CHAPTER 5: DISCUSSION AND CONCLUSION

5.1. Introduction

The discussion and experimental results presented in the previous chapters
support the hypothess that velar paataization arises out of a perceptualy conditioned
reandysis of fagter speech. Firgt, accounts which rely soldly on gradua articulatory
sepsfal on their own termsto account for this change: not each discrete step needed
by apurdy articulatory account can be well motivated by articulatory means (82.3).
Second, velar stops before front vowels and pal atoa veolar fricatives were shown to
have an acoudtic affinity (83.4). The Smilarity is greater for the voiceess consonants
than the voiced which echos the most common target of the sound change, the voiceless
[K]. Faster speech tokens of fronted velars were aso shown to be more acousticaly
similar to paatoaveolars than citation goeech tokens. Thirdly, in perception studies,
velar stops before high front vowe's were shown to be highly confusable with
paatodveolar affricates when the sgna was degraded by noise masking or gating (84.2
and 84.3). The voicdess velars were more susceptible to mishearing than the voiced
velars.

In this chapter, | consder severd modds of sound change to see how well they
predict a perceptua conditioning of the sound changek >t/ __ [front vowels]. |
limit the modds of sound change discussed dong two lines. Firg, | only consder
models which dlow for phonetic conditioning. Many models in the generdtive tradition
which characterize sound change in purely phonologica terms such as rule addition or

feature spreading (in a feature geometry model) propose accounts of the sound change



velar paatalization (Calabrese 1992, Chomsky and Halle 1968, Clements 1991, L ahiri
and Evers 1991). These accounts are not considered here since findings from phonetic
investigation do not speak to such models. The models do not make predictions that
can be evaduated in terms of phonetic investigetion; instead they are evauated in terms
of the formaism used and synchronic patterning. Second, | begin by focusing the
discussion on modds of sound change within an individua spesker. The chapter begins
with the individua speaker in order to narrow the scope of the discussion aswell asto
make atheoretica stance which distinguishes between sound change in the individud
and the spread of sound change through a speech community. Other gpproachesto
sound change (e.g., Weinreich, Labov, and Herzog 1968, Labov 1994) consider the
sound change to be the property of the speech community. The relationship of sound
change to the speech community raises important questionsthat | will return to at the
end of the chapter.

5.2. Evaluation of Some Current Models

In this section, | outline the models of sound change proposed by Ohala (1971,
1974, 1986, 1989, 1993 and Hombert et al. 1979), Kiparsky (1988, 1995), and
Lindolom et al. (1995) and assess how their models dedl with the sound change under
investigation here, namely the perceptualy motivated change of avelar sop to a
paatoaveolar affricate before front vowels. This sound change does not fit nicely into
the models of sound change proposed by Kiparsky and Ohalawhich rely on listener
misperception. The change is not necessarily “ Structure-preserving” as Kiparsky would

predict. And the conditioning environment is not usudly logt as Ohaawould predict.



Contrary to their predictions, the result of the change ([tf]) is often anewly crested

segment in the language and the fallowing vowel is not usudly logt (82.2). Lindblom’s
modd, on the other hand, can easily handle this kind of sound change since it does not
rely on misperception, but on collection of dternate forms gleaned from moments of

veridical perception.

5.2.1 Ohala’'s Model

Ohaa proposes a theory of sound change which focuses on listeners
misperceptions or misparsangs of auditory input. The scope of hisinvestigation is limited
to the “mini” sound change in which “one listener hears one word spoken by asingle
speaker incorrectly” (Ohala1993:242). Thus, his primary concern iswith the
preconditions for sound change. These preconditions are, by hypothesis, language
universd. In other words he is investigating the physiologicd, acoudtic, and
psychologica factors common to al human spegkers a any time. These factors provide
the variaion in speech which can give rise to migperceptions or mini sound changes.

Ohda proposes that variation in the speech signad due to coarticulation, Speaker
specific effects, etc. normaly gets factored out. He writes that “listeners normalize or
correct the gpeech signd in order to arrive at the pronunciation intended by the speaker
minus any added contextud perturbation” (Ohala 1993:245, itdicsin origind). There
are other possibilities, however. One posshility isthat the listener fallsto normaize the
input and interprets the actud sgnd as intended by the spesker. Ohdacdlsthis*hypo-

correction” and proposes it as one of the basic mechanisms of sound change. Firg, the



listener misinterprets the spesaker’ s intended pronunciation of aword. Then, the

listeners adopts the misperception as their own new intended pronunciation,

[1]f the listener fails to correct the perturbations in the speech sgnd,
then they will be taken a face vaue and will form part of his [sc]
conception of its pronunciation. Via such ‘hypo-correction’, as| cdl it,
the phonetic perturbation, originaly just fortuitous results of the speech
production process, become part of the pronunciation norm. (Ohaa
1993:246)

Ohaa offers two main reasons why hypo-correction would happen. The first
possihility isthat the ligener sSmply does not have the experience to factor out details of
speech due to the influence of physica phonetic properties of the speech production
sysem. Thiswould be the case of children acquiring the phonology of the language, as
well as adult second language learners. The second possibility isthat ligenersfail to
perceive the conditioning environment of the variation. In the absence of the
conditioning environment, the variation can not be factored out. In this case, the mini

sound change would involve the loss of the conditioning environment.

“A second reason for hypo-correction is thet alistener may, for various
reasons, fal to percelve or to attend to the phonologica environment
which causes, or as phonologists usudly put it, ‘conditions the
vaiation. Thusit isfrequently the case that sound changes which
aretheresult of assimilations and other effects assignable to the
domain of speech production take place with the smultaneous
loss of the conditioning environment...Many (but certainly not dl)
of the most common sound changes have this feature, eg. the
development of distinctive nasd vowels is generdly corrdated with the
loss of the nasal consonant which conditioned the change from ora to
nasd in thevowd.” (Ohda 1993: 247, bolding mine)



Another possible scenario for sound change is what Ohaaterms * hyper-
correction”. Thisisthe case of “correction” erroneoudy implemented. The canonica
example of hyper-correction isdissmilation. In dissmilation, the lisener misgppliesthe
corrective process normaly used in perception and attributes a pronunciation intended
by the speaker to be an effect of coarticulation or thelike. In hyper-correction, the
conditioning environment is not log.

Figures 5.1-5.3 illustrate Ohaa s mode of norma perception, hypo-correction
and hyper-correction. The figures are dightly modified redrawings of thosein Ohada
(1981, 1986). Inthe norma case, the fronting of /u/ in the context of a corona
consonant is factored out or corrected by the listener. Thisisthecasein Figure5.1. In
the case of hypo-correction in Figure 5.2, the conditioning environment is not heard or
not attended to and the listener interprets the intended utterance as /y/. Then, Ohaa
proposes that the listener adopts this new production as the “ listener-turned-speaker”.
Theillugration in Figure 5.3 models the process of hyper-correction. In this case, the
listener over applies the corrective process. The listener attributes the fronted vowel to
the effects of the following consonant and determines that the speaker redly meant [ut].

Then, this misperception is adopted as the new lexica item and the listener usesit when
they turn to speak.



Normal Perception

Speaker Listener
fut/ fut/
diSt(Ited as corrected to
[y —— headas —® [yf]
Figure5.1

Hypo-correction

Speaker Listener
/ TU * Listener-turned-speaker
diSt(Ited as interpreted as produced as
[y({)] —— heardas —® [y] vl
Figure5.2



Hyper-correction

Speaker Listener
/TU /TUU Listener-turned-speaker
proiuced & (hyper-)corrected to produced as
[y ——— heardas ——8 [yi] [ut]

Figure5.3

How does velar pdatdization fit into thismodd? The facts would seem to be
the most consstent with the case of hypo- correction since the effects of the following
front vowd on the velar are not factored out, but misinterpreted as intended by the
speaker and, hence, the [k] misperceived asa[tf]. The acoudtic effects of the velar
fronting produce bursts and F2 transtions Smilar to paatoaveolars. These acoudtic
effects have an impact on perception:  the velars can be misnterpreted as
palatoalveolars. The perceptua and acoustic experiments discussed in the last chapters
abundantly attest to the acougtic smilarity and perceptud confusability of the velar ad
palatodveolar. For thisto be acase of hypo-correction, the lisener needsto fail to
factor out the effects of the following front vowe on the velar and in some sense decide
that the speaker redlly meant [tf]. Ohaa s modd predicts that this will most often occur
when the conditioning environment (in this case the following front vowe) is not heard

or not attended to. Thus, the model does not predict the observed cases of



paataization in which the conditioning environment isnot lost.! The scenariois
illugtrated in Figure 5.4. . Granted, Ohaa does not make the strong claim that al cases
of hypo-correction will involve loss of the conditioning environment, but he Sates that
most will. Since velar paataization is such acommon sound change, it presentsa
problem for Ohald s modd if he would predict the most common diachronic processes.
Ohdadoes offer another way in which hypo-correction happens. language learners
who do not have afully developed phonologica system are not able to correct for
coarticulation. Thus, the modd would predict that most cases of velar pdataization are
the result of the immature processes during child language acquisition or result from
effects of second language acquisition. On thisandyss, velar paadization isredly not
an example of hypo-correction since there is no inappropriate application of the
corrective rules of perception. Infact, thereisno correction at dl sincethe

hypothesized initiators of the sound change do not posses the corrective rules.

Iwhile the loss of the conditioning environment in cases of palatalization before front vowels is
rare, it is rather more common in cases of palatalization before a palatal glide.
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Vear Pdatdization as Hypo-Correction?

Speaker Listener
i /t0i/ (not /tC
/T'/ T ( If)istener-turned-speaker
diSt(I ted as interpreted as produced as
[0i] —— heardas ——® [tdi] (not [t0]) [t3i] (not [t];
Figure5.4

Another observation about velar paadization to be welghed against proposed
modds of sound change isthe fact thet velar pdatdization often introduces a new phone
into the phonologicd inventory of alanguage. An andyssof velar pdadization asa
case of hypo-correction does not run into trouble with this observation. Ohdawrites
that “dthough sound changes due to hypo-correction may often result in the introduction
of new segments, for example nasdized vowe s from loss of a post -vocdic nasa
consonant, sound changes caused by hyper-correction gpparently do not.” (Ohala
1993:255).

5.2.2. Kiparsky's Modd

Now let us move on to adiscussion of Kiparsky’'s modd of sound change
(Kiparsky 1988, 1995). He proposes atypology of sound change with two main
groups. On the one hand, there are mgjor sound changes which are articulaorily

conditioned and on the other hand, there are minor sound changes which are



perceptualy conditioned or are the product of language acquidtion. Table5.1is

adapted from Kiparsky (1995:659).

Kiparsky’s Typology of Sound Changes

Major changes

Minor changes

Source in speech: Production Perception and acquigtion
Parameter of Change: Articulatory Smilarity Acoudic Smilarity
Gradiency: Gradient Discrete
Effect on system: New Segments and Structure-preserving
Combinations
Regularity: Exceptionless Can be sporadic
Table5.1

Kiparsky proposes that mgor sound changes are articulatorily conditioned,

gradual and exceptionless, while minor sound changes are conditioned by perception or

language acquisition and can be abrupt and sporadic. In addition, articulatorily

conditioned sound changes can introduce new segments into the language whereas

perceptudly conditioned sound changes can not introduce new segmentsinto the

language. Kiparsky proposes that perceptualy conditioned sound changes are

essentialy the result of misparsing or misperception on the listener’ s part. Kiparsky

attributes this characterization to Ohala, but differs from himin at least one regard.

Kiparsky proposes that the misparsings are subject to top down processing and

therefore can not create segments which are not dready in the language; i.e. they must

be structure- preserving.

10




In addition to articulatory variation, peech is subject to variation that
originates in perception and acquigtion, driven by the posshility of
dternative parsing of the speech output (Ohala 1986, 1989). Sound
changes that originate in this fashion clearly need not be gradient, but
can proceed in abrupt discrete steps. Moreover, like al reinterpretation
processes, they should be subject to inherent top-town congraints
defined by the linguigtic system:  the “wrong” parses that generate them
should spring from a plausble phonological andyss.  Therefore,
context-sensitive reinterpretations would be expected not to
introduce new segments into the system, and context free
reinterpretations (such as British Cdtic kW -> p) would be expected not
to introduce new fegtures into the system; and neither should introduce
exceptional  phonotactic combinations”  (Kiparsky 1995:658, my
bolding)

As mentioned above, thereis sufficient evidence to consder velar pdataization
a perceptualy conditioned sound change. Vedars before front vowels and
paatoaveolars are smilar in both in the spectra characteristics of the consonanta
release and in terms of the following formant trangtions. Fronted velars are dso highly
confusable with palatoaveolars under conditions of noise-masking and truncation.
Thus, velar pdatdization would fit under the heading of a“minor sound change’ in
Kiparsky's typology and as such should not introduce new phonesinto the phonologica
sysem. Kiparsky's predictionsin this case are fasfied: velar pdataization often
introduces new segments into alanguage.

An obvious solution to the problem velar paladization posesto Kiparsky's
mode isto admit perceptua conditioning of mgor sound changes. Since mgjor
changes can cregte new segments, velar paatdization would be consstent with the
typology. Indeed, given the wide-spread attestation of velar pdataization, it would be

desirable to consider it amgor change.
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Tosum up thusfar: both Kiparsky's and Ohaa s modds have difficulty
accounting for the sound change of velar paatdization. Kiparsky’s model does not
predict the formation of a new segment by perceptua mechanisms and Ohaa s model
does not predict that the conditioning environment (the front vowd) will be kept. The
reliance that both models place on “misperception” aso poses aproblem. In generd,
both modes have a problem with fully competent listeners who have fully acquired the
language. Why would the “listeners-turned- speskers’ change their intended
pronunciation of aword that they heard pronounced differently (due to coarticulation)
when it did not match their own articulatory/acoudtic target? If the listener can
understand the word, then they must have performed lexica access. Thus they will be
able to compare (in some sense) the misperceived word with their own stored form.
Ohaa does not offer an explanation for the replacement of alexicd item with a
misheard form. Thisfdls outsde the scope of hiswork since he defines his god as
studying the preconditions of sound change and not the changeitsdf. Neverthdess, his
proposa is problematic when carried to the next logical step.

5.2.3. Lindblom’s Model

Lindolom et al. (1995) address the problems posed by a misperception
andysis. We note that listeners could not decide to change the pronunciation of aword
that they had misperceived unless they knew what that word was. If the utterance is
understood, lexica access must successfully occur despite a phonetic error in
perception. If the utterance was not understood, the listener-turned- speaker would not

know which word to pronounce (i.e. they would not know which old form to replace
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with the new) and no mini-sound change would happen. Lindblom’s modd, however,
ill kegps Ohaa s basic indght that sound changes can arise out of listeners
perceptions of the inherently variant speech sgndl.

Lindblom’s model is based on the premise that speech percepts tend to be
bimodd: thereisacontext- and knowledge- dependent mode which is content- oriented
and focused on what isbeing said, and there is a sgnd- oriented mode which is focused
on how something issaid. The “how”-mode of perception provides a breeding-ground
for new pronunciations (or mini sound changes in Ohad sterminology). Listeners hear
alarge range of phonetic variation which results from listener-dependent adaptations
which digtribute phonetic shapes aong the hypo and hyperspeech continuum (Lindblom
1990) and other dimensions. Normally, listeners are unaware of the phonetic variability
because the Sgnd interacts with the listener’ s stored knowledge which usualy has the
effect of reveraing the contextud transforms agpplied by the spesker. Thisisthe “what”-
mode. Occasonaly, however, modulation by sgna-independent information is
somehow inhibited, or becomes superfluous (because inteligibility demands have
aready been redundantly satisfied, or are of secondary importance for socia or
speaker-related physiologica or cognitive reasons). In this case, phonetic variants have
the opportunity of presenting themsdlvesto ligenersin closeto a“raw”
acoudtic/auditory form. Thisisthe “how”-mode. Lindblom’s model proposes that
speakers sore in their phonetic memories, not only motor-perceptua information on the
“canonica” pronunciation of each lexica item, but aso unprocessed phonetic petterns
captured in the sporadic moments of acoustic/auditory “truth”. In conformity with

Ohdd sthinking, Lindblom proposesthat it isfrom this pool thet “new pronunciations’,
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or mini sound changes, are selected. The selection is performed asthe leve of the
speech community by evauating the “new pronunciations’ in terms of behaviordly
based criteria such asintdligibility and articulatory energetics.

Figure 5.5 and 5.6 are adapted versons of Figures 3A and 3B in Lindblom et
al. (1995). Figure 5.5 modelsthe origin of phonetic variation which provides the pool
of variation out of which sound changes are selected. The range of variant productions
can be percelved by the listener in a“what” or a“how”-mode. Theveridica
perceptions (from the “how”-mode) are then subject to reproduction by the speaker.
These new productions are evauated by the speech community as Figure 5.6 models.

14



Origins of Phonetic Variation

PHONETIC FORM
(Old Pronunciation)

PRODUCTION

'

RANGE OF VARIANTS

v

"WHAT"-MODE
PERCfPTION —* (Content-Oriented)

"HOW"-MODE
(Signd-Oriented)

.

PHONETIC FORM
(Redefined)

Figure5.5
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Sdlection

INITIATION

PHONETIC FORM
(Redefined/New Production)

i

ARTICULATORY, PERCEPTUAL,
SOCIAL AND SYSTEMIC

EVALUATION

'

PHONETIC FORM
(New Pronunciation)

Figure 5.6

Using the veridicd “how” -mode does not necessarily lead to sound change,
however. For listenersto gain access to the surface value of a particular pronunciation
variant, they do not necessarily have to make a perceptua error. For example, a
phonetician doing narrow transcription is tuning in to the “how” -mode without replacing
an old canonica form with the new veridica perception. Automatic gpesking styles
(Bates 1979) such as nursery rhymes, poems, memorized lines and lists, overlearned

phrases, idioms, greetings, formulas and clichés, exclamations, expletives and curses
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aso provide listeners with an opportunity to tune into the phonetic shape of the
utterances. Mimicry is another example of veridica perception. In mimicking the
speech of another, the mimicker has listened to, stored and then reproduced an
dternate production of aword or utterance. It does not follow, however, that the
mimicker then adopts the aternate production in their everyday speech.

Evidence that listeners are able not only to perceive what is being said, but how
itissad is provided by Williams (1986), expanding on a previous study by Lindblom
and Studdert-Kennedy (1967/1991). He shows that listeners are capable of hearing
speecht-like input in two ways, either as speech (contextuaized what-mode) or as

purely acoustic phenomena (veridica how-mode). Synthesized vowel s with formant
vaues ranging from /1 / to /u/ were played for subjects both inisolation and in the

frames /w_w/ and /j_j/. The subjects were then asked to identify each tokenasan /1 /
or /ul. The boundary line was different depending on the context; they alowed lower

frequenciesfor an /1/ in the /w_w/ context, and higher frequenciesfor an /u/ inthe/j_j/

context than were dlowed for the vowe s in isolation. Williams then replaced the
formants with sine waves and first asked the subjects to designate the midpoint of the
signa as'high’ or 'low' pitch. The subjects responses were the same for both vowesin
isolation and vowesin /w_w/ and /j_j/ contexts. Then he asked subjectsto listen to the
same sgnds as gpeech by asking them to identify vowe type. Thistime the results were
the same as those with synthesized speech, i.e., the subjects had contextudized the
sgnd. Thus, when the liseners ligened to the sine waves as non-speech they were
using the how-mode and when they listened to the sine waves as speech, they were
using the what-mode.
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Now let usturn to the predictions made by Lindblom’s mode of sound change.
The modd proposes that listeners store variant productions of words which are gleaned
from moments of veridica perception. These stored words are sampled from
productions aong the hypo and hyperspeech continuum.  This continuum is part of the
Theory of Hyper and Hypospeech set forth by Lindblom (1990) which States that
speakers manipulate the energy expended in production based on considerations of
perception as well as production. Speakers expend only enough energy to produce a
contragt sufficient for the listener to perform successful lexical access. Thus, phonetic
variation is determined by the speaker’ s dynamic tuning of production to more output-
oriented (hyperspeech) or productionoriented speech (hypospeech) based on an

estimate of the running contribution of signa complementary processes.

[T]he spesker edimaes the running contribution that Sgna-
complementary processes will make during the course of an utterance,
and dynamicaly tunes the production of its dements to the short-term
demands for either output-oriented control (hyperspeech) or system:
oriented control (hypospeech). What he/she needs to control is — not
that linguidtic units are actudized in terms of physcd invariants ...—but
that ther Sgnd dtributes possess sufficient contrast, that is
discriminative power that is sufficient for lexicd access (Lindblom
1990:405).

The prediction made by the modd isthat sound changes originating in
hypospeech should result in lower cost articulation without necessarily increasing
perceptua sdiency. Sound changes originating in hyperspeech, on the other hand,

should result in greater perceptua saliency without necessarily being easier to produce.
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How does velar paatdization fit into this picture? Asthe experimenta results
discussed in the previous chapters show, velar paatdization hasitsoriginsin
hypospeech. The velars before front vowels were more acougticaly smilar to
palatoaveolarsin the faster gpeech tokens than the citation speech tokens. This
acoudtic Smilarity isthe result of coarticulation in which the velar is produced in more
anterior location due to the influence of the following front vowe. Thus we would
expect asound change that minimizes articulatory effort without necessarily increasing
perceptua sdiency. It isnot clear that the result of the sound change, a paatodveolar
affricate, meets these criteria. While perhaps an anterior consonant and front vowel are

less demanding articulatorily than adorsal stop and a front vowe, a paatoaveolar

affricate [tf] takes more articulatory effort than avelar stop [k] (Willerman 1994). A
Shilant affricate, such as[tf] isaso highly perceptudly sdient. The Shilant fricative
release is perceptudly robust due to its high intengity, high frequency noise created by
ar turbulence at both the place of congriction and at the teeth. The greater perceptual
sdience of ghbilants was shown by Miller and Nicdly (1955), who found sibilants were
more easly perceived under greater signal-to-noise ratios than non-sbilant fricatives.

Thus, velar palatdization does not seem to be anice, neat case of the
replacement of an old canonica form with anew hypoform. | suggest that thereisa
sep missing from this scenario. The result of velar pdatdization is not smply the
coarticulated version of avelar stop. If that were the case, we would expect apalata
stop as the result of the change. As discussed previoudy, apaata stop isarare result
of velar pdataization (Bhat 1978). The more common result of velar paadization,

namely a paaodveolar affricate, seemsto be an amplification of certain dements of a
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fronted velar: anoisy release, a high peak spectrd frequency of the burst, and ahigh F2

onset.

5.3 Proposal for aNew Mode of Sound Change

In this section, | propose amodd of sound change that draws on the models of
Ohala, Kiparsky and Lindblom but address the problems discussed in 85.2. | first
outline the gods of the modd, then go over some background assumptions that will be
used in the new mode. Findly, | give an outline of the modd. The proposed model
basicaly takes Lindblom et d. (1995)'s model and adds arole for phonetic categories.
Thismoveis an improvement snceit will predict the regularity of sound change and
alow invedtigation into adaptive forces which act on systems as awhole (not individud

words) such as auditory enhancement and adaptive disperson.

5.3.1. Goalsfor the Model

The new modd needs to address the problems of velar paatdization
encountered by models of misperception. The fact the velar pal atdization does not
usudly result in the loss of the conditioning environment and is not structure preserving is
aproblem for the migperception models of Ohda and Kiparsky. The new model
should aso be able to explain why the change from [K] to [tf] is more common than the
change from [K] to [c].

The new model aso needs to address one of the most notable characteristics of
sound change. Namely, changes are not generdly restricted to single lexica items but

tend to be generdized to every item in the lexicon that contains a contextualy relevant
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ingtance of the phone in question. The observation that soundsin related languages
dand in aregular relation to one another is usudly firg attributed to Rask (1818) and
Grimm (1822) who noted the regular correspondences between the consonants of
Germanic and other Indo- European languages. The notion of regular sound change was
developed by the neogrammarians (e.g., Ostoff and Brugmann 1878) who are most
noted for their belief that sound changes have no exceptions. Whether or not we accept
the proposa that sound changes are exceptionless, most historical linguists would
support the proposal that sound changes are, in generd, regular. (See Kiparsky 1988
for discussion). Bloomfield aptly sumsit up by saying that “the phonemes of a
language are subject to historical change [and not individua words]” (Bloomfied
1933[1984]:351, itdicsin origind). A working hypothess of regular sound change is
the cornerstone of comparative recongtruction, a practice which is generaly agreed to
be one of the greatest advancementsin the linguistic sciences. Clearly, therefore, a
more fully developed modd of sound change needs to include some proposd to
account for the regularity of sound change. The models of Ohaa and Lindblom, which
are based on individua words, do not predict the regularity of sound change.
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5.3.2. Background

Before moving to the actua proposa for anew model of sound change, | givea
brief review of some concepts that are used in the formation of the modd proposed
here. Inthissection, | outline two theories of phonetic categories and the theories of
auditory enhancement and adaptive dispersion.

Research on developmental speech perception provides evidence for the
formation of phonetic categories based on language specific input. It is hypothesized
individua that stored perceptions, instances or “exemplars’, organize themsdves into
categories specific to the ambient language. 1t has been shown that agiven linguistic
input shapes the perceptua system of an infant by 6 months of age (e.g., Kuhl 1991,
Kuhl et al. 1992). By 10 to 12 months of age, infants show a marked reduction in their
ability to discriminate some nontnative contrasts (Werker and Tees 1984, Werker and
Lalonde 1988). This change probably involves a reorganization of perceptua biases
rather than aloss of auditory capabilities Snce, under certain conditions, listeners can
discriminate nontnative contrasts (Pisoni et al. 1994) aswdll as acquire distinctions not
present in ther native language (Flege et al. 1995, Logan et al. 1989).

One schoal of thought holds that a“ prototype” emergesin category formation
(Kuhl 1993, 1995). Kuhl defines the prototype as* exceptionadly “good” instances of
members of categories, ided exemplars’ (Kuhl 1993:125). The prototype is thought to
act like a perceptud magnet which draws other exemplars of the category toward it.
Kuhl proposes that a“perceptua magnet effect” helps explain how language experience
affects gpeech perception and production. She suggests that linguistic experience dters
the percaived distances between speech stimuli. Kuhl (1995) writes:
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In effect, our results suggest that linguistic experience “warps’ the

perceptua space underlying speech.  The result is that perceptud
categories are formed, ones that begin to mirror the phonologica

categories of the ambient language. The experimenta data that support
these claims derive from a phenomenon | have cdled the perceptual
magnet effect. It shows that phonetic “prototypes’ (the best of most
representative instances of phonetic categories) play a unigue role in
speech perception.  They function like “perceptud magnets’ for other
sounds in the category...When listeners hear a phonetic prototype and
attempt to discriminate it from sounds that surround it in acoustic Soace,
the prototype displays an attractor effect on the surrounding sounds. It
perceptudly pulls other members of the category toward it, making it
difficult to hear differences between the prototype and surrounding
simuli. Poor instances from the category (nonoprototypes) do not
function thisway.” (Kuhl 1995:133)

Another school of thought argues that categories are constructed by exemplars
aone. Lacerda (1995) arguesthat prototypes are implicit in an exemplar-based
categorization process and, as such, do not need to be stipuated as separate entities.
He outlines amodd in which the “magnet effect” results from asmple smilarity (or
distance) metric operating on collections of exemplars stored in memory. In hismodd,
the movement of a category in perceptua space is seen as an effect of the amount of
experience with exemplars. In the prototype model, the movement of a category in
perceptua space has to be described as a dissolution and reformation of a prototype.
The exemplar-based mode alows continud refinement and updating of a category
through the addition of new exemplars. A modd which easlly accountsfor changesin
the perception as well as the production of phonetic categoriesis desrous Sncethereis
evidence of category shift during acquisition of L1 in infants (Kuhl and Mdtzoff 1995)

and as the consequence of L2 acquisition (Flege 1987), aswell asin sound change.
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Jusczyk (1994) aso suggests that categories are modified by adding new
exemplars. Support for the proposal that categories are formed by specific exemplars
is condtituted by the finding that listeners do retain very specific information about
acoudtic input they hear, suggesting that they may indeed store dternate productions.
For example Jusczyk et al. (1993), Nygaard et al. (1992), and Pisoni (1995)
demondtrate that listeners retain fine detailed information concerning the spesker of
utterances that they hear.

It is beyond the scope of thiswork to evaluate whether a prototype is central to
acategory or not. But there is substantial evidence arising from the body of work on
category formation that phonetic categories are created by storing perceptions
(exemplars) of agiven phone, even if there is disagreement on the interna structure of
the category.

The pardld between the nature of category formation and the modd of sound
change proposed by Lindblom is quite striking. Both propose that stored perceptions
of variant productions condtitute the variation out of which new linguigtic entities arise:
phonetic categories or new words respectively. Jusczyk (1994) brings out another
smilarity between category formation and Lindblom's model. He outlines the addition

of new exemplars as a process requiring extra effort on the listeners part.

[N]ot every utterance that an infant hears will be recorded as an
episodic trace [i.e. exemplar]. Although some random storage of the
sound structure of the processed input may occur, in generd storage of
sound patterns requires that some extra effort be given to processing the
sound. (Jusczyk 1994:252)
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Thus, the number of stored perceptionsis limited in much the same way as the “what” -
mode of the Lindblom model. In that modd, only instances of words collected in
moments of veridica perception are stored.

The adaptive forces which act on systems as awhole are o investigated in the
model of sound change to be proposed. Herel briefly introduce the theories of
auditory enhancement and adaptive disperson. Diehl and his colleagues (Diehl and
Kluender 1989, Diehl et al. 1990) have proposed the auditory enhancement hypothesis
which states that properties of vowels and consonants covary asthey do largely
because speakers/listeners tend to select properties that have mutudly enhancing
auditory effects. For example, across languages, back vowels are usudly produced
with lip rounding, while front vowels usudly are not. The rounding of back vowels
enhances its 'backness by creating alarger front cavity in the vocal tract thereby
lowering the first two spectral peaks of the vowel. It isthese low spectral peaks that
encode 'backness.

The theory of adaptive disperson (Lindblom 1986) proposes that sound
systems evolve through adaptations to the developmental and adult mechanisms of
speech perception and production. Lindblom outlines the process as it appliesto

vowels.

We hypothesize that vowe systems tend to evolve so as to make the
process of speech understanding efficient and to ensure speech
intelligibility under a variety of conditions and disturbances. Such
efficiency depends in pat on vowd identification, which can be
assumed to be facilitated by the ontogenetic and diachronic
development of perceptud difference among the targets of a vowe
sysem that are maximdly, or, perhgps sufficiently large. (Lindblom
1986:20)
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Crucially, the adaptations are systemic. The sound system itself, and not

individua words, is subject to evolution.

5.3.3. The Proposal

The mode proposed here is an adaptation of the Lindblom et al. (1995) model.
Thismodd is used sinceit avoids the problems associated with a misperception model
by locating the origin of sound changes in veridica perceptions. Since sound changes
are not seen as “mistakes’, they need not be attributed to the misapplication of
corrective/normative perceptua devices, nor need they be bound by the congtraint of
dructure preservation as in amisparsing account. Thus, the problems encountered by
Ohda s and Kiparsky's accounts are solved. The fact that the conditioning
environment isnot logt in velar paataization is a problem for Ohaa s misperception
(hypo-correction) account and the fact that velar palataization resultsin a new segment
isaproblem for Kiparsky’s misparsing account. However, the basic insght shared by
dl of the accountsis preserved. The origin of sound change is thought to be located in
the perceptions of on-line phonetic variation.

The mode proposed by Lindblom et al. (1995) needs to be extended beyond
the word to account for the observation that sound changeisregular. It isnot the usud
case that a sound changes only in one word, but that the sound changes in every word
in the lexicon which provides the appropriate phonetic context. Extending the mode
beyond the word will have the additiona effect of addressing diachronic systemic effects

such as auditory enhancement and adaptive dispersion. Auditory enhancement theory
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offers an explanation for regularitiesin language systems. Thus, we would expect
processes of auditory enhancement to apply to phonetic/phonologica categorieswhich
are part of the linguigtic system as awhole and not to individud lexicd items. Modds of
sound change which are based on individua words (Lindblom et al. 1995, Ohala 1993)
cannot explain how systemic effects such as auditory enhancement shape languages.
The theory of adaptive dispersion (Lindblom 1986) aso poses a problem to models of
sound change based on the word since it affects systems as awhole.

| suggest that the indghts on the formation of phonetic categories be used to
extend Lindblom’s modd in away that views sound change as atype of phonetic
category reorganization. Perhaps the exemplars which form phonetic categories during
language acquigition can aso reshape categories throughout the lifetime of a speaker: a
preponderance of stored perceptions in one direction could shift a category in that
direction. This could be accomplished through the formation of a new prototype or
through continua refinement and updeting of a category through the addition of new
exemplars.

Once we admit arole for phonetic categories in sound change, the regularity
problem goes along way towards being solved. If a category shifts, then, by
hypothesis, dl the words containing that phonetic category will shift aswell. Let me be
clear that | am not necessarily equating the phonetic category with the "phoneme”. The
phonetic category could be positiond variants of what a phonemic anaysis would cal
an dlophone. For example, there might be separate syllable initia and syllablefind
categories for sop consonants. Or perhaps the phonetic category isa™syllable-like
unit" as Jusczyk (1986, 1994) suggedts, or perhaps a demisyllable (Fujimura 1976).
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Origins of Phonetic Variation

PRODUCTION

v
RANGE OF VARIANTS

\
PHONETIC CATEGORY— |PERCEPTION

(Old Representation)
¥

"HOW"-MODE "WHAT"-MODE
(Signd-Oriented) (Content-Oriented)

.

PHONETIC CATEGORY
(Redefined)

Figure 5.7

Figure 5.7 isarevised verson of the Figure 5.5 from Lindblom’s modd. It
represents the ongoing process of phonetic category refinement in an individua spesker.
The flow chart begins with production. This box represents the various productions of
utterances from speakers of the speech community. Production is subject to alarge
range of phonetic variation. In the Theory of Hyper- and Hypospeech (Lindblom
1990) the variation results from listener- dependent adaptations with the god of making

the utterance sufficiently distinct while obeying principles of economy. Of course, other
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factors such as the speakers emotiond state and the socio-linguidtic context will dso
induce variaion in production.

The next step in the flow chart is perception. By hypothesis, the phonetic
categories involved in a particular utterance will be activated during perception and
processing of thesigndl. Asoutlined in 85.2.3, listeners can engage in two different
modes of perception, one that is content-oriented (the default case) and one that is
sgnd-oriented. Following, Lindblom et al. (1995), variant forms perceived through the
signd oriented “how”-mode of perception are stored in the lexicon. The variant forms
gleaned through veridica perception (i.e. exemplars or instances) are then incorporated
into the representation of the phonetic category. Stored perceptual variants or
exemplars redefine and shift phonetic categories based on atype of weighting. For
example, if the listener happens to store more hypoformsin a certain category, that
category will shift in the hypodirection and vice-ver sa.

The exact nature of the interaction between lexicaly stored items and phonetic
categoriesisuncertain. Lindblom (1992, 1996) proposes that phonetic categories arise
through the unique storage of gestures shared by minima pairs. This shared phonetic
category is stored only once and a mapping function combines groups of categoriesto
form lexicd items. Since the gesture is stored only once, a change in the motor score
would change dl the lexica items which use that gesture. If we grant a perceptud
component to these categories, we are able to modd the regularity of sound change.
Asthe perceptua component of a phonetic category shifts due to the incorporation of
new exemplars, the connected motor score follows suit. Asthe motor scoreis

changed, so are dl the words to which the gestures are mapped.
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Category shift in an individua spesker isthe first step in thismodel of sound
change and provides the variation out of which new phonetic categories can be
sdected. | propose that different listeners/speakers will have different phonetic
categories based on their own unique linguigtic experience. Thus, the set of speskersin
agiven gpeech community will have different phonetic categories a any given time.
Following the proposal of Lindblom et al. (1995), we hypothesize that the speech
community serves to seect the most viable variants in terms of how well they fit the
socid, communicetive, articdatory and linguigtic- systemic criteria that speech
community members tacitly goply to the variants they encounter as listeners, and when,
and if, they try them out as speskers. We hypothesize that an implicit evauation takes
place between speech community members, and that it is performed with respect to,
among the other things listed, the phonetic shape of an utterance. Thuswe have a
model in which speskers category redefinitions (or "mutations’ in terms of Darwinian
variation and selection) are selected by the speech community for their adaptive
properties. Itisat thisleve of evauation that the adaptive processes such as auditory
enhancement and adaptive disperson comeinto play. The most viable categoriesin
terms of their perceptud distinctiveness and saliency will tend to be selected. As
Lindblom and Maddieson (1988) remind us, however, perceptud digtinctivenessis not
the only adaptive concern in the evolution of languages: the principles of economy dso
come into play. They propose that “consonant inventories tend to evolve so asto

achieve maxima perceptud digtinctiveness at minimum articulatory cost.” (p.72).
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Kiparsky's moded aso admitsarole for systemic evaluation in sound change.
He proposes that language learners select variants which best meet the linguidtic-

systemic condraints:

[V]ariation at the leved of speech production is conditioned purely by

phonetic factors, independently of the language's phonologicd
dructure...the learner in addition sdectively intervenes in the data,

favoring those variants which best conform to the language' s system.

Variants which contravene language- specific structurd principles will be
hard to learn, and so will have less of a chance of being incorporated
into the system. (Kiparsky 1995:655)

Lindblom's model, however, dso dlows for selection driven by socid factors
within the speech community beyond language acquistion. It is proposed thet the
socidly motivated spread of sound changeisitself adaptive.

There is a large literature deding with the “socio-geness’ of sound
change within a given groups and its subsequent spread to other socid
groups (Labov 1972, 1981). Thiswork shows that, by adopting a new
pronunciation, speekers sgna their “solidarity” with a peer group. They
benefit by from so doing in that they thereby increase their socid
“fitness’ and sgnd their status and identity relative to members of other
groups. Thisis evidence suggesting that speech communities do indeed
judge phonetic forms with respect to their socid vaue and that such
evauations do in fact result in sound changes. With respect to socid
variables sound changes can thus be said to be “adaptive’. (Lindblom
et al. 1995:28)

Figure 5.8 gives a synopsis of the second stage in sound change, the selection of

variants by the speech community. The variationsin the phonetic categories are
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evauated on the bagis of their articulatory, perceptud, socia and systemic adaptiveness.
If anew form is sdlected, it will be adopted by the speech community as awhole.

Sdlection

INITIATION

PHONETIC CATEGORY
(Variation in Speech Community)

i

ARTICULATORY, PERCEPTUAL,
SOCIAL AND SYSTEMIC

EVALUATION

'

PHONETIC CATEGORY
(New Pronunciation)

Figure5.8

Let us consder what velar paatalization would look like in amode of sound
change based on phonetic categories. Suppose that there is a phonetic category
conggting of exemplars (or veridica perceptions) of syllable initid /k/. Perhgpsthereis
one category for /k/'s before front vowels and one category for /k/'s before back
vowels, since, as we have seen, the two groups are satidicaly different in terms of

peek frequency of the burst and in terms of F2 trangtion. Or perhaps, the syllable initid
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(and perhaps syllable find) /k/'s condtitute a single category.2 The dissmilar production
(and the acoudtic effects) of /k/'s before front vowels and /k/'s before back vowels,
however, would serve as an added motivation for acategoricd split.  Asthelistener
amasses exemplars of /k/'s before front vowels the category is continualy redefined.
Under certain circumstances the fronted /k/'s will split away from the /k/ category and
hift to a separate category, the most typologicaly common being a paatoaveolar
affricate. | suggest that a preponderance of hypoforms will move the category toward a
higher peak spectra frequency of the burst and higher F2 onset. Figure 5.9 offersa
schematic representation of the proposed shift. As more hypoforms (represented by

litle k’s) are added to the category, the category moves in the direction of the
acoudticaly smilar and perceptualy confusable /tf/.

[/

Front Vowel Context Back Vowd Context

4

t/

Hyper

Figure5.9

2See Sussman et al. (1996) who found the locus equations for syllableinitial and syllablefinal
velarsto be different.
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All the issuesraised by velar pdatdization have not yet been fully addressed.
As mentioned above, the new category is not articulatorily identical to the coarticulated
forms found in hypospeech. In the case of the voicdess velar, the coarticulated form is
apaatd stop [c], and in the case of the voiced velar, we find apaatal stop [3] or paatal
glide[j] (seediscusson in last chapter). The most common outcome of the
palataization however is acorond affricate [tf] and sometimes|[ts], [{], or [g] inthe

case of the voicdess velar and a[d3] or [j] in the case of the voiced velar (Bhat 1978).

Why isit rare, in the case of the voiceless Sops, to get a pdata as aresult of the sound
change? Asexpected, paatal stops and [K]'s before front vowels are acoudticaly
smilar in terms of peak spectrd frequency and F2 onsat as Blumstein (1986) has shown
for Hungarian [ki] and [ci]. Aswe have dready seen, fronted [k]'s and the
palatoaveolar affricate [tf] are also acoudticaly smilar ong certain dimensions (pesk
spectral frequency and formant trangitions). The two segments do, however, differ dong
other dimensions such as duration, amount of frication, and overal intengty.

Ohada aso comments on the exaggeration of the coarticulated form that can
occur in sound change. "It must be dlowed, however, that after a sound change has
occurred—that is, that listener misnterprets the function of these phonetic details—the
shape of these phonetic events and features may be different, perhaps exaggerated vis-
a-visther origina gtate.” (Ohda 1993:259-60) However, an account of sound change
which relies on misperceptions cannot explain the exaggeration. If the listener-turned-
speaker merely adopts the misheard word, there is no motivation for the observed

exaggeration.



Now that the modd of sound change proposed by Lindblom et al. (1995) has
been extended to include phonetic categories, the outcome of velar paladization can be
addressed in terms of systemic processes such as auditory enhancement and adaptive
disperson. Inthe mode proposed here, different listeners/speakers are predicted to
have different phonetic categories based on their own unique linguistic experience. So,
in our particular case (thet of velar pdatdization), a a given time, some individuas will
have a phonetic category of avelar op, some will have apaatd stop (or affricate) and
some will have a pdatoaveolar affricate. Thisis plausible, snce, aswe have seen, the
fronted velar, pdatal stop, and pdatodveolar affricate are dl acoudticaly quite Smilar.

Out of this variation, that variant which offers the greatest perceptud saliency
(among the other things discussed above) will be sdected. In this case, given the choice
between the [tf] and [c] (or [c¢]), the platoa veolar affricate is more robust perceptualy
dueto itsshilant rdlease. As noted in Chapter 4, the paatoa veolar affricate is found to
be one of the most perceptudly salient sounds in perception experiments. Thus, the

theory of sound change being proposed here offers an explanation for the typologica
observation that [tf] isthe most common outcome of velar paatdization, even though

[c] (or [c¢]) is some sense would be expected due to its greater articulatory Smilarity to
fronted [K].

In thisway, auditory enhancement (as part of larger process of adaptive
disperson) playsarolein this sound change. | suggest that, in the process of category
selection speakers/listeners tend to select properties that have mutudly enhancing
auditory effects. In the case of velar paatdization, the mutually enhancing properties of
shilancy and frication are selected. Asdiscussed in Chapter 2, velars before high front
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vowels show more frication and are more likely to have multiple trangents than velars
before other vowe s (Fischer-Jorgensen 1954, Fant 1973, Klatt 1975, Ohala 1983,
Tekidi and Cullinan 1979). The frication of the fronted [K] is enhanced by shilancy ina
shift to [tCJ]. Typologicaly we find that Shilancy covaries with affrication. In
Maddieson's (1984) survey of 317 languages, he reports that 92.5% of al affricates
have asbilant rdlease. This covariation serves to enhance the fricative snce sbilant
fricatives are more saient than non-sibilant fricatives (Miller and Nicdly 1955). The
greater perceptua sdiency of the sibilant fricative rel ease serves an adaptive function

and istherefore sdlected from the other competing forms.

5.4. Conclusion

The model proposed here kegps Ohaa's basic insght that sound changes
happen due to listeners (mis-)perceptions of variant forms. It dso incorporates
Lindblom's proposa that variant productions are stored by listeners in moments of
veridica perception. The proposed model then adds arole for phonetic categories so
that variant perceptions have the function of redefining phonetic categories. Thisleads
to variaion in terms of phonetic categories among speskers who have dl had different
linguigtic experiences. Note that this variation is arrived at through purely automatic,
sf-organizing processes and is not the result of listeners imposing their "will" on the
linguigtic system. The addition of phonetic categories adso predicts regular sound
change since as a phonetic category changes, so will al the words which are formed
from that category.
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The proposed modd aso handles the problems encountered by misperception
models in which the sound change arises from misparang of the input. A moded which
alows for the redefinition of phonetic categories does not predict that the conditioning
environment will be logt (as Ohdas modd) or that the result of perceptudly driven
sound change must be structure- preserving, i.e. hot introduce new sounds into the
system (as Kiparsky's modd). Since the mode of sound change proposed hererelies
on the adjustment of categories with each new stored perception, the result of a
veridica perception (in which contextua variation is not factored out) does not resultin
the adoption of the veridica percept asthe new canonica form. Since a category will
shift over time as new perceptions are added to the category, there is no reason to
predict that the conditioning environment will be logt or that the category can not be
redefined asa'"new" sound in the language.

The experimenta work presented in the previous chapters has been insrumenta
in providing evidence with which to eva uate the modds of sound change discussed
here. The acoustic and perceptua smilarity of velars and paatoa veolars support the
hypothesis that velar palatdization has a perceptua component, thereby furthering our
understanding of the nature of perceptua conditioning in sound change. Without the
phonetic investigation we would not have been able to assess the implications that velar

paatalization has on modds of perceptualy conditioned sound change.
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