenon of a consonant leaving an imprint 

(icoustic or articulatory) on the preceding vowel is not at 

all uncommon. For example, fin?l nasal Consonants often 

drop out, leaving the preceding vowel nasalized. 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 transition to the final stop. 

Conelusion 

As an explanation of a sound change, the acoustic 

assimilation of the second forrrant of the vowel to the 

second formant of the consonant is not restricted to a 

hsnaful of well-chosen examples from Lisu. The phenomenon 

is widespread in Fine-Tibetan languages and involves not 

just stop finals, but nasal finals as well. Thus, changes 

such as *-am tc -c end *-Qn to -e paralleling the *-ao to -o 

and *- &t to -e changes are found in many Sino-Tibetan 

languages, among them Lahu and Lisu itself. 

Three sound chances h^ve been examined here: *-ap to 

-c, +-at to -e, and *-ak to -o. The second formant values 

o* the vowels took on the second formant values of the 

following consonants. Since the second formant transitions 

are determined, other things being eougl, by the olace of 

articulation of the consonant, these vowel quality changes 

are best explained in terms of the unit consisting of the 

vowel and final consonant. 

These changes have arisen as a result of the fact that 

speakers of Lisu perceived the older forms as similar to the 

forms they cafe to pronounce. 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 one resonating cavity 

so that they becoire perceptually similar. A number of sound 

changes have therefore been explained as having been caused 

by acoustic factors. Nevertheless, a number of changes 

which are clearly based on this kind of convergence have 

been explained as being due to articulatory and/or 

perceptual factors. At times, researchers have presented 

exclusively acoustic data, and yet have failed to 

acknowledge the role of ecoustics in the chance. 

Von Fssen (1964) explained the chai ges of /I/ to / j / 

and fit to /w/ which have occurred in various languages as 

being acoustic-based. H» noted, among ether cases, the 

change from /I/ to /w/ in Polish. Jonasson (1971) explained 

the sai;e change in different terms. Jonasson oresented 

spectrographic evidence showing that the two sounds are very 

similar acoustically. He presented no perceptual evidence. 

He suggested that the perceptual similarity between the two 

sounds implied by the acoustical similarity led to what he 

termed "articulatory reinterpretation" on the part of 

speaker-listeners. Although jorasson's explanation provides 

an example of what I call an acoustic-based explanation, the 

terms "perceptual similarity" and "articulatory 
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rei nterpret at ion" errphasize two areas of the speech 

t r a n s m i s s i o n p r o c e s s which are secondary in importance for 

this change compared to the e f f e c t s of the acoustic m e d i u m . 

This is u n f c r t u r a t e . Jonasson argues convincingly that 

these changes are very poorly d e s c r i b e d in a r t i c u l a t o r y 

t e r m s . It is also clear that the p e r c e D t u a l similarity is 

not a c c i d e n t a l . It is the result of the fact that two very 

different a r t i c u l a t o r y shapes can result in similar acoustic 

s h a p e s . This is a fact of a c o u s t i c s , which can be explained 

by examining the croperties of r e s o n a t o r s . The perceptual 

confusions between the two sounds are thus a secondary 

effect cf the a c o u s t i c - b a s e d s i m i l a r i t y . 

As mentioned in Chapter 1, soeech has been compared to 

ether types of c o m m u n i c a t i o n s y s t e m s . Ccnmun i cat i on systems 

typically consist of a t r a n s m i t t e r , a t r a n s m i s s i o n line, and 

a r e c e i v e r . In the sound changes d i s c u s s e d h e r e , the 

c h a r a c t e r i s t i c s of the " l i n e " , the acoustic r e c i u n , are 

primary in i m p o r t a n c e . The D e r c e p t u a l similarity of one 

articu latori ly p e r m i s s i b l e sound to another are resultant 

factors and also important, but would not occur if it were 

not for the specific c h a r a c t e r i s t i c s of the acoustic m e d i u m . 
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FOOTNOTES 

1. This chapter is a revised version of a paper by Thurgood 
and Javkin (1975). The reconstructions exemplified here 
were prepared by Grahan Tl-urqood. 

2. The staae where the second formant transition becomes 
interoreted as a glide can be seen in seme of the Eurmish 
data. In Taungyo, a Purmish language, *-a£ has gone to 
-ait. 

* n a t 
* s a t 
* t a t 
* - w a t 

nai t 
- a i t 
tfn'k 
-w aik 

" s p i r i t " 
" k i l l " 
"be l i k e l y 

' c l o t h e s " 
(be w o n t ) " 
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CHAPTFR 5 

The Perceptual rasis of Vowel Duration Differences 

Associated with the Voiced/Voiceless Distinction C1D 

Abstract 
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In this chapter ] will be dealing with a phonological 

universal which has led to a sound change in at least two 

languages. The longer duration of vowels before voiced 

consonants, compared to their duration before voiceless 

consonants, has been reported in many languages. In certain 

environments, Ennlish and Latin have replaced the voicirtg 
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aistinction of the consonant following the vo^el with a 

vcwel duration distinction. 

While in the case cf the sound changes discussed earlier, 

listeners either heard a sound somewhat perturbed by 

articulatory factors or made certain SDoradic errors in the 

Discrimination cf similar sounds, a different process 

occurred to cause the universals about to be discussed. In 

these cases, listeners rrac'e consistent and systematic errors 

in th^ir perception. This is a strong claim, but I believe 

the following pages contain strong support for it. It 

should be noted especially that no alternative explanations 

hsve proved valid, despite the fact that a great ceal of 

effort has crone into finding explanations of another kinG. 

The longer duration of vowels before voiced consonants, 

compared to their duration before voiceless consonant^, has 

been observed in mary lanauages by a larae number cf 

investigators, e.g. Sweet (1&77) and Peyer (1903) for 

English, Meyer (1904) for German, ^'eyer and Gombocz (19[)9, 

cited in Elert, 1964) for Hungarian, Gregoire (1Q11) fcr 

French, ^etz (1914) fcr Italian, \'?varro Tomes (1916) fcr 

Sranish, Einarsson (192 7, cited in Elert 1964) for 

Icelandic, Fintoft (1962) for Norwegian, Elert (1964) for 

Swedish, Fischer-Jdrgensen (1^64) for Danish, Slis and Cohen 

(1969) for Dutch, ^addieson and Gandour (1975) for Hindi. 

The observations of i*eyer fcr 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 House and Fairbanks (1953), 

Peterson and Lehiste (1960), House (1961), Sharf (1962), 

Klatt ( 7 9 7 7 b ) . The rrcre recent work generally confirmed the 

earlier, although the magnitude of the duration difference 

for English was found to be relatively small when the words 

were not in utterance-final Dosition (Umeda 197 5, ^latt 

1 9 7 5 ) . 

In these studies, Bnqlish tended to show a greater 

vowel duration difference than other languages, and a 

similar trend aopeared in comparative studies by Z i m-ner m?jn 

and Sapcn (195P), who examined Spanish end Fnglish, and by 

Chen (1970), who compared English to French, Russian and 

Korean. Chen's work added Russian ana Korean to the 

languages in which greater vowel Duration before voiced 

consonants was found to occur. Zimmerman and Sapon were 

criticized by Delattre (1°62) for their failure to isolate 

the voiced/voiceless distinction as the only independent 

variable; and Chen, who compared, for example, Russian 

cisyllables to Fnclish monosyllables, is ccen to similar 

criticism. Nevertheless, the qreater difference for Fnglish 

seems rather well-established (Lehiste 1 9 7 0 ) . The 

relatively large duration difference associated with the 

vcicinc of the following consonant which occurs in Fnglish 

has been shown to function as a percectual cue unaer certain 
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conditions (Denes 19 5 5*. Raphael 1972), a function which, for 

the most part, has net been established for other languages. 

In Latin, vowels became distinctively long before clusters 

of the form voiced obstruent + voiced obstruent by Lach^an's 

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

1928). 

E!r.2E19.§.i9! ?xp_ L.anat i on s 

A number of explanations hpve been offered for the 

greater vowel duration before voiced consonants. Lisker, in 

1974, reviewed most of the explanations that had been 

proposed to that tire and showed that all were seriously 

f I3wed. 

Halle and Stevens (19*7), for example, had suggested 

that "vowels are lenathereri before voiced steps tc allow 

time for larynoeal re-adjustment needed if voicing is to te 

maintained during c losure ." [2] Lisker pointed out that 

I ar y nqos cop i c and e lect r omyog r<*r h i c data (Lisker, Sawashima, 

^bra^son 2nd Cooper 1970) showed no such adjustment for 

voiced stops. In fact, it showed the coposite, that the enly 

adjustment noticed was the seDaration of the vocal folcs 

necessary for voiceless stops. Lisker also discussed the 

various explanations that posit a shortening of vowels 

preceding the supposedly more fortis, or more strongly 

articulated, voiceless steps. Variations of this explanation 

have been suggested ty a number of investigators (Peyer 
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1903, Delattre 1941, Eelasco 1953, House 1961, falecot 

1 9 7 0 ) . Lisker showed that there was no agreed-upon measure 

of what constitutes articulatory effort, and that, when 

fortisness is defined, that definition is in 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 proposed 

by Chen (1970), who suggested that the closing gesture for 

voiceless stops is more rapid than that for voiced stops 

because the articulators have to withstand greater oral 

pressure in the case of voiceless stops. This argument 

fails on several 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/ requires less 

articulator movement than an oDen vowel such as /a/ (for 

dent°l stops, for example), a difference in rate should have 

less effect. This prediction is not borne out by data 

presented by Petersen and Lehiste (1960) and by Sharf 

(196?). Eoth of these studies show approximately the same 

influence from voicing of dental consonants following IM 

and following /a/. 

Furthermore, the rate of consonantal closure is not 

sufficiently differert for voiced v s . voiceless stops to 

account for the vowel duration difference. Taking the 
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combined rate of movement for both the jaw and lips for the 

closure of labials, Sussman, MacMeilage and Hanson (1973) 

found that, after /i/, voiced stops showed a faster rate 

of closure than did Voiceless stops. Since close vowels 

show the S3me relationship as other vowels in their duration 

differences before the voiced and voiceless consonants, one 

would have tc posit a different explanation for close 

vowe Is. 

In any case, Chen may have confused cause and effect. 

Even if the firal closinq velocity of the jaw were faster 

fcr final voiceless consonants, this could be cue to the 

reauirement of shorter vowel duration for these consonants 

end rot the cause of that shorter vowel duration. 

A somewhat teleclogical explanation was proposed by 

Klatt (1973a) who suggested that: 

One possible reason for a universal tendency to 
encroach on the duration of a vowel if a voiceless 
segment follows concerns the relative timing of 
oral closure ana glottal opening gestures at vowel 
termination. A sliqhtly delayed giottal opening 
gesture is likely to produce a tew cycles of 
vibration during closure, which is 5 cue to 
voicing. Since perfect synchrony of glottal and 
supraglottal activity is impossible, it is 
proposed that the glottis is normally opened 
somewhat early in order to avoid generation of a 
false voicing cue. 

If this hypothesis were correct, we would not expect vowels 

to shorten before voiceless consonants in languages which 

use vowel length distinctively. ^erman and Hungarian have 

such a contrast and 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 preceding a 

voiceless consonant, the vowel duration difference 

associated with voicing surely weakens the perceptibility of 

the vowel lenqth distinctions. To accept Piatt's 

explanation we would have to explain why German (and 

Hungarian) would sacrifice some of the perceptibility of one 

distinction in order to preserve another. 

Lisker's own explanation for the phenomenon is that 

vowels become shorter before voiceless consonants in order 

to crevent such ccnscrants from becoming pre-aspirated. It 

is bnsed on the fact that the vocal folds begin to separate 

curing the final portion of vowels orecpcinp voiceless 

consonants. If the closure for the consonant were delayed, 

pre-aspi r at ion would result. Since ore -ascii r at i on is net 

permitted in Fnglish, the closinc gesture occurs inmediately 

after the vocal folds start to separate. It is maintained 

that this close coordination of vocal folds and vocal tract 

causes the shorter vcwel duration. 

Lisker's argument uses one fact of English to explain 

another. The constraint on nre-aspirat ion is said to 

explain the longer duration of vowels before voiced 

consonants. The constraint on pre-asDiration is then left 

unexplained (in fact, the phonetician's responsibility for 
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e x p l a i n i n g the p r e - a s p i r a t i o n c o n s t r a i n t is s p e c i f i c a l l y 

d e n i e d ) . It thus puts the ultivnate reason for the vowel 

duration difference outside the realm of phonetic 

e x p l a n a t i o n , an ursatisfying result at b e s t . Not only does 

the e x p l a n a t i o n fail to explain why every language thus far 

examined shews the sarre kind of d i f f e r e n c e (albeit a smaller 

o n e ) , but also sorre irrportant p h e n o m e n a of vowel duration in 

Fnqlish are left completely u n e x p l a i n e d . Klatt ( 1 9 7 5 ) , 

usino Enalish cata, found that the influence of the 

following consonant is highly D e p e n d e n t on the syntactic 

e n v i r o n m e n t . Since the injunction against pre-a soiration in 

enalish does not vary accorcir.g to these e n v i r o n m e n t s , it 

cannot be the rrajcf factor r e s p o n s i b l e for v a r i a b l e vowel 

Juration d i f f e r e n c e s . 

The above e x p l a r a t i o n is lirrited to vowel d u r a t i o n 

differences in F n g l i s h . An e x p l a n a t i o n suggested by Scully 

( 1 ° 7 4 ) , which would apply to all l a n g u a g e s , involves 

reference to an aerodynamic rrodel that p r e d i c t s vowel 

duration d i f f e r e n c e s based en the d i f f e r e n t aerodyramic 

conditions that occur in voiced hn^ v o i c e l e s s s t o p s . It 

predicts that vowel amplitude will decay sooner and build up 

later when a voiceless consonant occurs b e t w e e n vowels than 

when a voiced consonant d o e s , °ven though the suDraglottal 

consonantal closira gestures are timed i d e n t i c a l l y . 

There are seme p r o b l e m s with the m o d e l . T r u e , it 
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predicts that vcwels will be shortened when they precede 

voiceless fricatives. However, it also predicts that vowels 

will be shortened even more following voiceless fricatives. 

This last effect is ret borre out by the measurement data cf 

Peterson and Lehiste. The model also predicts that the 

duration of vcwels is the same regardless cf the voicina of 

the preceding stop,, if aspiration is counted as part of the 

vowel. Peterson and Lehiste show that vowels following 

aspirated stops are shorter if the aspiration is not 

countea, but longer if it is counted. In neither case are 

the durations equal, which is the prediction of the ^cdel. 

Scully's oercc'ynamic rrodel deserves further 

investigation, in particular, to determine if the drop in 

vowel amplitude predictea by the model occurs in real 

speech, and to determine if simple modification would 

eliminate the model's discrepancies with speech data, 

'ieve r the I ess, since the predictions of the model show 

discrepancies with duration data from real speakers, we must 

conclude that the model has not been successfully 

demonst rated. 

A hy_p_othesis 

It seems reasonable, then, to look elsewhere for the 

bssis of vowel duration differences. It is possible t h a t 

the explanation lies not in the constraints of speakers' 

articulatory mechanisms, but in the constraints of their 
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auditory mechanisms. The fact that one of the 

characteristics cf the vowel, voicing, continues into the 

consonant, might make the vowel appear to be longer than if 

voicinq abruptly ended. C3D 

Experiment 1 

An experiTent was constructed to test this hypothesis. 

The Fnglish words "hiss" (/his/) and "his" (/hlz/) were 

synthesized as shewn in Figure 1. 
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Both words had identical duration for the initial /h/ and 

the final sibilants, £5 and 120 ms, respectively; there were 

no formant transitions between the /h/ and the followinq 

vowel, the two seqmerts differing only in voicing; there was 

a 35 ms transition between the vowel and the following 

sibilant. The words differed only in that voicing, in the 

case of /his/, ended at the end of the transition, whereas, 

in the case of /hlz/ voicing continued throughout the final 

/z/. The vowels were given durations of 95, 125, 155, 1£5 

rrs including the transition. This Drovided for two 

conditions and four durations. 'here were three repetitions 

of each stimulus, ard the stirruli were presented in quasi-

random order. The presentation of the stimuli and the 

recordinq of responses were controlled by a small laboratory 

computer. The subjects heard one of the two worcs, at one 

of the four durations, followed by a tone (250 Hz) a half 

second later. Their task was to match the duration of the 

tone to the duration of the vowel in the word. Subjects 

could control the duration of the tone by adjusting a knob. 

They could hear each word and following tone as many times 

as they wished by pressing a button. When they were 

satisfied that the vcv,e I and the tone had the same duration, 

they pressed another button. This caused their last 

adjusted tone duration to be recorded and started the next 

trial. 
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E i g h t s u b j e c t s p a r t i c i p a t e d i n t h i s e x p e r i m e n t . I n t h i s 

and i n t h e t w o e x p e r i m e n t s d e s c r i b e d b e l o w , t h e s u b j e c t s 

w e r e s t u d e n t s , n a t i v e s p e a k e r s o f A m e r i c a n E n g l i s h , w i t h no 

h i s t c r y o f h e a r i n g p a t h o l o c y , who s e r v e d w i t h no 

c o m p e n s a t i o n . 

5 £ § . y i £ § SD^ d i s c u s s i g r o f e x p e r i m e n t 1 

T a b l e 1 shows t h e mean r e s p o n s e d u r a t i o n s a v e r a g e d o v e r 

e i g h t s u b j e c t s and t h r e e r e p e t i t i o n s f o r b o t h t h e v o i c e d and 

v o i c e l e s s s i b i l a n t s . 

T a b l e 1 

I m i t a t i o n o f Vowel S t i m u l i - E x p e r i m e n t 1 

d u r a t i o n o f s u b j e c t - p r o d u c e d t o n e s i n ms 

S t i m u l u s P-5 1 2 5 155 185 

d u r a t i o n 

S t i m u l i 

"hiss" /his/ 181 221 2^6 2?0 

"his" /hlz/ ??? 250 26* 298 

Figure 2 is a graphical representation of response durations 

as a function of the different stimulus vowel durations. 
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Figure 2: 
Averages of 8 subjects, 3 repetitions 
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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 tone somewhat longer than the vowel they 

were imitatinq. This may have been due to their including 

the /h/ as part of the vcweI, or their including part of the 

/h/ and part of the following sibilant. Note that if 85 ms 

of /h/ duration is adaed to the duration of the stimulus 

vowels, the subjects apoear to be much more accurate, 

especially for the voiceless sibilant. 

The results cf the experiment support the hypothesis. 

Speakers o^rceive vcwels preceding the voiced consonant as 

longer than vowels precedinq the voiceless consonant. It is 

possible that listeners were influenced in their responses 

by their knowledge of English sound patterns, i.e., since 

rnglish vowels are lonoer before voiced consonants than 

before voiceless consonants they may have expected the same 

pattern to be present in the stimuli and their judgments of 

vowel duration rright have reelected their expectations 

rather then what they heard. This possibility is minimized 

by the fact that the stirruli were presented in isolation anc 

in random order, so that the listeners really had ro 

opportunity to compare a given stimulus to another. 

Nevertheless, a second experiment was conducted to determine 

how the sound patterns found in English may have affected 

the se results . 
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Experiment 2 

It is well known that low vowels, other things being 

eauat, are longer in duration than high vowels (Peterson and 

Lehiste 1960). As Ccrdax and Krones showed (1973,1976), 

speakers are at least aware of the duration differences 

between /I/ and /72/. The synthesized word "has" (/h*z/) was 

therefore added to the experiment. If listeners reported 

the low vowel to be longer than the high vowels in the 

experiment (even thcugh the stimulus vowels were equal in 

duration), it would suggest that they were following their 

intuitions about English. If listeners did not report that 

vowel as longer, it would indicate that the judged duration 

differences for the voiced/voicel ess difference were not 

influenced by knowledge of the Dhonetic pattern of the 

language. The second experiment followed the same format as 

the first, except that the words were: "hiss," "his" and 

"has." As in the first experiment, there were four 

durations ana three repetitions. 

5i2.yit§ 2Q5 ^li£y§sicn of exgteri^ent 2 

Twelve subjects participated in this experiment, 

including one who haa participated in the first experiment. 

Table 2 shows the mean response, durations for the three 

words averaged over all four stimulus vowel durations. 
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Table 2 Imitation of vowel Stimuli - Experiment II 

Duration of subject-produced tones in ms 

Stimulus 

dur at i on 

St imuli 

"hiss" /his/ 

"his" /hlz/ 

"has" /h z/ 

95 12T 155 1 F * > 

164 

203 

161 

223 

255 

215 

261 

2£6 

264 

277 

328 

289 

F iqu re 3 i s a g r a p h i c a l r e p r e s e n t a t i o n of the response 

d u r a t i o n s as a f u n c t i o n o f the d i f f e r e n t s t i m u l u s l o c a t i o n s . 



Figure 3: 
Averages of 12 subjects, 3 repetitions 
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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 the results of Experiment 1. 

Surprisingly, "has" was perceived to have the shortest vowel 

duration of the three stimuli. This does show that listeners 

were not simply following their English intuitions, but it 

is somewhat puzzling. 

It is possible that the sharo F1 transition for / X. / 

(which, like the transition fcr I I I , took ?5 ms) may have 

caused this. It is also possible that listeners thought the 

vowel in "has" to be short for that vowel, and thus judged 

it as very short. Although this suggests that the listeners 

w r e , to some extent, reacting to their knowledge of 

Fnqlish, note that this jucgment for "has" is opposite in 

direction from what was observed for the "his'V'hiss" 

difference. Listeners presumably knew that "has" contains a 

long vowel. As "eterson and Lehiste (1960) showec, /»/ has 

an average duration of close to 7 0 0 ms. The / "* / vowel in 

this experiment had an average duration of 140 Tis.If the 

listeners were exDecting a relatively long vowel, they may 

have judged the vcwel they heard as very short. Now, they 

Dresumably knew that vowels sre longer before voiced 

consonants. Application of sneakers' knowledge to the 

vciced/voiceI ess distinction would have led to vowels before 
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the voiced consonant being judged as shorter. In other 

wcrds, given that the "his" and "hiss" stimuli were of the 

same duration, "his" might have been judged as having a 

short vowel fop that word. If any such effect occurred, it 

was evidently overshadowed by the perceived lengthening aoe 

to the voicing of the following consonant. In any event, 

the second experiment suagests that listeners in this kind 

of experiment do rot simply imitate the durations that occur 

naturally within English. 

Experiment 7 

For corrpapiscn with the results of Experiments 1 and 2 , 

it would be of interest to see exactly what listeners' 

irternalized knowledge of the duration patterns of English 

would lead thef to dc in judging the vowel durations of the 

words in Fxceriment 2, without the influence of the 

synthesized words. In order to do this, a third experiment 

was conducted. The subjects were asked to adjust the 

duration of the tone not to a vowel in a synthesized word, 

tut to a vowel they said to themselves. In order to keep 

the experimental situation as comparable as possible to the 

first two experiments, 3 similar procedure was followed. 

Instead of hearing "hiss," "his" ^nd "has," the subjects 

heard the cue words "a," "b," and "c," that is, /ej/, /bi/, 

and /si:/. If 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 duration of the tone. 

If this experiment patterned like Experiment 2, it would 

suagest that the results of that experiment could be due to 

the listeners' intuitions about English. Twelve subjects, 

two of whom had also been subjects in Experiment 2, 

participated in this experiment. The results are given in 

Table 3. 

Table 3 

Imitation of Internal Production - Fxoeriment III 

Word " M s s ^ " M s ^ "has" 

Duration of subject-
produced tone (ms) ?55 340 365 

The word "hiss" showec the shortest duration, followed fcy 

"his," followed by "has." This pattern, and the magnitude of 

the differences, corresponds closely with the durations that 

these vowels have in spoken English. This suggests that the 

results in Fxneriment 2 w r e not merely due to listeners* 

intuitions about Fnclish, but rather to the inherently 

different auditory characteristics of the aifferent stimuli. 

The perceived difference in the durations of the vowels in 

"hiss" vs. "hi s» therefore see"" to be Que to the 

continuation of voicing into the consonant in the case of 
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•his." 

£§D£r.ti discussion ard conclusion 

There is sorre additional evidence which supports the 

two critical points of this study, that (1) listeners 

perceive Vowels before voiced consonants to be longer than 

vowels before voiceless consonants, and that (2) this 

perceptual difference forrrs the basis for the vowel duration 

differences that are actually manifested in speech-

Raphael, Dorman and Liberrran (197S) found that vouels 

w r e more likely to be judged a? short when preceded by the 

voiceless consonart /s/ than when precedeo by the voiced 

consonant /d/ (or when a vowel beains the syllable). This 

result, on the perceptual effect o+ the consonant, parallels 

the results of the first two exDeriments described in this 

paper. (It should be noted, however, that it is stilt 

necessary to determine why this perceived vowel duration 

difference does not lead to vowel duration differences based 

en the voicing of the initial consonant.) 

For suooort of the secona point, we may turn to the 

"vidence in Sharf (1964) that whispered speech also 

manifests vowel duration differenced based on the "voicing" 

of the following consonant. Sharf correctly viewed this as 

evidence that the voxel duration difference is part of the 

linguistic code 0f English. If it were the case that 

articulatory factors contributed to the vowel duration 
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d i f f e r e n c e , we would expect that the d i f f e r e n c e would 

diminish s o m e w h a t , even in E n g l i s h , when the supposed 

a r t i c u l a t c r y basis for it, a d i f f e r e n c e in v o i c i n g , was 

r e m o v e d . As this did not o c c u r , we can only conclude that 

a r t i c u l a t o r y factors are not i n v o l v e d . This evidence is 

much more consistent with the notion that vowel d u r a t i o n 

d i f f e r e n c e s associated with the voicing of the following 

consonant stenrminq from p e r c e p t u a l rather th?n from 

a r t i c u l a t o r y f a c t o r s . 

It should be emphasized that the h y o o t h e s i s put forth 

here states only that there is a u n i v e r s a l a u d i t o r y 

c o n s t r a i n t which nakes v o w e l s before voiced c o n s o n a n t s 

appear to be lorger than they a r e . It makes no claim that 

ALL languages will oeveloP actual (not a p p a r e n t ) vowel 

duration d i f f e r e n c e s due to this factor and thus core to use 

the vcwel d u r a t i o n as a raj or d i s t i n c t i v e f e a t u r e in form ire 

lexical c o n t r a s t . English happens to have u n a e r g o n e these 

p r o c e s s e s as the above-cited phonetic studies and the Penes 

p e r c e p t u a l tests have s h o w n . H o w e v e r , I make no claims that 

B 11 languages show the same results in such t e s t s , only that 

all listeners will manifest the e f f e c t s of the p o s i t e d 

auditory constraint as revealed by the e x p e r i m e n t s reoorted 

here . 

In E n o l i s h , of course, the tendency causea by that 

constraint has become e x a g g e r a t e d and i n t e g r a t e d into the 
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linauistic c o d e , so that the vowel duration difference can 

be used to form lexical contrasts. For that development, 

there is at present nc explanation. Rather, the explanation 

here is for the phonetic differences that formed the basis 

for the qrowth of that contrast. 
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FOOTNOTES 

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

2. Quoted from Lisker (1974). 

3. Parker (1974) suggested a superficially similar proposal 
reaarding the abruptness of termination of the vowel, vowel 
duration, and the voicing of the final consonant. Careful 
reading, however, shows that while the proposal presented 
here assumes the continuation of voicing into the consonant 
causes the perception of greater voweI lenath (eventually 
leadinq to the production of grester vowel length), parker's 
Droposal attemDts tc derive both qreater vowel duration and 
the voicing of the firal consonant from a loosely refined 
"gradual vowel offset". Any similarities between the two 
croDOsals ere thus purely coincidental. 
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CHAPTER 6 

The Perceptual Basis of Perseverative Tone Spreading C1D 

ABSTRACT 

uyman and Schuh (1o74) noted that tone spreading, 
in which a tone extends its domain in time, is 
always perseverative, never anticipatory. Some 
further evidence for this clai't is presented. The 
ohenomenon is shewn to be a result of the slower 
processing cf pitch vis-a-vis segments. Evidence 
for this hypothesis is drawn from the psycho-
acoustic literature, and the results of an 
original psychophysical experiment using speech 
stimuli . 

iGtcs^uction 

^yman and ^chuh (1974), in a stuay celling with tonal 

processes in a large number of West African lanauages, note 

tpat tone spreading is alwavs oerseverative, never 

anticipatory. They examined 2? languaaes, rremters cf four 

families. ?erseverative tone spreading occurred in Bamileke 

and *"ikuyu of the pantu group; Hausa and Ngizim of the 

Chadic group; Gwari, \uepe, and Yoruba of the Kwa group; and 

'•"ppde of the "^ande group. Thus, eight of the languages, 

representing all fcur families surveyed, underwert 

perseverative tone spreaaing . They view the process as the 

spreading in time of a tone's domain. Given the sequence of 

tones high-lew-hiah, the lew tone will soread to the 

following syllable to give hich- low-low, but will not spread 

tc the preceding syllable to oive low-low-high. They claim 

file:///uepe
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that this tendency is not only tru 

have examined* but in the rest of 

as well. The claim is partic 

segmental assimilations show a t 

rather than perseverative. If tru 

tone behaves differently from othe 

In this chapter, I will firs 

languages not examired by Hyrna 

whole, support their claim. I wil 

extent to which this contrasts wi 

and will cropoje a phonetic e x p U n 

behave this way. Finally, I wil 

experiment which tends to support 

fyCtfl^C evidence from other iangua 

J_he supporting evidence 

Tone spreadirg dees net seen- to be as ccnrr.cn outside 

African languages as it is among t h e p . However, there 

appears to be evidence that HyTan and Schuh's claim is 

generally, if not universally, true. 

In addition to the languages with tone soreading found 

by Hynan and Schuh, a number of ether African languages show 

Per severative spreadirg. Maddieson (1976a) noted a very 

general perseverative Drocess of tone spreadina in Ciluba, a 

Bantu language. Depending on the tone pattern, the 

spreading can occur over as few as one or as many as three 

e in the languages they 

the languages of the world 

ularly interesting since 

endency to be anticipatory 

e, this would suggest that 

r ohonological units, 

t discuss evidence from 

n and Schuh which, on the 

I then attempt to show the 

th segmental assimilations 

ation for why tone should 

I report the results of an 

this explanation. 

qes 
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syllables so that given the labels H (for high ton e) and L 

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

1) 

?) 

?) 

4) 

5) 

*) 

HLH -

HLL -

HLHL 

HLLH 

HLLL 

HLHH 

•-> HLL 

•-> HHH 

--> HLHH 

--> HHLL 

--> HHHH 

--> HLLL 

The perseverative soreading is thus quite extensive in 

Ci luba . 

In another exarrple from Dantu, ^ennett (1976) found 

tone spreading occurring in Shona, although she reports the 

pattern is somewhat cifferent th?n that found by Fivaz 

(1970, cited in B e n n e t t ) . 

Tone soreadirq is oerseverative in Lango, a "Nilotic" 

language o-f Uganca C e a a i e s o n , rhopen, and Okello 1973). A 

number of perseverative processes occur, for example, the 

sequence o"f tones HIGH-LCW becomes HIGH-FALLING so that the 

HIGH tone o "f the first syllable spreads into the second in 

Ci sy I I abi c nouns. 

Blood C19*7) reocrts that the low tone on the first 

syllable of disyllatic words in Cham sometimes undergoes 

perseverative tone spreading. This case is particularly 

interesting for two reasons. First, there seerrS to be a 



118 

general tendency for high tones to affect low tones more 

than vice versa (cf. Hyman and Schuh's low-raising, also 

Paddiescn 1977b). The rule in Cham cces against that 

tendency. Second, Flood has examples in which the low tone 

soreads into final syllables ending in glottal stop, a 

segment which has a tendency to raise pitch (ttatisoff 1970, 

^ohr 1971, Horrbert 1975, Hombert, Ohala and Ewan 1976) with 

seme exceptions (faran 1971, 1973). The perseverative 

soreading seems to override these tendencies. 

Lhasa Tibetan appears to have cases of perseverative 

tone spreading in disyllabic compounds.r2] Qu (1963) 

reports four tonal processes occurring in Disyllabic 

compounds: 

7) 

8) 

9) 

1fl) 

35 + 15 

55 + 15 

55+35 

53 + 35 

- > 35 + 55 

•-> 55 + 55 

- > 55 + 53 

•-> 55+53 

The first two of these look like spreading of the 5 tone* 

Dut are not. The first part of the tone in the second 

syllable simply gets raised to level 5 between two level 5 

tones. The second two rules, however, are cases cf 

perseverative spreading. The 53 pattern spreads to the end 

cf the words. 

Ballard (1975) studied the tone sandhi phenomena in the 
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Wu family of dialects of Chinese. Ballard found what he 

called ton? spreading in three of the dialects, namely 

Shanghai, Tangsic and Ningpc, and found that this effect wes 

always perseverative. Other types of sandhi occurred in 

both directions, both in some of the above three dialects 

and in sere of the other Wu dialects. 

In discussina Shanghai Mallard says (on the basis cf 

data from Sherard 1972) that "within a phonological word, 

all syllables after the first ignore their citation tone and 

take their tone from the first (leftmost) syllable by its 

spreading out over the whole phonological word." In other 

words, a 42 tone on the first syllable of a word results in 

3 falling tonal- Contour over the entire word. This is 

clearly a case of perseve^ati ve tone spreading. 

In Tangsic, Sherard finds a similar pattern cf 

spreading as occurs in Shanghai. In \'ingoo, however, a case 

of spreading occurs which is exactly analcnous 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 preceding syllable. It should be noted that the 

leftward, or anticipatory, sandhi effects found by Fallard 

are completely different in kind from spreading; they simply 

involve one or more of the beginning syllables in 

phonological w 0rds beina neutralized to some value, often 

simply a mid tone. Nc counterexamples, 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 language of New Guinea, which was described by 

Healy (1964).[33 Some of the rules are straightforward cases 

of per sever ative tone spreading: 

11) 33 — > 55/55 

12) 55 — > 33/33___ 

These rules cause a perseverative spreading throughout an 

utterance, with each tone spreading into the following 

syllable, yielding processes such as the following. 

13) 33 55 33 33** — > 33 33 55 32a* 

The reason the last tcne does not become 33 is that the 

oresence of a pause causes a lowering of the 33 tone: 

14) 33 — > 3?/ an 

The sequence in (13) is thus the result of the application 

of two rules. First, each of the tones spreads into the 

fol lowi ng syllable: 

15) 33 55 23 33 --> 33 33 55 33 

Following the spreadirq, the presence of a pause causes the 

last 33 tone to become 3?. 
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Ayulta Mixtec has a number of perseverative tone rules 

(Pankratz and E. Pike 1 9 6 7 ) , some of which are cases of tone 

spreading. For example, words not ending in glottal stop 

which end in a high tone cause a following mid ton e to 

become high. Enclitics take a high tone when following high 

tone in the stem. 

The languages whose tone spreading phenomena are 

discussed above (including the languages cited by Hyman and 

Schuh) total 18. 

The 3rrbi_g_uous evidence 

I examined a nunrber of phonological descriptions cf 

languages which use tone distinctively. Most of these (the 

number was not recorded) did not have tone spreading. Some 

descriptions provided evidence which I felt should not be 

counted, for several reasons. The possibility of the tone 

spreading in these lanauages is discussed below, together 

with my justification for not counting these languages. The 

Languages with tone spreading in both directions are also 

included in this section. 

Downer (1947) has noted a number of tone s^ndhi rules 

in White '"iao, a larguaae spoken in parts of Laos and which 

has some dialects sooken in China (Kratochvil 1 9 6 3 ) . Downer 

gives a number of examples of tone sandhi, which apparently 

typify a rrore general process in White "liao, in which nearly 

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

16) nton(33) — > nton(11) / nplon(51) 

Fven if we assume that this example represents a general 

process, however, there are so many tone sandhi rules in 

White Miao that dc net lock like any assirrilatory process at 

all, that I would not wart to count this example as 

relevant. Some of the effects of the 51 tone ere; 

17) 35 — > 3?/51___ 
51 — > 31/51__ 
3? — > 11/51 
11 — > 3 1 / 5 1 " " 

Tones other than 51 have other effects, none of which look 

like spreading. The systerr Qf alternations becomes so 

complicated that we would not want to single out one of 

those alternations and claim that it was due to some 

universal process. Similarly complicated tone sandhi 

systems, such as that occurring in Taiwanese (Robert Cheng 

197"^) were simply excluded here because they would be 

subject to the safe problem. 

°oth anticipatory and perseverative tone spreadinq 

occur in Soyaltepec Vazatec, a language of central vexico, 

reported by E. Pike (1956). Pike says: "Allomorphs with 

tone clusters 45, 34 B n n tone L. are replaced by allomornhs 

with tone 5 when precedinc a morpheme with tone 5." Co. 60] 

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 followina w 0rd to becorre tone 5, and tone clusters 34 

and 24 cause a tone 3 in the followina word to become tone 

4. In both these cases, the tone level at the end of the 

first word spreads to the tone of the followinq word. 

?oth anticipatory and perseverative tone spreading 

occur in the San Esteban and San Miguel dialects of v'ixtec 

(fak 1953). The spreading rules are said to be optional. 

A problerr arises in r^etf rTining the direction cf 

sereadira in Villa Alta Zarotec. F. Pike (1948) reports 

only anticipatory spreading in the dialect spoken in Oaxaca. 

A preliminary investigation by Jeri Jaeger and Robert V^n 

Valin (personal corr.mun i cat io n) has thus far found only 

perseverative spreading in the dialect spoken in Yace, 

which is also in the Villa Alta group. The data of J?eqer 

ana Van Valin is limited at this time, and that from Fike is 

somewhat difficult to analyze. Although it is likely that 

dialect differences are responsible for the different 

patterns, the possibility remains that both anticipation 

and perseveration occur in speakers of the same dialect. 

There are apparent counter examD I es in synchronic 

alternations in other Chinese dialects, although I have not 

found any that were actual cases of SDreading. In 
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Cantonese, there are cases of tone sandhi such as the 

following (Steve Faron, oersonal communication): 

IS) 53 55 > 55 55 
syl syl syl svl 

If we view the tores cf each syllable as units, i.e., that 

53 is a unit, that 55 is a unit, the case in (1) looks like 

anticipatory tone spreading. In other words, if we call the 

tone with a 53 contour Tone A and the tone with contour 55 

Tone B, the following rule results. 

19) A-->R/___P 

As Hyman (1975) points out, if we consider the contour tones 

as a seauence of level tones, level 7 is simply noinq up to 

Ipvel 5 when occurring between two level 5 tones in a 

process that h as been labelled "vertical assimilation" by 

Hyman and Schuh. I will ignore the issue here of whether or 

not contour tones should be considered as seauences of level 

tones. The fact is that one cannot make a case for 

phonetically motivated tone snreadinq in either direction 

from the example in (1). In terms of phonetic values, the 

tone value described as 3 simply took on the value that both 

preceded and followed. 

In Mandarin, in a similar way, the tone sandhi cannot 

be analyzed as tone spreading. However, in discussing tone 

sandhi, Chao (196fc) says: "In Mandarin, as well as in other 
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Chinese dialects, 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 occurs in the neutral 

tone, whose value is determined by the value of the 

preceding tone, but is not simply a continuation of the 

end-point of the following tone. 

£°u.n.te-!le.x§.?LE.k?s 

Chichewa, a Pantu language, has anticipatory tone 

screading. Trithart (1976) describes a rule which makes 

Low-Hiqh tone oatterns on disyllabic nouns very rare, 

changing racst of therr to Hioh-Hinh. 

20) Low --> high/ High 

Another Pantu larguage, Kinyarwanda, has a number of 

orocesses of anticipatory tone spreading (Kimenyi 1 9 7 6 ) . 

In some cases, Hiqh-Low seauences become Falling-Low. In 

others, level tones simply spread to the preceding 

syllables-

lllllS^ve r at i on versus ant i ci_p_a tion--the tally_ 

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 

frequently. It might se useful to provide a count of the 

examples above. T have not included White M a o since it is 
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not clear that the "spreading" in that language is a general 

process. I have not counted psndarin and Cantonese since, 

as I showed above, it is not correct to view the sandhi in 

these languages as spreading. I have counted languages 

which have both anticipatory and perseverative spreading 

twice: once in each group. I h??ve counted the different 

dialects of Wu and wixtec as different languages. The tally 

thus results in 22 cases of perseverative tone spreading 

versus 6 cases of anticipatory spreading. (If the different 

dialects of Wu anc yixtec are counted as single languages, 

the numbers are 2 n and 4 ) . In either case, the difference 

is significant at the -01 level. 

k tendency dees not have to be universal, of course, in 

order to r.e interesting 3 n d worthy of explanation. In this 

particular case, however, it is ITportent to establish th^t 

the behavior of tones differs frcn the behavior of segments. 

If perseverative tore spreadinc were sitrply part of a 

general tendency toward oepseverative assimilation, apy 

explanation would have to encorpass the related tendency fcr 

segments. It is Thus iTPortsnt to see whetner segmental 

assimilations are generally perseverative. 

»ss i rri lat i_qr\ in segmerts 

Vowel harmony is comparable to tone spreading. As will 

be seen below, the fact that vowels and tones are 

communicated chiefly by frequencies in the lower part of the 
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spectrum makes the ccrrparison particularly important. Ultan 

(1973) notes that vowel harmony has been largely thought of 

as perseverative because it has been studied so extensively 

in Altaic and Uralic, which are primarily suffixing language 

families. He notes that a very similar process is called 

umlaut when it is anticipatory. Ultan notes that it is 

nearly always the stem vowel that determines the shape of 

the harrrodic vcwel, sc that t h F directionality of vowel 

harmony within utterances largely depends on whether 

languaqes tend to use prefixes or suffixes. Lindau (1975) 

h 3 s a similar view concerninq the vowel-harmonizing Niger-

Congo and Mil°-Saharan languages, in which, she notes, 

harmony is larqely articipa tory, with a greater tendency for 

stems to affect prefixes than suffixes. 

There ?re cases, however, in which vowel narirony tends 

to be anticipatory without involving an affix harmonizing to 

a stem. One is German umlaut, in which the stem vowel takes 

on some of the properties of th** suffix vowel. English, of 

course, had umlaut very similar to German in formino 

rlurals, with /fot/:/foti/ becoming /f ot / : / f «51 i /, manifested 

in present day 'fcot: feet.' According to Sapir (1921:172) 

the Fnglish umlaut developed independently of the German, so 

that these can be considered different examples. We can at 

least conclude that v0wel harmony, unlike tone spreading, is 

not predominantly perseverative. Vowel harmony probably 
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develops from phonetic co-articu latory effects between 

vrweis. O h m a n ^ (1966) sp ect rograph i c study of VCV 

utterances showed that such co-articu latory effects go in 

toth directions. In ether Words, in an utterance of the 

type V1CV?, V1 affects V? and V? affects V1 . Broad and 

Fertig (1970) show a similar effect. Given this evidence, 

together with the phonological evidence above, we can 

conclude that vowel harmony, unlike tone spreading, is not 

Dre dominant Iy perseverative . 

Another process quite similar to tone spreading occurs 

i r. the development cf geminate consonants from two adjacent 

oissimilar consonants. If we have the seauence C1C2 

becoming the seauence C1C1, we would have a case of complete 

persevepative assimilation, whereas if the same sequence 

became C?C2, we would have complete anticipatory 

assimilation. In these cases, it can be said that the 

consonant that remains (as a geminate) has spreao its domain 

in time. "here are cfcvious differences, cf course, in that 

it is very unlikely that the "surviving" consonant gradually 

encroaches on the time available to the "conquered" 

consonant. In the cases of tone spreading reported in Hyman 

and Schuh, something very much like this occurs with' tones, 

so that a hiqh-low seauence on two syllables becomes high-

falling, with the high tore continuing into a domain at some 

point held by the low tone. 
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Nevertheless, a comparison with consonant gemination 

might tf»ll us something about the nature of similar 

assimilations in tone. Thurgocd (1974) studied consonant 

assimilations in several language families: Italian and 

Sardinian within comance, several languages of the Muskogean 

family, and Pali, an Indo-Aryan language. He found that 

"other things being equal, the first consonant assimilates 

to the second." 

Although Thurgocd found a fe w exceptions, his analysis 

reveals that these occurred in a limited number of consonant 

combinations. Thus in consonant clusters in «ihich /s/ was 

present, the result was always a geminate / s / , regardless of 

whether the 1st was the first or seconcs consonant. 

Corsonantal oe"i "> na t ion thus appears to be generally 

anticipatory in sharp contrast to tone spreading. 

The most conclusive v.ay to determine whether segments 

h=ve the same perseverative tendencies that tones do would 

be tc count the number of anticiratory vs. perseverative 

assimilation rules in a large number of languages. 

Accordingly, I examined 765 segmental assimilatorY rules 

Culled from 60 larquages whose phonologies are documented in 

the Stanford Phonology Archive. 195 of these rules involved 

anticipatory assimilation of a segment to a following 

segment. 69 of these involved the perseverative 

assimilation of a segment to a preceding segment. 81 of the 
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rules fell into both categories, in that segments were 

affected both by preceding and following segments. The 

conclusion must be that segrrental assimilation is generally 

snticiDatory, in sharp contrast to the situation in tonal 

ass i mi lation. 

Trward an explanation 

Why should tone spreadina be cerseverative? Hyman and 

Schuh (in a footncte obviously meant to provoke further 

research) suqgest that a oossible e x d a n a t i o n might be that 

the physiological adjustments necessary to change pitch take 

lender than the chysiologica I adjustments necessary to 

produce different segments. They did not oresen'; evidence 

fcr this suqgesticn, and inaeed, it is difficult to see how 

this notion might he confirmed. Even if the vocal folcs 

were slow relative tc supra-qlotta I articulators, it is not 

clear t^at this would cause oerseverative tone spreading. A 

comparison might be drawn with the relative sceed of other 

types of speech gestures. The tongue tip is an extremely 

f^st articulator, as evidenced by the very short duration of 

alveolar taps occurrina in certain languages (see Lehiste 

1970 on Fstcnian, for e x a m p l e ) . The velum is almost 

certainly slower, given the relative slowness of its 

movements (see, fcr example, the tracings in Ohala 1974a). 

Yet there are numerous cases of anticipatory nasalization 

before alveolar nasals, sugoesting that the different speeds 
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of a r t i c u l a t o r s are in some way t a k e n into account by 

speakers . 

A p e r c e p t u a l asynchrony between tones and s e g m e n t s 

might e x p l a i n p e r s e v e rative tone s o r e a d i n g . If tones were 

processed more slowly than s e g m e n t s , a listener would 

perceive a tone as occurring later within a sequence of 

s e g m e n t s than when it was produced by the s p e a k e r . Such 

mi s per cep t i on s, if they occurred c o n s t a n t l y within a 

language community,. would favor cers ever at i ve tone 

s p r e a d i n g , and d i s f a v o r a n t i c i p a t o r y tone s p r e a d i n g . 

There is e v i d e n c e sugaesting the p o s s i b i l i t y that tones 

are processed more s l o w l y . There =3re at least two d i f f e r e n t 

ways in which a slower processing of tones could come a b o u t . 

One involves the fact that high and low frequencies are 

processed by d i f f e r e n t m e c h a n i s m s , the other relates to the 

fact that high and low f r e q u e n c i e s have d i f f e r e n t effects on 

the ear even within the same general m e c h a n i s m , b e f o r e 

p r o c e e d i n g , I will note some general facts of h e a r i n g . 

T h e middle ear arpli'Hes the amount of motion caused at 

the eardrum by the pressure v a r i a t i o n s known as sound/ and 

transmits these p r e s s u r e v a r i a t i o n s to the c o c h l e a . 

Different f r e q u e n c i e s cause the basilar m e m b r a n e , inside the 

c o c h l e a , to be set into maximum .notion at d i f f e r e n t 

l o c a t i o n s . The d i s p l a c e m e n t at different locations along 

the basilar m e m b r a n e cause the e x c i t a t i o n of different nerve 
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endings. A complex sound, such as a vowel, causes 

excitation maxima at several different locations along the 

basilar membrane, corresponding to the different formants, 

or concentrations cf energy, of the vowel. 

It is generally agreed (Plomp 1966, Tobias 197G, 

Proadbent 1971) that there are different mechanisms used for 

processing of relatively high frequencies (corr.Dr i s inq most 

of the frequencies involving speech segments) and for 

processing of relatively low frequencies (comprising the 

frequencies involveo in speech tone). A place mechanism, 

which uses the areas cf maximum excitaticn of the cochlea, 

appears to be the only way in which hinh frequencies are 

processed. Althouoh the place mechanism theoretically can 

process low frequercies, a mechanism of tirre-snq-frequency 

analysis appears to be used for low frequencies. This 

mechanism, working at the brain rather than at the cochlea, 

cetermines frequercy by T.easurin<~ how often the ircoming 

pattern repeats itself. The reason two mechanisms are 

Relieved to be presert is that neither is capable of doing 

? I o n e what the auditory system is known to do. The place 

mechanism cannot account for the remarkable accuracy with 

which sounds are discriminated. CAT Time and frequency 

analysis cannot account for the processing of high 

frequencies, since the "recovery time" (refractory period) 

of nerve fibers dees rot allow them to respond accurately to 
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rapidly varying signals. [53 

The characteristics of the two mechanisms suggest that 

there may be differences between the processing of 

fundamental frequency, or tone, and the processing of 

segments. Given that the funaamental frequency of the human 

voice hardly ever exceeds 500 Hz, even in small children, it 

is safe to assume that a time and frequency analysis is 

capable of determining tone. Miller & Nicely (1955) found 

that the freauencies above and below 2200 Hz made equal 

contributions to the perceDtion of duration of segments. 

This means that trost of the cues for duration are above the 

1400 Hz lirrit suggested by Plc^p (1966). Moreover, there is 

evidence that segments, regardless of frequency, are 

crocessed by a different, and less accurate, mechanism than 

thp mechanism which processes tone. Flanagan (1° 72), in 

comparing the results of Flanagan (1955) and cf Flanagan and 

Saslcw (195S), rotes that the accuracy of perception is 

about 10 times greater for fundamental frequency than for 

formant freauencies (a aifferenc-? limen of approximately .3 

to .5 percent for furdamental frequency but 3 to 5 percent 

for formants). T6D Since the mechanism involving ti"ne and 

frequency analysis is capable of far more accuracy than the 

place mechanism, it would seem reasonable to assume that 

fundamental frequency is probably orocessed by a time and 

and frequency analysis, while formants are processed by a 
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place mechanism. It must be remembered that the place 

mechanism performs its frequency analysis at the cochlea, 

snd that the time and frequency analysis must still use the 

input from the cochlea to determine frequency. It is 

likely, then, that the time and frequency analysis takes 

rr.cre time than the place mechanism, since the brain has to 

get the inout from the cochlea to even begin a time and 

frequency analysis. 

There is a complication in ell this, in that the place 

mechanism apparently undergoes a "sharpening" or contour 

erhancemer,t that increases its accuracy somewhat. This 

sharpening, since it also presumably takes time, might take 

as much time as a time and frequency analysis, thus 

ecualizing the time taken by the two mechanisms. On the 

ether hand, it is likely that a time and frequency analysis 

uses the "sharoened" cut put of the cochlea, so that it would 

occur after the sharpening process. However, this is not 

the only evidence. Although it is possible that the fact of 

two mechanisms in the ear would explain a slower processing 

of tone, this is not the only way in which a slower 

processinq of tone cculd occur. 

Dallos (1972:^17, 211-217) suggests, on the basis of 

evidence from Kiano (1965) and from filler (1970) that the 

cochlea's transient response is much slower for low 

•frequencies than for hiqh frequencies. This stems directly 
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from the frequency-analyzing properties of the cochlea. The 

cochlea may be thought of as a set of resonators, each with 

a different resonating frequency. The higher the resonating 

frequency, the rrore quickly a resonator will begin and end 

its oscillation. Conversely the lower the resonating 

frequency, the more slowly a resonator will begin and end 

its oscillation. 

Dallos goes on to suggest (1972:517) that an 

oscillation in the ccchlea will continue for a given number 

of cycles after a sound input has ceased. He says: 

At any point along the membrane the vibration is 
in the forrr of a decayincj oscillation. The 
frequency of this oscillation is precisely the 
same as the best frequency (as far as maximum 
amplitude with sinusoidal stimulation is 
concerned) cf the given site. There are several 
(5-10) cycles of this oscillation, and thus any 
point along the partition is in actual vibration 
for a length of time that is determined by its 
characteristic frequency. 

This could explain the tendency of tones to "linger" in 

the ear and thus undergo Derseverative spreading. There is 

good reason for caution here, however. First, the 

experiments on which Dellos has based his conclusions were 

cone with animals. Second, the rate of decay of the 

oscillations that follow an input to the ear is relatively 

high (20 dP Per cycle). If 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 

for different frequencies, so that it is possible that all 
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frequencies linger approximately the same amount of time. 

These facts cf hearing thus seem promising but not 

conclusive as an explanation for perseverative tone 

assimilation. Accordingly, an exceriment was conducted to 

determine if tones are processed more slowly than seoments, 

in this case vowels, although no attempt was made to 

determine which of the possible explanations above might 

cause this effect. The assumption was made that, if 

fundamental freauency were processed more slowly th.3n the 

formants in vowels, a tore change and a forrrant chanqe could 

be perceived as occurring simultaneously if the tore 

occurred somewhat b e f c e the formant change. The amount by 

which an FC (f una arren ta I freauency) change would have to 

lead in order for the changes to be Perceived as 

simultaneous should reveal the difference in the time 

required for processing Fn vs. formants. 

The vowel glide /ej/ was synthesized with a tone change 

occurring near the middle of the glide. The glide was 

actually composed cf a steady-state /e/ portion, a 

transition portion cf 5° ms . and a final III Dortion. The 

formant values for lei were 550, 2CC0, and 2600 Hz. The 

formant values for I I I were ^00, 2200, and 26P0 Hz. The 

transition consisted cf a linear irteroo lation betwee n the 

lei and I I I . This transition was the shortest that could be 
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produced without giving the subjective impression of a 

consonant. FO changed abruptly from 120 to 140 Hz at 

different times in relation to the midpoint of the formant 

transition: -30, -2C, -10, - 5 , 0, +5, +10, +20 and +30 ms. 

These are qiven in Fioure 1. 
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Figure 1 

Midpoint of 
50 msec, 
t r a n s i t i o n 

2600 Hz 

2225 

Abrupt 120 to 140,Hz 
change in FQ. Time 
given relative to 
midpoint of formant 
transition. 
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A tape was prepared in which each of these stimuli 

ared 4 t i m e s , with the e n t i r e set in random o r d e r . A 

ning tape was prepared in which the following sequence 

repeated 4 t i m e s . 

The vowel /e/ with no change in quality or p i t c h . 

The vowel /e/ with a pitch change toward the B e g i n n i n g . 

The Vowel /e/ with a oitch change toward the end. 

The glide / e j / without a pitch c h a n g e . 

The glide / e j / with a pitch change from 120 to 140 Hz 

o c c u r r i n g 5 m s . before the b e q i n n i n g of the forrrant 

t r a n s i t i o n (and thus "̂ 0 ms . before the midpoint of the 

t r a n s i t i o n ) . Instructions told the listeners that the 

pitch change here occurred before the q l i d e . 

The glide / e j / with a Ditch change from 120 to 140 Hz 

o c c u r r i n c ?5 m s . into the form-ant t r a n s i t i o n (and thus 

at the midpoint cf the t r a n s i t i o n ) . The subjects were 

told that the rifch change here occurred at the same 

time as the vowel c h a n g e . 

The glide / e j / with a oitch c h a n G e from 120 to 140 Hz 

o c c u r r i n o 5 m s . after the end of the forrrant t r a n s i t i o n 

(and thus ?0 m s . after the midpoint of the t r a n s i t i o n . 

The s u b j e c t s were told that the pitch change here 

occurred after the vowel c h a n g e . 

27 subjects participated in the e x p e r i m e n t . They were 
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students and faculty at the University of California, native 

speakers of American English, with no history of hearing 

pathology, who served with no compensation. Each listened 

to the stimulus tape three times. There was thus a total of 

12 repetitions of each stimulus per subject. The training 

t=.ce was played tc subjects immediately before the first and 

second administrations of the stimulus tape. The subjects 

heard the tape through earohones in a sound-treated room and 

were asked to make a fcrced-choic? decision as to whether or 

not the tone chance ano the vowel change were simultaneous. 

They were told tc quess if they were not sure. A numoer of 

suCjects reported the task to be extremely difficult but all 

completed the experiment. The resoonses to the first 

playing of the stimulus tsoe -for one suoject, however, were 

not counted due to failure to understand the instructions. 

The results are given in Table 1 and Table 2. 

T?b le 1 

Time of FC 
change relative 
to midpoint 
of ferment 
transition -2C -20 -10 -5 0 5 10 20 30 

No. of responses 116 167 180 165 172 159 168 143 113 
o t simultanei ty 

["not significant! 
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Tab le 2 

Simultaneity judgments 
when tone change preceded 
formant change 

Simultaneity judgments 
when tone change followed 
formant change 

635 58 
[si gnif ic ant at 5%D 

Results iQS! discussion 

^able 1 gives the number of responses, pooled for all 

subjects, to each cf the different stimuli. In the -30 

stimulus, the F0 change occurred 3fi ms. prior to the 

r,idpoint of the ferment transition. In the + ? 0 stimulus, 

the F 0 change occurred 30 ms. follcwina the mid-point of the 

formant transition. The particular pattern indicated in 

Table 1 is not significant by a chi-sauare test. However, 

if we como are all the cases in which the FQ change occurred 

before the mid-point cf the transition with all the esses in 

which the change occurred after that mid-point, as in Table 

2, the results are significant at the 52 level. The tore 

snd vowel change were judged to be simultaneous 635 times 

when the ton e charge preceded and 583 times when the tone 

chanoe followed. The results thus show a tendency for tone 

to be processed more slowly than formants* but they do not 

reveal, in a statistically significant way, the magnitude cf 

the effect. The experiment thus provides supporting, if 

incomplete, evidence for the hyoothesis that Derseverative 
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tone spreading is due to a slower auditory processing cf 

tone compared to the processing for segments. £7] 

Two questions rerrain unanswered. First* the magnitude 

of the effect needs to be determined, since a relatively 

S7i3ll difference ir processino time for fundamental 

freauency would weaken the hypothesis. This could be dore 

by having the subjects control the asynchrony between a tone 

change and some secmental event until they were satisfied 

that the two were si rru It aneou s. Although this was not done 

(instead of the experiment reported) for lack of some of the 

necessary equipment, it is the obvious nethod frr 

.-etermininq the magnitude of the effect. 

Second, it is important to determine which o-f the two 

causes suggested here account for the longer processing tirre 

for fundamental freauency. One nethod to test for this is 

relatively straightforward. The mechanism suqcested by 

k i l o s ' s -findings, that the trinsi'pnt response of the 

cochlea is slower for low frequencies, requires that the 

fundamental frequency be present in the cochlea. However, 

we can hear fundamental frecuency, using a time and 

frequency analysis, even when that frequency is only 

represented in higher harmonics as occurs when we hear 

through a teleohore. Dy repeating the present experiment 

with the funaarrental frequency missing, we should be able to 
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cetermine which of the l;wo explanations is correct. 

Conclusions 

Several conclusions can be drawn concerning tcne 

spreading. First, there is a definite tendency for tone 

spreading to be perseverative rather than anticipatory. The 

tendency is certainly not a universal one, as there are 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 contours occur with respect to when segments occur is 

net very accurate The third conclusion is that such 

results suggest a rrechanism for tone soreading in either 

direction. If listeners have a difficult time determining 

where a tonal contour occurs, they may he3r it and learn it 

as occurrinq at a different tiire from that produced by 

speakers. Fourth, the experimental results, as well as 

certain characteristics of hearing, suggest that the 

tendency toward perseverative spreading is due to the slower 

processing of tones versus segments. 
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FOOTNOTES 

1. This is a revised version of a oaper presented at the 
Fall meeting of the Acoustical Society of A m e r i c a , 1976. An 
abstract appeared as Javkin ( 1 9 7 6 b ) . 

2. I have used the Chao tone l e t t e r s , in which 1 represents 
low tone and 5 represents high t o n e s , throughout this 
chapter where a p p r o p r i a t e . 

3. I would like to thank John Croth^rs for bringing this to 
my att ent ion . 

4. Even with a "sharpening" m e c h a n i s m , 
below, which increases its accuracy. 

to be discussed 

5. Estimates as to the maximum freouency which could be 
crocessed by a tirre and frequency analysis have been as high 
as 5000 Hz (wever 19SC) but D l o m c (1966) c o n c l u d e d , from a 
wice survey, that the limit is probably around 1400 Hz. 
This figure has convinced other i n v e s t i g a t o r s , includirq 
Sroadbent ( 1 9 7 1 ) . 

6. In fact, if there is a tendency for tones to be 
processed more slowly than s e g m e n t s , it rray be due not to 
the frequency d i f f e r e n c e s between these two types of sounds. 
Hirsh (1959) found no tendency for anticipation or 
perseveration for pure tcnes of different f r e a u e n c i e s . 
Pisoni (1976) found effects that would probably lead to 
snticioatory spreading if thev occurred for speech s o u n d s . 
His results are difficult to reconcile with those of H i r s h . 
It is not c l e a r , however, that the stimuli in these 
experiments would reflect d i f f e r e n c e s in the processing of 
tones and s e g m e n t s . 

7. However, see "addiescn (1976b, 19773) for a report 
different e x p e r i m e n t a l results bearing on this question. 

on 
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CHAPTER 7 

Conelus ion 

ABSTRACT 

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

In conclusion, it might be useful to note the purposes 

which the preceding chaDters have served. First, the 

explanations of sound changes offered here have provided 

additional examples under a paradigm which holds that speech 

communication may be viewed as a transmission line. 

Examples have Deen qiven of sound changes that are caused by 

articu latDry, accustic and perceotual factors. 

The change from Cls3 to CltsD in English and the change 

cf geminate ["l] to C j 3 in Spanish .̂ dd to the nuntDer of sound 

changes which have already been exolained * n terms of 

articulation; e.g. nasalization cf vowels in the environment 

cf nasal consonants, the development of tone contrasts frem 

former voicing contrasts, the epenthesis of stops between 

nasals and following fricatives. I have chosen to separate 

the articulatory-based explanations into Typt (I) and Type 

(II), depending en whether the loss of a distinction is 

part of the charge (Type I I ) , or whether a segm ent (as in 

cases of epenthesis) cr a feature (as in the development of 

creakiness on lew tones) is aaded to words fulfilling 

certain conditions. This is not the only 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 changes 

share the major characteristic of being articulatory in 

origin. Classifying them separately suggests a way to look 

for more examples, however, and I have chosen to do that 

here . 

The changes cf *- p to - o , +- t to -e, and *- k to 

-ee add to the small number of sound changes which have been 

explained as being based on an acoustic similarity between 

the older 3nd newer forms; e.a. the change of CI 3 to Cw3, 

of r s L3 to CslU, of vowels nasalizing in the environment cf 

[ h 3 . I ?m somewhat more cauticus in suggesting that the 

change of post-occ lusive CID in Italian also ados to this 

group. The original hycothesis for explaining this last 

change was that the basis was articulatory: that the tongue 

W'.s higher for post-occ lu si ve [ID than for non-post-

ccclusive r L 3 in ether environments. While the study of 

this change did not confirm the hypothesis, it is possible 

that a more complete study would confirm it. I have 

classified these chances as Type (III). 

The changes in which vowels lengthen before voiced 

consonants and in which tones undergo perseverative 

spreading opens an area for explanation which has not been 

very thoroughly explored. These changes (certainly, I 

think, the former and probably the latter) are caused by 
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constraints of the listener's p e r c e p t i o n . I have classified 

them as Type ( I V ) . By providing evidence of changes of a 

different t y p e , these explanations serve to extend the 

paradigir into an area in which explanations might have been 

expected, but had not been developed. 
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