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. . . . . .

Phonemic and phonetic contrast

I e theme of contrast runs through mu current work in phonology.
I However, when we talk about contrast, we’re talking about two distinct

things:

Phonemic contrast: e potential for phonological units to signal lexical
(or structural) differences

Phonetic contrast: Concrete articulatory, acoustic, and especially
auditory differences between sounds
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. . . . . .

Phonemic and phonetic contrast

I Phonemic and phonetic contrast are logically independent:
Phonetic contrast without phonemic contrast: Allophony

(1) Russian:

../ʧ/

.[ʧ] / elsewhere

.[ʤ] / ___ [−son, +voice]

Phonemic contrast without phonetic contrast: Neutralization

(2) North American English:

. .[ɾ] / V ___ V͜

./t/

./d/
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. . . . . .

Phonemic and phonetic contrast
Phonemic contrast

Two components of the ‘Toronto Sool’ approa to phonemic contrast:
I Why phonemic contrast maers: e Contrastivist Hypothesis
I How to identify it: e Contrastive Hierary
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. . . . . .

Phonemic and phonetic contrast
Phonemic contrast: The Contrastivist Hypothesis

e Contrastivist Hypothesis:
.
Strong version
..

.

. ..

.

.

“e phonological component of a language L operates only on those features
whi are necessary to distinguish the phonemes of L from one another.”

(Hall 2007a; Dresher 2009)

.
Weaker version
..

.

. ..

.

.

Some phonological processes operate only on contrastive features.

(Arangeli 1988; Nevins 2004; Calabrese 2005)
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. . . . . .

Phonemic and phonetic contrast
Phonemic contrast: The Contrastive Hierarchy

e Contrastive Hierary (Cherry et al. 1953; Jakobson & Halle 1956; Halle
1959; Dresher et al. 1994):

I Features successively divide the phonemic inventory.
I A feature is assigned only if it makes a non-vacuous division.
I Partial hierary for Russian consonants (Halle 1959):

../ʧ, ʃ, ʒ, k, kʲ, ɡ, x/

.[−low tonality]

.[−cont]

./ʧ/

.[+cont]

.[−voice]

./ʃ/

.[+voice]

./ʒ/

.[+low tonality]

.[−cont]

.[−voice]

.[−sharp]

./k/

.[+sharp]

./kʲ/

.[+voice]

./ɡ/

.[+cont]

./x/
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Phonemic and phonetic contrast
Phonemic contrast: The Contrastive Hierarchy

Successive Division Algorithm (SDA; Dresher 2009: §2.3):
...1 Begin with no feature specifications: assume all sounds are allophones of
a single undifferentiated phoneme.

...2 If the set is found to consist of more than one contrasting member, select a
feature and divide the set into as many subsets as the feature allows for.

...3 Repeat step (2) in ea subset: keep dividing up the inventory into sets,
applying successive features in turn, until every set has only one member.
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. . . . . .

Phonemic and phonetic contrast
Phonetic contrast

e functionalist view of contrast focuses on phonetic contrast (but does so
because phonetic contrast serves the functional purpose of realizing phonemic
contrasts):
.

.

. ..

.

.

“[A]ny phonological constraints motivated by perceptual factors should be
constraints on contrasts, su as the contrast between a ba unrounded vowel
and a ba rounded vowel, not constraints on individual sounds, su as a ba
unrounded vowel.” —Flemming (2004)
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. . . . . .

Phonemic and phonetic contrast
Phonetic contrast

Liljencrants & Lindblom (1972): Vowels disperse through the available space
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•a

x = F1 frequency; y = F2 and F3 frequencies
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. . . . . .

Phonemic and phonetic contrast
Phonetic contrast

OT approaes involve competition among three types of constraints:

I Constraints requiring the existence of surface contrasts:
MC (Flemming 2002)
W (Ní Chiosáin & Padge 1997, 2001)
*M (Padge 2003)
Faithfulness constraints (Sanders 2003)

I Constraints requiring contrasts to be robust:
MD (Flemming 2002)
C (Ní Chiosáin & Padge 1997)
S (Ní Chiosáin & Padge 2001; Padge 2003)
Dispersion constraints (Sanders 2003)

I Constraints against effortful (or marked) surface forms:
L (Kirner 1997)
ME (Flemming 2002)
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. . . . . .

Phonemic and phonetic contrast
Phonetic contrast

English VOT contrasts in medial position (ogre vs. ore),
adapted from Flemming (2002):

MD M *A. MD
=VOT:2 C =VOT:3

☞ [oɡɚ] [okɚ] XX *
[oɡɚ] [okʰɚ] XX *!

[oɡ̊ɚ] [okʰɚ] XX *! *
[oɡɚ] X!

[oɡ̊ɚ] [okɚ] *! XX *
[oɡɚ] [oɡ̊ɚ] [okɚ] *!* XXX ***
[oɡɚ] [oɡ̊ɚ] [okɚ] [okʰɚ] *!** XXXX * *****
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. . . . . .

Small vowel inventories
Two triangles

I A familiar observation: (3a) is widely aested; (3b) is not aested at all.

(3) Triangular three-vowel inventories
a. Common b. Unaested

a

ui

ə

ɨ ʉ

I Why?
I e Dispersion eory answer: (3a) is functionally preferable.
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. . . . . .

Small vowel inventories
Three reasons

I is talk: A combination of three factors:
...1 Phonological: Minimal representation of contrast
...2 Phonetic: Enhancement of contrastive features
...3 Metalinguistic: Our biases in transcription
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. . . . . .

Small vowel inventories
Three reasons: The metalinguistic reason

I e phonetic range of a vowel depends in part on what it contrasts
with—vowels in a sparser system exhibit wider variation (Manuel 1990;
Rice 1995; Dy 1995).

I A vowel inventory we transcribe as /i, a, u/ might have realizations along
these lines:

ə
ʌ

ɑæ

ɛ

a

o
ʊ

uɨ ʉ
ɪ

e

i
'
&

$
%
'
&

$
%'

&
$
%

I We transcribe it as /i, a, u/ rather than /ɨ, ə, ʉ/ at least in part as a maer
of convention and convenience—we prefer idealized representations with
simpler symbols (see Ladd 2009).
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. . . . . .

Small vowel inventories
Three reasons: The phonetic reason

I Phonetic enhancement (Stevens et al. 1986; Stevens & Keyser 1989):
Perceptually less salient (‘secondary’) features tend to be marshalled in
ways that reinforce the phonetic correlates of ‘primary’ features.

I Adapted to the TSC framework: Redundant features tend to be marshalled
in ways that reinforce the phonetic correlates of contrastive features.

I Phonetic implementation of underspecified phonological representations…

…varies both by language and by syntagmatic context, but…
…generally involves at least some degree of enhancement of specified (i.e.,
contrastive) features, and…
…is at any rate constrained not to contradict specified features.

Daniel Currie Hall (Meertens/Toronto) Contrast in small vowel inventories Toronto–Tromsø 2009 15 / 38



. . . . . .

Small vowel inventories
Three reasons: The phonological reason

I Phonological representations based on the SDA contain only contrastive
features.

I Enhancement of any specified feature therefore necessarily enhances
(some) contrast.

I Under this view, there is a division of labour that eliminates any need for
explicit comparisons between segments:

e SDA determines whether a feature serves to distinguish (sets of)
segments.
Enhancement amplifies the phonetic realization of contrastive features.

I e SDA simply doesn’t permit segments to be explicitly specified as
being excessively similar to one another.
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. . . . . .

Small vowel inventories
Ruling out */ɨ, ɘ, ʉ/

I Consider what happens when we assign features to the inventory */ɨ, ɘ, ʉ/.
I e only contrasts here to mark are height and rounding.

.
[high] ≫ [peripheral]
..

.

. ..

.

.

../ɨ, ɘ, ʉ/

.non-high

./ɘ/

.[high]

.non-per.

./ɨ/

.[peripheral]

./ʉ/

.
[peripheral] ≫ [high]
..

.

. ..

.

.

../ɨ, ɘ, ʉ/

.non-per.

.non-high

./ɘ/

.[high]

./ɨ/

.[peripheral]

./ʉ/
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. . . . . .

Small vowel inventories
Ruling out */ɨ, ɘ, ʉ/

I Ea of these sets of representations is equally consistent with /i, a, u/.
I Natural enhancements:

Realize contrastively non-high vowels as low.
Realize contrastively [peripheral] vowels as both ba and rounded.
Realize contrastively non-peripheral vowels as unrounded.

.
[high] ≫ [peripheral]
..

.

. ..

.

.

../ɨ, ɘ, ʉ/

.non-high

.[a]

.[high]

.non-per.

.[i]

.[peripheral]

.[u]

.
[peripheral] ≫ [high]
..

.

. ..

.

.

../ɨ, ɘ, ʉ/

.non-per.

.non-high

.[a]

.[high]

.[i]

.[peripheral]

.[u]
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. . . . . .

Small vowel inventories
Linear inventories

I Under this approa, there is no need for constraints that explicitly
evaluate sets of forms for phonetic contrast.

I Are there also empirical advantages? A test: linear inventories

.
Vertical inventory
..

.

. ..

.
.

a

ə

ɨ

Kabardian, Wosera

.
Horizontal inventory
..

.

. ..

.

.

oɘe

unaested

.
Diagonal inventory
..

.

. ..

.

.

ɒ

ə

i

unaested

I is is unexpected from the perspective of dispersion—in particular,
*/i, ə, ɒ/ makes beer use of the available space than /ɨ, ə, a/.
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. . . . . .

Small vowel inventories
Linear inventories: Vertical /ɨ, ə, a/

I For the vertical inventory /ɨ, ə, a/, the only possible contrasts are height
contrasts, and the order of cuts is essentially irrelevant:

.
[high] ≫ [low]
..

.

. ..

.

.

../ɨ, ə, a/

.non-high

.non-low

./ə/

.[low]

./a/

.[high]

./ɨ/

.
[low] ≫ [high]
..

.

. ..

.

.

../ɨ, ə, a/

.non-low

.non-high

./ə/

.[high]

./ɨ/

.[low]

./a/
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. . . . . .

Small vowel inventories
Linear inventories: Vertical /ɨ, ə, a/

.

.

. ..

.

.

/ɨ/ [high]
/ə/
/a/ [low]

I Additional phonetic differences in place/rounding could increase
dispersion, but would not enhance the phonemic height contrasts.

I Instead, what we find is contextually determined allophonic variation in
place/rounding.

I Kabardian vowel+glide coalescence: /əj/→ [eː], /əw/→ [oː], /ɨj/→ [iː],
/ɨw/→ [uː], etc. (see, e.g., Gordon & Applebaum 2006)
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. . . . . .

Small vowel inventories
Linear inventories: Horizontal */e, ɘ, o/

I What about a horizontal inventory like */e, ɘ, o/?
I For simplicity, assume there are only two vowel place features, [coronal]

and [peripheral] (Rice 1995).
I e two possibilities for */e, ɘ, o/ are, in effect, a rotated version of what

we saw for /ɨ, ə, a/:
.
[coronal] ≫ [peripheral]
..

.

. ..

.

.

../e, ɘ, o/

.non-cor.

.non-per.

./ɘ/

.[peripheral]

./o/

.[coronal]

./e/

.
[peripheral] ≫ [coronal]
..

.

. ..

.

.

../e, ɘ, o/

.non-per.

.non-cor.

./ɘ/

.[coronal]

./e/

.[peripheral]

./o/
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. . . . . .

Small vowel inventories
Linear inventories: Horizontal */e, ɘ, o/

.

.

. ..

.

.

[coronal] [peripheral]
e ɘ o

I Like the representations assignable to */ɨ, ɘ, ʉ/, and unlike those assigned
to /ɨ, ə, a/, these features could also represent /i, a, u/.

I But would they be realized as /i, a, u/?
I Height contrasts are not obviously enhanced by place, but place contrasts

can perhaps be enhanced by height.
I Because the vowel space is wider at the top than at the boom, [i] is

‘more coronal’ than [e] or [æ], and [u] is ‘more peripheral’ than [o] or [ɒ].
I More generally, the presence of a particular stricture at a particular place

is enhanced by increasing the degree of stricture (and the contrastive
absence of coronal and peripheral strictures is enhanced by having
minimal stricture).
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. . . . . .

Small vowel inventories
Linear inventories: Diagonal */i, ə, ɒ/

I What are the possible specifications for the unaested diagonal inventory
*/i, ə, ɒ/?

I Using only height features produces specifications equivalent to /ɨ, ə, a/:

.
[high], [low]
..

.

. ..

.

.

i [high]
ə

ɒ [low]
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. . . . . .

Small vowel inventories
Linear inventories: Diagonal */i, ə, ɒ/

I Using only place features produces specifications equivalent to */e, ɘ, o/,
and thus non-distinct from /i, a, u/:

.
[coronal], [peripheral]
..

.

. ..

.

.

[coronal] [peripheral]
i

ə
ɒ
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. . . . . .

Small vowel inventories
Linear inventories: Diagonal */i, ə, ɒ/

I If we combine place and height features, then we’ll need either [high] and
[peripheral] or [low] and [coronal], and scope potentially maers:

.
[low] ≫ [coronal]
..

.

. ..

.

.

[cor]
i ə

[low] ɒ

Non-distinct from /i, a, u/

.
[coronal] ≫ [low]
..

.

. ..

.

.

[cor]
i ə

ɒ [low]

Non-distinct from /i, a, u/
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. . . . . .

Small vowel inventories
Linear inventories: Diagonal */i, ə, ɒ/

.
[peripheral] ≫ [high]
..

.

. ..

.

.

[per]
[high] i

ə ɒ

Non-distinct from /i, a, u/

.
[high] ≫ [peripheral]
..

.

. ..

.

.

[high] i
ə ɒ

[per]

Distinct from /i, a, u/

I [Peripheral] ≫ [high] and [high] ≫
[peripheral] yield the same specifications: /i/
is [high], /ɒ/ is [peripheral], and /ə/ is neither.

I However, there is a difference: with [high] ≫
[peripheral], /ɒ/ is contrastively non-high.

I If we assume that phonetic enhancement
cannot override contrastively absent features
(or contrastive negative values of binary
features), /ɒ/ cannot be realized as /u/ here.

I However, these specifications are non-distinct
from /i, a, o/, whi is aested as the vowel
quality inventory of Mikasuki (Sedlak 1969,
cited in Liljencrants & Lindblom 1972: 845).
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. . . . . .

Evaluation
Contrast+enhancement vs. dispersion

I How does the approa presented here compare with Dispersion eory?
I Flemming (2004) says that Dispersion predicts /ɨ, ə, a/:

.

.

. ..

.

.

“Crucially there are no vertical vowel inventories containing invariant [i] or
[u], vowels whi are ubiquitous in non-vertical inventories. at is, there are
no vowel inventories su as [i, e, a] or [u, o, a].
“is paern makes perfect sense in terms of constraints on the distinctiveness
on contrasts: as already discussed central vowels are not problematic in
themselves, it is the contrast between front and central or ba and central
vowels whi is marked (*i-ɨ, *ɨ-u ≫ *i-u). In the absence of su F2-based
contrasts, distinctiveness in F2 becomes irrelevant, and minimization of effort
becomes the key factor governing vowel baness” (Flemming 2004).

I But how would we know, given an input like /i, ə, ɒ/, whether the
contrasts are F1- or F2-based? We need a contrastive hierary.

Daniel Currie Hall (Meertens/Toronto) Contrast in small vowel inventories Toronto–Tromsø 2009 28 / 38



. . . . . .

Evaluation
Contrast+enhancement vs. dispersion

��
��qJ

JJ]

q





�

q -

•u

•i

•a

I Liljencrants & Lindblom’s
approa has more in common
with the contrast+enhancement
model than may be immediately
obvious.

I ey aieve dispersion by having
vowels repel one another from
starting positions on the
circumference of a circle in the
middle of the vowel space.

I e oice of starting positions
can make a difference in where the
vowels end up (Hall 2007a: §4.2.1).

��
��qQQk q��3

q
?

•ɔ

•i

•æ
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. . . . . .

Evaluation
Contrast+enhancement vs. dispersion

I Liljencrants & Lindblom’s starting positions are analogous to feature
specifications, whi are then enhanced by the outward movement of the
vowels.

I One drawba is that their approa has no counterpart to a fully
unspecified vowel—ea vowel is on the circumference of the starting
circle, not in the middle.

I As a consequence, their model undergenerates /ə/ in inventories in
general.
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. . . . . .

Evaluation
Overgeneration?

I Are there unaested inventories to whi the SDA can assign features
that would distinguish them from aested inventories?

I e short answer: Yes, especially in larger inventories where more
contrasts can be marked.

I An unlikely three-vowel inventory:

.
[low] ≫ [coronal]
..

.

. ..

.

.

ɨ
[low] æ ɒ

[cor]
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. . . . . .

Evaluation
Overgeneration?

I In general, nothing in the SDA disallows a system with more low vowels
than high vowels.

I Some versions of Dispersion have the opposite problem—Liljencrants &
Lindblom’s program generates some inventories with five high vowels
and only two low ones, and fails to predict the existence of more
symmetrical systems.

I An answer to the problem might come from the feature system, or from
the diaronic influence of phonetics.

I One possibility that might be relevant for */ɨ, æ, ɒ/ in particular would be
to say that features mark only the dimension and direction of contrast, not
the specific borders of phonetic categories.

I E.g., if there is only one contrastive height feature in a system, it isn’t as
specific as ‘[high]’ or ‘[low].’

I at makes */ɨ, æ, ɒ/ perhaps not so different from Mikasuki /i, ,a, o/.
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. . . . . .

Evaluation
Too much contrast?

I Hall (2007b) suggests that the SDA also rules out unaested inventories
that involve phonetic contrast along too many dimensions.

a̰ˑĎ£

ṳŁŘ£ĩː
Ă
£

I David Odden (p.c.) points out that su additional dimensions of contrast
are used in vowel inventories.

I To the extent that we find consistency in phenomena su as inherent F0
(e.g., Whalen & Levi 1995) and inherent duration (e.g., Neweklowsky
1975), we can expect these additional dimensions to be used as
enhancements of (e.g.) height contrasts (or vice versa).
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. . . . . .

Evaluation
Too much contrast?

I Where we clearly do want to rule out superfluous dimensions of contrast
is in consonant inventories.

I Ohala (1980), quoted in Lindblom & Maddieson (1988), argues that if
vowel-like dispersion were applied to consonant inventories…

.

.

. ..

.

.

[…] we should undoubtedly rea the patently false prediction that a
seven-consonant system should include something like the following set:

[ɗ k’ ʦ ɬ m r ʇ]

I e SDA cannot assign representations to */ɗ, k’, ʦ, ɬ, m, r, |/ that would,
e.g., mark /ɬ/ as being necessarily both a fricative and a lateral.

I Redundant properties that are not enhancements of contrastive features
are not ruled out, but also not specifically expected.
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. . . . . .

Conclusions

I e SDA in combination with enhancement gives us a way of deriving the
effects of dispersion without resorting to explicit comparison of forms.

I is model accounts for some typological paerns in three-vowel
inventories that are unexpected under a Dispersion approa—in
particular, the absence of horizontal and diagonal linear inventories.

I It also gives us a division of labour between phonology and phonetics.

Daniel Currie Hall (Meertens/Toronto) Contrast in small vowel inventories Toronto–Tromsø 2009 35 / 38



. . . . . .

References

Arangeli, Diana. 1988. Underspecification in phonology. Phonology 5. 183–207.

Calabrese, Andrea. 2005. Markedness and economy in a derivational model of phonology. Berlin: Mouton de
Gruyter.

Cherry, E. Colin, Morris Halle & Roman Jakobson. 1953. Toward the logical description of languages in their
phonemic aspect. Language 29(1). 34–46.

Dresher, B. Elan. 2009. e contrastive hierary in phonology (Cambridge Studies in Linguistics 121).
Cambridge: Cambridge University Press.

Dresher, B. Elan, Glyne L. Piggo & Keren D. Rice. 1994. Contrast in phonology: Overview. Toronto
Working Papers in Linguistics 13. iii–xvii.

Dy, Carrie. 1995. Constraining the phonology–phonetics interface, with evidence from Spanish and Italian
dialects. Doctoral dissertation, University of Toronto.

Flemming, Edward. 2002. Auditory representations in phonology. London: Routledge.

Flemming, Edward. 2004. Contrast and perceptual distinctiveness. In Bruce Hayes, Robert Kirner & Donca
Steriade (eds.), Phonetically-based phonology, 232–276. Cambridge: Cambridge University Press.

Gordon, Mahew & Ayla Applebaum. 2006. Phonetic structures of Turkish Kabardian. Journal of the
International Phonetic Association 36(2). 159–186.

Hall, Daniel Currie. 2007a. e role and representation of contrast in phonological theory. Doctoral
dissertation, University of Toronto.

Daniel Currie Hall (Meertens/Toronto) Contrast in small vowel inventories Toronto–Tromsø 2009 36 / 38



. . . . . .

References (cont.)

Hall, Daniel Currie. 2007b. Disperseness without dispersion. Presented at the Workshop on the Structure of
Segment Inventories, GLOW XXX, Universitetet i Tromsø, April 2007.

Halle, Morris. 1959. e sound paern of Russian: A linguistic and acoustical investigation. e Hague:
Mouton.

Jakobson, Roman & Morris Halle. 1956. Fundamentals of language. e Hague: Mouton.

Kirner, Robert. 1997. Contrastiveness and faithfulness. Phonology 14. 83–111.

Ladd, D. Robert. 2009. Systematic phonetics and phonological theory. Presented at the 17th Manester
Phonology Meeting, University of Manester, May 2009.

Liljencrants, Johan & Björn Lindblom. 1972. Numerical simulation of vowel quality systems: e role of
perceptual contrast. Language 48. 839–862.

Lindblom, Björn & Ian Maddieson. 1988. Phonetic universals in consonant systems. In Larry M. Hyman &
Charles N. Li (eds.), Language, spee, and mind: Studies in honour of Victoria A. Fromkin, 62–80.
London: Routledge.

Manuel, Sharon Y. 1990. e role of contrast in limiting vowel-to-vowel coarticulation in different
languages. Journal of the Acoustical Society of America 88(3). 1286–1298.

Nevins, Andrew Ira. 2004. Conditions on (dis)harmony. Ph.D. thesis, Massauses Institute of Tenology.

Neweklowsky, G. 1975. Spezifise Dauer und spezifise Tonhöhe der Vokale. Phonetica 32(1). 38–60.

Ní Chiosáin, Máire & Jaye Padge. 1997. Markedness, segment realization, and locality in spreading. Te.
Rep. LRC-97-01, Linguistics Resear Center, UCSC, Santa Cruz, CA.

Daniel Currie Hall (Meertens/Toronto) Contrast in small vowel inventories Toronto–Tromsø 2009 37 / 38



. . . . . .

References (cont.)

Ní Chiosáin, Máire & Jaye Padge. 2001. Markedness, segment realization, and locality in spreading. In
Linda Lombardi (ed.), Segmental phonology in Optimality eory, 118–156. Cambridge: Cambridge
University Press.

Ohala, John J. 1980. Introduction to the Symposium on Phonetic Universals in Phonological Systems and
their Explanation. In Proceedings of the 9th International Congress of Phonetic Sciences, vol. 3, 181–185.
Copenhagen: Institute of Phonetics, University of Copenhagen.

Padge, Jaye. 2003. Contrast and post-velar fronting in Russian. Natural Language & Linguistic eory
21(1). 39–87.

Rice, Keren D. 1995. On vowel place features. Toronto Working Papers in Linguistics 14(1). 73–116.

Sanders, Robert Nathaniel. 2003. Opacity and sound ange in the Polish lexicon. Ph.D. thesis, University of
California Santa Cruz.

Sedlak, Philip. 1969. Typological considerations of vowel quality systems. Stanford University Working
Papers on Language Universals 1. 1–40.

Stevens, Kenneth N. & Samuel Jay Keyser. 1989. Primary features and their enhancement in consonants.
Language 65(1). 81–106.

Stevens, Kenneth N., Samuel Jay Keyser & Haruko Kawasaki. 1986. Toward a phonetic and phonological
theory of redundant features. In Joseph S. Perkell & Dennis H. Kla (eds.), Invariance and variability in
spee processes, 426–449. Hillsdale, N.J.: Lawrence Erlbaum Associates.

Whalen, D. H. & Andrea G. Levi. 1995. e universality of intrinsic F0 of vowels. Journal of Phonetics 23.
349–366.

Daniel Currie Hall (Meertens/Toronto) Contrast in small vowel inventories Toronto–Tromsø 2009 38 / 38


	Phonemic and phonetic contrast
	Phonemic contrast
	Phonetic contrast

	Small vowel inventories
	Two triangles
	Three reasons
	Ruling out */ɨ, ɘ, ʉ/
	Linear inventories

	Evaluation
	Contrast+enhancement vs. dispersion
	Overgeneration?
	Too much contrast?

	Conclusions
	References

