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On the Richness of Paradigms, and the Insufficiency of Underlying
Representations in Accounting for them
1. What Do Underlying Representations Do?
arestatement of ideasin Hemming (1995)
Basc Mechaniam:

All surface forms in the same paradigm are derived from the same underlying form.
Surface resemblances across the paradigm are thus accounted for not directly, but as
“theorems’ of the derivationa system.

underlying — > =‘isdeived from’
form

Here, “derived from” can mean awide variety of mechanisms (rules, GEN + candidate selection),
depending on the theory.

2. Situating the Theory: TheWug Test (Berko 1958)
Given one member of a paradigm, provide another:

“What isthe plurd of [wag]?"...“[wagZ]”
“If ‘to the space dien’ is[mulaninda), whet is‘ space dien?” ... “[mula:n]”
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3. How a Speaker isPresumed to Passthe Wug Test (in theory of (1))

a) Usethe morphologica parser to detect the morphemes present, undoing the phonology.

b) Suitably add, subtract morphemes so asto create the underlying r epresentation for the
gppropriate paradigm member.

c) Apply the phonology in the forward direction, and utter the output.

4. Wug Test: Project Paradigm Member [2C] from [3B]

Unda|ylng ....................................... » = ‘Cm Only tB deﬂVGj from’
form — > ='isdeived from’
4
1 .0 b
2 c
3 Q d
s <> < QQ
: <> <= <=
< < surface members of paradigm
o

5. An Alternative to Underlying Forms

Adopt arich set of string mappings (incorporating phonology and morphology) that relate members
of the paradigm in pairwise fashion. Thistentatively proposed by Bochner (1993); see dso the
computational references cited by Sproat (1992, 215-216).

6. What Might Support A Rich Set of String M appings?

A larger set of predictability reationships among the member s of the paradigm than can be
accounted from by deriving them from a 9ngle underlying form.
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7. Main ldeaof Talk

Thisindeed occurs, perhaps frequently.
Here, three cases: Korean, English, Yidin

8. BeforeWe Continue: A Non-Argument Against UR’s

”

“UR' s are abstract and unobservable and hence undesirable a priori.

The legitimate reason to abandon UR'sis that they’ re not good enough.

KOREAN

9. Korean Neutralizationsin Stem-Final Consonants

Before a vowd-initid suffix Before pause or oral consonant
{[pl, [p"], [P']} [p]
{04, [t"), [t'], W1, ("], [4°), [s], [T} [t]
{[K], [K"], [K']} [KI

(There are dso afew clugters that neutrdize as well.)

10. Prediction of Traditional Theory (Derivation from Underlying Form)

Since the multiple consonants that gppear before vowd endings dl neutrdize before pause, we
should be massive differencesin Wug-testing.

Mapping Wug-testing result
pre-V alomorph ® prepausa dlomorph unique answer
prepausa dlomorph - ® pre-V alomorph many possbilities

11. Some Tentative Resultson Korean Wug-testing
(partly by me, partly by my undergraduate students)
Wug-testing in the neutrdizing direction (pre-V ® prepausal) yields the expected single resuilt.
Wug-testing in the antineutrdization direction (prepausal ® pre-V), speakers frequently reject
many of thelogicd posshilities.
12. A Korean Wug Test (Kang 1998)

“A [nut] isatiny organism found in rotten food. Pleasefill in the blank:
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[ #l] mokimjon mafi isaghata) ‘If you eat nut it will taste srange’”

Conaultant’s' reply:  [nusil]
Consaultant’ s judgment on a 7 (perfect)-1 (bad) scale:

[nusil] 7 [nutil] 1 (various other consonants got intermediate values).
(Note: /t/ isdlophonic [d] when between vowes)

13. Reshaping of the Korean L exicon

My students repeatedly note that words with traditional sem-fina consonants are acquiring
innovating pronunciations (*We re supposed to say it thisway, but redly, everyone saysthis’).

From Kang (1998):
Traditional Innovating
[ip] ~[ip"-il] [ip] ~[ip-1] ‘leal” (Note: /p/ isalophonic [b] when between vowels)
[nat] ~ [natf-il] [nat] ~[nas-il] ‘daytime (Note: /tf/ isalophonic [d3] when between vowels)

Martin’'s (1992) reference grammar, p. 101 fn.: “Many speskerstreat the few nounsending in a
basict asif they ended with an s. Even tikut ‘theletter T is pronounced with find s by most
speskerswhen it isfollowed by [avowd suffix]. But the Hangul spelling writesfind t for this
noun.”

14. Conjecture

There are principles of Korean phonology that permit speaker to project suffixed forms for
gems that they have only heard in neutrdized contexts.

E.g. [t]-find isolation stems have as a default expectation that when affixed, they will appear
with [g].

Asfa asl| cantel, the principlesarerational: Koreanisrich in /g-stems, poor in /t/-stems, s0
[s] isagood guess.

These principles are presently reshaping the lexicon, as more words are brought within their
scope.

Seelater on for what kind of theories might account for this phenomenon.

15. Underlying Representations can be Madeto Work, for Korean

Condgrain the underlying forms: “Stem-find coronds must be (in the absence of compelling
counterevidence) /9.

! Kang's consultant. | have verified the judgments with my colleague Sun-Ah Jun.
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This solution fails, however, in other languages.

THE ENGLISH CASE

16. Attaching-al to[-ont] Nouns: A Wug Test

“This, then, isthe['pakjodont]. The['pakjadont] forms one of the centra concepts of the
religion of the Nefusites. Indeed, study of the ['pakjadant] in the various religions of the world
showsthat[ ] al concepts have arisen independently on many different historical occasions.”

17. Characteristic Reply
[,pakja'dentd]

Thisisarationd reply, because virtudly al [-ant] stems show up with [e] when -al is added.
Forms below from a search of a smdlish computer lexicon:

accident ['eeksodant] accidental [ eekso'dental]
coincident [ko'winsodant]  coincidental [ka,winso'dental]
transcendent [ treen'sendant]  transcendental [ treens en'dental]
continent ['kantonant] continental [ kanton'ental]

orient ['oriant] oriental [,ori'ental]

parent ['paeront] parental [pa'rental]
compartment  [kom'partmont]  compartmentalize  [kom part'mentsl aiZ]
department [do'partmant] department [do'part'mental aiZ]

+ 14 more -ment words

Moreover, there are essentidly no cases where any other vowe is restored from schwa, under -
al afixaion.
The only possible exception is consonantal, but thisis pronounced [ kanss'ne ntal] by many

linguists, despite orthography—surely this pronunciation is what needs to be explained.

18. A Second Wug Test

“[,peelo'dental] concepts have dso played amgjor role in polytheistic religions. Zoroaster, a
major [, peels'dental] thinker, conceived the ['paelod _ nt] as being a manifestation of ...”
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19. Answer

Preferred responses seem to be ['pzlo dent], with no vowel dternation; and ['paelodant], with

schwa.
Other vowds impossible.

These judgments, too, are rationd, reflecting the data pattern found in the lexicon.

president:  ['prezodant], ['prezo,dent]
orient: ['oriant], ['ori ent]

20. Thelnsufficiency of Underlying Forms

In norma andyses of English (dating from Chomsky and Halle 1968), schwais derived by Vowe
Reduction from stresdess lax full voweds.

Inthisview, the [ palo'dental] ® ['palodant] mapping istrivid, reflecting the action of the stress
rules and Vowe Reduction.?

But the['pakjodant] ® [ ,pakja'de ntal] mapping is troublesome.

21. An Traditional Account: Congrain Underlying Forms

“[+syllabic] must be/e/ inthe environment/ __ nt Jword”

Thisisblatantly fdse:  stunt ['stant], stint ['stint], plant [plae nt], gallivant ['gelo, vae ],
Dupont [du'pant], etc.

More accurate would be:
“[+syllabic] must be/e// ___ ntwoa iN adjectives and non-exceptiona polysyllabic nouns’
= Precisdly the contexts in which the English stress rules skip over find V]

But even this doesn't redlly work:

2 [ peelo'dental] ® ['peelo,dent] also works smoothly, assuming some indeterminacy (Ross 1972) in
the assignment of secondary stress to cluster-final words (secondary stress blocks reduction).
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22. Last Wug Test

“The concept of the ['peljodont] islikewise centra to monotheism. Some world religions, though
not adopting the ['peljodant] as adoctrina concept per se, neverthelessinclude paralel concepts
with adefinitdy [ pelja'd__ ntik] flavor.”

Here, there is no obvious preference for /e/.
To the extent that [, peljo'deentik] is preferred, this seems to be based on pardldism with asingle
form, pedantic.

Note that there can be no rule e ® &/ ___ nt+1k], giventheexigence of authentic and
identical.

Any theory that attributed the aternation to arestriction on stems as above, could not get a
different vowd restored in different contexts.

23. Upshot

The English vowd qudity paradigm includes multiple relations of predictability among alomorphs,
more copious than could be obtained by deriving dl alomorphs from a single underlying form.

['pakjodont] < > [[,pakjo'dent]ol]
['peljodont]

[[, pe lja " dae nt] 1K]

Theorizing should perhaps consider modd s in which these mappings are captured directly. See
below.

24. A Common Thread in the English and K orean cases

Phonological restructuring
Restructuring makes it possible for the language learner/user to project nove affixed forms from
neutrdized isolaion forms:

Korean: [nat] ~[natf-il] isbeing replaced by [nat] ~ [nas-il], with the regular
isolation ® context mapping.
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25.

26.

27.

English: ['kansonent] ~ [ kanss'neantal] is being replaced by ['kanssnent] ~
[ kansa'nental], again with the regular isolation ®  context mapping.

YIDIn
Preview

Yidin phonology appears to have been radically restructured, in away the increases the
projectibility of one paradigm member from another.

Yidip (Australian, North Queendand)

All data, and virtudly al generdizations and ingghts, from R. M. W. Dixon (1977) A Grammar of
Yidip.

How the Conundrum Developed: Historical Yidip

a) Apocope dropsfind vowels in absolutives (bare sems), but not in inflected forms
b) If this was like most sound changes, it probably was optiona at first; this stage not too hard for

learners.
c) But onceit became obligatory, Yidin becameripe for restructuring.

d) Yidin learners of the restructuring generation modified the system, to increase projectibility of

affixed forms.
€) Reault: multiple directions of predictability, again richer than derivation from a single underlying

form can handle.

28. Sound Changel: Penultimate L engthening

In every word with an odd number of syllables, the penultimate vowe was lengthened.

29. Apocope

Thefind vowd of aword was ddeted if:

Theresulting form would end in Vv + legd word-find consonant (/1,r,,j,mn,n,n/)
The resulting form would possess an even number of syllables.

30. TheMetrical Component

Virtudly al metricd andlyses of Yidin (sarting with Dixon's) assume disyllabic, |eft-justified
feet, 0 that odd-even syllabicity predicates imply metrica structurd descriptions.
These feet so account for the aternating stress pattern.
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31. Examples

32.

33.

a. With the accusative suffix [-na):

[buna]
[buna:-n]

[punangare]

[punangara-nj

compare:
[guda:gel
[gudaga-nd]

b. In sems;

[balba]
[bigu:n]
[bini:r]

l

l

l

‘woman-absolutive
‘woman-accusative’ (hist. *[bupa-na] ® *[bupa-na) ® [bupa:-n])

‘wha e-absol utive
‘whale-accusative

‘dog-absolutive’  (higtoricaly *[gudaga)])

‘dog-accusative

[balbara-nda] ‘ crane-absol utive/dative
[bigunu-nda] ‘ shield-absol utive/detive
[biniri-nda) ‘shel, money-absol utive/dative

History: *babara > balbaa > babar

The Learnability Conundrum

According to Dixon, the absolutive form of a noun occurs in text more frequently than al other
forms combined. Thus, for many stems, the following two questions confront the learner:

For rarer words, which vowe isto be “restored” in the suffixed alomorph?
How do you know whether to restore avowe at al?

How New Yidip SpeakersCoped: The*Which Vowel” Problem

In Modern Yidin, the following two ranked principles suffice to determine the “inserted” vowd:

a) If thefind segment of the isolation gemisanasal, the inserted vowd is/u/ (14 cases, 0
exceptions). Example: [bay:n] ‘tree used for handles-absolutive’ ~ [baginu-nda] ‘ dative

[b_a{iJl(U)]
[ddam(u)]
[durin(u)]
[geban(u)]
[gambin(u)]
[gindan(u)]

‘tree used for handles [gulan(u)] ‘wanut treg
‘fresh, young' [augban(u)] ‘crow’
‘leach’ [mdan(u)] ‘right hand’
‘ran [mugin(u)] ‘ashes
‘top-knot pigeon’ [wangam(u)] ‘kidney’

‘moon’ [wanggam(u)] ‘overhanging dliff’
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35.

36.

37.

[ouwp (u)] ‘flying fox’ [wugam(u)] “firefly’

b) Otherwise, the inserted vowel isacopy of therightmost vowe of the isolation slem: thus
[waji:l] ~[waili-nda] ‘red bream-absolutive ~ dative' .

[wail(i)] ‘red brea’
[winag(a)] ‘foot’
[wigul(u)] ‘ashdl fign’

A New Agspect of the Data

Dixon, lacking Microsoft Excdl, noticed (33b) but not (33a).
Once (334) is added to (33b), the ability of speakersto project the added vowel becomes
very strong, suggesting a quite different andlyss.

Historical Change: Formswere Shifted Toward Obedience to (33)°
Yidip Cognate

[gawul(@)/(u)] ‘blue gum tre€ [gawula] (Dyabugay)

[magul(a)/(u)] ‘aroot food’ [magula] (Dya:bugay)

[nagl(@)/(i)] ‘warm’ [nagila] (Gunggay), [nigda] Mamu Dyirbal)
liagup(u)] “echidnal [iugupan] (Gunggay)

[mugin(u)] ‘ashes [murini] (Dya:bugay)

[band'a(a)] ‘madness in head’ [band'ar] (Dyirbal)

[duggum(u)] ‘worm’ [d'ungum] (Dyabugay)

The Residual Exceptions (8 total)

[dambul(a)] ‘two’ [gubum(a)] ‘black pine
[ganqul(a)] ‘grey wallaby’ [gulag(i)] ‘big-leaved fig tree
[gambi¢(a)] ‘tablelands’ [qungag(i)] ‘north’

[eandiil(a)] ‘crab’ [wagar(i)] ‘pre-pubescent boy’

| assume these are now lexically-listed dlomorphs.
Where did the Patterns of (33) Come From?
They appear to have been statistical accidents of the existing lexicon—this can be determined

by ingpecting trisyllabic ssems that were never phonologicaly digible for Apocope in thefirs place;
in these, the patterns are weakly present astendencies.

® Yidin learners seized upon the “best guess’ dtrategy for restoring the lost vowes.

% There are a couple of glitches, where | think it can be shown that the pressure toward change is

from aminor sub-generdization (compare English dive ~ dove). See full paper for details.
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38.

39.

40.

The “Whether to Insert” Problem

Background: Pre-Yidin had very few phonemic (non-aternating) long vowels. A near-minimd
pair:

‘person’ ‘mopoke owl’
[bama] [durgu:]

Today, just 14 morphemes like [durgu:]; none with [...V:C]
® Itiscertain tha any form ending in V:C will get an additiona vowe under suffixation.
E.g. if you know absolutive [gawu:l], you know the inflected form will be [gawulV-CV]

If there ever wer e formsthat were like “[bawu:l] ~ [bawuw:l-CV]”, they must have been shifted
into the now-regular pattern, following the maority.

Yidip Paradigmsare Rich Paradigms

The old andysis (Penultimate Lengthening, Apocope) still wor ks (though with a certain number
of lexicd exceptions).

The new system of “epenthess’ isoverlaid on the old system.

Thus Yidin, too, is a case where there is mor e predictability within the paradigmatic pattern

than you can get from deriving the forms from asingle UR.

[baganu-

largely predictable:

effects of Penultimate
Lengthening and Find
largely predict Syllable Deletion
postnasal /u/ Epen-
thed's, pre-suffix shortening

[baga:n]
Could we account for paradigm richnesswith constraints on underlying forms?
Wetry:

a. Inatrisyllabic root, vowesmust be[u] / [+nasd] ]
b. Else they must be a copy of the closest vowd on the left.
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41.

Thiswould keep the old system. By limiting the set of underlying forms, we limit the possible range
of dternation:

**[babain] ~ [babani-ngu]” because UR would have to beillega /babani/.

Thisfails: the condraints are not true of

a Trisyllabic roots that are lexica exceptionsto Apocope:

[odgali] ‘curlew’
[garana] ‘black cockatoo’

b. Trisyllabic roots that don’t undergo Apocope because the last consonant is an obstruent, e.g.
[binduba] ‘ crayfish-absolutive':

Loca concluson: the principles of vowd restoration govern patter ns of alter nation, not the set
of underlying forms.

Further Evidence Againgt the Congtraints-On-Under lying-Forms Strategy

The “restored vowes’ given above are only the primary, most-frequent strategy.
There are other less frequent options, more or lessin free variation.

a) Inserted vowd is copy of closest suffix vowd:

[gambi:n| ‘top-knot pigeon-absolutive
[gambinu-ngu] ergative

[gambina-la] locative

[gambini-ji] comitative

b) Inserted vowel isa schwa (not otherwise present in Yidin!)

[gubum] ‘black pine-absolutive
[gubumoa -ni] genitive

These cases dtrike me as fatd to the congtraints-on-underlying-forms gpproach. The variation is
systemattic, meaning it should be attributed to the rule system, not to the lexicon.

This confirms approach of multiple mappings within the paradigm:  these cases can be
accounted for as smple free variation in one of the mapping directions.
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CONCLUSIONS

42. TheThemein All Three Cases

A neutraizing mapping (Korean: Consonant neutralization, English: Vowd Reduction, Yidin:
Apocope) gppliesin isolation forms, but not affixed forms.

Thisengendersreanalysis: new patterns arise that permit the affixed forms to be projected
from theisolation forms (Koreeant® s/ +V,Englisho ® ¢/___ ntal, Yidipn £® u/V:
[+nasd] _ X]).

| suspect that this phenomenon is quite commort'.

It's common, but it'saso understudied: the standard mode! that derives forms from
underlying representations mistakenly tells the andyst “you're donel” when in fact there are
more regularities that should be extracted. A better model might lead to better and more
complete eicitation work.

43. Thereissomething sensible about multiple mappings.

It is useful to be able to say inflectional and derivationa formsyou have never heard before.
Ways of deriving such nove forms, even if vaid only datidicdly, let you tak more effectively
than you otherwise could.

Thisisdl the more crucid for beginning learners, who must Wug-test their way through daily
life

44. Local Conclusons

It is not unreasonable to think that language learners develop grammars that extract the full set of
predictability relations from paradigms, even where the conventiona device of derivation from a
single underlying form can’t do this.

It is not unreasonable to consider abandoning underlying forms, and devel op theories of
phonology that aim from the beginning a extracting the full set of predictability relaions.

45. Some Speculation on a Theory that Extracts Full Predictability Relations

Speakers adopt mapping congraints that enable them to predict one member of a paradigm
from another. These are string mappings that formaize the arows of (5). Example [Xg] ®
[Xan] (German 2nd sg. to 1 plur. verbs, du [zigst] ‘you Sng’, wir [zigpan] ‘wesing’).
Speakers do thisfor all mappings, unless the paradigm islarge, in which case they map forms
that differ only in one or two inflectiond features.

Phonology helps: if we can derive German /bli:b/ ‘| stlayed’ from [bli:bon] ‘we stayed’ by
[Xon] ® [X], then Find Devoicing will get usthe rest of the way, to [bli:p].

* For more, see Hayes (1995) on Turkish Final Devoicing, Kaye and Nykiel (1980) for Algonquian
and Polish, Blevins (1997) on English and Gilbertese.
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46.

47.

48.

49.

50.

Speakers memorize enough inflected forms in each paradigm to be able to project the others,
specificdly, in cases of phonologica neutrdization they often need to memorize & least one
alomorph that escapes the neutrdization.

Exactly what formsare memorized isan accident of a spesker’ s persona history (compare
Smolensky 1993 on underspecification: there, too, it does't redly matter, within limits, what
you memoarize.)

Why Such a Theory isLikey to be Frightening to Work On

It will most likely involve some redundancy.
Hence the intuitive guides of €egance and economy that have hitherto helped us with andysis
might not help here.

A Possible Way to Explore Such Theories

Deveop dgorithms for phonologicd learning. Criteriafor success:

The completed grammar that the agorithms learn should give Wug-test answers identical to
those of adult native speakers of the target language.

In the course of acquisition, the agorithm should make the same errors that children learning the
target language make.

Why thismight count asredemption

While we might lose some eegance, the loss might be more than compensated for by anove
ability actudly to model the speaker (rather than just the data pattern), and to explain
phonologica acquigtion.

Algorithmic learners tend to succeed or fal pretty clearly; hence questions of elegance arise less
often in evauating them—anything that actualy works on hard cases would be very
impressive, and at least somewhat persuasive.

A Debt to Pay

Algorithmicaly learned andyses of Korean, English, Yidin ...

Advertisement

For tiny baby stepsin this direction, see Albright and Hayes, “ An Automated Learner for
Phonology and Morphology,” handout for Hayes presentation at this weekend' s Germanic
Linguistics Roundtable.
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