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Certain types oflerivational opacity are known to be problematic for parallel theories of phogwllike Optimality
Theory (OT; Prince and Smolensky 1993/2002). Many propasddtions within OT expand the power of the
phonology to account for opacity (Inkelas and Orgun 199pakKsky 1998, McCarthy 1999, Goldrick and Smolensky
1999, Wilson 2000, etc.). What's wrong with these solutigeserally?

e stipulative: often not independently motivated nor useful for othermlogical phenomena other than opacity
e too powerful: increased power over-predicts unnatural patterns besitiested instances of opacity

e purely synchronic: analyses ignore, yet ‘coincidentally’ mimic, historiaadering of diachronic sound changes,
even when speakers would be unaware of the history

e questionable status of opacity in phonology: problematic cases of opacity are typically phoneticatyatural,
language-specific, historically unstable, productivegamcertain morphological environments, and/or only apply
to a subset of the extant lexicon

In this talk, | argue that the behavior of neutral segmeim$iarmony systems (e.qg., voiceless obstruents in Tuyuca
nasal harmony (Barnes and Takagi de Silzer 1976, Walker)1i898 fact a class of derivational opacity that is
problematic for standard OT yet still needs to be given a yoric, phonological analysis. Further, | argue that
such an analysis is readily available by means of indepdhderotivated constraints governing the perceptual
distinctiveness of contrasts within a language, as in D&pe Theory (DT; Flemming 1995, etc.).

| begin in§1 with an overview of a typical harmony system containingtredisegments: nasality in Tuyuca. 48, |
demonstrate briefly why neutral segments are problematiedth standard OT and serial theories. | offer an analysis
of harmony systems ifi3 based upon ideas from DT, andsi, | explain how neutral segments can be derived under
the proposed analysis. Finally, §8, | summarize the talk and explore some important consexpsanf this analysis.

1 Tuyuca nasal harmony

Segments in a word must be all oral or all nasal(ized) (modaldral segments; see (2)).

(1) all oral gloss all nasal gloss non-occurring disharmony
waa ‘to go’ waa ‘to illuminate’ *Waa, *waa, *waa, ...
hoo ‘banana’  hiifi ‘watch out or you'll get burned!””  hoo, *hiiri, *hiif, . ..
wati ‘dandruff’  joié ‘little chicken’ *ati, *jore, *joie, . . .

The generalization in (1) is derivationally opaque becatsseuth is obscured by the fact that voiceless obstruemts a
neutral segments: they do not nasalize, and they do not Iolasél harmony, creating disharmonic words with two
domains of harmony separated by a non-harmonizing negmahsnt.

(2 disharmony gloss non-occurring harmony  non-occurringhihy
mipi ‘badger’ *mipi *mipi
wati ‘demon’ *Wati *Wati
aka ‘choke on abone’  #ka *aka
josé ‘bird’ * josé *jose

1The segments in question are usually called ‘transparegmeets’. However, to avoid the confusion of transparentmesds being
derivationally opaque, | use ‘neutral segments’ instead.



The Tuyuca data is representative of a more general pattereutral segments in harmony systems, which produce
the following type of local neutral structure centered awb#é neutral segments,, ...z, + k, where f=F] is the
harmonizing feature (ank > 1):

3 —1 Tngktl  Tntkt2
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[£F] [FF]
Other harmony systems with similar patterns (see also RiA§&5, Bakovi¢ 2000):

e Hungarian backness harmony (Vago 1976)

¢ Finnish backness harmony are neutral (Fudge 1967)
¢ Pasiego height harmony (Penny 1969)

o Wolof [RTR] harmony (Ka 1988)

e Nez Perce [ATR] harmony (Aoki 1966)

2 Difficulty in accounting for neutral segments

The surface alternation injF] is entirely predictable from the presence of exactly cale® of {-F] in the underlying
form, so it is not necessary to fully specify the values &#] in the underlying form. In fact, full underlying
specification would not be desirable, since it fails to ekploow harmony in borrowings and nonce forms obeys
the behavior of neutral segments. (Cf. the ‘richness of g#sebhypothesis in OT.)

(4) /wati/ — [Wati]
[+nas] H—n?(nés] H-nas]

In a serial theory, the derivation ¢fvati] seems to require massive structural reorganization inrda€i] to be
harmonically nasalized by assimilatory feature-spregdior [t] to be denasalized, and for the right number and type
of articulatory realizations offfnas] to emerge in the pronunciation. (Other serial analgepossible, but they come
with their own drawbacks.)

(5) /Wwati/ — wgﬁ -  wati — [Wati]
[+nas] [Jrn‘é/s] [Jrr\i] H-nas] [7n'as] [Jrn\as]
UR harmony repaift] articulation

OT doesn’t fare much better. Assuming thaskMONY constraints require each harmonic domain to stretch from
word edge to word edge and thatENT; is a positional faithfulness constraint (Beckman 1998 ntive see that it is
impossible to derive a harmony system with neutral segments

(6) /Wati/ || HARMONY-[nas] | *t | IDENT;-[nas] | IDENT-[nas]
Oa. wati Fhkkk ** no ranking works! bounded by b—d
v'b. wati ok * *t, IDENT; > HARMONY >> IDENT
v C. wati Kok IDENTy, IDENT, *t > HARMONY
vd. wati * * HARMONY, *t > IDENT;, IDENT
ve. wati * *hk HARMONY, IDENT; > *t, IDENT

This is a classic problem in OT with this type of derivatioophcity; the desired output simply cannot win under any
constraint ranking because it is harmonically bounded eyammore other candidates — in this case, (6b—d).

As stated irg1, various solutions have been proposed, but they ofteroretyuestionable theoretical devices.



3 Harmony as enhancement of perceptual contrast

Much work has been done in phonology, before OT (de Saus8%® Martinet 1964, Lindblom 1986, 1990, etc.) and
since (Flemming 1995, Steriade 1995, Padgett 1997, Boet981, etc.), that argues for an explicit phonological role
for acoustic perception. By viewing language as a systermirasting words, many seemingly arbitrary phonological
patterns can be explained and predicted.

| adopt here a variant of Dispersion Theory (DT; Flemming3,98odified in Padgett 1997, Ni Chiosain and Padgett
2001, Sanders 2002, 2003). One of the key differences batlweveen DT and standard OT is the existence of
dispersion constraints or D-constraints. | use the following definition:

(7) D,-[F]is violated for each pair of words which contrast only feature [F] and which are perceptually closer
thanx% of the allowable perceptual distance for [F].

For each feature [F], there is a subhierarchyDstonstraints, which require contrastive pairs of wordseddrther
and farther apart. For examp[epara] and[mara] match in nasality for only 25% of the possible segments tloeyd
match for. Thus, they are spread apart from each other by T3b& masal perceptual space, a very good contrastive
pair. In comparisonmara] and[mara] match for 75%, a worse contrast that is more likely to be ceadu

The following table gives constraint violations for theswl ather pairs (for clarity, with their nasality difference
listed. D,.-[nas] is violated whem\ < z.?

(8) [mara] [mara]  [mara]  [mara]
[bata)] [mara] [mara] [mara]
A=100 A=7 A=50 A=25
Dop-[nas] v v v v
Dyo-[nas] v v v *
Dgo-[nas] v v * *
Dgo-[nas] v * * *
* * *

Dio-[nas] v

By inserting DENT-[nas] in this subhierarchy, different levels of nasal castcan be achieved. RankirmpgaNT-[nas]
high will prevent nasality from changing between input andpat, which means a finer-grained contrast will be
allowed (as in French for example, where each syllable afyewerd can in theory contain a nasal or oral onset and a
nasal or oral vowel), whereas a lower ranking fDENT-[nas] will result in languages like Tuyuca, which force dsr

to harmonize for nasality.

(9) v~va wa Do Deo IDENT Dgo
wa wa

a. wa Wﬁ Kkkk| *kkk

wa wa

b. wa *k| * *k

wa Wwa

*%

v'C. wa

Note that in DT, the input and the candidatessetsof words, not just individual words. This is a crucial conseqce

of encoding perceptual distinctiveness between wordsieifiords must be compared, then they must be present in
the computation, and since every pair must be comparedy gwad must be present. Further, these words are not
necessarily actual words, but rather, they are the possdrigastive words of the language. By the richness of the
base hypothesis, the input is actually the set of all strofgdl sounds!

2The actual number of ang-values forD,-[nas] constraints are unknown. Precise experimentatimhtgpological comparison would be
required to determine the exact set. | use a set that workBugpuica, with the understanding that this is not the only ls&t would work, and that
ultimately, a single set should be found which works for atiguages.



(10)

jore
jore
jore
jére

joré
joré
joré
joré

jore
jore
jote
jore

joie
jore
joté
jore

Deo

Dgo

IDENT

Dioo

a. jore
jore
jore
jore

joré
joré
joré
joré

jore
jore
jote
jore

joie
jore
joté
jore

*80|

*112

*112

b. jore

jore

jore
joré

jore
jote

joié

jore

*24)

%24

*8

%24

v'C. jore

jore

*20

This ranking will further ensure that all words with four segnts will be either all oral or all nasal. Even with longer
words, this ranking might seem to allow some deviation frarh iasal harmony, but the resulting languages are
equally faithful as the fully harmonic language, so the sésgoroken byD, o, which favors full harmony.

(In fact, it may only be necessary to have t®econstraints: one that requires contrasts to be farthet tpn 50%,
and one that requires them to be at 100%. | have not yet beenailmathematically determine if the 50% threshold is
sufficient to guarantee that any language which satisfiesiét mlso be equally or less faithful than the full harmonic
language.)

4 Neutral segments as imperfect perceptual contrast

The wrong candidate wins with the current ranking when raésgments are added.

(11)

jose
jose
jose
jose

josé
jose
josé
josé

jose
jose
joée
jose

josé
josé
josé
joseé

Deo

Dgg

IDENT Digo

a. jose

jose

*|

®b. jose

josé

*|

Ic. jose

jose

(11c) should be worse because of the nasalized voicelessiebfs]. To account for the lack of nasalized voiceless
obstruents, | assume a markedness constrains¥N.sOBs which bans them. (It is also plausible that these sounds
aren’t perceptually distinct enough from their oral coupsets to sufficiently satisfy the relevaBtconstraints.)



(12) jose josé joSe joSé
jose jos€ jose joseé Dso *NASVLSOBS | Dgg | IDENT  Digo
jose josé jode josé
jose josé joSe jose

a. jose
*! * *
jose
v'b. jose
* * *
josé
C. jose

* *

jose

This analysis works fine for small words with few neutral segits. However, it is theoretically possible to have words
like [posétika], which are only 50% nasal, below the allowable threshold.

As stated irg3, it may be mathematically possible to force full harmonthva threshold of 50%. If so, then words like
[posétika] do not pose a problem. However, one can imagine a languabgeawiasal harmony pattern like Tuyuca’s,
but it also allows complex onsets and codas. Then we havegmshwith words like[stikspapst], where the word is
practically oral, only 20% nasal, certainly below any rewsue threshold for required nasal distinctiveness.

The question to be asked is: do we actually get harmony inwactis? It's not clear that harmony does in fact spread

through this many adjacent neutral segments. This anglysdicts that a sufficient number of neutral segments may
block harmony or be required to participate. This is an eiogliquestion that can be tested (and is, at the Arizona
Phonological Imaging Lab, by Diana Archangeli, Robert Keatyy Adam Baker, and Sumayya Racy; their preliminary

findings seem to suggest that neutral segments actual hemerisomewhat’.)

5 Summary and consequences

In this talk, | have provided a schema for analyzing neutghsents in harmony systems, which seem to behave in
a derivationally opaque way. The present analysis focusdsipuca nasal harmony, but can easily be converted to
other harmony systems.

The analysiglepends on perceptual contrast, which is already known to be required in phonology (in congmm,
competing analyses of derivational opacity tend to be reglenly for opacity).

The analysis alsgreserves the parallel nature of OT by treating neutral segments in harmony systems as
transparently derived from constraints on systemic peauadpontrast, rather than having to incorporate abstract
intermediate forms to facilitate an opaque derivation.

Additionally, this analysigredicts that neutral ssgments may block harmony under certain circumstances. This
prediction needs further research.
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