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1.0 Ontogeny versus diachrony in contact-induced emge

This paper introduces language contact data teeaddhe relationship between
stability in the grammar of the individual and cbas in the language of the community.
The central research question is whether langulagege can be reduced to the
transmission of language across generations, whidghrefer to as diachronic change,
or whether individuals maintain the plasticity féeetively alter their grammar in
response to environmental stimuli over the coufgber adult lifetime, which | will
refer to as ontogenetic change.

The case study reported on here examines phocalagintrast in Japanese
loanwords. In most cases, contrasts that do nist iexthe native vocabulary are
neutralized in words borrowed from English. Sidapanese lacks, for example, a
contrast between /r/ and /l/, the English wdrglsting andwriting are both borrowed as

[caitingu/, neutralizing the contrast. Recently, howeuvenas been reported that the

contrast between /t/ and /tbefore high front vowels, which is non-existemthe native

vocabulary, is being preserved in some loans (#4990, Ito and Mester 1995,
Bybee 2001, Smith 2006). This fact raises twotegl@uestions:

1) How did the contrast come about? Was it bortblsea generation of speakers
(ontogenetic change) or emerge with the acquisiidrl (diachronic change)?

2) Why is it that this contrast (as opposed tawd /I/, for example) is selectively
preserved?

The field of Generative Phonology, which has admsof using loanword data to
test grammatical analysis, offers two disparatevans for the first question. One
approach is to understand the emergence of newopdgioal contrasts as a consequence
of language acquisition (see Labhiri et. al. to @pgder a recent exposition of this
position). Children learning the ambient languag®y construct qualitatively different
grammars from previous generations due to an irdfueanwords or direct contact with
a second language. A prediction of this approadhat true phonological contrast can
only be borrowed across a generation. Adult spsakeder this account, are expected
to map loanwords to a set of contrasts which emittte native language. A competing
view, developed by Smith (2004, 2006, to appe#a)ns that speakers construct a
representation of loanwords that allows for spemiatervation of contrast without



affecting the native (non-loan) grammar. Neithethese theories, however, makes
specific predictions as to which contrasts willgvzeserved (question 2 above).

A second issue is that generative theories of plogy, which focus on
describing the knowledge of individuals, typically not consider the role that social
factors may play in the spread of innovative fothteugh a community. Language
change at the level of the community is necessalilywer than ontogenetic changes in
the individual. Even if the grammar maintains pihsticity to represent a novel contrast,
whether or not the form will be incorporated inb@ tanguage of the community depends
ultimately on sociolinguistic factors. Past workghonetic variation in Japanese has
shown vowel devoicing to be conditioned by socigliistic variables such as age and
gender (Yuen 1997, Imai 2004). Since increasattatfon in /§/ relative to /t/
correlates with voicelessness of the following higlwel, it is reasonable to consider the
role that age and gender may have on expressirgntkeging ti~fi contrast. This study
investigates two generations of speakers in a éggarommunity and identifies
guantitatively different responses to expressimg/th-/t§/ contrast. Analysis of social

factors reveals a distributional pattern consistétit a sound change in progress (Guy et.
al 1986) and, when considered in conjunction whitltnguistic factors that condition
variation and the etymological record of individuwadrds, leads us towards principled
answers to questions (1) and (2) above.

Evidence from a token-based analysis of age-Ba@ticoustic data suggests that
the older group (age 50-5@jeneration onghenceforth GEN-1, acquired the fi~t

contrast ontogenetically. For some of these spealtee contrast is preserved in words
that entered the language during adulthood butakzed in those that entered the
language during childhood. This pattern never mxéar the younger group (20-23),
generation twphenceforth GEN-2. Rather, consideration of therall distribution of /t/

and // suggests that the younger generation acquiredahieast with their first

language. Thus, the answer to the first questidhat, at least for some GEN-1 speakers,
the contrast was borrowed synchronically.

A possible answer to the second question arisas &m analysis of linguistically
conditioned variation in native productions ¢f//t For all speakers in the study, the
degree of frication produced in both /ti/ anfi/sequences, which we find to be the most

consistent cue distinguishing these sequencesniitioned by prosodic structure such
that stronger prosodic positions (i.e. heads df fecented syllables) have more frication

than weaker positions. For GEN-1 speakers, how@veductions of /ti/ and i/ in
loans overlap the range of frication durations ¢towled by prosody in native words.

That is, it appears that prosodically conditionadation in the realization of nativei/t

is recruited to express the contrast betweenntl//§i/ in loans. Thus, the new
phonological distinction in loans is parasitic anaready existing (though non-
contrastive) phonetic continuum (see also Shaw 200We conclude by suggesting that
it is the presence of this variation in the redimaof the native category that allows for
the preservation of contrast in loans, providimgiacipled answer for question (2) above.



The broader implication is that, although contaciticed phonological change is a
possible ontogenetic phenomenon, it is restriateal principled way by the grammar of
the borrowing language.

Beyond the implications for phonological theotg turrent work is of general
interest to the study of language contact. Themoamty investigated is not in direct
regular contact with native English speakers, taiher, is recipient to English loan
forms diffused through normalized usage in soci&tg.such, it provides a case of
language contact which is insolated, to a degre&) the confounds of cross-cultural
contact and can provide a reasonable baselinedog oomplicated interactions. The
main finding, that the ontogenetic borrowing of pblmgical contrast is possible, but
limited by the native grammar, leads to predictioegarding which contrasts are
acquirable by a given monolingual community. Bylerstanding the degree to which
indirect contact can affect a grammar, we arehetter position to quantify the
additional effects of direct interaction with theusce language, addressing more
complicated cases involving emigrant speech comtiesni?® language acquisition and
bilingualism.

2.0 /t/ and /f§/ in Japanese

The affrication of coronal consonants before higimff vowels is a widely attested,
phonetically motivated phenomenon. Although aéfticn in this environment is often
attributed to palatization, typically understoodaashange in the spatial properties of the
consonantal closure, it has also been attributsdme languages to temporal aspects of
articulation. Kim (2001, 2004, 2007) has argueat this is the case in Korean, providing
articulatory and acoustic evidence that affricatiothis environment is a side effect of
the tongue tip moving from an alveolar closure talthe target of /i/. In addition to the
multiple articulatory paths, there is also evideticd affrication may contribute to the
perceptual distinctiveness of coronal consonantée(@nd Iskarous 2001).

Languages that contrast affricated and non-afgtatop consonants in the
environment preceding high vowels, such as theiimghinimal pairdeaseandcheese
resist the phonetic naturalness of affrication whewould obscure the phonological
contrast. On the other hand, languages that deehobn affrication for phonological
contrast are free to take advantage of both thghteied perceptual cues and
(presumably) reduced effort of affricated coror$ore high vowels.

Phonological evidence for the neutralization o&fid /§/ before /i/ is available
both from morphophonemic alternations and earlywaad adaptations. The verbal
paradigm in (1) and (2) illustrates that /t/-finabts surface as{t only when followed
by an /i/-initial suffix, as in the desiderativeb]1(2b) and the polite form (1d), (2d).



1) /kat/ ‘win-ROOT’
a) kat-eba ‘win-CONDITIONAL’
b) kaff -itai ‘win-DESIDERATIVE’
c) kat-anai ‘win-NEGATIVE’
d) kaff -imasu ‘win-POLITE’
e) kat-oo ‘win-VOLITIONAL’

2) /mot/ *hold-ROOT’
a) mot-eba ‘hold-CONDITIONAL’
b) mof -itai ‘hold-DESIDERATIVE’
c) mot-anai ‘hold-NEGATIVE’
d) moff-imasu ‘hold-POLITE’
e) mot-00 ‘hold-VOLITIONAL’

Neutralization of /t/ and §t is further evidenced by the adaptations of loamso
borrowed in the late {9and early 28 century. The English loatsam(circa 1918) and
cheesefor example, were both historically borrowed wiltle affricatet §i/. At least as

early as 1990, however, it was noted that “manyngeu speakers have begun to
pronounce forms such @srty and other recent loans with [t] (Shibatani 199(Ven
before the advent of the internet, non-Chinesevimads had been steadily increasing in
Japan. Shibatani reports an increase in the nuaflbeanwords in the dictionary from
1.4% in 1859 to 3.5% in 1956 to 7.8% in 1972.

In 1991, the Japanese Ministry of Educatimsued an official declaration on the
orthographic representation of loanwords. The dwmnt established orthographic
conventions for representing a number of foreigntiasts, including the affrication
distinction before high vowels. The document ideldtea andvolunteeras examples of
loanwords that should be written with the contmasserving variant. It also stipulated,
however, that loanwords customarily written witle gdontrast neutralizing orthography
such aschiketto 'etiquette; suchiimu 'steam' andpurasuikku ‘plagic’ will continue to be
written with contrast neutralizing orthography. davfor a single word, both orthographic
variants often persist. Table 1 shows the numb&uowmgle hits (as of December, 2004)
for the orthographic variants of the English loandgdeamandteen While the contrast
preserving variarti is preferred at nearly a 9:1 ratio teen the more established loan,
team is still much more frequently represented usheydontrast neutralizinghi®.

as reported i =475 H 1 /\H [June 28, 1991F}3kK5E @ &5 [Declaration on Foreign Words]
A 15 7R 38 5 [Ministry Bulletin Issue 2]

2 Throughout this paper romanized forms of Japanesds reflect their most frequent Japanese kana
representations. Thushiimu,will be used for ‘team’ andin for ‘teen’. Whether or not orthographic
differences are faithfully reproduced in pronunociatis an empirical question to which we returrs@ction
4.0.



Table 1: The frequency of orthographic variants in Googts for two Japanese

loanwords.
Japanese| RomanizatjorEnglish Google
Orthography Gloss Hits
F— chiin teen(ager) 59,400
74— tiin 455,000
F— A chiimu team' 10,400,000
74 —A tiimu 66,700

Although the mapping from Japanese orthographydaymciation is often
straightforward, given the variation in orthogragnd the potential influence of
language policy, it is problematic in the casetivtd assess the pronunciation of
speakers from the orthographic representation.ttit®reason, an acoustic study of the
target sequences was conducted.

3.0 Methods
3.1 Participants

Data was collected from 13 native speakers of Jgmaliving in two neighboring
Tokyo suburbs. Nine speakers between the age ah8®6, GEN-1, and four subjects
between the age of 20 and 23, GEN-2, participa@idthe 13 total participants, 11 were
female and 2 were male (one male in each age grdsBN-1 participants reported
having studied English for 3-5 years in secondahpsl; GEN-2 participants were
university students and had studied for 5 yeasegondary school and 1-2 years at their
university. However, just two speakers, one irheage group, reported even basic
conversational proficiency in English, and none Bgent more than one month in an
English-speaking country. All subjects had beeimgdj near Tokyo for at least 20 years
and were naive as to the purpose of the experiment.

3.2 Materials
Participants were asked to read 64 Japanese wdtiia the carrier senten@®o
iu desukavhat kind of ". Of the 64 words in the [i84 contained a coronal

stop followed by a high, front vowel. The remanpi80 words were random fillers. Of
the 34 target words (see appendix A), 23 were Woamls and 11 natiVelapanese. The
list of 64 words was randomized.

Nine of the 13 speakers read words from printdd;litree speakers from the 50-
56 group read the same list from a computer sdoeeause they were unable to read the
font size on the printed sheet. Recordings werdenmaa quiet room using an Olympus
DS-10 digital recorder and acoustic analysis wagdssing Praat (Boersma and
Weenink 2006).

3 For the purposes of this analysis and throughusiptaper, the word “native” is used to refer tpalsese
words of both Yamato and Chinese origin. Althotiggre are certain systematic differences in thedou
structure of Sino-Japanese and Yamato-Japaness Yga&el Ito and Mester 1995 for discussion), thely bo
lack [ti] sequences systematically and, therefeeeye as an appropriate control condition for theysof
recent loans from Indo-European languages.



To account for orthographic variation, the usehef Japanese kana for &and for

It i/ were counterbalanced across tokens within gashp so that each speaker’s list
contained half of the target words witrand half withchi and all target words were
represented equally &sandchi within each of the two age groups. Thus, thelists
administered differed only in the orthographic es@ntation of the target token. All
subjects produced the same set of native Japamlemest which will serve as a control
for the loan productions.

3.3 Measurements

The recordings produced 442 total data tokens @4IsvX 13 subjects). Stop
closure duration (CD), frication duration (FD) amuvel duration (VD) were measured
for CV sequences consisting of a coronal stop awenstoand a high, front vowel in each
token. Representative measurements are labekdune (1).

Figure 1: sample spectrogram measurements for three tokemsdne subject.

‘rank’  HhfI(tSii), Subl2 ‘teen’ 7 — ¥ (tfiin), Subl2 ‘tea’ 7 1 —(tii), Sub12

warmen [P =T T

| W%'

CD FD VD CD FD VD CD FD VD

The carrier sentence ensured that all target wwedte produced after a vowel.
The CD of the target consonants was measured fieroftset of voicing in the
preceeding vowel to the onset of the stop burstleexed by aperiodic energy across a
broad spectrum of frequencies. The FD measuraded both the stop burst and
following frication period ending with the onset\adicing, as indicated by periodicity in
the wave form and distinct formant structure. Aligh in some tokens the burst could
clearly be distinguished from the frication perintermediate between the burst and the
onset of the vowel, in other tokens it was moréadift to demarcate the burst from
frication. This difficulty was compounded by theadjty of the recordings, which were
field quality as opposed to lab quality. For thes@sons we decided to collapse the burst
and following frication period into a single measgo that all of the measures included
in the analysis are based upon clear spectral laridm

4.0 Results
4.1 The language community



Analysis of the contrast across speakers confimpsessionistic reports that the
ftil~/t§i/ distinction is neutralized in native words and presd in loans, where the
orthographic system has developed to represeseat gection 2). Collapsing across
generations, the primary phonetic difference betw#eand {§/ tokens is the duration of
frication following the stop release.

Since loanwords were represented to participant®graphically as both and
chiin lists counterbalanced by subject, loans reprteseaschi were compared to native
chi tokens using a one-way ANOVA. No significant diftnce was found (F (1, 295)
=.999, p = 0.32), suggesting that, whether naiie@an, orthographichiis pronounced

as [Si].

The comparison of primary interest, however, i$ tdizhi and the new
orthographic variart. All tokens represented lapi orthographically (both loan and
native) were compared to tokens representetl liying a one-way ANOVA. The
difference betweenhi andti tokens across the entire population was signifian
(1,448) = 101, p <.001). Figure 2 shows the méanisoth categories.

Figure 2: The mean measurements for CD, FD, and VD acrbspedhkers for
native /§i/ tokens and loan /ti/ tokens.

Native /tfi/ 56.1 75.3 90.1

Loan /tif 54.1 415 128.5

0% 20% 40% 60% 80% 100%
Percent of the entire CV sequence

‘ O Closure Duration (CD) @ Frication Duration (FD) = Vow el Duration (VD)

Figure 2 shows that, although the total duratiothefCV sequence containing
loan /ti/ and nativet{i/ is roughly the same, there is a tradeoff betweerdtiration
contributed by the frication period and the dunatontributed by the vowel. Native



/t§i/ has a longer frication period and a shorter volealn /ti/ has a shorter frication
period and a proportionally longer vowel.

4.2 Results: Social Factors

Having established from the pooled data that tisegesignificant difference in
the production of /ti/ andfif by the community as a whole, this section loakthe
distribution of this contrast across age and gen@amr expectation is that contrast
maintenance will not be uniform, but, rather, alllow the profile of a sound change in
progress. Guy et. al. (1986) claim that increasslof an innovating language variety by
younger speakers, women, and members of lower/mdts society are predictive
diagnostics of a change in progress. Since oyusois based on the speech of a single
middle-class community, we are unable to commertherclass-based distribution of the
innovative form; however, we will look here at thigects of age and gender before
looking more closely at the linguistic factors tkahdition variation in section 5.

4.2.1 Age

Frication duration measurements were subjectedwmavay analysis of
variance having two levels of age (GEN-1, GEN-2) tree levels of token type (native,
loanchi, loanti). Only the token type effect and the interactibage and token type
were significant at the .05 level. Pair-wise plost-comparisons found that the
significant interaction is attributable to diffesss in the means of loahi across
generations. Figure 3 compares mean FD acrossagems with significant results
indicated by asterisk. The significant increaselhfor loanchi and the decrease in FD
for loanti show that GEN-2 is enhancing the contrast betut@esmd £§i/ in loans

above and beyond GEN-1.



Figure 3: Comparison of frication duration across generatioBars indicate
standard error.
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4.2.2 Gender

The frication duration measurements were subgeattivo-way analysis of
variance having two levels of gender (male, femalte) three levels of token type (native,
loanchi, loanti). All the effects, gender (E, 449) = 22.73,$.001), token type (2, 449)
= 4.66, 1x.05) and the interaction of gender and token {2, 449)= 7.15, $.05) were
significant at the .05 significance level.

The main effect of gender indicates that the nigeation durations were
significantly different between the females (M=§1SD=33.2), and males (M=85.3,
SD=30.8). The significant interaction, howevedigates that the gender difference in
FD is not evenly distributed across the differedien types. Figure 4 shows that the
largest difference in FD between male and femadalsgrs is in the production of loan
tokens.



Figure 4: Comparison of frication duration across gendearombars indicate
standard error.
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Generalization across a small sample, such asheeported here, is risky, and
further examination of the male subjects in thiglgtsuggest that the statistically
significant FD found across gender lines are pribabt related to gender per se, but are
a combined effect of age and gender. As Tableo#shthe males in the study did not
perform as a homogeneous group. On the contitayGEN-2 male (age 20) produces
extremely different /ti/ and§/ while it appears from examination of the meantabie 2

that the GEN-1 male (age 50) neutralizes the centra

Table 2: Comparison of male speakers across generation

Loan words (ti) Native words
Mean S.D. Mean S.D.
Generation Il (Age 20) 29 ms (7.79) 103 mq (20.50)
Generation | (Age 56) 94 ms (37.2) 96 ms (21.87)

Since the general trend across speakers is foeqason of the ti~§i contrast in
loans, the apparent neutralization of contrashieyGEN-1 male in the group requires
explanation.

One possibility is that frication duration is a mdoguistic variable, freely
manipulated by members of this speech communitythis case, we expect the
neutralizing male to be consistent across tokansdghe social context for elicitation
was stable). A comparison of standard deviati@ta/éen these two speakers suggests
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that this is likely not the case. The large staddkeviation for the older male suggests an
inconsistency across loan tokens that is not ptéeethe younger male.

A second possibility is that the older speakerdwgiired the contrast more
recently than other speakers in the study. it sound /ti/ can be learned without
forcing a perceptual reorganization of existingegaties, we would expect older words

(words that came into the language earlier) to beertikely to surface asf[t than words
that came into the language more recently. Urtderypothesis, words represented
orthographically byi might fall into two phonemic categories /ti/ ang// We will test

the predictions of this hypothesis by conductingken-based analysis of this speaker in
section 6.2. First, however, it is necessary teustand the linguistic factors that might
condition frication duration independently of histal or sociolinguistic factors, which
we take up in section 5.

5.0 Results: linguistic factors

Results presented in section 4.0 collapsed alin®kd a particular phoneme into
a single category for analysis. It is possiblé ths methodology obscures sub-patterns
and inconsistencies in the data. Further, if ties@rvation of contrast is a change in
progress, as suggested by the direction of thedgsaeity with respect to age and
gender, then the change is predicted to proceed mqockly in favorable linguistic
environments (Guy et, al, 1986). In this sectioa,look at variation across words and
identify the linguistic factors that condition FB fti/ and /fi/ sequences. After
identifying the factors that condition FD in natmerds in 5.1, we will apply the analysis

to loan words in 5.2 and see the same set of gonhig factors at work. In section 6.0,
we will reconsider the effect of age in light o&thinguistic factors conditioning variation.

5.1 Native words

Collapsing across all subjects, the graph in EEduorders the native tokens from
most to least FD infit sequences. The two words with the greatestdiid andchimu,

both have a pitch accent on the syllable beginniitly the target phoneme. We adopt
recent proposals on Japanese prosody (Yamada H8gdguchi 1991, Shinohara 2000,
Tuchida 2001), which analyze the language as ermpdgft-headed (trochaic) feet built
right to left with final syllable extrametricalitgnd the additional assumption that feet are
left-aligned to morpheme boundaries (McCarthy andde 1993, see also appendix A
for a prosodic analysis of the stimulus set). Apm these assumptions, we see that the
most fricated outputs offit in native words are in the strong syllable o tbot (i.e.

chimu >> michi, where ‘>>’ denotes ‘more frication’Further, Japanese words, both
foreign and loan, either bear one pitch accentefdly unaccented (Kubozono 2006).
Of the words in Figure 5 in which /ti/ is in themtg syllable of the foot, accented
syllables have systematically longer frication titfa@ unaccented syllables (i.e. chimu >>
chimitu). Thirdly, all else being equal, syllablgsser to the initial syllable in the word
have more frication than subsequent syllablesdh&>> ichiru). Lastly, extrametrical
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syllables have longer frication duration relativeother unaccented syllables (i.e. inochi

>> kenchiku).

The one exception to the generalizations regarédgeported above comes
from the only verb in the word listchiru ‘to fall’, which is not surprising since
systematic differences in the prosody of nounswatlds are common in both Japanese
and cross-linguistically (see Smith 2001 for distois). A summary of the linguistic
factors conditioning FD with examples for each cangon is given in Table 3.

Figure 5: Native words ordered by frication duration
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Table 3: The left column states generalizations regarditegive frication
duration between two constituents and the riglot¢@umns list specific
examples of the generalization.

(P1>> P,), where >>’ =‘ more
frication’

P, Examples B Examples

strong syllables >> weak syllables
0s>> Oy,

(chii), (chimu), (chimi)tu,
i(chiru), (un)(chin),
(ken)(chiku)

(tomo)(dachi),
(machi)da, (michi)

accented syllables >> unaccented

(un)(chin), (ken)(chiku),

syllables (chii), (chimu), i(chiru), (tomo)(dachi),
0.>>0 (machi)da, (michi)
left-edgedness >> right-edgedness (chii), (chimu), >> (chiru), o(chiru)
Gn>> Ons (chimi)tu >> @n)(chin), (ken)(chiku)

extrametrical >> footed, unaccented
<0>>>0

(chimi)tu, @n)(chin),
(ken)(chiku),
(tomo)(dachi),
(machi)da, (michi)

(ino)chi

The discovery that prosodic position conditionsdtion duration in Japanese is
one of a long list of prosodically conditioned semtal effects discovered in a wide
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range of languages identified since Kahn’s (197@&J\sof English syllable structure.

The effects of extrametricality and syllable pasitihowever, can be anticipated from
other work on Japanese. Although Japanese isipeddey native speakers to be
isochronous with respect to the mora (Vance 1981netic measurements show that the
initial mora of words tends to by phonetically l@nghan subsequent moras (Port et. al.
1987). Similarly, analysis of extrametrical syliebhas also uncovered an increase in
duration over footed syllables (Teranishi 1980ciged in Poser 1990). These effects of
general syllable length are very likely relatedhe increase in FD in these positions.

The linguistic factors conditioning frication dticn, we will argue, have
important implications for the study of the emerpiti~/t§/ contrast in Japanese loans.
The average production of native words ranged b&tv@® ms of frication fochii and
55ms formichi, with a mean of 75ms (Figure 2). If the fricatiduration of loan words is
subject to the same effects of prosody, given annfrié@ation duration of 42ms (Figure 2),
then /ti/ and /fi/ tokens across speakers will overlap considerdbading to
neutralization in some environments. Unravelingohlspeakers neutralize in what
words will provide the key to understanding howsthovel phonological contrast made
its way into the language.

5.2 Loan words

Figure 6 shows the average frication duration sssubjects by token for
loanwords with /t/ in a strong syllaflleAs in the native words, the duration of fricatio
is subject to considerable gradience, spanning 60ms intii to 30ms inchippu
Further, the same set of factors used to expl@mthdience in native words can go a
long way towards accounting for the relative lenggtlfrication in loans. Of the words
with /ti/ in a strong syllable, those with the gesst frication were accented and in initial
position (ii, tiimu, chiketto, tiir); the next most frication was foundsachiry which is
accented but in the second syllable, aindumu, which is unaccented, but in the leftmost
syllable of the word; the remaining words all cerdbetween 30-40ms and, with three
exceptionst(ida, tinpanii, chippu®, have /t/ at least two syllables from the lefteddq
the word.

* There were no loanwords in the stimulus set thdt/li/ in a weak syllable. All loan tokens weither in
the strong syllable of a foot or extrametrical (appendix A for prosodic analysis of the stimulaf.s

® Although I will not pursue an analysis of the eptiens here, the following factors may be relevait:
chippuis the only word in the study that has consecutiweels in devoicing environments. As such, the
first vowel is somewhat special in that it is acemd vowel between two voiceless consonantsdliketto
with one devoiced vowel) and would devoice if itsneot for the following devoiced vowel (Tuchida 290
It's a reasonable possibility that the unnaturaintesmance of voicing affects the frication duratadfrthe
previous consonant. #jda andtinpanii are the lowest frequency words in the study (d&aied by
Google hits). Although there were no general ¢ffef frequency, it has been suggested in theatitee
that frequency of use may correlate with degreeatifzization (Ito and Mester 1995)
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Figure 6: the frication duration of loanwords with /t/ imf@hg syllables
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Figure 7 shows the average frication duration acsobjects for loanwords with
It/ in extrametrical syllables. Since they are footed, these syllables cannot be
accented. Thus, the only factor that predictgdiegive frication duration is proximity to
the initial syllable. The extrametrical syllabldesest to the left edge of the word are in
disyllabicbyuutiandkyuutiand, indeed, have the greatest frication duratitimese are
followed by the four-syllable wordsekyuritiianddainasutiiwhich are in turn followed
by even longer wordakusesabilitiandhosupitaliti. The one exception to the
generalization ipaatii, which, at two syllables is predicted to be lontmsekyuritii
anddainasutii

Figure 7: the frication duration of loanwords with /t/ intexmetrical syllables
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As illustrated by Figures 4-7, where the stimwdats allow comparison, the
general trends identified for native words holdlfzan words as well. FD is conditioned
by prosodic position and distance from the lefteedfthe word. Further, the average

frication duration of some /t/ words is actuallygger than for some§t words. This is
illustrated in Figure 8, which plots the average &fti/ and /{i/ for all the words in the
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study against the positional strength of the tasgbablé€. The chart shows that contrast
between /t/ and §t is only achieved if the primary cue distinguisiihe categories is

relativized to prosodic position. At each steptoa positional strength scale, there is a
contrast of at least 20ms in frication; howevewd view the categories as independent
of prosodic positions, then there is distributiooagrlap.

Figure 8: The average frication duration produced by alb&ees for loanword [ti] and
native word [fi] tokens plotted against the positional strendtthe target sequences.
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In this section, we identified a number of factthrat condition the realization of
the phonemes /t/ andj/tbefore /i/. Speakers produce a consistent cstnbetween these
categories when they are in analogous prosodic¢iposj but the complete distribution of
It/ overlaps with /§/; /ti/ in strong positions is produced with mor@ than /fi/ in weak
positions. The observations discussed in this@gdiowever, have been true of the
language population as a whole, holding for theaye FDs produced by 13 speakers
from two different generations. In the next sattwe return to the issue of cross-
generational differences and find that understaptiow prosody effects FD holds the
key to addressing the ontogeny vs. diachrony issised at the outset.

6.0 Age revisited: adult plasticity and phonetic enancement

Section 5.0 identified a number of linguistic fastthat condition FD in /ti/ and
/t§i/ sequences. In this section we revisit the ¢fté@ge on FD in light of these results

and uncover clear generational differences thaewbscured by the analysis in 4.2.1
which failed to take positional strength into acabu

6.1 A generation gap

6 Position strength is represented by whole numbergwhere 1 is the strongest position, an accente
syllable in the first syllable of the word, andsthe weakest). See appendix B for definitionst&ngth
categories.

15



In section 4.2.1 (Figure 3), we took a first lodkage as a possible conditioning
factor of frication duration. Comparing /ti/ toleefrom loanwords produced by GEN-1
and GEN-2 yielded no significant difference. Whemnlooked at the average frication
duration by word in section 5.0, however, we saat #ome loanwords contained a /ti/
sequence produced with greater FD than some seggiehdfi/ in native words. The

chart in Figure 9 isolates GEN-1 speakers in comgdhe FD of loan and native tokens
relativized to positional strength; figure 10 dtles same for GEN-2.

Recall that Figure 8 showed that, collapsing acties®ntire speech population,
there was an overlap in FD between /ti/ afid gequences. Figure 9 and 10 show that
although both GEN-1 (Figure 9) and GEN-2 (Figurg dfieakers maintain a contrast
between /ti/ and {ti/ in each position, GEN-1 produces the sequendttsoverlapping

FD while GEN-2 produces the sequences without aperlThus, the overlap between FD
that we saw in the population as whole can bebatteid solely to GEN-1 speakers.

Figure 9: The average frication duration producedGiyN-1 speakers for loan [ti] and
native [t i] tokens plotted against the positional strendtthe target sequences.
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Figure 10: The average frication duration produced@iN-2 speakers for loanword [ti]
and native word [}i] tokens plotted against the positional strendtthe target
sequences location.

5 ¢ Loan
- 4 . - o . = Native
i)
c
o
s STt ==
5
E= 22— —+ = =
(%)
@]
o

11 e eee O =

0 T T T T T

0 20 40 60 80 100 120

Frication Duration (ms.)

The preservation of contrast between /t/ afidift the environment of /i/ for
GEN-2 is evidenced by a sharp divide between categat around 60ms of frication.
This contrasts with the plot of GEN-1 speakers,clvtiias both loanwords with greater
than 60ms of frication and native words with leBsom a perceptual standpoint, then, a
token with less than 60ms of frication is unambigglg /t/ only if produced by a GEN-2
speaker. If produced by a GEN-1 speaker, it cpudtas easily be af/t in weak
prosodic position. Thus, while GEN-2 speakers shtinct categories of /t/ andj/t
before /i/, GEN-1 speakers have overlapping categdnat distinguish contrast only if
relativized to prosodic position. What can accdonthis difference in profile? To

investigate this question further, we turn to tHeN=1 subject with the most overlap
between categories.

6.2 Profile of a synchronic borrower

As illustrated in section 4.2.2 (Table 2), the enapresentative of the GEN-1
group produced similar mean frication durationsikfoth native and loan stimuli.
Although this fact by itself suggests that he doetshave a contrast between /ti/ arfd//t
the suspiciously high standard deviation warrarttoser look. We hypothesized at the
end of section 4 that the high variance in thissneamay be due to the differentiation of
words orthographically expressedtamto separate /ti/ and{/if categories. The chart in
Figure 11 plots the frication duration of /t/ i &rget words produced by this subject.
The native words are on the left, ordered fromtleagreatest frication duration; the
loanwords are on the right, also ordered from leagreatest frication duration.
Although the slope of the line connecting point&igure 11 is similar for native and
loan words, the extrema are quite different. Tdrege of frication durations for native
words runs from 127ms in strong prosodic positimn80ms in weak positions. In loans,
however, strong positions are produced with 157higaation duration and, more
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interestingly, weak positions are produced with fiams, which falls within the group
range for /ti/ (see Figure 6,7).

Figure 11: The frication duration of all target words proddd®y one GEN-1 subject.
The native words are on the left ordered from leagireatest frication. The loan words
are on the right also ordered from least to gré&tesition duration.

(see Figure 12 for inset)

To take a closer look at the tokens that are prediwgthin the /t/ range, the graph
in Figure 12 isolates the loanwords, just the Figdad portion of Figure 11. Building on
the findings for the population reported in theyimas section, we expect prosody to
systematically condition the range of variationhmta category. Figure 12 shows,
however, that these expectations are born outrath®usly. Unexpectedly, the
prosodic strength hierarchy recycles in the middlthe slope. The word with the
greatest fricatiortji, is both accented and initial, placing it aheadafented targets in
the second syllable (e.guchiiru), which are in turn more fricated than the unategn
second syllable /ti/’s iai tii furontia’ andbutikku Bothbyuutiiand the final syllable in
ai tii furontia are extrametrical, but, as predictbgluutii has a longer frication period by
virtue of its proximity to the left edge of the wiorelative taai tii furontia. This pattern
accounts for only the right half of the slope igitie 12. Aftekompyuutinguhe
prosodic strength hierarchy repeats. Thaitiishas /t/ in a strong prosodic position just
astii did. Both accented and word-intial, the /tfiin is in the strongest possible
prosodic position. Further, the next two wongisatii andraitingu, are in the number
two slot in the strength hierarchy. The /tijiaatii is extrametrical, but, likbyuutii,
being just one syllable from the left edge, itnghe strongest possible extrametrical
syllable. Similarlyraitingu, with an accented second syllable /ti/ is just ste® down
on the strength hierarchy fromm. The words with the shortest fricationaaketingu
andsekyuritiare at the bottom of the strength hierarchy. e for native words that
FD is predictable from the prosodic strength ofgfi#able. This generalization carries
over straight-forwardly to this speaker only if pasit two sound categories for loan
sequences orthographically represented as /tié pfbposed category boundary is
marked with a dotted line in Figure 12.

" The wordai tii furontia is listed twice because it has two target sequemcesin the second syllable and
one in the final syllable. The second syllable loager frication duration than the final syllable.

18



Figure 12: The frication duration of all loan words produdsdthe GEN-1 male subject.
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Thus, if we consider the linguistic factors thahdibion gradience within a
category, the data strongly suggest that, forghesaker, a sound treated uniformly in the
source language maps to two separate categorhesti ifi tii maps to a different
category than the in tiin. Figure 11 shows, however, that both of these fids overlap
heavily (though not completely) with native prodaos.

The difference between the GEN-1 speaker datagiumwré 12 and the general
trend for GEN-1 speakers, therefore, is not neattibn versus preservation. Rather, it
appears that all speakers from GEN-1 acquireddh&ast in at least some words. The
speaker in Figure 12, however, treats two setstokens in loans as categorically
different.

Why should the contrast be confined to certain wdrd his fact is compatible
with two explanations: 1) the speaker learned threrast during L1 acquisition, but
simply misclassified some /ti/-tokens a§/ /or 2) the speaker acquired an L1 without a

Itil~/t§/ contrast, but learned the contrast later in lEidence that the latter of these

possibilities is correct can be mustered by lookihthe etymological record of the
loanwords produced as [ti].

Of the five words produced with the least fricafitim, paatii, raitingu,
maaketingtandsekyuritii only paatii was in the language when the speaker was’born
According to the unabridged Japanese dictionarighiKokugo Daijiten 1970-1976,
2000-2001), the next word to come into the languagemaaketinguin 1975, well into
the adulthood of all GEN-1 speakers in the stutliyus, although the contrast is
restricted to loanwords in even the second gemerapeakers, for this particular speaker,

8 The speaker was 56 years old when data was aailéTt2004.
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the contrast is further restricted to recent loamsm@r, more precisely, those that entered
the language after 1975.

There appears to be two effects of language cootatitis speaker's grammar.
Using the effect of prosodic position on FD asagdostic for sound category boundaries,
we identified a partition in the speaker's producifti into two categories. In one
category, the maximum frication duration excee@s tt the native category in
analogous prosodic position; in the other, the &Eai less than the native category in
comparable positions. The FD in this second categomes closest to approximating
the source language and is realized in words @raednto the language well after the
speaker's critical period. Further, the FD sepagdhese categories is of a magnitude
that is used for contrastive purposes elsewhetteeitanguage (e.g. the maintenance of
the t~f contrast before back vowels as in /ta/ 'rice paddy' andtfa/ 'tea). Thus, the first
consequence of language contact is the emergereceed sound sequence, /ti/, which

contrasts minimally with the native sequengi./tA second consequence is the phonetic
drift within the loan categories. The loanwordedurced as [t] have even greater

frication than native [t] such that, as shown in Figure 12, the nativedvdii/ ‘rank’ is
produced with 100ms of frication while the loanwdtid 'the letter T' is produced with
157ms, different still from /tiin/ 'teen(ager)' ooluced with 76ms. Thus, in addition to
the formation of a new sound category, the loaagm@ies of /ti/ and {i/ also appear to
be drifting away from each other. This reflectarger cross-generational trend. Recall
that even when collapsing across prosodic positiglall-2 produced loanfjt with
greater FD and loan [ti] with less FD than GEN-de(§igure 3).

Taken together the two effects of language cordpparent in this speaker's
productions provide insight into the process ofrpilogical contrast borrowing. First,

GEN-1 produces a weak contrast between /ti/ gildntloan words by mapping these

sequences to prosodically conditioned allophonewtife /fi/ (see Shaw 2007b for

formal implementation). Second, once contrastatggories are formed, the phonetic
realization of the categories is slowly pushed fap@his second effect can be observed
both on a small scale within individuals (Figure 12) and on a larger scale across
generations (Figure 3, 9, 10).

7.0 Conclusion

At the outset of this paper, we raised two questiegarding the emergence of
the phonological contrast between /ti/ arfd ih Japanese. The first is whether the

contrast emerged within the grammar of the indiaidar across a generation. The
evidence presented in section 6.2 suggests thabtiteast was borrowed initially by
GEN-1 speakers, but was in large part parasititherallophonic variation used to

express the native sequend# ih different prosodic positions (see Shaw 20fbfa
further discussion). The weak contrast produce®BiN-1 speakers was subsequently
enhanced by GEN-2 speakers. The second quest®mwimathe ti~fi contrast was
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selectively preserved. Contrast preservationamieord adaptation is not normal. As
table 4 shows, there are numerous cases in Japanek&h phonological contrasts from
the source language are neutralized. In respontbestquestion, we hypothesized that
the presence of a non-contrastive phonetic contm(iie. allophonic variation) may be
prerequisite for borrowing phonological contraBly this hypothesis, the neutralization
of contrasts in Table 4 is due to a lack of vamiain corresponding native sequences.

Table 4: Distinct English forms which map to the same phicrferm in Japanese.

English word Japanese adaptation
orthography IPA Orthography IPA

a. writing Jaitip .

—————— PAPTRRREEE! EEALELERCIELEES I (/i V74N I e u R o By e [V
b. lighting laitinp 7AT4 g
c. steal stil 2Tl oy
st [ st1l ’ sutiird
e. food fud .
fhood | had 7k guudo

Both of these conclusions stem from an analysghohetic data that considers
the phonological structure of the target words,age of the speakers and the
etymological record of the loans. Although it we apparent in our first look at age as
a factor conditioning FD (see 4.2.1), looking & #iffect of age within prosodic position
revealed clear differences between the phonetidgsmf GEN-1 and GEN-2
populations. GEN-1 speakers produce /ti/ afid with overlapping FD distributions
and with contrast maintenance relativized to praspdsition. For these speakers, loan
/til in prosodically strong positions is produceithithe same temporal properties as
native /§1/ in prosodically weak positions. GEN-2 speakémyever, produce distinct

FD's for /ti/ and i/ regardless of prosodic position. Our evideraedntogenetic

borrowing came from an analysis of a GEN-1 speakir lexically specific preservation
of /ti/. Understanding the effect of prosodic piosi on FD allowed us to first identify a

category boundary between loan [ti] and lodi} find subsequently recognize the
contrast preserving [ti] productions as loans #mered the language during adulthood.

In sum, we have produced phonetic evidence thatqibgical contrasts can be
borrowed and that they can be borrowed by matuné apgeakers even without
substantial direct contact with the source languddee evidence presented suggests that
the necessary prerequisite is a phonetic continimwvhich the non-native contrast can
be mapped. As such, the range of contrasts wiaigtbe incorporated via this type of
ontogenetic borrowing may be limited to the ranfjallmphonic variation present in the
borrowing language.
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Bold syllable denotes the presence of a pitch accemtigRization of loanwords below is

Apendix A: Stimulus List

based on the most frequent orthographic varitalicizedvowels are in devoiced

environments.

Japanese (Romanization)

Hu A7 (chii)

H% (chimu)’

¥ (inochi)

» 2 (chimitu )

—## (ichiru)

& (unchin)

5 (kenchiku)

% » % (ochiru)

J2i% (tomodachi)

HT F (machida)

18 (michi)

74— (tii)

# % 7 F (chiketto)

* #—Jv (suchiru)

#— & (tiimu)

I 7 7 4 — (mirukuii)
T 7 ¥y T4 (akuseshiriti)

74 —4 (tiida)

g *—7 1 — (byuutii)

¥ 2 —7 1 — (kyuutii)

& A2 ¥ %Y 7 1 — (hosupiariti)
t X 2 Y 71— (sekyuritii)
7 4 ¥ ¥ =— (tinpanii)
T7a>y5147

(ai tii furontia)

7 4 —J)v— 4 (tiruumu)

7 7 7 (chippu)

22 —F4 V5
(kompyuuingu)

7 4 — ¥ (tiin)

¥ 4+ *7 41 (dainasuti)
7471 ¥ 7 (raitingu)
/¥— 7 4 — (paatii)

X—%7 71 ¥ 7 (maketingu)
7 7 41 7 7 (butikku)

° novel compound

Assumed Footing
(tfii)

(tfimu)
(ino)chi
(tfimi)tu
i(tfiru)

(un)( tfin)
(ken)( fiku)
o(tfiru)
(tomo)(dafi)
(mafi)da
(mitfi)

(tii)
(tfi)(ket)to
sufiru)
(ti)mu
miruku(ii )
akusesdfiri)ti

(tida
(byuu)tii
(kyuu)tii
hosupifari)ti
sekyuri)tii
(tin)panii

(ai) (tii) fufon)tia
tii(ruu)ymu
(tfip)pu

kompyuugn)gu
(tiin)
dai(hasu)ti
raitin)gu
(paaytii
maake)tingu
(bu)tikku
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Gloss
‘rank’
‘foolish dream’
life’
‘precision’

‘gleam’ (i.e. gleam of hope)

‘freight’
‘architecture’
‘to fall’
‘friend’

a surname
‘road’

‘tea
‘ticket’

‘steal’, ‘still’
‘team’

‘milk tea’
‘accessibility’
‘Tiida’
(Japanese car)
‘beauty’

‘cutie’
‘hospitality’
‘security’
‘timpani’

IT frontier’

‘tea room’
‘tip’, ‘chip’
‘computing’

‘teen(ager)’

‘Dynasty’ (TV program)
‘writing’

‘party’

‘marketing’

‘boutique’

Type
Native
Native

Native
Native

Native
Native
Native
Native
Native
Native
Native
Loan
Loan
Loan
Loan
Loan

Loan
Loan

Loan
Loan

Loan
Loan
Loan
Loan

Loan
Loan

Loan

Loan
Loan
Loan
Loan
Loan
Loan

[ti/ syllable
strength

1
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73 *# 7 7 (puraschikku) purasu(fik ku ‘plastic’ Loan

Appendix B: Prosodic Strength Categories
Note: moras are counted from the left morpheme daryn

1 = extrametrical syllable in thé®3nora or accented syllable in th&rhora
2 = extrametrical syllable in thd"4mora, unaccented syllable in tHérora, or an

accented syllable in thé2mora
3 = extrametrical syllable in thd"5mora, unaccented syllable in tH¥ thora, or an

accented syllable in thé®3nora
4 = extrametrical syllable in thd'®r later mora, unaccented syllable in tfengora or

accented syllable in thd"4nora
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