
On the Disparity between Within- and
Cross-Language Segmental Similarity

Charles B. Chang

University of Maryland, College Park

cbchang@umd.edu

CUNY Conference on the Segment
January 11, 2012



Background
Paradigmatic Phonemics

Discussion

Outline

1 Background
Phonological Similarity
Research Questions

2 Paradigmatic Phonemics
Cross-Linguistic Perception
Cross-Linguistic Production
Loanword Adaptation

3 Discussion
Phonetics-Phonology Interface
Future Directions

Charles B. Chang Within- and Cross-Language Segmental Similarity



Background
Paradigmatic Phonemics

Discussion
Phonological Similarity
Research Questions

Why care about phonological similarity?

Phonological similarity: similarity between two sound
structures (segments, syllables, prosodic patterns, etc.).

Phonological similarity is invoked to explain:
substitution patterns in L1 production [Page et al. 2007]

substitution patterns in L2 production [Major 1987]

L1-L2 correspondences in loanword phonology [Kang 2008]

perceptual assimilations in L2 perception [Best and Tyler 2007]

cross-language linkages in bilingualism [Flege 1995, Laeufer 1996]
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Phonological similarity within a language

Two phones are similar if they:

1 are acoustically/auditorily close
2 do not contrast in the inventory
3 participate in a productive alternation [Johnson and Babel 2010]

e.g.: English speakers perceive [d] as similar to [R], while Spanish
speakers perceive [d] as similar to [D]. [Boomershine et al. 2008]
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Encoding phonological similarity in the grammar

A language-universal “P-map”: phonological similarity effects
emerge from a set of ranked constraints relating perceptually
similar vs. dissimilar forms. [Steriade 2009]

e.g.: *D–DV/_$ ! *D–T/_$

... *D$ is repaired by devoicing (not epenthesis)

Prediction of the P-map: output patterns follow perceptual
similarity relations between an input and its possible outputs.
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What about cross-linguistic mapping?

Unfaithful production of novel input clusters does not follow from
perceptual similarity. [Shaw and Davidson 2011]

fricative-stop clusters (e.g., [fp]): most perceptually similar to
@FS, but produced as F@S

influence of recoverability and uniformity

Charles B. Chang Within- and Cross-Language Segmental Similarity



Background
Paradigmatic Phonemics

Discussion
Phonological Similarity
Research Questions

Cross-linguistic phonological similarity

Why does the P-map seem to be suspended in cross-linguistic
circumstances?

Useful heuristic for determining similarity between L1 and L2
segments: “phonetic symbol test” (supplemented with
acoustic and perceptual data). [Flege 1996]

A “phonetic symbol test” ∼ cross-linguistic phonemic analysis.
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Cross-linguistic phonological similarity

Hypothesis: paradigmatic comparisons between languages at the
phonemic level are predominant in bilinguals’ mapping of L2
segments to L1 segments.

relative position in acoustic space (e.g., English /u/ is
located at the NE corner of F1 x F2 space, like the /u/ of
Mandarin, French, etc.)

distributional patterns (e.g., English /u/ has a restricted
distribution with the glide /w/, like the /u/ of Mandarin,
French, etc.)

Prediction: L2 users will show L1-L2 mappings that follow
phonemic similarity over acoustic/auditory and phonetic similarity.
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Perceptual similarity #= acoustic similarity

Perceptual similarity does not follow straightforwardly from
acoustic similarity.

e.g.: perceptual assimilation of unfamiliar vowels to phonemically
similar vowels (instead of acoustically closer vowels)

L1 Canadian English speakers perceive German /u/ as a better
exemplar of English /u/ than German /y/. [Polka and Bohn 1996]

L1 American English speakers perceive French /y œ/ and
German /y Y ø œ/ as closer to English back rounded vowels
than English front unrounded vowels. [Strange et al. 2004]
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Americans’ production of French /u/ and /y/

French /y/:
produced close to
French norms
French /u/:
influenced by
English norms
[Flege 1987]
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Americans’ production of Mandarin /u/ and /y/
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Americans’ production of Portuguese /p t k/

The Modern Language Journal 76 (1992) 

FIGURE VII 
Native Speaker and Bilingual /p t k/: Portuguese and Means of Formal and Casual English, All Speakers 
Combined 
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Pearson Regression Correlations for VOT of /p t kl, Comparing Portuguese and Casual English in Bilingual 
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Portuguese /p t k/:
influenced by English
long-lag voiceless
(not voiced) stops
[Major 1992]
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A Brazilian’s production of Portuguese /p t/

Figure 1. Mean VOTs of Portuguese [p], English [p!], Portuguese [t] and
English [t!] measured from our native Brazilian-Portuguese speaker after recent
experience in the US (US1, US2) and Brazil. Standard errors are marked.

Because we had different numbers of words and, of course, different words in the two
languages, we did not use word as a factor in the foregoing analyses. In separate analyses,
with the factors recent experience and word, performed on each consonant in each
language, we found no interaction of recent experience with word for English [t!] or
Portuguese [t] but significant interactions for both English [p!] and Portuguese [p].
For English [p!] three of the four words uttered during both US sessions had longer
VOTs than those of these same words uttered during the Brazil session. For the fourth
word, the average VOT in the second US session was shorter than that in the Brazil
session. For Portuguese [p], every word except one has longer VOTs in both US sessions
than in the Brazil session.

6. General discussion

With just a few months of exposure at a time in the US and in Brazil, our speaker
manifested gestural drift, that is, a change in VOT reflecting a change in the relative
phasing of a laryngeal devoicing gesture and an oral constriction gesture. This difference
in VOT was of approximately the same magnitude in the two languages, but it was

430 M. ¸. Sancier and C. A. Fowler

Portuguese /p t/: influenced by English
long-lag voiceless (not voiced) stops
[Sancier and Fowler 1997]
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French-English bilinguals’ production of French /t/

French /t/: influenced
by English long-lag /t/
(not /d/)
[Flege 1987]
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Figure 1
Diagram of the formants for English and Quebec French vowels

Note that in French, !u" stands for [y], not [i], and !o" for [o], not [u], so orthographic influence
cannot be invoked here either.

(9) Examples of the adaptation of English /ë/ and /υ/ to /i/ and /u/ in Paris French

English IPA PF

/ë/ building [bëldë√] [bildi«]
business [bëzn[s] [bëznUs] [bizn[s]
kid [këd] [kid]

/υ/ bookmaker [bυkmekUÛ] [bukmekU˛]
look [lυk] [luk]
Pullman [pυlmUn] [pulman]

As shown in (10) and in figure 1, the Quebec French (QF) case is even more striking since the
perceptual proximity of the English high vowels /ë/ and /υ/ to the mid high vowels /e/ and /o/ is
greater in Quebec French (Martin 2002) than in Paris French.

[LaCharité and Paradis 2005]
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Phonemic adaptation of vowels

English /I, U/ > Quebec French /i, u/ (not /e, o/).

236 D A R L E N E L A C H A R I T É A N D C A R O L E P A R A D I S

(10) Comparison of the formants of stressed vowels in English and Quebec French

English /ë/ F2 1700 QF /e/ F2 2025 QF /i/ F2 2050
F1 375 F1 350 F1 250

English /υ/ F2 1300 QF /o/ F2 750 QF /u/ F2 750
F1 425 F1 350 F1 250

The acoustic proximity of English /ë/ and /υ/ to Quebec French /e/ and /o/ is illustrated in figure
1.18 The Quebec French vowels /:/ and /[/ are even closer to English /υ/ and /ë/ than are Quebec
French /o/ and /e/, as the figure illustrates. Yet, in spite of their acoustic proximity to the Quebec
French mid vowels, English /ë/ and /υ/ are adapted to Quebec French /i/ and /u/, as exemplified
in (11).

(11) Examples of the adaptation of English /ë/ and /υ / to /i/ and /u/ in Quebec French

English IPA QF

/ë/ clipper [klëpUÛ] [klipU¸]
(to) drill [dÛël] [d¸il-e]
hippie [hëpi] [ipi]
gyprock [dÇëpÛ&k] [Çip¸:k]

/υ/ push up [pυ+Rp] [pu+:p]
woofer [wυfUÛ] [wufUÛ]
(to) book [bυk] [buk-e]
pusher [pυ+UÛ] [pu+UÛ]

These adaptations apply in 99.6% (907/911) and 98.3% (117/119) of the cases, respectively. In
the remaining cases, /ë/ is adapted as /[/ (1 case) and /#/ (3 cases), whereas /υ/ is adapted as /:/
(2 cases). Therefore, phonetic approximation might be invoked only 0.4% of the time (4 cases)
for /ë/ and 1.7% of the time (2 cases) for /υ/.

The category [!high, "ATR] is replaced by [!high, !ATR], thus preserving the phono-
logical category [!high]. The corpora of the Project CoPho database suggest that preserving the
category [!high] is more important than preserving the category ["ATR], which would have
yielded /[/ and /:/, respectively.19 Although minimal (requiring only the delinking of [!high]
from the lax high vowel), this strategy is not selected. This may mean that our definition of closest
category in (4b) is incomplete. However, there are several other explanations one might consider
before reaching this conclusion. First, the status of [ATR] for English vowels is uncertain. As
Jensen (1993:35) writes, ‘‘There is some controversy over whether to analyze these [tense] vowels
as underlyingly long, underlyingly tense, or underlyingly diphthongs.’’ Giegerich (1992:48) notes
that ‘‘[i]n most accents of English [the vowels /i/-/ë/] form a long-short opposition.’’ Second, it

18 The Quebec French nasal vowels are excluded from the diagram because nasality is irrelevant here.
19 This is true not only of the corpora of English loanwords in Quebec French and Mexican Spanish, but also of the

corpora of English loanwords in Japanese and Calabrese Italian.

[LaCharité and Paradis 2005]
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Phonemic adaptation of sonorant consonants

English /ô/ > Japanese /r/ (not /w/).

250 D A R L E N E L A C H A R I T É A N D C A R O L E P A R A D I S

Under the phonetic approximation view of loanword adaptation, we therefore expect to find
a significant rate of adaptation of English onset [Û] to Japanese /w/ in English loanwords in
Japanese. We tested this hypothesis against the Project CoPho corpus of 2,991 English loanword
forms in Japanese, part of which is appended to Goulet 2001. These Japanese loanword forms
include a total of 668 cases of English onset /r/ ([Û]). As shown in (22), English /r/ is never
interpreted as /w/ in the corpus.

(22) Treatment of English onset /r/ ([Û]) in Japanese

Number of cases 668
Phonetic approximation cases ([Û] N [w]) 0
Same phoneme cases ([Û] N [r]) 668
Deletion cases 0

As these figures show, English onset /r/ is always treated as a rhotic phoneme. Examples are
presented in (23).

(23) Examples of the treatment of onset /r/ ([Û]) in English loanwords in Japanese

English Japanese

a. race [Ûes] N [res:æ] *[wes:æ]
b. rock [Û&k] N [rok:æ] *[wok:æ]
c. cherry [t+[Ûi] N [t+[ri:] *[t+[wi:]
d. truck [tÛRk] N [torak:æ] *[towak:æ]
e. scrap [skÛ+p] N [sækærap:æ] *[sækæwap:æ]

For the sake of thoroughness, we further considered the treatment of English onset labiovelar
glides in English loanwords in Japanese, wondering whether they might not sometimes be confused
with the English rhotic. In other words, if Japanese borrowers are unable to discriminate the two
sounds, but are aware that there is a distinction, they might choose one or the other randomly.
However, this never occurs, as shown in (24).

(24) Treatment of onset /w/ in English loanwords in Japanese

Number of cases 137
Phonetic approximation cases (English /w/ N Japanese /r/) 0
Same phoneme cases (English /w/ N Japanese /w/) 137
Deletion cases 0

All the onset /w/s that occur in English loanwords in Japanese are interpreted as /w/. Although
perception tests of Japanese monolinguals show that they confuse English onset /r/ with Japanese
/w/, this confusion is decidedly not mirrored in the corpus of English loanwords in Japanese. The
exceptionless treatment of English onset /r/ as a rhotic, despite its closer phonetic similarity to
Japanese /w/, suggests that loanword adaptation is phonological rather than phonetic. Once again

[LaCharité and Paradis 2005]
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Phonemic adaptation of obstruent consonants

English /b d g/ > Mexican Spanish /b d g/ (not /p t k/).

252 D A R L E N E L A C H A R I T É A N D C A R O L E P A R A D I S

should interpret English stops in accordance with Spanish VOT norms. Thus, we should see
English voiced onset stops often being adapted as voiceless in English loanwords in Spanish. We
were able to test this expectation against a total corpus of 3,857 English loanword forms in two
corpora of Mexican Spanish (MS1 and MS2). The corpora include a total of 1,368 English voiced
stops (/b, d, g/) in onset position, which is what perception experiments tested.

As we show in (26), none of the English onset voiced stops undergo devoicing in MS1; in
MS2, there are only 2 cases of onset stop devoicing.

(26) Statistics on the treatment of voiced onset stops in English loanwords in Mexican
Spanish

/b/ /d/ /t/ Total

MS1 Number of cases 289 161 116 566
Phonetic approximation 0 0 0 0
cases (devoicing)
Same phoneme cases 289 161 115 565

(100%) (100%) (99.1%) (99.8%)
Deletion cases 0 0 1 1

(0.9%) (0.2%)

MS2 Number of cases 394 229 179 802
Phonetic approximation 0 2 0 2
cases (devoicing) (0.9%) (0.2%)
Same phoneme cases 393 226 179 798

(99.7%) (98.7%) (100%) (99.5%)
Deletion cases 1 1 0 2

(0.3%) (0.4%) (0.2%)

The English voiced onset stops remain as is—that is, voiced and undeleted—in all but three
cases. Some examples of the usual treatment of English voiced stops in English loanwords in
MS are shown in (27).

(27) Examples of unchanged voiced stops in English loanwords in Mexican Spanish

English Spanish

/b/ bar [b&Û] N [ba˜] *[pa˜]
baseball [besb&l] N [besb:l] *[pesp:l]

/d/ dip [dëp] N [dip] *[tip]
darling [d&Ûlë√] N [da˜lin] *[ta˜lin]

/t/ golf [t&lf] N [t:lf] *[k:lf]
gang [t+√] N [ta«] *[ka«]

As for the rare deletion cases, these are not necessarily clear cases of phonetic approximation.
For instance, background [b+ktÛ&wnd] is adapted as [bakr&wn] in Spanish, which may possibly

[LaCharité and Paradis 2005]
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Phonemic adaptation of obstruent consonants

English /p t k/ > Burmese /p t k/ (not /ph th kh/).
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English /p t k/ > Burmese /p t k/ (not /ph th kh/).
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Integrating phonetic and phonemic information

privileged status of phonemics:
When phonemic information is available, it tends to outrank
conflicting phonetic information.
Late L2 learners differ significantly from naive non-natives.

malleability of phonological similarity:
How is L1-L2 similarity initially determined in L2 learning?
How does perceived L1-L2 similarity change over the course of
L2 learning?
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Tracking influence of phonemic information

If L2 sounds undergo automatic equivalence classification
with L1 sounds: [Flege 1995]

Beginning L2 learners must link L1 and L2 sounds on the
basis of low-level information.

Advanced L2 learners may link L1 and L2 sounds on the basis
of higher-level information.

How does the changing level of cross-linguistic linkage influence
the production and perception of L1 and L2 sounds? [Chang 2010]
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