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Violable Constraints in Language Production: Testing the Transitivity
Assumption of Optimality Theory

Daniel J. Guest, Gary S. Dell, and Jennifer S. Cole

University of lllinois at Urbana-Champaign

Optimality Theory (OT) (Prince & Smolensky, 1993) characterizes linguistic knowledge as a
ranked set of constraints that select the best possible output form of a word given a particular input.
OT assumes that constraints are ordered transitively with respect to their violability. An artificial
language learning paradigm was used to test this assumption by teaching participants to pronounce
words that provided evidence about three constraints affecting the stress patterns of words. The words
demonstrated that the first constraint outranked the second and the second outranked the third. The
relationship between the first and third could only be derived from the transitive nature of the system.
Three experiments tested whether speakers could determine the stress patterns of words requiring
knowledge of the relationship between these two constraints. Evidence was found for a transitively
ordered constraint system as well as a system that stores commonly heard stress patterns as metrical
templates. © 2000 Academic Press

Key Words:Optimality Theory; stress; phonology; language acquisition; language production;
transitive inference.

Optimality Theory (Prince & Smolensky, In OT, Universal Grammar defines a set of
1993), or OT, is an important new paradigm iruniversal constraints that function in all lan-
linguistics. In phonology OT has quickly be-guages to impose conditions on the structure
come the dominant framework. Since the earliinguistic surface forms. In phonology, the con-
1990s, numerous conference talks and journstraints govern the features and structures th
articles in this area have presented their ideas determine a language’s sound forms. For exan
OT terms. OT has also proven to be a usefylle, the Weight to Stress Principle, or HEAVY
framework for syntactic (e.g., Pesetsky, 1997onstraint, requires that heavy consonant
Speas, 1997) and morphological (Russell, 199¥bwel-consonant (CVC) syllables be stressec
analyses. A defining characteristic of OT is that the uni-

The OT approach diverges from traditionalersal constraints often impose mutually incom
linguistic analyses by proposing that grammargatible requirements on an individual surface
consist of violable constraints rather than rulegorm. For example, consider the conflict that

can arise in a language with heavy CVC sylla
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Thus, there is a conflict among HEAVY,least partially from, connectionist theories of
ALIGN-FOOT(left), and CLASH: These three cognition (Rumelhart & McClelland, 1986),
constraints cannot be simultaneously satisfied and these theories have had considerable impe
a word with a heavy CVC second syllable. OTon psycholinguistics (see Christiansen &
resolves constraint conflict by ranking all con-Chater, in press, for review). OT is very much &
straints in a transitive dominance hierarchy; ipart of the Zeitgeist in cognitive science that
the case of conflict, priority is given to theeschews hard-and-fast rules in favor of soft o
higher ranked constraint, at the expense of \dolable constraints. At the same time, the stric
violation of the lower ranked constraint. In theranking of constraints represents a crystalliza
example just mentioned, ranking CLASH andion of a set of violable constraints into a sys-
HEAVY higher in the constraint hierarchy thantematic and learnable language.
the constraint requiring stress on the initial syl- Before describing the experiments, we pro
lable, ALIGN-FOOT(left), will result in a sur- vide an overview of OT and review previous
face form with stress on the second but not thesycholinguistic research on OT and on the
first syllable of this word. The relative rankingpsychology of transitive inference.
of constraints in the hierarchy varies across
languages, which accounts for variation in the OVERVIEW OF OPTIMALITY THEORY
surface phonological patterns found in different The architecture of OT consists of a set o
languages. universal constraints, a relation that ranks con
In this paper, we present three experimentsraints in a dominance hierarchy, a mechanisi
that tested a key assumption of OT, namely, thédr generating candidate surface output form:
the constraint ranking relation is transitive: Ifthat are evaluated against the lexical input an
Constraint A outranks Constraint B, and B outfor surface well-formedness by the phonologi-
ranks C, then A also outranks C. In the expereal constraints, and a mechanism for constrair
iments, participants learned constraints aboetaluation (see Archangeli & Langendoen
how to stress words in artificial languages det997, for an overview of the theory).
rived from OT grammars. They were then tested The claim that constraints are provided by
on novel items requiring the application of tranUniversal Grammar means that constraints mu:
sitivity. As will be seen, we found evidence forin principle be violable; if they were not, then
transitivity and, thereby, for a system that deall languages would conform to the universa
termines pronunciations from ranked generalonstraints in a similar fashion and display iden
constraints. But we also found evidence fotical surface phonological patterns. Language
another process in learning words’ stress paspecific constraint ranking is thus a critical as
terns, a process in which novel words arpect of the theory, since it provides the
stressed by matching them to already storedechanism for determining which of two con-
stress patterns or templates. Thus, our rdicting constraints will be violated in a given
search—subject to the usual caveats associaledguage.
with artificial language learning experi- At this juncture it is useful to introduce the
ments—is consistent with a dual-system apmotation that is adopted in this paper. Conside
proach to linguistic performance, one systeragain the example from above of conflict be-
associated with a grammar and one with a lextween the constraints HEAVY and ALIGN-
icon. FOOT(left). We stated that the conflict that
Our studies asked whether OT principlesrises in the evaluation of a word with a CVC
have utility in explaining how people learn tosyllable in second position can be resolved b
produce word forms. As such, the research imnking CLASH and HEAVY higher than
psycholinguistic in the traditional sense: A lin-ALIGN-FOOT (left). Ranking is noted as: Con-
guistic theory is examined for its “psychologi-straint A >> Constraint B, read as “Constraint
cal reality.” OT is particularly promising in this A outranks Constraint B.” Evaluation of surface
vein. The theory has links to, and has evolved aandidates for such a lexical input is illustratec
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TABLE 1 TABLE 2
OT Table Demonstrating Evaluation of Surface OT Table Demonstrating the Effects of Reordering
Candidates Constraints
CV.CVC.CV r=cv.c\e.cv  cvcve.cv  cvcle.cv CV.CVC.CV cv.¢e.cv r=cl.cve.cv  cucle.cv
CLASH *1 CLASH *1
HEAVY *1 ALIGN-FOOT((left) *1
ALIGN-FOOT(left) * HEAVY *

in Table 1, which presents an OT table in the
format proposed by Bernhardt and Stemberger
(1998) (this format diverges slightly from that

hange which candidate is chosen as being tt
most optimal. This is demonstrated in Table 2
where the form C\CVC cv is determined to be

for a potentially cleaner presentation. The
reader is referred to Bernhardt & Stemberger
1998, particularly Chapter 4, for the motiva-
tions behind the changes).

The lexical input, or underlying, form is in THE ROLE OF TRANSITIVITY IN OT
the top, left corner, with candidate surface
forms following across the top row. The pho-
nological constraints are listed down the left-
most column, in a vertical order that reflects the
dominance ranking. An asterisk (*) in a cell;
marks constraint violation for the candidate th . : . .

or a given lexical input form. Consider the

heads the column. An exclamation point follow- . .
ing an asterisk (*!) indicates a “fatal” constralntfonovwm‘:J schematic example. Assume a gram
ar with three constraints, A, B, and C, and the

violation that renders the candidate suboptimal thnking A>> B and B> C. Now assume that
relative to other candidates that satisfy the co

he grammar has the nontransitive rankings€
straint evaluated in that, or higher, rows. All

A. Table 3 shows the evaluation of three distinc

cells in rows lower than the fatal violation are andidate forms under these three constraint

shaded, indicating that their marks are not re(itote that constraint C is listed first in the col-
evant to the determination of the optimal can-

didate. The winning candidate is the one tha:Eer:‘]lgc(?tf|tCsorr]:hr|2 Lntsngzgfhgzgzgfrg::f I;does ne
fares the best under the highly ranked con 9

This table does not indicate a winner, becaus
straints and is indicated with the pointer symbol
). each candidate must be rejected on the basis

In the example given in Table 1, “CV" de- the proposed ranking. Output-a cannot be th
winner because it loses to output-b under th
notes an open consonant-vowel syllable,
“CVC” denotes a closed heavy syllable, and “.”
denotes a syllable boundary. The second candi- TABLE 3
date violates HEAVY, incurring a fatal viola-
tion on this highly ranked constraint. The third
candidate, which stresses both the first and sec

nated surface form, under the new rankm(
CLASH, ALIGN-FOOT(left) > HEAVY for
the input.

The ranking relation in OT is transitive,
which means that if A~ B, and B> C, then
A >> C. Transitivity is a crucial feature of OT
onstraint ranking. Without transitivity, evalua-
ion can fail to identify any candidate as optimal

Evaluation of Candidates under a Nontransitive
Constraint Ranking

ond Sy”ables, violates CLASH, also a fatal vi- Input Output-a Ou[put-b Output-c
olation. The winning candidate, then, is the first
candidate, which satisfies HEAVY, despite it§onstraint C *!

*|

violation of the lower ranked ALIGN-FOOT- gO”S"a?mg .
(left). Changing the domination order will S°nsant !
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ranking A >> B. Similarly, output-b cannot be emphasized the use of violable constraints (Lev
the winner because it loses to output-c under thedt, 1994).

ranking B=> C. Finally, output-c cannot be the OT has also been used to interpret psychc
winner either because it loses to output-a undéinguistic investigations of the role of the sylla-
the ranking C> A. Selecting any one of theseble in speech perception (Hammond's, 1995
candidates as the winner entails contradictingiterpretation of Cutler, Mehler, Norris, &

one of the assumed constraint rankings. Ther&egui, 1983, 1986) and in investigations of the
fore, if all three constraint rankings are validstructure of Hebrew words (Berent, Everett, &
then there is no winner in a case such as thishimron, 1998).

and the grammar is incomplete because it can-

not guarantee a decisive outcome of evaluation TRANSITIVE INFERENCE

for an individual input. This example demon-

strates that constraint ranking must be transitive Transitive '”fere”"?' In various forms, ap-
in OT in order for any OT grammar to pePears to be a pervasive information processin

complete—a minimum requirement for a for-ability. The essence of such an inference is &
mal theory. follows: The truth of a relation between two
Transitivity is also important for the learn-1t€ms: A> C, can be inferred from the truth of

ability of an OT grammar. To learn a grammar”™ =~ B and B> C. Research has demonstrate

one must learn how each constraint ranks witWat transitive inference occurs in various ani

respect to all other constraints. In a system wit'a! Species Fe.g., pigeons, Steirn, Weaver, 5
n constraints, there ara! possible constraint Zentall, 1995; Weaver, Steirn, & Zentall, 1997;

rankings which, on the surface, makes for 1acaque monkeys, Treichler & Tilburg, 1996;
daunting learning task. However, because ¢duirrel monkeys, McGonigle & Chalmers,
transitivity, at a minimum, oniy(n-1)informa- 1977, 1992; chimpanzees, Boysen, Berntsol
tive constraint interactions are needed to learghreyer, & Quigly, 1993; and rats, Davis, 1992
the correct ranking for the system (Tesar &&nd in children (e.g., 7 year olds, Piaget, 1967

Smolensky, 1993; Prince & Smolensky, 1997)* year olds, Trabasso, 1977; and 22 month old
Lipkens, Hayes, & Hayes, 1993). In addition,

PSYCHOLINGUISTICS AND OT research has investigated mechanisms for the
Although a large amount of work has beerdnferences in particular domains. For example
done in phonology utilizing Optimality Theory studies have examined whether transitive infet
(at the time this article was written, there wer@nces about ordered sets involve the manipul:
319 papers listed in the Rutgers Optimality Ariion of propositions (Clark, 1969) or images
chive alone), there has been relatively little psytHuttenlocher, 1968).
cholinguistic research on OT. Bernhardt and There have also been suggestions that trans
Stemberger (1998), one of the few psycholintive inferences can be made implicitly (e.g.,
guistic works employing OT, applied the frame-Lewicki, Hill, & Czyzewska, 1994). Mediated
work to a variety of phenomena in phonologicapriming (lion primes tiger, and tiger primes
and prosodic development. In addition, thegtripes, therefore lion primes stripes; e.g.
were able to employ constraint rankings to deBalota & Lorch, 1986; McNamara, 1992; Mc-
scribe the deficits of children with phonologicalKoon & Ratcliff, 1992; O’Seaghdha & Marin,
delays. This is significant because they did ndt997; Shelton & Martin, 1992) can be thought
need to posit ad-hoc constraints to handle thef as a kind of implicit transitive inference,
language disorders of these children. Insteadfhere the relevant relationship is one of assc
language performance was explained by findingiation. In a similar vein, people’s ability to
the appropriate aberrant constraint ranking forerify statements such as “canaries are animal
each child and seeing how these rankings migltin also be interpreted as implicit transitive
change through successful intervention. Othénference, provided that the mechanism for suc
work on phonological development has alsweerification are the previously stored proposi-
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tions that “canaries are birds” and “birds aravere built up from a lexicon of the same eight
animals” (Collins & Quillian, 1969). syllables, consisting of seven CV syllables an
For our purposes, the most important aspectsie CVC syllable. Stress placement was gov
of this literature are the data suggesting tharned in each language by a small number c
transitive inference occurs in young childrerconstraints adopted from the linguistic theory of
and may occur implicitly. Phonological devel-metrical stress. The stress patterns of the tw
opment largely occurs between birth (or beforelanguages were mirror images of one other, an
and age 4 (Bernhart & Stemberger, 1998; Olletheir respective constraint systems were corn
1980; Stark, 1980; Vihman, 1996) and the agosed of identical, but mirror-image constraints
quisition process and the resulting knowledg&his opposing nature of the languages enable
are generally considered implicit. If speakershem to serve as controls for each other. Partic
compute the phonological forms of wordspants were trained on words from one of the
through a system resembling an OT grammalanguages and then were given a common set |
one might expect to see evidence for transitiveest words. Differences on the test items as
inference as the system is acquired. Conséinction of training can therefore be used tc
quently, our studies investigated how peoplendex learning. Importantly, any such differ-
learn the form of words. ences cannot be ascribed to participants’ know
We used a laboratory learning paradigm iredge of English phonology since participants
which adult speakers learned the stress pattewsuld be expected to produce similar stres:
of syllable strings from an artificial language patterns given the same test words if their En
The stress patterns were derived from an Odglish phonology was at work.
grammar, and the training illustrated the rank- Language A stress constraint$he stress
ing of particular pairs of constraints, in partic-patterns of LA words can be described in term:
ular that Constraint A= B and that B>> C. of four basic properties:
(The particular _c_onstramts Va”e(_j _m different 1. The penultimate syllable of the word is stressed.
language conditions). The participants were  siress is placed on every odd-numbered syllable
then asked to pronounce novel syllable strings  counting from the beginning of the word, exclud-
that put A and C into conflict for the first time. ing the final syllable.
If speakers produce the stress pattern predicted3- Every heavy syllable is stressed.
by the grammar for these test items, they may 4. Adjacent syllables may not both be stressed (no

. S stress clash).
have done so by using transitivity.
Each property of LA stress is individually

EXPERIMENT 1 attested in a number of natural language stre:
systems and can be attributed to one or mor
Method constraints that govern the location of stréss.

Properties 1 and 2 are attributed here to th

constraints PENULT (the penultimate syllable
Twenty native English-speaking undergraduef a word must be stressed) and LEFT-ALTER:

ates from the University of lllinois participated NATING (there must be an alternating patterr

in exchange for credit toward a course requiresf stressed—unstressed stated below).

ment. Equal numbers of participants were ran- Both PENULT and LEFT-ALTERNATING

domly assigned to one of two language condi-

tions, language A (LA) and language B (LB).

Participants

! The constraints are described in nontechnical languag
here, to facilitate ready understanding of the essential stre:
. . characteristics of the two experimental languages. All of the
Stimulus Materials constraints described here are modeled after actual co

Two Ianguages were created that demoﬁlraints proposed for the analysis of metrical stress systen

in OT by McCarthy and Prince (1993), drawing heavily on

strated the interaction among constraints thé}ayes’ (1995) theory of metrical stress. A more detailec

govern the location of stress in polysyllabiGharacterization of the metrical constraints relevant to thes
words. Words in each of the two languagesata is found in the Appendix.
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are composite constraints, built up from a small TABLE 5

set of atomic OT constraints whose interaction CLASH, HEAVY > PENULT

governs the location and internal composition

of the metrical foot, the structural unit that oooy =600y 066y 0G0y

underlies stress marking in systems with rhyth-
mic stress. The atomic constraints are given iﬁ;:fg .
the Appendix, along with an illustration of their oy 7 N :
individual functions in determining stress placet ErT-ALTERNATING * *
ment in LA. Leaving aside heavy syllables for a
moment, in words with an even number of
syllables, the pattern of alternating stresses reéENULT above LEFT-ALTERNATING, as il-
quired by LEFT-ALTERNATING will locate a lustrated in Table 4.
stress on the penultimate syllable, asditico The three constraints discussed so far are k
and dooodo, where o refers to a single CV themselves responsible for the stress pattern
syllable. A form containing an even number ofall words that contain only light syllables.
syllables with this stress pattern would satisfyHeavy syllables introduce a further complica-
both the PENULT and LEFT-ALTERNATING tion because they attract stress. That is, a hea
constraints. For words with an odd number ogyllable is stressed even when it occurs outsic
syllables, there is not, strictly speaking, anyf a position that is designated for stress b
stress pattern that could satisfy both PENULPENULT and LEFT-ALTERNATING. The
and LEFT-ALTERNATING. Locating a stress stress-attracting behavior of heavy syllables i
on the penultimate syllable and on the oddHlustrated by LA words with forms such as
numbered syllable that precedes it would resuftocy and coayoo, whereoy, refers to a CVC
in a stress clash, as imocooo. Stress clash is syllable, and is attributed here to the HEAVY
not tolerated in many natural language streggonstraint (a CVC syllable must be stressed).
systems; there are no words in the LA lexicon The principle of stressing heavy syllables
that present stress on two adjacent syllablegverrides the placement of stress on the penu
The avoidance of stress clash in LA is attributetimate syllable in LA, as examples of the form
to the CLASH constraint (adjacent syllablesrody, or gooyoo demonstrate. This result is
may not both be stressed). achieved by ranking the HEAVY constraint

In LA, CLASH is avoided by locating stressover PENULT. These examples also demon
on the penultimate syllable, but not on the oddstrate the principle of stress clash avoidance
numbered syllable that precedes it, agirrgo  Which rules out the possibility of stressing the
or GoGoodo. Words with an odd number of heavy syllablein addition to the penultimate
syllables that display this stress pattern satisf§yllable in these forms. The necessary con
both CLASH and PENULT, but at the expensétraint rankings are illustrated in the evaluatior
of a violation of LEFT-ALTERNATING. The of the example fromgod,, in Table 5.The
interaction between these three constraints c&fEFT-ALTERNATING constraint is included
be modeled in OT by ranking CLASH andin Table 5 for completeness, although becaus

of its low ranking relative to all the other con-
straints, it plays no active role in this evaluatior
TABLE 4 scheme.

The final property of LA to be discussed

concerns exceptions to the principle that re

*|

CLASH, PENULT > LEFT-ALTERNATING

P rr6oooo  Goooe  Goooo  QUIres stress on every heavy syllable. If a worc

contains two adjacent heavy syllables, stres

CLASH *! will fall on only one of them, due to the over-

PENULT ! riding effect of stress clash avoidance. Exam
LEFT-ALTERNATING * 2

ples are words of the formryo,o00 and
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ooyoyooo. The choice of which of the two TABLE 7
adjacent heavy syllables to stress is determinedc AsH, PEN-INITIAL = RIGHT-ALTERNATING
by the other ranked constraints. These stress
patterns are accounted for by ranking CLASH ooooo I¥0600G 00606 GoGaG
over HEAVY, as is demonstrated with the form
Guowooo in Table 6. SIEQSI:ITIAL ™ "
Note, thgt |r_1 Table 6 the third can_d|d_ateRIG,_lT_ALTER,\IAT”\IG N "
owowooo, is eliminated in favor of the winning
candidate on the basis of its two violations of
LEFT-ALTERNATING. While neither the first
or third candidates succeed in placing a stre$des starting the right edge of the word going
on the third syllable, the third candidate alsdeftward, excluding the initial syllable) that gov-
suffers from its failure to stress the first syllable€n LB stress. The CLASH and HEAVY con-
Language B stress constrainfshe words in Straints play the same role in both experimentz
Language B (LB) exhibit stress patterns that at@nguages.
the mirror images of the LA stress patterns. The constraint interactions in LB are the

Thus, the four basic properties of LB stres§@me as those in LA, substituting PEN-INI-
patterns are TIAL and RIGHT-ALTERNATING for PE-

NULT and LEFT-ALTERNATING, respec-
strossed. tively. For example, in LB the ranking of
2. Stress is placed on every odd-numbered syllable CLASH and PEN-INITIAL over RIGHT-AL-
counting from the end of the word, excluding the TERNATING accounts for the stress pattern or
initial syllable. words with an odd number of light syllables, as
3. Every heavy syllable is stressed. in ooood or cooodad, as shown in Table 7.
4. Adjacent syllables may not both be stressed (no As can be seen by comparing Tables 4 and
stress clash). NN
the substitution of PENULT and LEFT-AL-
As with LA, each property of LB stress isTERNATING in LA with PEN-INITIAL and
individually attested in natural language stresRIGHT-ALTERNATING in LB produces mir-
systems and can be attributed to one or mo¥gr-image stress patterns in the two language
constraints that govern the location of stressyith identical constraint violations of their re-
This system can be accounted for with a variapective constraints. This aspect of the two lan
of the constraint set for LA. In particular, theguages can be further examined in Table €
PENULT and LEFT-ALTERNATING con- which lists all of the LA and LB forms that were
straints that govern LA have their counterpartgsed to train the participants.
in the constraints PEN-INITIAL (the pen-initial  Words.The words for the two experimental
syllable of a word must be stressed) anthnguages were created from the open (CV
RIGHT-ALTERNATING (there must be an al- syllables of the musical scale: do, re, mi, fa, s
ternating pattern of stressed—unstressed syllig; it, do. To this set we added a single heav
(CVC) syllable: “ton,” pronounced [to:r].The

1. The second (pen-initial) syllable of the word is

TABLE 6 2When stressed, the open syllables are produced with
CLASH > HEAVY tense dipthongal rime, e.g., [dow], [rej]. In unstressed po
sition, subjects varied in their productions, with some to-
kens produced with reduced vowels, e.gs][drs], and
other tokens produced with a tense vocalic rime, e.g., [dO]
[re], shorter in duration than the stressed counterparts. Thu

OHOLOOOT [(F0OEO000 OuOu000 Oyoao00T

CLASH *1 ;

HEAVY . . the open syllables of the experimental languages are mo

PENULT agcurately cha_racterized as CV: (or consonant—vowel

LEFT- glide), at least in stressed tokens. The open syllables col
ALTERNATING . % - trast with the heavy syllable primarily in the absence of a

(nonvocalic) coda consonant, which is the basis for ou
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TABLE 8
LA and LB Training Types (Number of Tokens)

Language A Language B
CLASH > HEAVY > PENULT >> LEFT- CLASH > HEAVY > PEN-INITIAL >
HEAVY PENULT ALTERNATING HEAVY PEN-INITIAL  RIGHT-ALTERNATING
aguouooo (28)  oyoo (28) agoooo (28) ooooyoy (28)  ooay (28) ooood (28)
Goyoyoao (28) Gody (28) godooaa (28) oooayouo (28) 0u00 (28) oooaaoa (28)
gooyoo (28) owoooaao (6) oooyo0 (28) oGoaaody (6)
agoooayoo (6) ogooyooao (28) 000,000 (6) ooooayoo (28)
ooGoaaay (28) ouoooaoa (28)

syllables of the musical scale were chosen bee mi” and “sola ton,” and words that demon-
cause of their familiarity. The sequential ordestrated the ranking of CLASH> HEAVY,
of the syllables was another important featursuch as “tm ton mi faso.”
that was exploited in constructing the words of Two sets of words were created, serving botl
the experimental languages. LA and LB: training words and test words. The
In both LA and LB, the CV syllables within training words for the two languages differed
a word were kept in the sequence defined by thenly in that the placement of stress and of the
musical scale. This sequence defines a loo@VC syllables occurred in mirror-image posi-
where “ti” can be followed by “do,” “do re,” tions. Each training word demonstrated a singl
and so on, continuing through the series. Wordsonstraint ranking from a set of three critical
were created by varying word length and theankings: for LA these rankings were CLASH
starting syllable of the word. Words had a min==> HEAVY, HEAVY >> PENULT, and PE-
imum of three syllables and a maximum ofNULT >> LEFT-ALTERNATING; for LB the
seven syllables. The CVC syllable “ton” coulddemonstrated rankings were CLASHs>>
be placed anywhere in the order. ExamplelEAVY, HEAVY >> PEN-INITIAL, and
words (with no stress indication) are mi fa so  PEN-INITIAL >> RIGHT-ALTERNATING.
la, la ton ti do re,andton ton mi fa so. Crucial to the design of the training set was tha
Words for LA and LB were constructed with none of the training words demonstrated a relz
the purpose of inducing conflict among the foutionship between HEAVY and LEFT-ALTER-
stress constraints. For example, LA includeSIATING (LA) or between HEAVY and
words with an odd number of CV syllables,RIGHT-ALTERNATING (LB).
such as “dore mifaso”or“mifasolatidore,” There were 11 different types of training
patterns which were seen above to lead to gimuli for each language, where a type refers t
conflict between PENULT and LEFT-ALTER- a group of seven words of the same length, witl
NATING. The stress pattern presented Ofhe syllable “ton” in the same position, and with
words such as these shows penultimate stresse words differing only in the initial syllable.
i.e., “dore mi faso” and “niifa sola ti dore,” For examplegdo re ton, re mi ton, mi fa ton, fa
and demonstrates the ranking of CLASH, PEso ton, so la ton, la ti tonandti do tonare all
NULT >> LEFT-ALTERNATING. Similarly, of the typecooy. Table 8 shows the different
there were words in LA that demonstrated theypes of words that were used in the training se
ranking of HEAVY => PENULT, such as “to  to demonstrate each of the three rankings, fc
both LA and LB.

choice of labels: “CV” for the open syllables and “CVC” for The test items probed transitivity in con-

the closed syllables. For further discussion of syllapitraint ranking by putting the constraints
weight, see the Appendix. HEAVY and LEFT-ALTERNATING (RIGHT-
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TABLE 9 TABLE 10
Seven-Syllable Test Item for LA: Conflict between Five-Syllable Test Item for LA: Conflict between
HEAVY and LEFT-ALTERNATING HEAVY and LEFT-ALTERNATING
TO00LO00 00004000 eexoomeroded ooLooo 00,000 TOLOOT
HEAVY *1 HEAVY *1
LEFT-ALTERNATING ** * LEFT-ALTERNATING *x *

ALTERNATING in LB) into drect conflet o piies the dominance of LEFT-ALTERNATING
- np 9 over HEAVY, defying transitivity.

set, participants were required to determine the Since the heavy syllable is in the middle of

placement of stress and thus had to confront ﬂ%ﬁe seven-svllable test words. the same iter
conflict between HEAVY and LEFT-ALTER- y T
goooyooo, Serves to test transitivity in LB,

/Tﬁ”t\lhee téStlvagL;,AvarEeRo%TrleNe(f " LT'?I)V'O his time putting HEAVY into conflict with
ypes. RIGHT-ALTERNATING.

thg_se types_had f|ve_syllables and_tested theThe five-syllable test type with “ton” in the
critical transitive relation for the trained lan- e .
second position (e.g., mi ton fa so la) teste

\?v?t?]g?hgnéy'”zlgﬁet?;g?},}%ﬁetggdf;?:{ﬁn iﬂ:?g:}e%ransitivity in LA only. Table 10 demonstrates
Y P the conflict between HEAVY and LEFT-AL-

(e.g., so latiton do re mi), and tested transitivit . . )
in both LA and LB. Table 9 illustrates theyl'ERNATING that arises in the evaluation of

conflict between HEAVY and LEFT-ALTER- s form in LA.

NATING that arises in the evaluation of this The flvejs_,yllable test type V_V'th ton™ in the
—fourth position (e.g., so la ti ton do) tested

form in LA. The first candidate succeeds Intransitivity in LB only, as shown in Table 11.

stressing the heavy syllable, but at the expen . . : -
of a LEET-ALTERNATING violation that Yhe possible test words wlth their transitive
stress patterns are shown in Table 12.

stems from its failure to stress the third syllable: . . o . .

. . . o Notice that if transitivity applies, the five-
This _candidate incurs a second violation Og llable transitive test items require the partici:
LEFT-ALTERNATING due to its failure to > 15TV g pe
é)ant to begin with an unstressed syllable in LA

. . or end with an unstressed syllable in LB. In
already establish the dominance of penult stress . o :
T order to give transitivity a stringent test, there
in this situation (see Table 4). The second can- - e i
. : were no training stimuli that began with an
didate fails to stress the heavy syllable, but : :
; . . -unstressed syllable in LA or ended with an
succeeds in placing stress on the first and thir

syllable, as required by LEFT-ALTERNAT- unstressed syllable in LB (see Table 8). Thi:
ING. The single violation of LEFT-ALTER- €ant that the word type of three CV syllables
NATING is due to the absence of stress on th oao) was not included in the training, because
fifth syllable, as with the other candidate, The'Ol" LA and LB stress these words on the
ranking between HEAVY and LEFT-ALTER- middle syllable. Other word types that begin
NATING will determine the choice between

these two candidates. The independent rankings TABLE 11
HEAVY > PENULT and PENULT>> LEFT- . _

. . Five-Syllable Test Item for LB: Conflict betw
ALTERNATING have been established in the ' peavy and RIGHT.ALTERNATING
training set, and transitivity gives HEAV'¥>
LEFT-ALTERNATING. Thus, the stress pat- gooa,0 Fo60oH TGTTuG

tern expected on the basis of transitive ranking

is the first candidate in Table $ood,060. :%}’TYALTERNATING . :
The stress pattern of the second candidate im=""_"

*|
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TABLE 12

LA and LB Test Words with the Transitive Stress Patterns Indicated

Seven-syllable test words
with LB stress pattern

LA five-syllable LB five-syllable
test words test words

Seven-syllable test words
with LA stress pattern

do ton re niifa
re ton mi faso
mi ton fa sola
fa ton so [ati

so t la fido
la ton ti dore

ti ton do remi

do remi ton fa
re mifa ton so
mi faso to la
fa sola ton ti

so [ati ton do
la fido ton re

ti do re ton mi

dore mi ton fa sola
femi fa ton so lati

mifa so fo la fi do
faso la fo ti dore

sola ti ton do remi
lati do ton re miifa
ti do re fon mi faso

do remi ton fa so la
re mifa ton so la fi
mi faso t la ti do
fa sola ton ti do re
so lati ton do re mi
la fi do ton re mi fa
ti dore ton mi fa so

with unstressed syllables in LA or end withers of stress typical of English such as a shorte
unstressed syllables in LB involve HEAVY in- vowel duration in unstressed syllables and a pitc
teracting with LEFT-ALTERNATING and peak on stressed vowels were present as we
hence they were already excluded from théfter seeing and hearing one example in the in
training stimuli because they place the criticastruction phase, participants repeated each of tl
(transitive) constraints in conflict. next 125 words after the experimenter, while als
viewing it on the computer screen. These con
Procedure sisted of all the words demonstrating HEA\®%
The experiment had four parts: a repetitioPENULT (PEN-INITIAL), PENULT (PEN-INI-
phase and a production phase during trainingJAL) >> LEFT-ALTERNATING (RIGHT-
four internal tests spaced throughout the preALTERNATING), and CLASH>> HEAVY ex-
duction phase, and a final test. cept those to be used in the internal tests. Each
Training. Participants were told that theythe words was presented to the participants twic
would be learning to pronounce words in a newduring the repetition phase at randomly deter
language and that this language differed frommined positions.
English in two ways. First, the syllables that The rest of the training consisted of a produc
made up the words were those from the musicébn task, in which participants saw a word on the
scale: do, re, mi, fa, so, la, and ti, as well as theomputer screen and had to pronounce it. If the
syllable “ton.” The second way that the newpronounced the word correctly, the experimente
language differed from English, they were toldtold them that they said it correctly and presente
was where it accented or stressed the words.the next word. If they pronounced the word incor-
Participants were given instructions for all fourectly, they were told the correct pronunciation
parts of the experiment before they began arehd had to correctly produce it twice before mov.
were reminded of the appropriate instructions dsg to the next word. The words in the production
they reached each section. The words were prehase consisted of all of the words used in th
sented visually on a computer screen and the sespetition phase, as well as three words each fro
sions were tape recorded. During the repetitiotwo of the types used in the internal tests but the
phase of the experiment, the experimenter sawlere not themselves selected for use in one of tt
each word with its correct pronunciation after iinternal tests. As in the repetition phase, partici
appeared on the computer screen. Stressed sypants saw each word twice at randomly detel
bles were differentiated from unstressed syllablesrined positions in the training. All of the words in
on this and all training items, most notablyboth the repetition and production training phase
through the use of vowel reduction in unstressedere presented individually and in a random orde
syllables. Because the participants and the expdor each subject. None of the words in eithel
imenter were native English speakers, other markmaining phase directly demonstrated the domi
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nance relation between the constraints HEAVYarly to the internal tests, to produce the word:
and LEFT-ALTERNATING (RIGHT-ALTER- without any feedback.
NATING in LB).

Internal tests.Four internal tests were pre-
sented during the production phase of the train- The recordings were analyzed to determin
ing session to assess learning and to acclimawdich syllables were stressed in the test word:s
the participants to producing the words withouf’ he main coding was done by the first author
feedback. Each test consisted of four word§ince all of the participants and coders wer
presented visually for production by the partichative English speakers, coders listened for ar
ipant. None of the words in the internal tests hagnd all of the markers of stress in English
been seen by the participants during trainingthese include vowel reduction in unstresset
Two of the words were of familiar types, mean-SYllables, vowel shortening in unstressed sylla
ing that although the participants had not seeP€s, and pitch peaks on stressed vowels. Co
the exact words in the internal tests, they haflg reliability was fairly good. We did two
seen words of that type during training, and twéeliability checks. The first used a subset of the
were of novel types (LAG. 0000, 00000y; data from the final test phase of Exper|ment3,a
LB: gooaay, owoaaa). Each type tested either_StUdy that had the same test materials as Expe
the HEAVY >> PENULT (PEN-INITIAL in [ment 1. A second independent colegreed
LB) domination order or the PENULT (PEN_WIth the main coder’s aSS|gnr_nent of stress val
INITIAL in LB) > LEFT-ALTERNATING ues to syllaple_s 93% of the time (based on 6!
(RIGHT-ALTERNATING in LB) domination words containing a total of 340 syllables). The

order. The internal tests were produced by raﬁ_econd check involved data from a study that i

domly selecting four words from each of thenOt presented here, but used similar procedure
nd the same materials as Experiment 1. (It

four internal test types. One word from each). . - .
yP ||nd|ngs were similar to those of Experiment 1).

type \I/vas ralndomly preser?ted Olln ?taChr:ntiT%nother independent second coder agreed wil
test. Internal tests were placed after the St‘ﬁe main coder’s assignments 96% of the tim

7ﬁrd, 10?12’ an_1_38th 'tems m;het_p_rodutctlg!ﬁased on 336 words containing 1904 syllables
phase ot Ihe training session. Farticipants iy .o ¢ responses during training were

not receive feedback on their productions durt'racked by the experimenter during the experi

ing the internal tests. mental session. The percentage of correct re

Final test. The participants in both languagesy, ;g during the production phase of trainin
were asked to pronounce the same word tyPgg, s 5494 overall and 64% during the last quar

during the 15-item final test. Five of the items,, o the production phase of training.
tested for transitivity in both Ianguaggs (seven- Responses for the critical test items were
syllable test words; e.g., fa so la ton ti do re), 35¢h put into one of seven categories for bot

tested for transitivity in LA only (five-syllable fijye- and seven-syllable test words. The firs
test words; e.g., re ton mi fa so), and 5 tested for
transitivity in LB only (five-syllable test words; s s\ coding, including the reliability checks, was done
e.g., do re mi ton fa). Five of seven possible tesh responses that were blocked by speakers. This makes
words of each type were randomly selected forasier to hear the intended stress patterns, because speal
each participant such that each saw 10 te@ffer in speech rate and other factors that impact timing o
. . ' vowel reduction. A consequence of this blocking is that the
items (5 f'Ve'S}’_”ab'e and 5_ Sev_en'sy"ab!e) thalecong coders, even though they were not explicitly in
put the two critical constraints into conflict for formed of the condition in which each speaker participated
the language they were trained on and 5 tesén easily hear differences that indicate the training lan
items that put the two critical constraints intgouage. Thus, the reliability check is not blind with respect to
conflict for the Ianguage they were not traine(iainin_g language. H_owev_er, the check on the coding fron
. . xperiment 3 was blind with respect to the key condition of
on. The final test came directly after the fourthna experiment, whether seven-syliable items were in

internal test, and participants were asked, simétuded or not in the training set.

Results
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TABLE 13

Mean Percentages of Response Types Produced for Five- and Seven-Syllable Tessbems (

Template A Opposite
(critical Template Template language CLASH
Transitive  nontransitive) B C transitive  violations Other

LA

Five-syllable 36 (28) 32 (36) 2 (6) 2 (6) NA 16 (30) 12 (19)

Seven-syllable 24 (26) 34 (25) 12 (17) 8 (10) 2 (6) 10 (17) 10 (14)
LB

Five-syllable 24 (28) 16 (16) 10 (17) 38 (29) NA 8 (10) 4(8)

Seven-syllable 32(19) 24 (32) 6 (10) 10 (14) 0(0) 18 (20) 10 (11)

* Opposite language Transitive responses are not possible on the five-syllable critical test items for a given languag
the five-syllable items only test transitivity for one language or the other. For example, the five-syllable critical test i
for LA had the formoo,ooo. This cannot be given a transitive pattern for LB regardless of how it is stressed because
test item’s “ton” is in the wrong place. Opposite language responses were seen on five syllable items only for those
that tested transitivity in the opposite language. Since responses to those items were not included in Table 13, o
language transitive responses for five-syllable items are not shown even though they occurred in both languages.

category,transitive responseswere those re- sponses had strictly alternating stress pattert
sponses that perfectly followed the grammar dfeginning on the first syllable and ending or
the language the participants had been traingkde final syllable in both LA and LB
in. Collapsing over languages, this categortA: =~~~ LB:
contained 29% of the responses. The seconrd_ =~~~ , ~ =~ "~ ~ “). Template -B
category, opposite language transitive re-patterns occurred on 7.5% of the response
sponsesconsisted of responses that would hav&hey may have been relatively infrequent be
been transitive responses had the participantause five-syllable items with the Template E
been trained in the other language. This catstress pattern were used only in the internal tes
gory contained 6% of the responses on the teahd therefore could be used only to model stres
items allowing such responses. The third catgeatterns during the later tests to the degree th
gory, CLASH violationscontaining 13% of the they were produced correctly during the interna
responses, consisted of all of the responses thasts. Finallytemplate-Cresponses were char-
stressed two or more contiguous syllables. Thacterized by alternating stress with two adjacer
next three categories consist of what will bainstressed syllables at either the end of the wo
referred to as “template” responses. These ré-A) or the begmnlng of the word (LB)
sponses had stress patterns identical to those(bf: ;7;77, 7777777 ; LB:
words of the same syllable length seen during _ =~ ~, "~ "~ ° " ). Template-C
training. There were three possible stress pamccounts for 14.5% of the responses. All of the
terns seen during training for five- and for sevtemplate responses are suboptimal to the tral
en-syllable words from which templates couldsitive response since each violates the highl
be derived. For both the five- and seven-syllablenked constraint HEAVY in favor of satisfying
test words, there were three possible templatdswer ranked alignment constraints. The fina
A, B, and C. Intemplate-Aresponses, there arecategory,Other response$9%), consisted of
two adjacent unstressed syllables before thany other responses to the critical test items &
penultimate syllable (in LA) or after the pen-well as responses for which the main coder wa
|n|t|al syIIabIe (in LB) (LA: ~ " __, unsure of the stress pattern produced for th:

7777777 ; LB: _ -, token. The percentages of each type of respon

7777777 " ). These patterns accountechre given in Table 13 broken down by languagt
for 26.5% of the responsed.emplate-Bre- and test type.
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All statistical tests evaluating the transitivityby the two language groupg18) = .21,p >
hypotheses in this and subsequent experimen@s.
consisted of planned comparisons involving the
number of transitive responses given and how
often some other kind of response occurred. The results of Experiment 1 give support for
Because these numbers are not independent, avdransitive constraint system under the wea
used a nonparametric test appropriate for pairgdst of transitivity. Participants were nearly five
data, the Wilcoxon. To gain power, we com+imes as likely to give the transitive response fo
puted the following tests including participantghe language they were trained in than the on
trained in both languages. We do, howevethey were not trained in. This, combined with
present the means broken down by languadke fact that there were no differences betwee
group. the number of transitive responses produced k

Two tests of transitivity were carried out, aeach language group, demonstrates that the r
weak test and a strong test. The weak test wasponses were due to the training the participan
comparison between the number of transitiveeceived rather than their previous knowledg
responses and opposite language transitive ref English or some idiosyncrasy of one of the
sponses. More test items were produced witlanguages.
the transitive stress pattern (29%) than with the The strong test of transitivity, however, does
opposite language transitive stress pattern (6%j)ot support a strictly ranked constraint systemnr
This difference was significanZ(= —3.64,p < In order for a transitive relationship to be dem-
.05). The weak test shows that participants didnstrated, participants must show that, at lea:
learn something from their training and whaton a given trial, the trained relationships
ever they learned increased their tendency t8EAVY >> PENULT(PEN-INITIAL) and
give the correct stress pattern on the test 6(FENULT(PEN-INITIAL) > LEFT-ALTER-
transitivity. Any such tendency cannot be attribNATING(RIGHT-ALTERNATING) were fol-
uted solely to their knowledge of English or anylowed. The only responses that correctly dem
other previous knowledge. onstrate both of these relations are the transitiv

The strong test for transitivity was a com-responses themselves and the critical nontrans
parison between the number of transitive retive responses (template-A). When these rele
sponses produced and the number of tenionships were satisfied, however, the transitiv
plate-A responses produced. This comparisaelationship between the constraints HEAVY
is crucial because template-A responseand LEFT-ALTERNATING(RIGHT-ALTER-
A -~ -~ -~ 7 ;LB: NATING) was satisfied only 56% of the time
S, 7)) are what for five-syllable words (30% transitive versus
would be expected on the test items if th&4% critical nontransitive) and 49% of the time
explicitly demonstrated constraint relationdor seven-syllable words (28% transitive versu:
are learned, yet LEFT-ALTERNATING- 29% critical nontransitive). If participants failed
(RIGHT-ALTERNATING) was satisfied over to apply transitivity, they would be equally
HEAVY, thus violating transitivity. Tem- likely to produce a form showing HEAVY>>
plate-A responses will, therefore, also be retEFT-ALTERNATING(RIGHT-ALTERNAT-
ferred to as thecritical nontransitive re- ING) and one showing LEFT-ALTERNAT-
sponsesThis test did not reach significance aING(RIGHT-ALTERNATING) >> HEAVY.
the .05 level for either the five-syllable testHence, by chance, one would expect these pe
words (transitive= 30%, critical nontransi- centages to be 50%, and the obtained percer
tive = 24%),Z = —0.60,p > .05, or for the ages do not differ significantly from this. The
seven-syllable test words (transitive 28%, results suggest that, when faced with a cor
critical nontransitive= 29%), Z = —0.04, straint conflict that they had not experienced
p > .05. Finally, no differences were found inparticipants chose to satisfy each of the con
the number of transitive responses producestraints an equal number of times.

Discussion
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The failure of the strong test of transitivityitems (transitive = 15%, critical nontransi-
could indicate that speakers do not use a rankéige = 35%),Z = 1.11,p > .05.
constraint system to determine the pronuncia- Increasing the amount of training thus did no
tion of novel forms. Alternatively, 30 min of increase the likelihood of transitive responses
training may not have been enough to developla fact, only 22% of the responses in the ex:
solid constraint system. A small experiment watended training experiment had the transitive
therefore carried out to assess the effects efress pattern compared to 29% of the respons
extended training in the two languages. in Experiment 1. As in Experiment 1, there was
no difference between the number of transitive
and critical nontransitive (template-A) re-
To determine if insufficient learning of the sponses. On the responses that satisfied all tl
artificial languages was responsible for the rezonstraint relationships demonstrated durin
sults of Experiment 1, an experiment in whichraining, transitivity was followed only 37% of
participants were trained in the languages for the time. As mentioned earlier, this could be du
days before final testing was carried out. Ther® the absence of a strictly ranked constrain
were internal tests analogous to those of Expesystem.
iment 1 after the first, second, and third days. However, examination of all of the nontran-
The experiment had a procedure very similar teitive responses suggests another interpretatic
that of Experiment 1. The same training words$n the extended training experiment, 62% of the
and constraint systems used in Experiment responses on items that test for transitivity ha
were used here. The only difference in the stimidentical stress patterns to words of the sam
uli was the addition of a six-syllable test typesyllable length that were seen during training
for each language LA: odyoo00; LB: Thatis, they fit one of the template patterns. Ir
ogoodyo). Because of the addition of theseExperiment 1, such patterns comprised 49% c
test types, the final test contained 25 items. the responses. Thus, the participants may ha
Four participants were each trained for 4leveloped metrical templates for words with &
days. All four participants were 100% correctertain number of syllables (regardless of the
on the internal test that occurred after the thir€V structure of the syllable) and then appliec
day of training and on the training session othese templates to the novel forms.
day 4, thus achieving the goal of excellent Evidence that stress patterns can be store
learning of the trained stimulus types. The testeparately from a word’s segmental informatior
words were presented for the first time at thean be seen in studies of the tip-of-the-tongu
end of the fourth session. As in Experiment 1phenomenon (Brown & McNeill, 1966; Meyer
there were more transitive (22%) than opposit& Bock, 1992; Rubin, 1975) and implicit prim-
language transitive responses (0%). Eveing studies (Roelofs & Meyer, 1998). The tip-
though there were no opposite language transi-the-tongue state is one in which a speaker hé
tive responses, this comparison did not quitan intense feeling of knowing a word, without
reach statistical significance due to the smalieing able to produce it. Quite often, ever
number of participantsZ = —1.84,p = .07.  though the word’s segments can not be re
The strong tests of transitivity, comparing thdrieved, the speaker is able to correctly repor
number of transitive responses with the numbehe number of syllables the word contains an
of critical nontransitive (template-A) responsesgive evidence of knowing word'’s stress patterr
were, as before, unsuccessful for both five-syhs well. The basis of this knowledge could be
lable test items (transitive= 5%, critical non- metrical templates.
transitive = 40%), Z = 1.63, p > .05, and Further evidence that a word’s metrical struc:
seven-syllable test items (transitive 45%, ture may be stored in a form independent nc
critical nontransitive= 35%),Z = .00,p > .05. only of segmental information but also of CV
The strong test also showed no preference fatructure is given by Roelofs and Meyer (1998)
transitive responses for the new six-syllable tesh a series of implicit priming experiments,

Performance under Extended Training
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Roelofs and Meyer presented participants wittive responses, by design, were completel
Dutch word pairs in sets in which the targenovel patterns and thus lacked templates arisin
words were either held constant or varied wittirom training. Therefore, the transitive and crit-
regard to segmental overlap, the number of syleal nontransitive responses may be produce
lables, main stress position, and CV structurday two different processes. The former is pro-
The participants were then required to quicklduced by a system of violable constraints an
recall the second word of each of the word pairthe later by a system associating words of
from the set they saw. Roelofs and Meyecertain syllable length to stored metrical tem-
showed that priming due to shared word onsetdates. Experiment 2 was carried out to examin
occurred only when the number of syllables anthis hypothesis.

their stress patterns were held constant. They

interpreted this as evidence of independently EXPERIMENT 2

stored metrical frames, or what is referred to If output forms are determined by two differ-
here as metrical templates. Interestingly, C\ént processes, a ranked constraint system anc
structure did not play a role in priming, suggestsystem of metrical templates, then if one of
ing that CV structure is not encoded in thehese systems can be rendered ineffectual, ot
metrical frames. This could explain why a metput forms will have to be determined by the
rical template from a word with a different CV other system. Experiment 2 attempts to do thi
structure but same number of syllables could h@y adding a condition to the procedures used i
associated to the test words in Experiment Experiment 1 in which participants are nevel
Recently, Levelt, Roelofs, and Meyer (1999presented with seven-syllable words during
amended the proposal of Roelofs and Meyaraining. Because they never see or hear ar
(1998). They kept the idea that there are storegkven-syllable words during training, the partic-
metrical frames that lack CV structure, but onlyipants in thisholdout condition will not have
for lexical items that do not follow the defaultany words of this length in the artificial lan-
stress pattern for the language. guages from which to build templates. They

These studies support the idea that knowshould, therefore, show more evidence of tran
words are associated with metrical templatesitivity on the strong test with the seven-syllable
(lacking CV structure) and that words using theest items than with the five-syllable test items
same pattern activate a common template. Thg than the seven-syllable and five-syllable tes
existence of shared templates, across wordgems for the participants in théull, or non-
suggests that templatic information can b@oldout, condition.
transfered to novel items that match on syllable
length. Thus, a speaker knows how to stress the Method
new string faso lati because the template
_ __ is stored.

These stored templates may have been re-Forty native English-speaking undergraduats
sponsible for the failure of the strong tests ostudents from the University of lllinois partici-
transitivity in Experiment 1. Since none of thepated in exchange for either credit toward ¢
training words in these experiments pugourse requirement or $5. All participants were
HEAVY and LEFT-ALTERNATING (RIGHT- randomly and equally assigned to one of twc
ALTERNATING) into conflict, any five- and language conditions (LA and LB) and one of
seven-syllable training words that did not putwo training conditions (holdout condition and
HEAVY and PENULT (PEN-INITIAL) into full condition).
conflict necessarily had the same stress pattern )
as that of the critical nontransitive responsestimulus Materials
The critical nontransitive responses thus have The same constraint systems and words use
the unfair advantage of being associated witduring the training of Experiment 1 were used
frequently used templates, whereas the trangdiere. The main difference between Experiment

Participants
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TABLE 14
Experiment 2, LA and LB Training Types

Language A Language B
PEN-INITIAL >
CLASH > HEAVY > PENULT > LEFT- CLASH > HEAVY > RIGHT-
HEAVY PENULT ALTERNATING HEAVY PEN-INITIAL ALTERNATING
ononoao (22/38) ooy (21/38) oooao (22/38) oooopoy (22/38) onoa (21/38) ooooo (22/38)
ooyopooo (21/36)  Goaoay (22/38) opoooo (22/38) oooouono (21/36)  Gpoood (22/38) ooooay (22/38)
agoayoo (23/38) goagooao (28/0) ogoauod (23/38) ooooaod (28/0)
gooooyoo (27/0) gooyoooo (28/0) oooyoaoa (27/0) ooooouod (28/0)
godoooay (28/0) auoaoaod (28/0)

Note.Number of tokens in full condition/number of tokens in holdout condition.

1 and 2 was the addition of the holdout condiProcedure
tion within each language. Since the holdout
condition eliminated a number of the trainingt . : :
. . 0 Experiment 1 with one exception. In contras
items, two internal test types held out from[ : : .

L . . . to Experiment 1, 10 final test lists were ran-
training in Experiment 1 were used during train- .
S ) domly generated, and each was given to on
ing in Experiment 2 so that there would be a _ .~ ; L
reat enough variety in the training stimuli topartlupant in each of the four conditions (LA
g o . . . full, LA holdout, LB full, LB holdout). Thus,
demonstrate the critical constraint relat|onsh|psé.ne articipant from each of the arouns wa
One of these demonstrated the HEAVY particip . group ‘

. L . tested with the same 15 test items in the sam

PENULT relationship in LAgooooy, and the random pattern
HEAVY >> PEN-INITIAL relationship in LB, P '
oyoooo. The other demonstrated the PENULT
>> LEFT-ALTERNATING relationship in LA,
oyoooo, and the PEN-INITIAL > RIGHT- The percentage of correct responses durin
ALTERNATING relationship in LBggoody. the production phase of training was 69% over
In addition, in order to keep the same relativall and 72% during the last quarter of the pro-
number of training types that demonstrate thduction phase of training. For the test items
two critical constraint relationships and tothere were no differences in the overall numbe
maintain the same number of five- and severof transitive responses produced by the twq
syllable training types, the LA types, oo and language groups$,(38) = 0.65,p > .05. Again,
oyooooo and the LB typesoodg, and there were more transitive responses (full con
ooooooy were not used. The training typesdition = 22%; holdout condition= 31%) than
and the number of tokens used in Experiment @pposite language transitive responses (fu
are given in Table 14. condition= 3%; holdout condition= 3%), full:

To keep Experiments 1 and 2 comparabl& = —3.16,p < .05; holdoutZ = —3.46,p <
and to accustom the participants to readind5, demonstrating that the transitive response
these words without any feedback, internal testven by both language groups can be attribute
were performed in a manner similar to that ofo some aspect of the training. Percentages ¢
Experiment 1. The internal test items, in conresponse types are given in Table 15.
trast to Experiment 1, were training items that The major comparison of interest in Experi-
participants had seen previously. The same finalent 2 was the strong test of transitivity, com-
test items used in Experiment 1 were used duparing the transitive responses with the critica
ing the final test of Experiment 2. nontransitive (template-A) responses. If the hy

Experiment 2 was run in an identical fashion

Results
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TABLE 15

Percentages of Response Types Produced for Five- and Seven-Syllable TesSEgms (

Template A Opposite
(critical Template Template language CLASH
Transitive  nontransitive) B C transitive  violations Other
LA
Full
Five-syllable 32 (37) 24 (31) 20 (30) 12 (32) NA 10 (17) 2 (6)
Seven-syllable 6 (14) 22 (27) 26 (31) 0(0) 2 (6) 30 (41) 14 (27)
Holdout
Five-syllable 36 (37) 18 (14) 20 (28) 2 (6) NA 16 (18) 8 (10)
Seven-syllable 20 (42) 14 (21) 18 (29) 2 (6) 0(0) 26 (25) 20 (25)
LB
Full
Five-syllable 14 (25) 26 (21) 4(8) 38 (27) NA 2 (6) 16 (25)
Seven-syllable 34 (33) 6 (10) 6 (10) 16 (18) 0(0) 4(13) 34 (23)
Holdout
Five-syllable 16 (28) 32(25) 8 (10) 22 (27) NA 10 (14) 12 (21)
Seven-syllable 52 (25) 2 (6) 0(0) 16 (16) 0(0) 8 (10) 22 (24)

pothesis of competing constraint and templateal nontransitive stress patterns were giver
systems is correct, we would expect to see moreither the holdout or full conditions produced
evidence of transitivity on the strong test wheignificantly more transitive (holdout 26%;
there were no training words from which tofull = 23%) than critical nontransitive re-
develop templates, as was the case with trgponses (holdout 25%; full = 25%), holdout:
seven-syllable test items in the holdout condiZz = 0.05,p > .05; full: Z = .22,p > .05. The
tion. However, no more success than in Expeevidence for transitivity in the holdout condi-
iment 1 should be expected for the strong test®on for seven-syllable items came from both
of transitivity on the five-syllable test items forlanguages. In LA, transitive responses increase
the holdout condition or for the five- and sevenfrom 6 to 20% from the full to the holdout
syllable test items for the full condition sinceconditions, while critical nontransitive re-
words were available during training in all ofsponses decreased from 22 to 14%. In LB, holc
these cases from which to build templates. Agsg out seven-syllable training items increaset
expected, more transitive responses (36%) wetansitive responses from 34 to 52% and de
produced for the seven-syllable test items thaecreased critical nontransitive responses from
critical nontransitive responses (8%) in the&o 2%.
holdout conditionZ = —2.37,p < .05. There

was, however, no significant difference between

the number of transitive responses (20%) and When the number of transitive responses i
critical nontransitive responses for the severesompared to the number of critical nontransitive
syllable items in the full condition (149 = responses for the five-syllable test items, ther
0.71,p > .05. The other comparisons of interesare no differences for either the full or holdout
were between the five-syllable transitive reeonditions. This might be expected based ol
sponses and the five-syllable critical nontranskExperiment 1 since both groups saw five-sylla
tive responses produced in both the holdout artale training words and therefore were able tc
full conditions. Similarly to Experiment 1, form templates for these items. When the sever
where five-syllable training items with the crit-syllable test items are considered, there wa

Discussion
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again no difference for the full condition, with conditions (LA full, LA holdout, LB full, LB
transitivity applying on 59% of the responsesoldout).

for which all of the demonstrated constraint )

relationships were followed (20% transitiveStimulus Materials
versus 14% critical nontransitive). This is most The same training types used in Experiment '
likely due to the fact that the participants in thisvere used, as well as the LA type oo and the
group saw seven-syllable words during training.B type cody. These types demonstrate the
However, when the seven-syllable items fronHEAVY >> PENULT(PEN-INITIAL) relation-
the holdout condition are considered, there aghip and were added to partly offset an increase
many more transitive responses produced thdrequency of tokens demonstrating the PENULT
critical nontransitive responses. When all of thes>> LEFT-ALTERNATING (RIGHT-ALTER-
constraint relationships directly demonstrateBlATING) constraint relationship. The number of
during training were followed, transitivity was words given during training that demonstrate thi
applied 82% of the time (36% transitive versuselationship were increased after a pilot study us
8% critical nontransitive). This difference con-ing the procedure employed in Experiment 3 in:
forms to the expected results since there wenicated that participants had slightly more trouble
no seven-syllable words seen during traininggarning the PENULT>>> LEFT-ALTERNAT-
from which to develop templates. The results ofNG (RIGHT-ALTERNATING) constraint rela-
Experiment 2 thus support the hypothesis of #ionship than the others. To remedy this, we dou
two-process system, one using ranked cofled the number of times each of the words
straints and the other associating inputs tdemonstrating this relationship was shown. Thi

stored templates. provided only slightly more demonstrations of the
PENULT > LEFT-ALTERNATING (RIGHT-
EXPERIMENT 3 ALTERNATING) relationship than the HEAVY

Experiment 2 provided evidence of a transi=> PENULT relationShip since there were Only
tive constraint system as well as a system théve types demonstrating PENUL®> LEFT-AL-
matches input to previously stored templates. AERNATING (RIGHT-ALTERNATING) and
third experiment using the same basic desigsix that demonstrated HEAV¥>> PENULT. Ta-
was run to replicate the findings of Experimenble 16 shows the training types and their frequer
2. Experiment 3 differed from the previous oneies.
by el|m|_n§tt|ng the production ph_a_s_e of trammgProcedure
so participants learned the artificial language
only by hearing and repeating the training All materials, including auditory presentation
items. This greatly simplified training from theof the instructions, training words, and feed-
participant’s perspective. Repeating what i§ack, were presented by a computer. When tr
heard can be done largely without error. Thigarticipant indicated that she or he was ready t
nearly error-free training procedure was chosepegin, the experimenter pressed a key to beg
in an effort to reduce the likelihood of partici-the instructions. The direction “please listen
pants employing conscious strategies to leaggrefully to the following instructions” ap-

the experimental languages. peared on the screen, and an audio file contail
ing the prerecorded instructions began. Th
Method words on the screen were replaced by the e

ample word “fa so la ti do” at a point in the
instructions demonstrating what a word in the

Twenty native English-speaking undergradulanguage would look and sound like. The only
ates from the University of lllinois participateddifference in the instructions for LA and LB
in exchange for either credit toward a coursgas the sound file used for demonstration of th
requirement or $5. Five participants were ranpronunciation for the example word. There
domly assigned to each of the four experimentalere no differences between the instructions fc

Participants
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TABLE 16
Experiment 3, LA and LB Training Types

Language A Language B
PEN-INITIAL >
CLASH > HEAVY > PENULT > LEFT- CLASH > HEAVY > RIGHT-
HEAVY PENULT ALTERNATING HEAVY PEN-INITIAL ALTERNATING
auopoao (14/14) onoo (14/14) goooo (28/56) oooouoy (14/14) ooy (14/14) odooo (28/56)
agoyonooo (14/114) ooy (14/14) onoooo (28/56) ooooyono (14/14)  Guodo (14/14) oooady (28/56)
goaaay (14/28) goaaaao (28/0) aguoaod (14/28) ooooaod (28/0)
oooyoo (14/28) ouoooooo (28/0) oooyoo (14/28) oooooaay (28/0)
goooayoo (14/0) ogoouoaod (14/0)
agooaaoay (14/0) ouoooaada (14/0)

Note.Number of tokens in full condition/number of tokens in holdout condition.

the holdout and non-holdout conditions. At thelest

end of the instructions, the participant was after the training phase, participants hearc
given the opportunity to ask questions. The X3 saw the words “please read the following
perimenterthen presse_d a key to begin the traigyords.” They then were presented with visua
ing phase of the experiment. but not auditory representations of all 21 possi

Training. To add an extra measure of controlpje test words used in Experiments 1 and :
one token of each word for both languages wagraple 6). After the participant produced eact
digitally recorded and stored on the computeiyord, the experimenter pressed a key tha
Although the participants in the holdout conditjeared the screen for 1000 ms and present

tion did not encounter all of the possible traintne next test item. All test items were presente:
ing words, the words that both the holdout ang, random order.

non-holdout conditions did hear had exactly the
same pronunciation. Results

At the beginning of the training session, the Training words were produced with 99% ac-
participants saw on the computer screen angliracy. For the test items, no differences wer
heard the computer “say” “please repeat thfound in the overall number of transitive re-
following words.” The participants then had tosponses between the two language groups,
repeat the next 224 words. The words wergl8) = —.71,p > .05. As in the other experi-
presented visually for 1000 ms, and then thments, there were more transitive response
words were presented auditorily by the com¢full condition = 16%; holdout condition=
puter while the word remained on the screen. 87%) than opposite language transitive re
the participant repeated the word correctly, theponses (full condition= 1%; holdout condi-
experimenter pressed a button and the computgwn = 1%), full: Z = —3.11,p < .05; holdout:
said “correct.” The screen then went blank foZz = —3.55, p < .05, demonstrating that the
1000 ms and the next word was presented. Ifansitive responses given by both languag
word was pronounced incorrectly, the experigroups can be attributed to some aspect of th
menter pressed a key that played an audio fiteaining. Percentages of response types a
saying “the correct pronunciation is” and thergiven in Table 17.
the word’s sound file was played again. The As in Experiment 2, the major comparison of
participants then had to repeat the word agaimterest was the strong test of transitivity, com-
All training items were presented in randonparing the transitive responses with the critica
order. nontransitive (template-A) responses. Again
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TABLE 17

Percentages of Response Types Produced for Five- and Seven-Syllable TesSEgms (

Template A Opposite
(critical Template Template language CLASH
Transitive  nontransitive) B C transitive  violations Other
LA
Full
Five-syllable 23 (30) 26 (26) 11 (16) 9 (19) NA 17 (31) 14 (20)
Seven-syllable 9(13) 20 (31) 9 (13) 17 (26) 0(0) 14 (18) 31 (42)
Holdout
Five-syllable 23(22) 14 (18) 26 (26) 17 (26) NA 11 (12) 39 (18)
Seven-syllable 40 (23) 0(0) 9 (13) 6 (8) 0(0) 26 (31) 20 (13)
LB
Full
Five-syllable 20 (13) 14 (20) 6 (8) 23 (16) NA 29 (20) 9(8)
Seven-syllable 14 (18) 9 (19) 3(6) 17 (16) 0(0) 23 (16) 34 (13)
Holdout
Five-syllable 17 (16) 37 (22) 0 (0) 14 (25) NA 20(22) 11 (19)
Seven-syllable 66 (28) 0(0) 0(0) 11 (19) 0(0) 11 (19) 11 (26)

more transitive responses (53%) were producdbm 14 to 66% and decreased critical nontran
for the seven-syllable test items than criticabitive responses from 9 to 0%.

nontransitive responses (0%) in the holdout

condition, Z = —2.82,p < .05. Also as in Discussion

Experiment 2, there was no significant differ- Experiment 3 provides strong evidence ir

ence between the number of transitive responsgﬁpport of the dual-system hypothesis of com
(11%) and critical r_10ntrar_13itive responses fo{)eting template and constraint systems. Whe
the seven-syllable items in the full Con_d't'onparticipants were given words during training
(14%),Z = 0.0,p > .05. The other comparisonst.o m which they could derive templates, as with
of interest were between the five-syllable trange fiye-syllable words in both the full and hold-
sitive responses and the five-syllable criticah; conditions and the seven-syllable words ir
nontransitive responses produced in both thge Il condition, participants were just as
holdout and full conditions. As before, neither"ke|y to give a transitive response pattern as
the holdout or full conditions produced Signiﬁ'template response pattern when they satisfie

cantly more transitive (holdout 20%; full = gl of the constraint relationships directly dem-
21%) than critical nontransitive responsegnstrated during training. When there were n
(holdout = 26%; full = 20%), holdout:Z =  words from which to build templates, however,

0.539,p > .05; full: Z= —0.18,p > .05. To a as with the seven-syllable words in the holdou
greater degree than in Experiment 2, evidenagndition, the transitive stress patterns wer
for transitivity in the holdout condition for given 100% of the time that the constraint rela
seven-syllable items came from both languagegionships demonstrated during training, anc
In LA, transitive responses increased from 9 taeeded for the transitive system, were correctl
40% from the full to the holdout condition, applied in the test words (53% transitive versu:
while critical nontransitive responses decreaseéi critical nontransitive). The evidence of tran-
from 20 to 0%. In LB, holding out seven-sylla-sitivity was stronger in this experiment than in
ble training items increased transitive responseise previous one. We believe that the changes |
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the procedures were responsible. Participangponses showing that & A. Most of the
learned the sound patterns in the artificial lanerroneous responses given to test items, hov
guage simply by listening and repeating. ever, exhibited stress patterns identical to thos
Although the results of this experiment wereof training words with the same number of
strongly in line with the expectations of thesyllables. This led to our dual-system hypothe
dual-system hypothesis, one may questiosis: Words are produced by two competing pro
whether our participants were learning somezesses, one governed by a transitive constrai
thing that corresponds to a linguistic stress sysystem and the other consisting of a set of store
tem, as opposed to some sort of nonlinguistimetrical templates.
rhythmic pattern. One way to test this is to Experiment 2 tested the dual-system hypoth
examine the data of those participants who amsis by creating a condition in which seven
most likely to be treating the task linguistically.syllable test items could not be stressed from
If these participants do not show the predictetemplate derived during training. As expected
pattern of results, then we would have reasoevidence of transitivity was then found with the
for concern. The participants who most clearlgtrong test. Specifically, 82% of the seven-syl
treated the task as that of learning a stress syiable test responses in the holdout condition the
tem were those who reduced stressless syllaxhibited the demonstrated constraint relation
bles, importing this property from their nativewere consistent with transitivity. In the third
language, English. The data of the seven partiexperiment, which used a simplified training
ipants who did reduce most clearly (2 LA full, 3procedure, 100% of these responses were tra
LB full, O LA holdout, 2 LB holdout) provided sitive. When items could be assigned stres
strong support for the dual-system hypothesidtom a template derived from training in all of
There was no difference between the number dfie experiments, there was no unambiguous e
seven-syllable transitive and critical nontransiidence for transitivity.
tive responses produced by the participants who The idea that language forms are compute
reduced in the full condition. Both types werefrom a grammatical system as well as from
produced at a rate of 14%. Participants wheome kind of memory system or lexicon is a
reduced in the holdout condition, however, procommon theoretical claim in psycholinguistics.
duced 79% of the seven-syllable critical tesExamples include dual-system approaches 1
items with the transitive stress pattern and normmegular and irregular morphology (e.g., Pinker
with the critical nontransitive pattern. Although1991), word reading (e.g., Coltheart, Curtis, At-
these percentages do not reflect a large numbeéns, & Haller, 1993), and, most relevant to our
of trials, they show that the speakers whoesearch, Levelt et al.’'s (1999) account of the
marked stress most naturally had data consistgmioduction of regular and irregular metrical pat-
with that shown by the full set of participants.terns.
The claim that output can come from a gen:
GENERAL DISCUSSION eral rule-like process acting in concert or in
Our three experiments tested the validity of @ompetition with a memory-based system is no
key assumption of Optimality Theory, namelyrestricted to the language domain. Logan'’
that the relation of dominance between con1988) theory of automaticity proposes that re
straints is subject to transitivity. Experiment 1sponses in many tasks arise from either an a
showed that responses reflecting transitivity digorithm (analogous to a grammar) or from the
occur as a result of learning an artificial lan+etrieval of an instance (a specific memory fol
guage. The strong test of transitivity, howeverprior performance of that specific task). In Lo-
which directly compared transitive responses tgan’s theory, the algorithm and the instance
the alternative critical nontransitive responsesompete. Similarly, some models of categoriza
did not yield evidence for the application oftion (Nosofsky, Palmeri, & McKinley, 1994;
transitivity. Responses showing that Constrairirickson & Kruschke, 1998) hypothesize that
A > Constraint C were just as likely as redearners both store exemplars and induce rule
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The two systems compete, but output can beonstraints such as those used in our exper
based on computations from both systemments. If the metrical templates proposed b
(Erickson & Kruschke, 1998). Gerken (1991, 1994) can be thought of as struc
In our view, the transitive responses in outural constraints requiring utterances to fit fre-
study arise from the generalization capabilitieguently heard patterns in the language, syllabl
of the induced grammar, a grammar that ismissions would be a reasonable approach
defined by the relative rank or strength of consuch a fitting. Adult grammars, however, have
straints. The alternative template responses, the Faithfulness constraints ranked higher an
contrast, reflect the memorization of templatewould thus prohibit such syllable omissions, a:
and their application to novel words. Our find4s indeed the case (for English, at least).
ings suggest that when a template it available, it While the hypothesized template systen
is often used. meshes with much of current psycholinguistic
The hypothesized template system is consalata and theory, it remains unclear what role a
nant with much psycholinguistic theory andOT-like constraint system plays during online
data. Evidence for metrical templates has begroduction or perception. Our finding that tran-
provided for adults (Roelofs & Meyer, 1998) assitive responses are in evidence when there isr
well as for children (Gerken, 1991, 1994). Thevailable template tells us that learners hav
implicit priming studies of Roelofs and Meyerpicked up information that is, at least, associ
(1998) suggest that stress is stored in metricated with the OT constraints and that they hav
frames independently of the word’s segments atetermined something of the relative strength o
even CV structure. This is very similar to thethese information sources.
proposal of metrical templates being offered by We speculate that the constraints are directl
this study. Gerken (1991, 1994) accounts for theepresented as weighted sources of activatic
widely observed phenomenon of weak syllabléhat bias for particular phonological outputs.
omissions in child language through a moddror example, any heavy syllable (or some ger
incorporating both rules for generating struceral symbol or node representing “heaviness”
tures, and metrical templates representing thveould be associated with a very strong connec
most frequent pattern seen in the language, tmn weight between it and the assignment o
which structures can be fit. Gerken (1991) prostress. Similarly, the assignment of stress to arn
poses that English-speaking children may desyllable would compete, for example, thougt
velop trochaic templates due to their observanutual inhibitory connections, with that to any
tion that this is the most frequent foot type in thexdjacent syllable, thus creating a bias that pre
language. Children’s utterances are then frerents clash. The learning process would set th
quently fit to the templates by omission of unweights of these connections. Direct conflict:
stressed syllables of right headed feet, leavingetween CLASH and HEAVY would be partic-
the canonical trochaic pattern. ularly informative, of course. But the weights
Although this theory fits well with that being would also be influenced by examples that d
proposed here, the question arises as to wimpt put these into direct conflict. For example,
children omit syllables rather than shiftinglearning that CLASH is more important than
stress to match the templates, as the adults in teeme constraintX, could strengthen the hy-
current study did. One possibility is the initialpothesized inhibitory connections that are assc
low ranking of Faithfulness constraints inciated with preventing stress clash. Other exan
children’s constraint systems (Smolenskyples showing thatX is more important than
1996a,b). Faithfulness constraints comprise HEAVY would then lead to the weakening of
class of OT constraints that require a faithfuthe weights associating heavy syllables wit
reproduction of input structures to output strucstress. Thus, even if the examples do not di
tures. Smolensky proposes that the initial statectly place two constraints into conflict, the
of the child’s constraint system is one in whichweight modifications support the learning of
these constraints are ranked below structur#tieir ranking, or transitivity. Beyond these spec:
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ulations, though, we cannot make any claimsyllable of the word is stressed. 2. Stress is placed on eve

about the role of the grammar in online proces§_dd-numbered syllable counting from the beginning of the
word, excluding the final syllable. 3. Heavy syllables are

ing. In fact, given the strong effect of ter‘nplatesstressed. 4. Adjacent syllables may not both be stressed (

found in our study and in other studies, We&gess clash).
believe that the templatic system is by far the The stress system can be characterized in metrical tern
major determinant of behavior in, for exampleas a trochaic, quantity-sensitive system of rhythmic stres:

Ianguage production by normal speakers of |aﬁ'_he metrical structures that underlie LA stress are illus
. . trated in the following example of a word from the LA
guages like English.

training set, with stress on the first and fourth light syllables
To see the eff_eCt (_)f thQ grammar, one WOUlGhetrical feet are parsed with parentheses notation.

have to look at situations in which templates are )

relatively unavailable, as in Experiments 2 and () (¢9) @ (50)

3. However, our use of patently artificial lan- The basic metrical unit in LA is a left-headed (trochaic)
guages is, of course, less than ideal. Extendirigpt, (5o) or (6.), which results from the following cen
our conclusions to natural languages and |ear|s|train1§ governing metrical parsing, adapted from McCarth
ing situations would be a challenge. It woulc"d Prince (1995).

require finding languages, people, or situations (i) PARSE(mora): Every mora of the input must be
in which novel, but grammatical, stress patterngarsed in the prosodic structure of the output.

need to be correctly processed. Clearly, theselii) FOOT-FORM(trochaic): Feet are left-headed.

. . L (iv) BINARITY(moraic): Feet must be binary (parsing
are likely to be found early in the acqmsmonmoras).

process (either native or nonnative acquisition).

Also, one may be able to test the assumption The regular occurrence of stress on the penultimate sy

using forms in languages with extremely proi2Pe in LA is accomplished through the ALIGN-
: h . . . . Prwd(right) constraint (v).

ductive morphologies, by devising situations in

which novel, or at least rare, outputs are re- (v) ALIGN-Prwd(right): Every Prosodic Word is

quired. aligned at its right edge with the right edge of a metrical

foot.

CONCLUSIONS The sequence of alternating stresses on odd-number
oT provides a unique Iinguistic frameworksY!lables starting from the left edge of a word is the conse

. P . uence of another alignment constraint, ALIGN-FOOT-
that has many potential applications to CIIﬁerengeft) (vi), this time requiring that every foot in the prosodic

aspects of language, including the study of lanyg pe aligned at the left edge of the word.
guage learning and processing (e.g., Berent,

Everett. & Shimron. 1998 Hammond. 1995 (vi) ALIGN-FOOT(left): Every foot is aligned at its left
Levelt, 1994), linguistic analyses (e.g., Cole &edge with the left edge of the Prosodic Word.

Kisseberth, 1994; Hammond, 1997; McCarthy The effect of ALIGN-FOOT(left), due to its gradient
& Prince, 1993), and clinical appncationsevaluation (see McCarthy and Prince, 1995), is to anchor

(Bernhardt & Stemberger, 1998; Stemberger geries of alternating stresses at the left edge of the wor
’ ’ with no unparsed syllables separating the feet.

Bernhardt, 1997). The results of our experi- LA words with an odd number of light syllables introduce
ments add to these efforts by testing a key conflict between ALIGN-Prwd(right) and ALIGN-
assumption of OT and by suggesting how suckOOT(left). The source of the conflict lies in the fact that
a grammar might coexist with other psycholingiven an odd numgfa of ;T‘Ofa; it is ”fc’jt IPO_SSib'? to pars:
- : every mora into a binary foot. Barring deletion of a mora,
guistic mechanisms. which never occurs in LA, all candidates will either leave
APPENDIX one mora (and thus one syllable) ur?parsed or parse a d
generate, unary foot in such words. Like most natural stres
This appendix details the metrical analysis of the LAsystems, LA does not tolerate unary feet (a fact reflected i
stress system in terms of a ranked set of constraints on ttiee total absence of adjacent stressed syllables), which c;
structure and location of metrical feet within the prosodide attributed to the highly ranked BINARITY constraint.
word. The stress system of LB is subject to an analysi@mong the candidates with only binary feet, the location of
parallel to the one presented here for LA, with substitutiothe unparsed mora is determined by the ranking of the tw
of a few mirror-image metrical constraints. The four basialignment constraints, as shown in Table Al.
properties of the LA stress system are 1. The penultimate In LA the placement of stress on the penultimate syllable
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TABLE Al
BINARITY, ALIGN-Prwd(right) > ALIGN-FOOT(left)

ogoooa =(00)a(00) (oo)(do)o (o) (0)(00) (60)(G0)(0)
BINARITY *1 *1
ALIGN-Prwd(right) %1

ALIGN-FOOT((left) !

takes priority over the left alignment of the sequence ofakes into account the absence of a vowel weight contrast |
alternating stresses, modeled by ranking ALIGN-PrWdthe LA/LB syllabary. In the absence of a contrast betweer
(right) over ALIGN-FOOT(left). This ranking underlies the long and short vowels, it is consistent with standard pho
ranking of PENULT>> LEFT-ALTERNATING described nological theory to assign a single mora to the (phonetically
in earlier sections of this paper. long) vowel in all of the LA/LB syllables. Then, only the
Most of the word types of LA contain heavy syllables,[to:n] syllable would qualify as bimoraic, on the basis of its
and their analysis in terms of constraints on metrical struczoda consonant, which makes the weight contrast in LA an
ture will require the introduction of several additional con-LB of the standard variety. We adopt the latter perspective
straints. First, a few remarks about the nature of heavy artere and find support for this view from the tendency of
light syllables in LA and LB are in order. Both LA and LB some subjects to reduce the vowel length and quality of th
distinguish the “heavy” CVVC syllable [to:n] from the light syllables in unstressed positions, thereby producing
“light” CVV syllables [do:], [re:], etc. Both syllable types true CV syllable.
contain long vowels, at least when viewed from the per- The quantity-sensitive nature of LA stress is exemplified
spective of English, which contrasts the vowels of théy words of the typerody, among others. Without distin
LA/LB syllabary with a set of short, nondipthongal vowels.guishing heavy syllables from light, the ranking of ALIGN-
Contrastively long vowels are analyzed in phonologicaPrWd(right)>> ALIGN-FOOT(left) would locate stress on
theory as bimoraic (bearing two weight units), and thus ithe penultimate syllable, yielding the incorrect structure
may be argued that the weight distinction in LA and LB iso (o). The LA stress pattern for this sequence requires
really a distinction between heavy (bimoraic) CVV sylla-metrical structure like &o)(ay). The incorrect o(co)
bles and the superheavy (trimoraic) CVVC syllable. Whilestructure can be eliminated on the basis of two constraint:
such a distinction is typologically rare, it is not unattestedBINARITY rejects the ¢o}) foot on the basis that it parses
The stress system of Hindi, for example, makes a three-wadliree moras rather than two (assuming that heavy syllable
weight distinction: CVVC, CVCC> CVV, CVC > CV, are bimoraic). The PEAK-PROMINENCE constraint
with stress assigned to the rightmost, heaviest syllabléPrince & Smolensky, 1993:39 OT) also rejects ther)
provided it is nonfinal (Hayes 1995:162-167). Another perfoot on the basis that the head element, a light syllable, hz
spective on the LA/LB weight distinction is possible if onea lower weight prominence than the non-head syllable. Th
structure that correctly determines the LA stress patterr
(60)(0y), satisfies both BINARITY and PEAK-PROMI
TABLE A2 NENCE. Thus, without appeal to the foot-alignment con-
straints the surface patteéroray, is selected on the basis of
CLASH, WSP>> ALIGN-Prwd(right) its optimal metrical structure.
Another manifestation of quantity sensitivity in LA is
ohoo =(op)oo®  ou(oo)  (0w)(0o)  seen in forms of the typéyoo. Like the 6oy, type, this
type fails to locate stress on the penultimate syllable in favo
CLASH *| of stressing the heavy syllable. Stressing the penult in ac
WSP *1 dition to the heavy syllable would result in a stress clast
ALIGN-Prwd(right) * *

@ There is another metrical structure that can give rise to TABLE A3

the surface stress pattern@foo, and that is §0)o, with FOOT-FORM(trochaic), BINARITY(moraicy> PARSE
an initial bisyllabic foot. This foot violates the BINARITY-

(moraic) constraint because it contains three moras and is

excluded from the inventory of trochaic feet under the__ "~ oo Gwel@)  (G)0d)
analyses of Kager (1995) and Hayes (1995). We adopt ﬂEOOT-FORM -
binarity restriction here, although we note that intrOdUCin%lNARITY -

the possibility of a (HL) trochee would not substantiallyPARSE o 5

alter our analysis of the LA stress system.
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TABLE A4
CLASH >> WSP, ALIGN-FOOT(left)

THOHOOT =(0y)ouo(ao) (n)(Gn)o(o0) oy(on)o(oo)
CLASH *1
WSP * *
ALIGN-FOOT(left) Optimal * *l

which, as already noted, is not a permissible structure in LA. (d0) (o) o o

The absolute absence of stress clash can be attributed to the(go) (o) o o (60)
CLASH constraint, which prohibits stressing adjacent syl- (&o) (60) (64) o o
lables. (64) o (60) o (60).

To guarantee that stress will go on the heavy syllable, and
not on the penult, we appeal to the WEIGHT-TO-STRESS The last example also illustrates the role of ALIGN-
constraint (viii) from Prince (1990), the OT constraint thatFOOT(left), since the medial foot is placed as far leftward
underlies our HEAVY constraint from earlier sections.  as possible, subject to the prohibition on clash.

(vili) WEIGHT-TO-STRESS (WSP): Heavy syllables The data in the training set gx_hibit some further interest
are prominent in foot structure (i.e., heavy syllables must ped consequences’of the’prohlbmon of stre;s clash. Worc
heads). in LA of the type 0uouoGo present two adjggent heavy

syllables. The ban on adjacent stresses prohibits the realiz

Ranking ALIGN-Prwd(right) below both CLASH and tion of stress on both of the heavy syllables. Thus, a viola
WSP results in the observed surface stress pattermjeo  tion of WSP is unavoidable as long as the ban on stres
words, as shown in Table A2. This ranking is the basis foglash is upheld and input syllable weight is maintained (i.e.
our earlier ranking HEAVY>>> PENULT. no syllable reduction). Among the alternatives, stressing th

The final two light syllables of&.)oo are unparsed in first heavy syllable is preferred because it best satisfie
the above table. The highly ranked CLASH and WSP conaLIGN-FOOT (left), as shown in Table A4.
straints succeed in eliminating candidate forms with penul- The details of evaluation for ALIGN-FOOT((left) are sup-
timate stress. Other candidates folraoa input include  pressed here, but include an evaluation for each foot of it
forms with a final stress, which could arise only under tWqyistance from the left edge of the prosodic word. The
conditions: a final unary footat) o (9), or a final right- - gptimal candidate is the one in which all the feet are as fa
headed (iambic) foot,&) (o o). These competing candi |ef; a5 possible, subject to satisfaction of more highly ranke
dates for anr, oo input are eliminated under our analysis of .o \syraints. The interested reader may consult McCarth
the LA system by ranking the constraints FOOT-,. prince (1995) for a more detailed discussion of align
FORM(trochaic) and BINARITY(moraic) above the ment theory.

PAORtﬁE constra:nL ETIS stho;/_vn |r:hTal;Ie A.S' f CLASH A summary of the ranked constraint grammar establishe
er examples Tustrating the dominance o thus far for the LA stress system is presented in Fig. Al.

and BINARITY over PARSE include the following word There is one word type in the LA training that remains to

types from the training set, shown here with their metricag)e discussed, and that is the typeauooo. Like the
’ HUH -

structures: example shown in Table A4, CLASH prevents the realiza-
(ix) Word types illustrating the ranking CLASH, BI- tion of stress on the both of the adjacent heavy syllables
NARITY > PARSE e.g., o(o)(0v)o(do). Table A5 shows the evaluation of

TABLE A5
BINARITY vs. PARSE

TOHOHOTT (an)(ow)a(60) =o(oy)oyo(oo) ooy(on)o(oo)
BINARITY *1
WSP * * *
PARSE * *kkk *kkk

ALIGN-FOOT (left) Optimal * *




VIOLABLE CONSTRAINTS IN LANGUAGE PRODUCTION 297

TABLE A7
BINARITY

Test ltem:ocoyoo0

ooHoTT =o(oy)o(ao) (6oy)a(oo) (oo)a(oo)
BINARITY *1
o _ .
PARSE o * o
ALIGN-
FOOT(left) * Optimal Optimal

ALIGN-Ft(left)

FIG. Al. Summary of Language A constraint ranking.

goyoyooo input in the observation that many subjects
produced a reduced vowel qualitys]] for the unstressed

several clash-avoiding parsed candidates fetoao,ooo  heavy syllable in words such as DQiff TON re Ml fa.
input. We turn now to the metrical analysis of the two test items

The second and third candidates fare equally on the tdp LA. These input forms can be evaluated by the set o
three constraints in the table and differ only in the leftconstraints under the ranking established on the basis of tt
alignment of their feet. The first candidate presents thi&aining items. The three best competitors are shown i
surface stress pattern, but under this evaluation it should Beable A7 for the first test itemgyo,ooo. Since these three
eliminated because it violates the top-ranked BINARITYcandidates equally satisfy the FOOT-FORM, CLASH, anc
constraint with its parse of an initial trimoraic footr¢,).  ALIGN-PrWd(right) constraints, these constraints are nof
Based on the table above, the optimal candidate for th&hown in the table.
input should be the second one. The surface stress patterrCandidate 2 fails on BINARITY, known to be an un-
for this input,co, 04000, can, however, be generated with dominated constraint in LA. Candidates 1 and 3 tie or
out a BINARITY violation once we allow for the possibility PARSE, though for different reasons: candidate 1 leave
that the ¢ray) foot, itself a violation of PEAK-PROMI  two light syllables out of the metrical parse, while candidate
NENCE, can be improved by reducing the weight of the8 leaves one light syllable unparsed and shortens a hea
heavy syllable. Trochaic shortening is the term used for thgyllable to a light parsed syllable. The decision between
reduction of a unbalanced trochee to a balanceg) tro- and 3 boils down to the ranking between WSP and ALIGN-
chee. The surface stress patterndafyoyooo in LA is  FOOT(left). These two constraints do not interact directly in
consistent with a trochaic shortening analysis, as shown the analysis of any of the training items, and this is where
Table A6. transitivity comes into play. The training items establish the

Shortening incurs a violation of PARSE(mora), since irtwo independent rankings WSE> ALIGN-Prwd(right)
shortening the heavy syllable one of its underlying moraand ALIGN-Prwd(right)>=> ALIGN-FOOT(left), the tran-
fails to be parsed. For this reason the first candidate has osiéive closure of which yields the ranking WS® ALIGN-
more PARSE violation in this table than it shows in TableFOOT(left). This transitive ranking is the grounds on which
A5. The second and third candidates are eliminated in fava@andidate 3, the trochaic shortening candidate, is eliminate
of the first by their greater number of PARSE or ALIGN-in favor of candidate 1.
FOOT(left) violations. Since these two constraints are un- A similar situation obtains in the evaluation of the seconc
ranked with respect to one another, there is an ambiguity &#\ test item,cooo,000. In fact, the only difference between
to which constraint marks the fatal violation, which is notedhe two test items is in the presence of two additional ligh
in the table by enclosing fatal marks for both constraints isyllables at the beginning afooo,ooo. These two light
parentheses. syllables form a perfect trochaic footgd), and since the

We find evidence for the Trochaic Shortening analysis ofemainder of the string is identical to the first test item, the

TABLE A6

Trochaic Shortening

TOHOHOTT =(0o)(0v)o(o0) o(oy)oyo(oo) ooy(oy)o(oo)
BINARITY
WSP * * *
PARSE *% ***(!)* ***(!)*

ALIGN-FOOT(left) Optimal *1 *(1)




298 GUEST, DELL, AND COLE

TABLE A8

Test ltem:ocoooyoo0

[ogeyeyeieye og 1=(60)a(0y)o(00) (o)(oay)a(60o) (o) (6o)o(d0)
BINARITY *1
WSP * *|
PARSE o * o
ALIGN-FOOT (left) * Optimal Optimal

evaluation of the candidate forms is parallel to the evaluation language specific comprehension strateddature,
shown in Table A7. Table A8 spells out the details of evalu- 304,159-160.
ation for the test iteroooo,oo0 and illustrates once again the Cutler, A., Mehler, J., Norris, D., & Segui, J. (1986). The

role of the transitive ranking WSB> ALIGN-FOOT (left) in syllable’s differing role in the segmentation of French
selecting the optimal candidate, candidate 1. and English,Journal of Memory and Languagés,
385-400.
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