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Chapter 8

The Role of the
Evaluation Metric
in the Acquisition
of Phonology

John J. McCarthy

The title of this contribution could more properly refer to *‘an evalua-
tion metric,” since two empirical questions are really at issue here:
whether linguistic theory should provide a device for evaluating postu-
lated grammars and what the characteristics of that device ought to be.
Responses to both these questions are offered: first, that the need for an

evaluation metric is demonstrated by the existence of phonological and

morphological projection puzzles (Baker, chapter 10), instances of rule
learning despite demonstrably inadequate primary data; and second,
that the evaluation metric has essentially the form envisioned in
Chomsky and Halle (1968, pp. 330-335), though with some adjust-
ments for later modifications of this general phonological framework.

tfhese two theses cannot be separated in practice, however; any
ev1d§nce that appears to support the general necessity for an evaluation
metric can be interpreted only in the light of a particular form of that
metric, and conversely. This essay will, therefore, be chiefly structured
:elround examples that illustrate both points. I present four cases, each
involving a projection paradox that can be solved by selecting a gram-
mar with simpler rules and representations, in the technical sense. Two
general points are discussed before these more detailed studies. The
first deals with the overall formal character of the acquisition of pho-
nology and morphology, the second with some earlier investigations of
;he evaluation metric as well as the specific form of the metric proposed

ere.

Two problems will not figure significantly in this treatment, alfhough
they may be directly relevant to determining the form of the evaluation
metric. First, I will make no attempt to discuss incorporation of a
theory of phonetic substance into the phonology. This is often known
as the problem of rule naturalness, although that term is by no means
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ed consistently. Several interesting proposals for dealing with this
oblem formally have been discussed in the literature, such as those
Bach (1968) and Chen (1973). It has also motivated substantial revi-
ons of the overall structure of phonological theory, either along the

lines of Chomsky and Halle (1968, pp. 400-435) and Kean (1974) or of
Stampe (1972) and Hooper (1976). Second, I have nothing to offer to
the debate on natural rule ordering, which can be found in a number of

articles that have appeared since Kiparsky (1965). If some observations
about natural orderings are correct as claims about synchronic gram-
mars, then clearly an account must be made of them in the evaluation
metric. One useful suggestion along these lines is implicit in work by
Anderson (1974). In any case, these issues, although they may have
import for the form of the evaluation metric, are distinguishable from
the problems I discuss here. No considerations of phonological nat-
uralness or of natural rule interactions appear to play any significant
part in the following examples.

The Basis of Learning Phonology

Consider the familiar diagram in (1), in which the terms for levels of
adequacy are used in the sense of Chomsky (1964a):

et T R T

0y
Px:imaf'y. Discovery Observationally Evaluation Descriptively
Linguistic = » Adequate Mot »| Adequate
Data Procedure Grammar(s) etric Grammar(s)

The observationally adequate grammars, which are induced from the
primary data by some as yet poorly understood discovery procedure,
are all compatible with the primary data. The evaluation metric, or
some equivalent device, selects the observationally adequate grammar
that most closely models the knowledge actually acquired by speakers.
It is possible that more than one descriptively adequate grammar might
emerge, but no conceivable linguistic behavior would enable us to dis-
tinguish between them. This is, therefore, not an empirical question.
One important characteristic of the problem of the acquisition of
phonological and morphological grammars is that, in principle, there
could be nothing of interest to learn. One might imagine a model of
acquisition in which some set of purely phonetic representations-—es-
sentially digitized versions of the corresponding articulatory and acous-
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tic events—is merely memorized by each speaker of a language. A
certain amount of computable deviation from this set will be needed to:
handle the obvious problem of perception despite differences between
speakers, but the essential idea remains that something akin to the:
surface phonetic representation might be the greatest abstraction
speakers are capable of. The model of acquisition presupposed by this
theory is clearly a simple one: the mapping designated as the discovery

grammars is descriptively adequate, and I will argue that an evalgatlon
metric based on simplicity is able to make this choice. Tt.xe nonpnm.ary
data adduced here are of relatively uncontroversial mtel.‘pretatlor-l,
chiefly involving some characteristics of loan word§ and thc? like. But in
the first example, the process of Expletive Infixation, I will show that
there are essentially no primary data at all and so the study focuses
entirely on adult speakers’ intuitions.

procedure in (1) will be the analog to digital function, and the evalua-

tion metric will be a simple isomorphism. In effect, all observationally:-

adequate grammars will be descriptively adequate, so this distinction
becomes unnecessary.

It is, of course, well known that the equivalent theory is inadequate
to the demands of natural language syntax because recursion in the
base leads to potentially infinite sentences. This argument does not
carry over to phonology and morphology, though. An upper bound
could be placed on the length of the phonological phrase (minimally,
there is a physiological limit), which, since the lexicon is apparently
finite, would ensure the existence of only a finite number of such
phrases.

This does not leave us without recourse, however. There is an alter-
native, which serves as the basis of much recent work that seeks to
validate or falsify the claims of generative phonology on so-called ex-
ternal grounds. Substantial effort in articles too numerous to cite has
been directed toward demonstrating the existence or the nature of the
generalizations that speakers express in their grammars by adducing
evidence not normally available to language learners, although this
criterion has rarely been made explicit. The idea is that such evidence
reveals aspects of the speaker’s linguistic knowledge that could not
possibly have been directly memorized, since only the primary linguis-
tic data are input to the discovery procedure. In sum, this method
makes it possible to determine which of several observationally ade-
quate grammars is, in fact, descriptively adequate. On the basis of this
determination, one can construct a linguistic theory that will more
highly value the descriptively adequate grammar or else rule out the
other observationally adequate grammars entirely.

What I propose here is a similar sort of investigation. Several obser-
vationally adequate grammars, all of which appear to be compatible
with the axioms of a plausible phonological theory, will be offered for
each body of primary linguistic data. From consideration of data not
accessible to language learners it will emerge that only one of these

The Evaluation Metric

The fundamental idea behind the phonological evaluation metric is_ that
it should count the linguistically significant stipulations made by differ-
ent grammars and then select the grammar that makes‘ t.he smallgst
number of them, all other things being equal. The deﬁmtno‘n of a lin-
guistically significant stipulation is provided by th‘e th.eory; in general,
stipulations will be units of the system of formallzat}on for rules an.d
representations. The evaluation metric of a generative phonol.ogy.' is
therefore distinct (contra Chen, 1973) from Hjelmslev’s (1961) principle
of simplicity, which is offered independently of any such theory.

The particular form of the evaluation metric adopted here has the
following characteristics. Like the familiar device of Qhomsky a.nd
Halle (1968), it values competing systems of phonological rulv?s in-
versely according to the number of phonological features appearing in
each system. A few natural elaborations of this procedure are also
needed in response to gaps in its applicability.

Recent work on metrical phonology (Liberman and Prince, 1977)
suggests that some rules and representations——particularly those refer-
ring to stress or syllabification—make use of formal devices, metrical
trees, that are rather different from phonological features. {Xltl?ough
study in this area is still at a very early stage, certain regularities in the
construction of metrical trees and their application to segmental strings
can be observed. When these regularities are cast in terms of a formal
metrical theory, they can be said to represent a base that can be de-
viated from only with additional stipulations, although the exact cost of
such deviation is unknown. This problem will become somewl-lat
clearer in the discussion of the relevant example from Cairene Arabic.

The mode of evaluating readjustment rules is never described by
Chomsky and Halle (1968), although this issue is of some significance.
These rules, also known as morpholexical rules (Anderson, 1975) or
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allomorphy rules (Aronoff, 1976), chiefly account for fairly restric
segmental alternations in morphological terms. But it is possible to g
any mildly abstract phonological process such a formulation if onl
finite number of morphemes display the alternation. Therefore so
procedure is needed to determine when a phonological and whe
morphological formulation is appropriate. I will argue that this decis
is made by the evaluation metric, based on the following consideration
in a readjustment rule, reference to a single morpheme or a singi
morphologically defined class of morphemes requires the equivalent.o
one phonological feature. In other words, an essentially morphologic‘
process like a readjustment rule can manipulate a particular morphem
by making a single stipulation. This proposal is in contrast to the occé
sional descriptive practice of referring to morphemes by mentionin;
enough segmental information to define them uniquely. The claim i
that, all other things being equal, a readjustment rule will be superior t
a phonological rule if and only if the process under consideration de:
pends on some single morpheme or natural morphological class.

* A final point concerns the extension of the evaluation metric to th
lexicon as well as to the rules. Chomsky and Halle (1968) wrestle wit
this issue inconclusively, dealing primarily with the difficult problem o
specious morpheme structure rules. Other questions are involved
however. Suppose, for example, that only rules are evaluated, so th

values of the lexicons in competing grammars are not considered by the..
formal evaluation metric. Under this assumption, regularities not re- ,

flected in alternations will never be expressed by phonological rules. If

such regularities are left unexpressed, they complicate only the lexi-

con; but if they are extracted from the lexicon, they complicate the :
phonological rules. I will make the converse assumption, the one ulti- ”
mately adopted by Chomsky and Halle (1968): the value of a grammar

is inversely related to the number of features in its rules and in its
lexicon. This proposal may require considerable elaboration in the light

of recent studies in lexical structure (Aronoff, 1976; Lieber, 1980) and

of some points raised by Phelps (1979), but it will suffice for the exam-
ple discussed here.

Expletive Infixation

The first .example is quite compelling by virtue of the extreme paucity
of the primary data, the clarity of the phenomenon, and the simple
mode of application of the evaluation metric. One of the most produc-
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ive rules of English morphology, yet the one for which the language
earner has by far the least data available, is the process of Expletive
nfixation. Any word, subject to some phonological conditions, can
ave inserted into it an expletive like fuckin with a kind of vague
mpbhatic force. A fuller discussion of the phonology of this process can
e found in McCarthy (forthcoming); here I will somewhat simplify the

roblem.
First, let us consider this phenomenon in its sociolinguistic aspect.

. Until recently it has been, in many social groups, taboo to utter words

ike fuckin in the presence of children at any age when they might be in

- the process of language acquisition. The significance of this fact should
not be underestimated: this is an example in the acquisition of phonol-
ogy of extremely degenerate primary data, with the environment pro-

viding almost no evidence on which to base the formulation of a rule.
Casual observation suggests that many (possibly most) speakers learn
this process on the basis of the single exemplar fan-fuckin-tastic, which
may be heard in childhood.

In contrast to this lack of primary data, a process emerges that is
extremely productive, usually subject to fluent production and rapid
perception. Judgments of well-formedness are normally quite robust
for individual speakers and remarkably consistent across speakers. All
of these facts are incompatible with any sort of true aduit learning or
with metalinguistic activities like language games. (Compare English-
speakers’ control of learned morphology or of pig Latin to Expletive
Infixation.) I conclude, then, that Expletive Infixation is a genuine
(albeit marginal) part of English morphology and that there is a serious
problem in determining how it could possibly be acquired.

I will begin from the assumptions that some trivial initial stimulus,
like fan-fuckin-tastic, demonstrates to the language learner that exple-
tives can in fact be infixed, and that the entire learning process must be
based on this unique form, and perhaps a few others. This example will
constitute an extreme test of the evaluation metric and of the con-
comitant phonological and morphological theory, inasmuch as virtually
the whole of the acquisition process for this rule must be a computation
by the learner rather than an approximation to grammars of greater
observational adequacy.

In fact, phonological theory does provide a partial answer to the
question of where an expletive may be infixed. Consider the contrast in
the examples in (2):

ot ot Lo S AN T A 315
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()

a. *fa-fuckin-ntastic
*fant-fuckin-astic

b. *fanta-fuckin-stic
*fantas-fuckin-tic

c. fan-fuckin-tastic

tl“he data in (2) represent clearly uncontroversial judgments. The forms
in (2a) are ungrammatical because the expletive has failed to lodge at a

syllable boundary. The forms in (2b), on the other hand, show that the :

§yHable following the expletive must bear stress. Although the follow-
ing syllable has primary stress in (2c), this is not essential. Compare

(2¢) with the equally well-formed anticipa-fuckin-tory or antici-fuckin-

pate, where the following syllable has only secondary stress.

In McCarthy (forthcoming) I demonstrate that these two conditions
on Expletive Infixation can be subsumed under a single rubric—an
expletive may fall only at the boundary of a metrical foot. The prosodic
category foot in English can be defined as the string composed of a
str.essed syllable and any immediately following unstressed syllables
(leerrpan and Prince, 1977). Moreover, this condition on the rule of
Expletive Infixation need not be stipulated. Rather, it follows from
ge_:neral considerations of the well-formedness of prosodic structures
Since fuckin and any other expletive like bloody are themselves metri:
cal' feet, infixation would involve inserting a foot inside another foot
This would yield an improper bracketing with one foot containing an:
other, distinct foot, a situation that can be ruled out by hypothesis in
metrical phonological theory.

The f:onclusion, then, is that it is a necessary condition for Expletive
Infixation at. any position in a word that that position be a foot bound-
ary, and this condition follows from universal principles inherentl
available to the language learner. On the other hand, one must aslz
whether this is a sufficient condition as well. ’

T.he languagf: learner, when presented with the stimulus Jfan-fuckin-
tastic, can posit a very large number of possible additional conditions
on Expletive Infixation that are consistent with this form. For exam le
Qne could hypothesize that only the sequence nt may be split by inﬁl;a-’
tion, that the infix may precede only voiceless stops, that only conso-
nant clusters can host the expletive, that only morphologically complex
words can have an infix, or that the preceding syllable must be stressed

as well. All of these hypotheses are compatible with the given datum,
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as are many others. Even if the learner were presented with a some-
what richer body of primary data, it would surely be small enough to
permit the extraction of some set of similar conditions. In fact, none of
these additions is correct, and the universal principle permitting exple-
tives only at a foot boundary is both a necessary and a sufficient condi-
tion for Expletive Infixation.

The task, then, is to show why speakers, with great uniformity, do
not acquire a version of Expletive Infixation that is restricted to some
properties of the lexical item fantastic or the like. This observation
follows directly from the evaluation metric, since the metric prohibits
unjustified complication of this rule. To see how the metric works in
detail, let us look in particular at the possible conditions on the stress-
ing of the syllable preceding the expletive.

Two observationally adequate analyses could be proposed that are in
agreement with the form fan-fuckin-tastic. The first would incorporate
into the structural description of the infixation rule a partial environ-

ment of the following form: o . Thatis, the infix appears only
[+stress]

when it has a stressed syllable to its immediate left. The second analysis
would be identical except for the lack of this stipulation. Both analyses
offer observationally adequate accounts of the primary data.

Since this process is extremely productive, it is not difficult to find
nonprimary data to select the descriptively adequate grammar. Many
examples show free infixation after unstressed syllables: Kén-fickin-
tucky, Né-fuckin-braska, im-fuckin-portant, air con-bloody-ditioner. The
last two examples are actually attested; the first two reflect strong
judgments. The obvious conclusion is that it is incorrect to require that
the syllable preceding the infix be stressed.

Application of the evaluation metric to these two fragmentary anal-
yses yields the same conclusion. Since there is no evidence in the
primary data showing that the preceding syllable must be stressed, the
first analysis is needlessly complicated by virtue of the stipulation

o with respect to the second. The second is therefore more highly
[+stress]
valued and consequently is the one incorporated into a descriptively

adequate grammar.

Although this is an almost absurdly simple comparison of two com-
peting rules by the evaluation metric, it is nevertheless important. Be-
cause of the degeneracy of the primary data, one must take the problem
of acquisition very seriously here. There are many inherently plausible,
observationally adequate analyses of this tiny corpus of data, yet
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further evidence of the kind presented shows that nevertheless the da
are mapped onto a single process that is remarkably clear and consis
tent in adult grammars. This phenomenon is, then, a valuable test of the
evaluation metric’s role in acquisition.

Cairene Arabic Stress

Elsewhere I have presented a metrical theory of the role of syllable
weight in stress assignment and an analysis of the accentual phenomena:
of the Arabic dialect spoken in Cairo (McCarthy, 1979a; 1979b; 1980).
What follows is partly abstracted from those treatments, with certain-

complications suppressed that are not relevant to the argument.

The basis of stress assignment in Cairene Arabic is the division of
syllables into two weights. Heavy syllables contain a long vowel (CVV)

or a postvocalic consonant (CVC). Light syllables have neither (CV).
Heavy syllables will be represented metrically by a branching node,
light syllables by a nonbranching node. These geometric characteris-
tics, which correspond to the familiar bimoraic/monomoraic syllable
distinction, may be referred to by rules of stress assignment. I will fur-
ther assume that all final syllables are represented formally as light,
with a nonbranching node, though the full story is somewhat more
complex.

The role of heavy and light syllables in accentuation can be seen in
the data from Cairene Arabic in (3):

(3

a. Heavy penult:
mafaaki ‘with you (f. sing.)’
Samalti ‘you (f. sing.) did’

b. Heavy antepenult and light penult:
martdba ‘mattress’
Suftaha ‘I saw her’

c. Light antepenult and light penult:
bixala ‘misers’

muxtdilifa ‘different (f. sing.y

The forms in (3a) and (3¢) represent phenomena that are often paired
with one another—compare them with the results of the Romance
Stress rule in English Amdnda or aréma versus América, or to the
related Classical Latin stress rule. What is unusual is the pattern of
stress in (3b). For words with syllables of this type the Romance Stress

ferences centering around th
iat this preference is confirmed

In the first putative grammar O
nvisaged as a two stage process.
¢ Romance Stress rule model; then a st
ne syllable to the ri
ical formalization of this analysis first maps the

oot, represented by the label : :
oward the left. This foot will maximally be of the form in .

The terminal nodes 74, Ns,
of the branching and nonbranch:
bles and light syllables respective
ples, this mapping yields the result in 5):
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e stress (drsenal, kinkajou, rddio), as c.io many
Cairene penultimate stress is surprising.

metrical analyses of the data in (3), the
e treatment of (3b). It will emerge that

i tric and
es is clearly preferred by the evaluation me :
e on by the accentuation of Classical

gives antepenultimat
r stress rules, so the
will present different formal

i i i ttern.
words according to the Cairene pa . .
o f Cairene stress, stress assignment 18

First, stress is assigned according to
ress shift rule moves the stress
ght from a heavy antepenultimate syllable. A met'-
basic prosodic unit

&, onto a word from the right boundary

and ny are mapped onto the terminal nodes
ing trees associated with heavy sylla-
ly. For some representative exam-

&)
a. b. C.
: /@\ /&
qa mal/\ti mar ta ba bu Xa la

Metrical theory provides another level of tree structure Yvhose termi-
nal nodes are the roots of feet and any syllables not yet mcorporate.d
into feet. This word-level tree consolidates all feet and stray syllables in
a word into a single metrical structure. I will assume that the word-level

structure of Cairene Arabic is represented by a right-branching tree,
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g transformation that will move

T . . Tin
ne possibility is o wirite S TR I ey This ule s formo-

tress from the antepenult to the pe
in (8):

although this would show up overtly only in forms somewhat long
than those in (5).

Finally, the grammar must specify the labeling of the metrical tree:
indicates a relation of relative prominence defined by complementary.
(strong) and w (weak) labels on nonroot nodes of the tree. In this cas
a labeling rule identical to that proposed for English by Liberman anj
Prince (1977) will operate throughout the tree.

(6)
Labeling Rule:
Label the right node strong (s) if and only if it branches.

beling Rule:

The final result of foot assignment, construction of a word-level tre
and labeling is the set of representations in (7).

™)

a. b. c.

A

V)

fa mal ti mar ta ba bu xa la

ster nodes always have comglementary
change in just one sister, as in (§). The
le to the intermediate structure i (7b.)
which correctly shows penulti-

ince the labels s and w on Sl
:,alues, it suffices to indicate a
\ plication of this relabeling ru '
will yield the derived structure in (9),

mate stress:

For (7a) and (7c), the correct stress relations are represented. But (7b)
incorrectly shows antepenultimate stress instead of penultimate.
Up to this point the analysis of Cairene Arabic has included all of the

characteristics needed to generate stress in Latin or Damascene Ara- wos
bic,_ for example. It now must diverge to include a means of assigning [\
the correct stress in forms like martdba, given the intermediate rep-

mar ta ba

resentation (7b). At least two possible directions can be taken, both
at least partly precedented in other fairly well understood metrical
systems.

of tree formation to the one

T . 1 )
The second possibility is t0 add a rule Oy to the tree n (7b) to split

already formulated in (4). This rule will ap
it into two feet, as in (10):
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(10)
Restructuring Rule:

/(<\ ~ m
ny Ro Ag Ry ny Ry A3 n

I assume that this rgle applies after assignment of word-level structu:
but before -the labeling rule. Its output, therefore, will be subject to thy
usual labeling, producing the derived structure in (11).

(11) .

4

/\

w s W

A

mar ta ba

So th'is alternative also will correctly assign penultimate stress

Th}s analysis is therefore adequate to handle the facts of éairene
Arabu; stress. Moreover, on several counts— Foot Structure (4) and
Labeling (6)—it is formally identical to the stress systems of sevefal

other languages. It does, however, require the added complication of

either the Relabeling rule (8) or the Restructuring rule (10). Both rul
are of types that apparently must be countenanced by lingui.stic theo .
Rules of relabeling have been justified in many languages, with sonll.y ‘
like the English Rhythm rule, conditioned by stress clash,es but w'tel;
o;{hers, like those ot: '.I‘iberian Hebrew (McCarthy, 1979a) a;ld Yidilny
ih aye; , 1980), conditioned by.morphological or syllabic contexts. On
¢ other hand, the Restructuring rule (10) is formally almost identical

This is somewhat easier to visualize 1
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yan English process applicable in words like obligatory (Liberman and
rince, 1977, p. 296). In sum, it seems that metrical theory must pro-
ide apparatus that would make either (8) or (10) a possible rule in an
alysis of Cairene stress.

An alternative treatment of Cairene stress is based on a very different
asic rule of stress assignment. Suppose that stress is assigned by a

eft-to-right procedure that counts pairs of light syllables. The first syl-
1able in the last such pair will then be the one to bear the main stress.

in the metrical formalization.
The foot, assigned from left to right, has the form in (12).

12)

ny 1

. Therefore the foot contains only two moras, taken either from two light

syllables or a single heavy syllable. This is actually a reasonably com-
mon foot type; one of the clearest cases is in the accentual system of
Creek (McCarthy, 1979b). Application of this foot structure to some
representative examples yields the results in (13).

13

a. b. c.
b qA K

Sa mal ti mar ta ba bu xa la

Note that the left-to-right mapping of (12) onto words ensures that the
first two and not the last two syllables in (13¢) are paired into sisters.

As in the first analysis, provision is made for a right-branching
word-level tree and for labeling of structures in accordance with 6).
The final output of the stress rules under this proposal will be the set of

representations in (14):
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(149

a. b. C.

w s W w s W s W W
fa mal ti mar ta ba bu xa la

These trees, like those derived by the first analysis, indicate the corre
accentuation of these forms.

What is interesting about Cairene Arabic is that two such very diffe
ent grammars are both observationally adequate. A moment’s refle
tion will show that these analyses make different predictions only i
words that end in a string of more than three light syllables. Such word
are ordinarily impossible in this language for historical reasons. Th
sole exception, a class of words with four light syllables, belongs to th
only major type of morphologically governed stress assignment i
Cairene, so it must be discounted. Therefore, no evidence in the pri

mary data would choose between the two analyses purely on grounds.

of observational adequacy.

The question of which of these observationally adequate analyses is:
more highly valued is not difficult to answer, even with our current lack"

of certainty on many details of the metrical formalism. All the rules
invoked are possible within the theory and many are even common.
But the first proposal, based on the foot structure in (4), involves the
added complication of either Relabeling or Restructuring, neither of
which is needed under the second proposal. I conclude, then, that the
grammar incorporating the foot structure in (12) is formally simpler and
therefore more highly valued than the alternative.!

It can be shown on the basis of nonprimary data that the second
analysis is indeed the one selected by language learners. Such data
come from the pronunciation of Classical or Literary Arabic words by
native speakers of the Cairene dialect. As no universal standard for the
accentuation of Classical Arabic exists, the typical situation is that each
dialect area follows its own rule in stressing Classical Arabic words.

hn J. McCarthy

ords that end in strings of
how the curious pattern of ac

should have antepenultimate stress sincSe
light antepenults, like the shorter forms in
sis, which assigns the foot structure mn (12),

233

i ical Arabic has

jon is particularly useful because Classical
St ond . light syllables longer than three. These
centuation in (15) when read by a speaker

Cairene Arabic.

_ Penultimate stress:

§ajaratu ‘tree (nom.)’ ,
§ajaratuhiimaa ‘their (du.) tree (1,10m.)
Padwiyattiihu “his drugs (nom.)

. Antepenultimate stress: ,
$ajardtuhu ‘his tree (nom.) ’
Padwiyatihumaa ‘their (du.) drugs (nom.)

t that, under the first analysis, all of the forms in (15)
’ they have light penults and
(3c). But the second analy-
ultimately yiclds trees like

It is apparen

b.
s
w/\s w s
AANAN
s W S W s W S W W
§a ja ra tu §a Ja ra tu hu

This is, in fact, the desired output, and similar results can be derived for
s in (15). .
th?[‘l(:g;e:hf:;?centéaﬁ)on of forms from Classical Arz}bic—essentla.lly
the naturalistic equivalent of a psycholinguistic experiment demandm;g1
production of nonsense words—demonstrates that only tt.le secon
alternative provides a descriptively adequate ac?ount of Cairene Ara-
bic stress, although both analyses are observationally adequate. The
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choice between the two analyses made by the language learner con-
forms to that made by the evaluation metric, so the role of the metric in
this type of learning is confirmed.

analysis along the lines followed by Hohepa (1967, p. 111) or Biggs
(1961, pp. 33-34). These authors analyze the consonants preceding -ia
and -apa as part of the passive and gerundive suffixes rather than part
of the stem. Each verb then idiosyncratically selects one of the suffix
alternants without reference to phonological considerations. In effect,
Hohepa establishes arbitrary conjugation classes for Maori stems that
determine which suffix allomorph is chosen, with -tia as the basic alter-
nant from which others are derived by a set of lexically governed
transformations. '
Before considering Hale’s evidence, let me attempt to make this
morphological analysis of Maori explicit in terms of a theory of re-
adjustment rules. Passive and gerundive appear in the morpheme list
that I assume is part of the lexicon as two sets of morpheme alternants:
{-tia, -hia, -kia, -mia, -ria} and {-tana, -haya, -kaya, -maya, -raga}.
d partial orderings, with the first alternants

Maori Passives and Gerundives
Perhaps the most compelling example of an apparent failure of the
evaluation metric to select the same grammar as that chosen by lan-
guage learners is Hale’s (1973) often cited analysis of the passive and
gerundive formations in Maori. I will review the facts quickly, present
Hale’s interpretation of them, and then suggest a rather different un
derstanding of the problem based on the evaluation of systems of re
adjustment rules. ‘

The basic observation is that there is a consonant/zero alternation in
the active versus passive and gerundive forms of many Maori verbs:

These sets can be considere :
gzzive Passive Gerundive -tia and -tana designated as basic or unmarked. The readJustmer;)t rlglf;
wero werohia werohaga ‘stab’ in (19) then apply to these basic alternants to select other member:
hopu hopukia hopukana ‘catch’ the set:
aru arumia arumana ‘follow’ f;(lg)
mau mauria maurana ‘carry’ Maori Readjustment Rules:
awhi = awhitia awhitaga ‘embrace’ a. -tia —> -hia

-taga — -haga
b. -tia — -kia
-tana —> -kapa
c. -tia — -mia
-tapa — -mana
d. -tia — -ria
-taga — -raga

In addition, no Maori word ends in a consonant. In the light of thes
simple paradigms and this additional fact, a descriptively elegant an
straightforward analysis presents itself. The grammar of Maori will’:
be provided with base forms with final consonants like /weroh/ and
/hopuk/, with suffixes /-ia/ and /-aga/, and with a rule of final consonant
deletion formulated as in (18).

(18)

[—syll] — @/ # nt rules are to be understood as operations on mor-

phemes taken from the two sets of suffix alternants, rather than as
atal material in the morphemes. Further-

transformations of the segme
more, they must all be minor rules; that is, they must be unable to apply
, them. Therefore any verb

ici dergo

to any form not explicitly marked to un . . 0
that takes a suffix alternant-other than -tia or -faya will necessan_ly bear
a diacritic feature [+rule x], where x indicates one of the rules in (19).
As in all conjugation analyses, I will redundantly rule out any stem
bearing two such contradictory features. . ' .

Of course, other formulations of the morphologpal analysis of Maon
are conceivable, but they all should have the salient characteristics qf

These readjustme

Although this analysis is cast in generative phonological terms and
notations, it is by no means confined to that tradition. For example,
Bloomfield (1933, p. 219) sets up what he calls “basic forms in theoret-
ical shape” to handle an almost identical set of alternations in Samoan.
Nida (1949, p. 76) accepts this proposal as well, describing the loss of
the final consonant as a phonologically conditioned process.

Yet Hale demonstrates that this phonological analysis of the Maori
data, which is a model of formal simplicity and inherent plausibility, is
actually inadequate and that it is inferior to a basically morphological
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this one: a list of morpheme alternants in the lexicon, designation of,
and -faya as somehow basic, and lexically governed choice of
alternants. This choice will involve, as in (19), substituting one
pheme for another.

I turn now to the central problem presented by the Maori
Hale’s evidence shows that speakers fail to internalize the seemi
simple phonological analysis and instead select a morphological a

sis along the lines in (19). Quite a mass of data can be brought to be
this question:

(1) Stems which are basically nominal are often used verbally in sp
taneous discourse; when they are so used, in the passive, they regula
take the ending /-tia/. (2) Derived causatives (formed with the pref
/whaka-/ take /-tia/ in the passive even if the basic verb stem tak
another alternant when not in the causative. (3) There is a rule where
certain adverbials are made to agree in voice with the verbs they m
ify; these adverbials take /-tia/ in the passive regardless of the shape
the passive ending which the verb itself takes. (4) Borrowings fr
English, including unassimilated consonant-final ones, take the end
/-tia/ in the passive. (§) Compound verbs derived by incorporatin,
noun from an adverbial phrase regularly form their passives in /-tia/. (
In general, /-tia/ can be used when the conventional passive terminatios
for a given verb is not remembered. (Hale, 1973, p. 417)

The morphologically based grammar of Maori in (19) can account fo
these observations with few additional assumptions. Forms derived b
extension of passive morphology to categories that are ordinarily non
verbal (1 and 3) will be marked by -tia because nonverbs will usuall
have no reason to acquire diacritics for the minor passive morphology
Use of -tia with causatives and compounds despite another passiv
suffix with the corresponding underived verb stem (2 and 5) can also b
readily explained. Kiparsky (1973a, pp. 89-90) has observed that dia

critic features (but not segmental material) are often lost under deriva-

tion. Therefore -tia, which appears on forms that do not bear minor
rule diacritics, is correctly predicted for derived verbs. Similarly, loan
words (4) will ordinarily fail to have such diacritics. When the diacritic
for a particular form is unknown (6), -tia should also show up.

The morphological solution, then, will account for the ordinary para-
digmatic data and for these additional facts cited by Hale. The phono-
logical solution, although it handles the paradigms, makes no special
predictions for any of these additional data. Of course, if the additional
data were readily available to language learners, one would expect
them to reject the phonological analysis simply as observationally in-
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quate. Although this argument has not bgen ‘made expl'lcul‘y,ai

ears that the significance of the Maori data lies bm ;kI\:l relative in

ibili i tion outlined by e.

sibility to learners of the informa

Themzst striking evidence—the treatment of loans ar.lc.lt'of fosriicztetei

i i i ilable for language acquisition

inences—is plainly unavailal S e the

: f either the etymology of the

SUpPPOSes knowledge o ' O be

' tances of either sort can p

ntal state of the speaker. Ins er SR
i i resentation in the phonoiog

ated as ¢-final stems 1 underlying rep i

alysis. Furthermore, learners are likely to percelvebthe ar;ar:ig ?:

' imilated loans and not be moll ‘
rface consonant-final unassimi . : :
structure their grammars solely on the basis of their selection of the

a allomorph.

A similar analysis is available for the suffixation ot;l -tia ;ici)dsep‘:)cx;ta:rﬁ:t
i ‘ cannot judge with co
ous denominal verbs. The learner : o lodge of
: . that would require a near-periec :
they are spontaneous; tha Y bving
i dicti h forms can also have u
+he Maori dictionary. Therefore suc ' . :
;};resentations in final ¢. The passive forms of adverbials can likewise

be handled by having all adverbials terminate intin 'the 1exicox;. t?on;
ceivably this regularity in adverbials would even motivate postuiating

- i ical category.
suffix morpheme - for this lexic ory .
The onl?remaining fact is the use of -tia In derived verbs even when

the nonderived stem has another final consonant. This will require a

complication of the phonological analysis if that ana;lysis is to g‘enzl:is:l;
i t that language learners w
vationally adequate. One can expec : take
i i le taking any stem-final conso
note of this fact and express it byaru : o e
i i this is the only fact cited by
to 7 in a derived verb form. In sum, ' . i
that is directly available as input to the construction of putative gram
ts by a discovery procedure. ‘
rna"I‘o cgmplete the argument, we can observe that a serious 1probllemt ~for_
i ssition based on the formal evaiuation
a theory of phonological acquisition :
metricriys presented by the fact that language learners select tt;e 1r1n$e
phological analysis over the phonological one. As an account O a "
Maori data cited, the phonological analysis is not only‘observatlon? ;/1
adequate but also more highly valued. The phonologlc‘al :sledss{:;on
i i ' d a boundary in the de
uires reference to a single feature an letio
z?e (18) and uncertain but clearly small cost for the rul.e appheld in
derived verb forms. On the other hand, the morphologxgal ana yils
requires the eight readjustment rules in (.19)-, where each will b; evia:1 :e
ated at two features, according to the principle 1 have propo;e , 1sik 1
each makes reference to two different morphemes. I know ot no likely
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procedure by which one can evaluate the lexicons demande
each solution. I will make the not unreasonable assumption t!
plying each stem with a final consonant is formally equivalent to a:
rule diacritics and their corresponding list of morpheme alternan
the two lexicons are equally valued. The conclusion is that the p
logical solution has formally simpler rules and consequently is
highly valued than the morphological solution, apparently the,
result.

Hale’s (1973) solution to the problem of Maori passives and ge;
dives involves an axiomatic exclusion of the phonological an:
Observing that underlying verb stems have final consonants bu
surface forms do, Hale proposes that a universal constraint limits 4
sible grammars to those in which there are no disparities of cano
pattern -between underlying and surface representations. This wi
exclude the phonological solution as a permissible analysis of the M
data. :

Halle (1978), although he rejects this constraint on the basis of wo
by Kaye (1975), incorporates a similar observation into a proposal f
the Maori problem based on a form of the evaluation metric. He poit
out that the phonological analysis, in return for an account of just tw
morphemes, requires the deletion rule (18) and the loss of the potent
generalization that underlying representations must end in vowels as
surface ones. Against this requirement, the theory weighs the cost o
set of readjustment rules. Although Halle proposes no explicit proc
dure for evaluating readjustment rules, he suggests that the outcome
will favor the morphological solution as more highly valued. :

It will emerge that the evaluation metric is in fact the appropriate
vehicle for the selection of the morphological analysis; nevertheless;
the considerations cited by Halle as militating against the phonological
analysis are not persuasive. A number of phonological analyses have
appeared in recent work (Halle and Vergnaud, 1978; Kiparsky, 1979a;
Lowenstamm, 1978) where surface constraints on canonical form,
stated in terms of syllable structure, are apparently violated in under-
lying representation. Deletion rules like (18) or rules of epenthesis or
vocalization bring these underlying representations into conformity

with the required canonical pattern in an exact parallel to the phono-
logical solution for Maori.? Furthermore, even though I proposed an :
explicit evaluation procedure for readjustment rules, the phonological -

solution is apparently still more highly valued. This evaluation pro-
cedure could, of course, be simply incorrect, but it already values

pia or gerun )
/nohop/, with the p deleted before the suffixes:
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ustment rules more highly than many other imaginable procecti)u¥es
n other words, readjustment rules are Probably already engg .
ed as liberally as possible if any phonological rules at all are to be
:[ﬁi:dz;dditional data of direct relevance to this problem 'can‘ be
nd in Hale (1968). Some consideration of the further comphtcla:u:lr::
essary in any observationally adequa.te gramfnar shows 1t ad e
aluation metric, with its means of treating read!ustment u esh, to

ovide the language learner with the correct choice between the two

mpeting solutions. . _
Fivet 1 b forms ending in Va with corresponding

First, there exist passive ver : : :
rundives in Vpa, instead of the usual Cia and Cana seen in (17): patu

rike,” passive patua, gerundive patuna. These can be analyz.ed as
derlying vowel-final stems like /patu/ with suffix vowel deletion 1n

«Y a )
'V—->(b/V+___LJa}#

But other verbs do show Via passives and Vana gerundives: noh‘o 51t_,
nohoia, nohoaga. Hale (1968), observing that there are no passives i

dives in papya, proposes underlying p-final stems like

n .
1a
p—>9/ —+ {ana] #

i i terfeeding order.
Rule (21) must crucially follow rule (20), in countertee '
Sec(onZi, putative n-final stems undergo several additional phonologi-

cal processes. Underlying an+ia is realized as aina, as in .tufz felllj
passive tuaina. This alternation can be attributed to a metathesis rule:

(22)
an-+ ia#
12° 34 —13204

But Vn+ia, where V is not a, simply loses the VO\iVel i: hoko ‘buy—sell,’
passive hokona. This requires another vowel deletion rule ordered after

(22).

(23)
i->@0/n+___a#
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Thi . . .

ﬁnalf_urd‘;ea bshg(l;tly dlfferept complication emerges in the case o

fi ’i]p assriv: to;,le c?lasi3 simply suffixes ~ig in the passive: rohu:
; upia. But another, smaller class d .

passive ending: kai ‘eat,” passive kai i o doman

P othor shoncie D aipa. This second class deman

(24)

i—»@/gp+__ _a#

asic distinction between the two solutions that emerges is that
.reas the phonological treatment deals with the complex suffix allo-
hy by the various phonological rules in (20) through (25), the
phological one simply adds further readjustment rules of exactly
‘same formal type.® The only difference between the readjustment
es in (19) and (26) is that the latter do not show the parallel allomor-
y-of passive and gerundive observed in the former. This is actually
sected under the conception of readjustment rules followed here, an
a I will return to.
t is possible at this point, though not very revealing, to pursue the
ult the evaluation metric will reach when confronted with the choice
tween observationally adequate phonological and morphological so-
ions along the lines I have sketched. The translation of the informal
es (20) through (25) into conventional formalism by the familiar
nons of generative phonology yields a total of approximately 49 fea-
ture specifications, to which must be added the cost of the deletion rule
(18) and the unformulated rule to handle the occurrence of -tia passives
in derived verb forms. Evaluating the morphological rule system by
counting a stipulation of a morpheme as the equivalent of a single
feature yields a total of 30 feature specifications. Consideration of the
data cited in note 3 will serve only to widen this disparity between the
two analyses. The more highly valued solution under the assumptions
made here is, consequently, the morphological one, a result that con-
curs with the one drawn by Hale (1973) from the nonprimary data.
We should not, however, take away with us from Maori the moral
merely that such a choice can be made by a rather sterile numerology
based on arguable claims about the form of the evaluation metric. This
example is of far greater value for what it illustrates about the system of
tradeoffs between a morphological and 2 phonological treatment of
some observed set of alternations. Two readily apparent characteristics
of the primary data will immediately tend to favor a morphological
solution. First, if, as Halle (1978) observed for Maori, only a small
number of morphemes participate in the same alternation, then re-
adjustment rules will be the appropriate means of expressing the gener-

glcs),n;?;:latlz)ly (213) and ('24) Col'll(.i be collapsed, though one would pr
emeptionle:xc u(ciie this poss3b11ity in view of the fact that the forrﬂ
septionle ;i;n the latter' is 1'mder heavy lexical government. )
o ,]-ﬁn;u ; erent complication arises in the case of gerundives
stems. They show up with the termination pa rather

the expected napa and i
pana (Biggs, 1961, p. 34). Thi
formulated as a rather complex deletion pI‘OCCiS' nis haplology ¢

(25)

+nas | +apga
{-I-cor}
—ant
1 234 - 0P34

gefunf;il‘ll}ésaigtxrc:lltlﬁlted phonological ‘solution for Maori passives an
e dves is xa erdr:;.o_re complex than originally suspected. On thi
morph()logi,c u Soelu?' itional fac.ts do not excessively complicate t
for the e ion. They will require five new conjugation typ
R 1rn.l and two new types for the gerundive. The
morphologic: 39 utlf)n demands the morpheme sets {-tia, -hia, -ki
, » =@, -ia, -ina, -na, -ya} and {-taga, -hana, -ka;]a, -r’na(;

-raya, -aya, -pa} in the lexicon j
. , the re i
new readjustment rules in (26): *stment rules in (19, and the

(26)

a. -tia— -a

b. -tia — -ia
-tapa — -apa

c. -tia — -i

d. -tia — —:;a alization. Readjustment rules are disfavored to the extent that they

e. -tia — -pa nee.d to mention explicitly many different morphemes that could alter-

f. -taga — -pa natively be collapsed into a single phonological environment. Second,
readjustment rules will be preferred in systems where there is relatively

greater allomorphy, greater divergence in form between different oc-
currences of the same morpheme. One need not refer this preference to




8 Role of the Evaluation Metric 242

uﬁd;srlying representations; it suffices to observe that the sami
phological category is marked in several wi i
wid
Pholoei ely disparate way.
The point,.the'n, of the elaboration of the evaluation metric
;node of application to readjustment rules proposed here is to proy
ordmal means of considering these two properties, where the prop
an tl;lelr inverses may be seen as tendencies toward the selectio‘
gxorp ological or phonplogical analysis. This proposal correcti:
_ ‘ect§ the facts.of Maori and, I believe, a widely held descriptive
tice in generative phonology. |

Spanish Epenthesis

lI)tu 1ts \tx;lell known that Spanish does not tolerate word-initial sC clust
e proper m9de of incorporating this generalization into:

grammar 1s.not eqtlrerh{ clear. One view is that there exist underl

:f:prlesentatlons with initial sC clusters which are subject to an exc

llg);ges; rule of vowel .epenthesis, yielding surface esC (Harris, I

I zf.,e ;1;1:1,11 escalaf gnght have the underlying representation ;sk '

mar o . . .

i panish would contain something like the rul

27

§—e/# ___ s[+cons]

Yc:t:ry lil.(ely, rule (27) should be recast in terms of a theory of th
/l[n eracFlon of syllgble structure and segmental processes like that mexi
liﬁxilsecrin in cor;lnectlon with the constraints on canonical form in Maori
ove, however, would not affect the ar i
. : / , gument advanced her
f;nl;: ;trt v;ci)uld s;ﬂl bebnecessary to stipulate that the particular vowele
,» perhaps by mapping it o i i .
ey pping nto a slot in a syllabic templat
byA:oz};irs 1Isaossitble analysis holds that sC clusters are ruled out entirell.
raint on well-fo i i
ety me (o8 rmed underlying representations, state
(28)
*#sC

U . .
nder this analysis escala has the underlying representation /eskala/ '

and a hypothetical i ion li
iy ical underlying representation like /skala/ is blocked by
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Ithough these two analyses are based on rather different concep-
s of the problem, both are possible within the generative phono-
cal theory followed here. I take it as given that rules of vowel
nthesis, responsive to certain types of consonant clusters or syllable
snfigurations, must be recognized by linguistic theory. Constraints on
-formed morphemes or syllables appear to be needed as well. Thus
iese are two of the possible analyses given by phonological theory,
both so far appear to be adequate accounts of the familiar data.
“Ordinarily, primary linguistic data in the form of morphophonemic
egularities are sufficient to decide between a rule-based and a con-
traint-based phonological analysis solely on grounds of observational
dequacy. Some morphophonemic evidence from Spanish supports the '
penthesis rule in (27) over the constraint in (28).

First, there are e/ alternations like escribir/suscribir, although for

=

morphological reasons such alternations are apparently confined to

ompounding and derivation and do not appear in more transparent
nflectional processes. Second, Harris (1970) notes that the irregular
nal stress of estdy, estds, and estd can be accounted for if these forms

- are monosyllables at the point in the derivation when the stress rule
- applies. In fact, this stress pattern reflects a larger distributional regu-

larity pointed out to me by Harris: with the sole exception of the

" demonstrative éste, no word has stressed ¢ in the context # . sC,

which follows immediately from ordering epenthesis after stress as-
signment. Finally, Harris (1979) observes that selection of the -ecit
allomorph of the diminutive suffix, which is restricted to a phonologi-
cally defined subset of words with disyllabic nondiminutives, presup-
poses an underlying disyllabic base word like /studyo/ for forms like
estudio, diminutive estudiecito. So the process of diminutive formation
must have access to a level of representation before epenthesis.

It is a matter for careful judgment to determine whether these facts
would be available to motivate the language learner’s rejection of the
constraint analysis as observationally inadequate. On this determina-
tion hinges the question of whether we have here an authentic projec-
tion puzzle of the sort 1 described in the introduction. I would claim
that the puzzle is authentic, although it is difficult to construct a rigor-
ous argument for this position. The putative learning of epenthesis
solely from the data given here must contend with the following diffi-
culties. The evidence of e/§ alternations and of diminutive formation is
relatively obscured to the language learner by the lack of inflectional
alternations in the first case and by additional phonological complica-
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tions of diminutive allomorphy in the second. The apparently irregul
final stress, confined as it is to three forms, is not compelling, nor is th
distributional gap of #ésC, since it is not without exception. In th
latter case, inference from lexical distribution also raises the problem o:
the learner’s imperfect knowledge of the dictionary, discussed earlier i
connection with spontaneous denominal verbs in Maori.

All of these considerations suggest that the choice between a rule an
a constraint in Spanish cannot be made solely from the primary data o

grounds of observational adequacy. This is not to say that this evidence:
- is without significance. It is of obvious value to the investigator as
reflecting the state attained in adult grammars, and it is clear that an
account of these regularities confirms for the learner the choice of the

epenthesis analysis made, as I will show, by the evaluation metric.
Before pursuing the Spanish case, let us consider the following ex-
ample from English where the question of a rule or a constraint is
completely uncontroversial. English obviously does not permit word-
initial pt clusters in surface representations. By analogy to Spanish,
two different accounts of this observation are possible. The constraint
would rule out the sequence #pz, probably as a part of a more general
set of constraints on possible syllables in English. The phonological
rule, on the other hand, would delete word-initial p before a nonsono-
_ rant consonant. The first grammar would block underlying representa-
tions with word-initial pt; the second would transform them to surface
initial #. Clearly the conclusion of any investigator would be that the
constraint analysis is the correct one. This conclusion would undoubt-
edly persist in the face of apparent support for the rule analysis from
alternations like prerodactyl, pterogoid | helicopter, hymenoptera, ar-
cheopteryx. It is unlikely that one could profitably pursue this hypo-
thetical phonological deletion process.

By comparing the parallel cases of Spanish and English, one can see
why there might be some doubt as to the correct analysis in the first
case but none in the second. Marginal alternations aside, a p-deletion
rule in English is a needless complication of the grammar, since no
underlying representations that have themselves not been needlessly

* complicated with initial p’s before r would ever be subject to it. In other
words, the choice between these two essentially observationally ade-
quate analyses of English can be made on the basis of a form of the
evaluation metric. This choice is possible, however, only if the evalua-
tion metric considers the set of rules in conjunction with its lexicon, as I
have proposed and as in Chomsky and Halle (1968).
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e evaluation metric will reach the opposite cho.ice' for. the cc;rf::;
alysis of the Spanish phenomenon, hovyever. Ellmlr}atlng putal }m-
.nthetic ¢’s from underlying representations actl%ally involves %tl) si .
fication of the whole grammar—a general r.educuon in .the num Tircc;
onological feature specifications in thc? 1ex1con.. The slight ;:1om§>)ffset
n that comes of having an e-epenthesis rul'e will b.e more t| ar;1

the removal of all initial e’s before sC in the list of morpl einesa.l
erefore, since any lexical entry of the form /e.sC ol _con:liltlu esc 2
edless complication of the grammar under this analysis, exi

entries that meet the structural description of (27) must take the free

e with epenthesis. The unique exception to this generahzatxon 1cs1
te. where there is direct evidence to the contrary from the observe

initial stress.

1t follows, then, that the application of the evaluation metric 'go s_t;:;s
of rules with their concomitant lexicons.serves two purpose; in t 1118
case: it selects a rule-based overa constraint-based analysis of dpa;11§ R
and it determines that all forms with surface #esC have underlying
jons without the e. .
re%r:;:zr?:ilzl empirical support can be found for .thc? ﬁr§t claim, bgth
from the evidence of alternations, stress, and dxmmuth fo;matlzi
already cited and from the treatment o_f loan words. L'oans into par;:l "
invariably receive e if they have initial sC s:lusters in the (slc?utrc.e an
guage: esnob, esmoking, esprey. The constraint analysis .pre. .1cds n ;
case only that, say, snob is not a possible word of Spanish; it gfs nod
indicate how this form can be modified to make it pronouncea eCanA
thus fails to anticipate the systematic appearance of e befor(? s .‘th
constraint like the one in (28) would allow ad hoc means of- deahflg w1f
these clusters, either by insertion of some other vowel, t')y insertion o a
vowel after s, or by deletion of one of the consonaqts in ‘the offend_mg
cluster. The epenthesis analysis predicts regular 1nsert'10n ?f e an
nothing else; it is therefore confirmed by these observations. )
The second result—that all forms with surface.#esC (except es'tg)
will be analyzed as underlying /sC . . ./ and so will take the free nhe
offered by epenthesis—is much more difficult to support, though t z
question remains in principle an empirical one. 1t could be partly testeC
by inspection of the diminutives of all forms that have surface #e;
followed by two syllables in the base word and tl}at also meet the other
phonological conditions for selection of the -e.czt allomorph.. Th‘e pre-
dicted outcome is that these forms will invariably have -ecit diminu-
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tives, whereas without the strict free ride demanded by the evaluatio
metric they would potentially differ arbitrarily in their diminuti
allomorphy.

Minimally, what has emerged here is that the learning of phonol
cal and morphological rules and representations is a good deal
complex than envisaged in the trivial analog-to-digital acquisition:
cedure I described earlier. An adequate phonological theory
clearly contend with an extreme lack of primary data or with aj
ently crucial evidence that is unavailable to the language learner.
specifically, a particular form of the evaluation metric has been s
ported as a part of linguistic theory with direct application to the
lem of language learning. This metric, like its counterpart in Chom:
and Halle (1968), must evaluate entire grammars on the basis of speé
criteria of formal simplicity in the domains of phonological process;
readjustment rules, and the lexicon.

Notes

‘I ar‘n gra'.ceful to Lee Baker, James Harris, and Jonathan Kaye for thei
insights into the problems discussed here. As usual, all errors are my
responsibility alone. .

1. Another stress shift solution, similar in formal value to the one based’
on the. foot structure in (4), is possible. Briefly, it involves assigning
penultimate stress in all forms and then shifting stress, by relabeling or

restructuring rules, to a light antepenult off of a light penult. It is
appaljent that this analysis would encounter the same problems with the
~data in (15) as the analysis in (4) does.

2. A certain amount of evidence internal to the phonological soluﬁon
for Maori supports such a syllabic analysis of the final consonant de-
letion rule. First, Maori lacks syllable-final consonants as well as
word-final consonants in surface forms. Second, syllable-final C/@ alter-
nations are attested in reduplicated forms. Consider the verb koorero
‘speak,’ passive koorerotia. Frequentative reduplication, which appar-
ently copies the last two syllables of the stem, yields koorerorero
‘cl‘matt.er incessantly,’ passive koorerorerotia. Application of this redu-
plication rule to the underlying form /koorerot/ should yield *koorero-
trero after word-final consonant deletion versus the correct koorerorero

ohn J. McCarthy 247

* all syllable-final consonants are deleted. Of course, complicating the
eduplication rule so as to copy up to four segments leftward, starting at
e second last one, would avoid the problem. But this sort of internal
eduplication seems at best unusual, a property that follows from the
ory of morphology presented in McCarthy (1979a). Notice too that
uplicated forms engender no difficulties under the morphological

There are a few additional facts that would require further compli-
ions of the phonological solution with relatively little corresponding
boration of the morphological one. First, two verbs apparently form
assive/gerundive conjugation distinct from all others: heu ‘separate,’
sive heuea, gerundive heuena; and keu ‘move,’ passive keuea,
rundive keueya. Second, Hale has pointed out in class lectures that
der some conditions the passive suffix attracts stress anomalously.
der either solution both facts can be dealt with in ways similar to
ose treated in the text.

. There is a hidden assumption partly underlying this argument. Here

the evaluation metric compares two solutions, each of which treats the

assive and gerundive homogeneously by phonological rules or re-

adjustment rules. One could as well imagine a whole family of mixed

olutions, where, say, the irregularities in (20) through (25) are spelled
out by readjustment rules but the more regular alternations in (17) are
dealt with phonologically. It is by no means clear whether such a solu-
jon could actually be made to work or, if so, whether it would be more

. or less highly valued than the alternatives. In any case, I suggest that
- such a possibility—the differential treatment of morphology of the

same general type—should be ruled out in principle. A more precise

. formulation of this constraint will have to await further study of sys-

tems of the Maori type.

5. Hooper (1976) presents an analysis of this Spanish phenomenon
based on syllable well-formedness constraints that is claimed to handle
the loan word data without recourse to a rule of epenthesis. The posi-
tion of the inserted vowel, before the s rather than after it, is recover-
able in this system by a preference for allowing the original order of the
consonants to remain the same as in the source language. In fact, the
order of the consonants is unchanged if a vowel is inserted in either
position; it is rather the arrangement of consonant clusters in the form
that is maintained in borrowing. It is clear that such a principle of loan
phonology cannot be universal; for example, it is regularly violated in
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Japanese and in English. Yet a language learner could discove
language-particular rule specific to loan phonology only by having
cess to pairs of source language/target language forms displaying t
relevant alternation.

’Fhe quality of the inserted vowel is deduced in this system from th
umv.ersal principle that it must be the lowest vowel on a languagé
panl?ular strength hierarchy. The strength hierarchy can, in general
bg discovered by examining synchronic and diachronic vowel reduc:
tion I:ules. The evidence given by Hooper for placing e lower on thi
Spanish strength scale than the other nonround vowels is limited solel
to two diachronic reduction rules and no synchronic data.

In sum, Hooper’s analysis eschews an epenthesis rule in Spanish’
only at the cost of two language-particular devices that cannot be dis-

g g

hapter 8

mments Jonathan Derek Kaye

Good articles are all alike; every bad article is bad in its own way. Paraphrasing
Tolstoy somewhat, I wish to draw attention to my unhappy task: to comment
on a good article, or at least an article with which I agree in all important
respects. In such cases one is reduced to quibbling or discussing one’s own
work. I shall do a bit of both.

McCarthy discusses the role of the evaluation metric in the acquisition of
phonology. He outlines the position of this metric in the organization of an
acquisition model. This model with its accompanying metric has roughly the
form of that proposed in Chomsky and Halle’s Sound Pattern of English (1968).
McCarthy addresses two questions: (1) Is an evaluation metric essential to
linguistic theory? (2) If it is, what form should it take? These days, his positive
response to the first question is neither unexpected nor controversial. The more
interesting question concerns the form of this metric. McCarthy presents the
Sound Pattern of English model, with some interesting discussion involving
readjustment rules and the role of morphological features in evaluating gram-
mars. The remainder of his paper is devoted to the discussion of four sample
analyses. In these four cases he shows convincingly that the proposed evalua-
tion metric obliges one to choose a descriptively adequate grammar (or portion
thereof) over one that is merely observationally adequate. He shows further
that the evidence that leads ultimately to this conclusion—that is, that the
grammar selected is indeed the descriptively adequate one—is based on facts’
that are presumably unavailable to the language learner. The moral of all this is ~
that, yes, there is an evaluation metric and in the form presented by McCarthy
it yields the right results in a variety of interesting examples. )

With all of this I am in wholehearted agreement, and so I can begin with my
quibbles. The model presented by McCarthy distinguishes, on the one hand, a
discovery procedure which furnishes a set of observationally adequate gram-
mars and, on the other, an evaluation metric which selects the observationally
adequate grammar that most closely models the knowledge acquired by the
speaker. I am not convinced that there are two distinct entities here.
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