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ABSTRACT
The goals of the presenstudy were: (1)to determinewhether grammaticalgender on a noun modifier cgrime
recognition of the following noun(2) to determine whether thariming effectinvolves facilitation, inhibition or both,
and (3) to compare performance across three different tasks that vary degiee towhich explicit attention togender is

required,including word repetition, gendermonitoring and grammaticality judgment.

gender priming, involving both facilitation and inhibition.

Resultshowed a clear effect of
Primings observed whether arot the subjectsattention

was directed taggenderper se Resultssuggest thatgenderpriming involves a combinationof controlled, post-lexical

processingand automatic, pre-lexicaprocessing.

Implicationgor different modelsof lexical accessare discussedwith

special reference to modular vs. interactive-activation theories.

Why grammatical priming?

The issue ofvhethergendercan be auseful prime
in lexical access isa particular example of amore
generalproblem: Howcan contextinfluencethe nature
and timing of information accessduring lexical pro-
cessing? Thanswer tothis question hagonsequences
for theories oflanguagecomprehension, including the
contrastbetweenmodularity and interactive models of
lexical access (foreviews, see Balota1992; Frauen-
felder & Tyler (Eds.), 1987; Levelt (Ed.), 1992).

If grammatical gender does contribute to word
recognition, then it can be said to constituteeaample
of grammaticalpriming. Two earlier studiesprovided
evidence for fastelexical decisions wherthe prime and
target are preceded bysgntacticallyappropriate context
(Goodman, McClelland &Gibbs, 1981, in astudy of
English), or when thewere preceded by aappropriate
preposition (Lukatela, Kostic, Feldman, & Turvey,
1983, in astudy of Serbo-Croatian)However, subse-
guent experimentsin  English by Seidenberg, \&ter,
Sanderand Langer(1984) , Tylerand Wessels (1983),
West and Stanovich (1982; 1986)and Wight and
Garrett (1984) have adhown thatgrammaticalpriming
is relatively weak. Furthermorethey suggest that
grammatical influences on lexical processarginhibi-
tory in nature, and probabbccur at someoint shortly
afterthe targetword is recognizedi.e., they are post-
lexical effects). For reasonsthat we will outline in
more detail below, this may also mean thegmmatical
priming is conscious, and strategic.

In a summary ofthe literature on priming in
spokenword recognition, Tanenhausand Lucas (1987)
conclude that “On the basis of teeidencereviewed...it
seems likely thasyntactic contextdoesnot influence
prelexical processing{p. 223). Theyspeculatethat
this is thecase becausgyntactic contexhasrelatively
little to offer:

“Feedbackfrom a syntactic context tavords
that belong to possible @ven expectedsyntactic
categorieswill do little to reduce the potential
number of lexicalcandidates.... Thus it would
appear that syntactic to lexicafeedback would
generally be of limited utility” (p. 224).

This conclusion may bevalid for English, a
languagewith relatively little inflectional nmorphology,
but the argument itess convincindor richly inflected
languages invhich agreemenmorphologycan provide
powerful constraints on lexicalaccess. Infact, a
number ofrecentstudiesconducted inother languages
have forced a reconsideration gammaticalpriming in
lexical access,although thenature and locus of the
effect is still unclear. Using a combination of gating
and lexical decision,Grosjean, Dommergues;ornu,
Guillelmon andBesson (1994haveshown thatgender
marking affects word recognitian French, withearlier
recognition points in gating arfdster reactiortimes in
lexical decision for nouns thate preceded by aarticle
that is correctly narkedfor gender. The difference be-
tween performance withndwithout anarticle suggests
that the effect may be due to facilitation. Usingress-
modal lexicaldecision paradigmi-rie-dericiand Kilborn
(1989; seealso Kilborn & Friederici, in presshave
demonstrated @ombination of syntacti@and morpho-
logical priming in German,but theseeffects appear to
be inhibitory innature(i.e., reactiontimes are slower
following a grammatical violation, compared with
control conditions).

To summarize,evidencesupporting aneffect of
grammatical context on lexical recognition isstill
relatively slim, and nost of theeffectsthat have been
reported to datean be interpreted agost-lexical and
inhibitory in nature (apoint to which we shallreturn
shortly). However, it must beotedthat most ofthese
studieswerenot optimally designed todisentangle the
relative contributions of facilitation and inhibition. For
this reason we havehosen to focus orhe role of
gendermarking in Italian,a languagewhose charac-
teristics (see below) provide an ideal linguistic milieu to
approachthis issue systematicallygnd to overcome
important methodological problems.

Why gender?

Grammaticalgender is ofinterestbecause it is a
pervasivephenomenon in any of the world’'s lan-
guagesandyet therearerelatively few studies investi-
gating its role inlexical and grammatical processing.
Developmental studies haveshown that gender is



acquiredrelatively early by young children, atleast for
those parts of the language in which itlearly marked
(e.g., Devescovi,D'Amico, Smith, Mimica, & Bates,
1994; MacWhinney,1978; Orsolini, 1993; Pizzuto &
Caselli, 1992). Other studies havehown thatadult
native speakerare able torecognizeand classify words
according togenderquickly andwithout agreatdeal of
effort (cf. Bates, DevescoviRizzamiglio, D’Amico &
Hernandez1995; Brooks,Braine, Catalano,Brody, &
Sudhalter, 1993; Burani, 1992assidy &Kelly, 1991,
Colé & Ségui, 1994Deutsch & Wjnen, 1985; Ra-
deau, Mousty, & Bertelson, 1989eealso unpublished
studiesreported inBrown, Senft, & Wheeldon,1993).
They canusegenderinformation as acue to semantic
roles (i.e., “who did what to whom"—(Devescovi &,
1994; Kail, 1989),and they are sensitive toerrors of
gender marking in real-time languageeomprehension
(e.g., Friederici & Schriefers,1993; Jarema & Frie-
derici, 1994). In othemwords, weknow that gender
marking is an optiorfavored by nmany of theworld’s
languages, and we knawat nativespeakersan acquire
and processgenderwith efficiency. Nevertheless, we
still do not really understandwhy so many of the
world’s languagespersist in the use of a costly lin-
guistic device that serves noobvious communicative
function.

One possibleexplanation for theervasiveness and
persistence ofgendermay be that itdoes serve a
communicativefunction, although that function has
little or nothing to do with sexuality (Bates etal.,
1995). Incontrastwith otheraspects of inflectional
morphology(i.e., case,number, person, tensad as-
pect),gender is arinherent property ofouns that can
be retrieved atthe momentf lexical access, fomwords
presentecbut of context. Inaddition, the continued
marking of gender within anacross sentencesay help
the listener to keep track stveraldifferentreferents in
a complex discourse.

Someevidence infavor of this view comesfrom
Kilborn (1987), who showed that German listenesse
an advantage over English subjects in aword-
monitoring task in whichwords must beidentified in
syntactically well-formed but semanticallyanomalous
prose (e.g.,Colorless green IDEAS sleefuriously”).
In the same vein, Grosjean etal. have shown that
gendermarking onthe article serves as a powerful cue
to recognition of a subsequarun. The presenstudy
will replicate and extend the Grosjeanatt findings for
French, takingadvantage osome properties ofltalian
that permitfurther clarification ofthe processeghat
underlie gender priming.

Properties of gender in Italian

In Italian, there are only two genders, masculine
andfeminine (in contrastfor example,with the three
genders ofGermanandRussian, or the sixenders of
Swahili—Grosjean et al., 1994)sender isan inherent,
context-independergroperty ofeveryItalian noun, and
genderagreemenmust be rarked onalmost all mod-

ifiers (i.e., articles,determinersadijectives-numerals are
not markedfor gender), onall coreferentialpronouns
(including full pronounsand clitics), and onthe past
participle of theverb. There are no unmarked a@ero
noun forms in Italian. Except for asmall number of
foreign loan words (e.ghar), all Italian nounsend in a
vowel, and gender andumberare markedogether on
that final vowel. For thgreatmajority of nouns(and
for most agreeing adjectives), masculine forms endin -
in the singularand 1 in the plural, feminine forms end
in -ain the singular ande-in the plural. We willrefer
to these as “phonologicalliransparentitems. For a
minority of both masculineand feminine word types
(and some agreeing adjectives), final vowel is € in
the singular andi in the plural. Because gendeannot
be recoveredrom surfaceform alone onwords within
this class, we willrefer to them as“phonologically
opaque”. Note that such nounare not ambiguous for
gender(although adjectivesthat end in € are ambi-
guous unless one knows thdentity of the nounthey
modify—see below); gender isfixed property ofevery
noun, known byevery native speakerand presumably
available as soon as that nounidentified, whether or
not gender istransparentlymarked onthe final vowel
(i.e., whether nor not the nouwearsits gender on its
sleeve”). Both transparenaind opaque wordypes will
be used in the present study, to investigetetherthis
dimension affects performance byative speakers in
either of our tasks.

In Italian (like all of thegender-markedanguages
in the world), the relationshipbetweensemantic and
grammatical gender is arbitrary most cases. Further-
more, Bates etal. (1995) have shown that seamtic
genderhas nomeasurableeffect on lexical access or
genderclassification wherwords are presentedut of
context (where semantic gender is defined as the
masculine or feminine identity of the animate beings to
which aword refers). Nevertheless, irorder to avoid
any possible conflictbetweengrammaticaland seman-
tic gender, wewill restrict ourselvego words desig-
nating inanimatereferents(i.e., itemswhose referents
are not inherently masculine or feminine).

Choice of tasks

When approachinga relatively new dorain of
psycholinguistic inquiry, itis useful to look for in-
formation that is relativelyndependent o§pecific tech-
niques. In the presestudy, we will usethreedifferent
techniques tostudy the effects of adjectivegender on
processing of a subsequent noun.

The first task is alternatively called word
repettion, auditory naming, or single-word
shadowing (for some example®f priming studies
using thistechnique incontext, see Herron & Bates,
1995; Liu & Bates, 1993; Slowiaczek, 1994). Subjects
are simply asked to repeat the second word in a series of
word pairs, wherethe firstword is an adjectiveserving
as thegrammaticalcontext or “prime”,and the second



word is anoun thatserves ashe target. Thigask is
importantfor our purposesere because itequires no
metalinguisticdecision,and noattentionwhatsoever to
gender orits morphologicalmarkers. \rd repetition
has beerused in gprevious study ofjender andexical
access for individual words in Italian (Batesaét 1995)
and can bring important contributions to thender-
standing of the nature of a possible gender priming.

The secondtask hasbeencalled gender moni-
toring and/or gender classification. Subjects are
asked tolisten to aseries ofadjective-nounpairs (the
samestimuli used inthe word repetition task),and to
press one ofwo buttonsindicating whetherthe noun
target hasfeminine or masculingender. Variants of
this taskhave beerused inprevious studieof gender
processing for isolated words (Bates et al., 1%®jeau
et al.,, 1989); our own results talate suggest that
performancemay changewhen subjectsare asked to
focus explicitly and consciously on thegender di-
mension. Inparticular, repetition of nouns out of
context isnot affected byphonologicaltransparency of
gendermonitoring, butgendermonitoring of the same
nouns out of context is significantland robustly
affected bythe presence or absenad a transparent
gender cue (i.e., slowgerformancdor both masculine
and feminine nouns thaend with the phonologically
opaque vowele).

In the third task, called grammaticality judg-
ment or error detection, subjectsarenot asked to
focusexplicitly on noungenderbut theyare asked to
decidewhether an adjective-nousequence iggramma-
tical or ungrammatical. Sincgender isthe only
morphological dimension thatve will use to create
grammaticaland ungrammaticalpairs, this constitutes
an indirect way to induce conscious, attentiv@roces-
sing of the gender dimension. Hergendermonitoring
and grammaticality judgmentshould favor a more
strategic,controlled mode of genderprocessingwhile
word repetition is more likelyto tap into automatic
effects (more onthis below). In addition, the gram-
maticality judgment taskwill help us to determine
whetherawareness othe gender nsmatch precedes or
follows other primingeffects. If we canshow that
detection of agendermismatch isfaster than word
repetition and/or gender monitoring, then wewould
haveevidencefor the ideathat consciousawareness of
the mismatcH'causes" a relativslowing in theother
two tasks. Alternatively, if it turns out to be thease
that grammaticality judgment sower than word repe-
tition and/or gendermonitoring, thenit is less likely
(albeit not impossible) that primineffects inthe latter
two tasksare "caused" byconsciousawareness of an
error. This brings u$o a finalissue,revolving around
the point in processing whegender anather morpho-
logical cues may have their effect.

When does word recognition take place?

We have proposed that gendgd gendeagreement
arepervasive phenomena inamy of theworld’s lan-
guagesbecausethey make iteasier for listeners to
recognize wordsand track co-indexedforms across a
complex discourse (see aBates etil., 1995;Grosjean
et al.,, 1994; Kilborn,1987). In othemwords, we are
claiming that gender facilitates lexical access “inriwed
world”. The threeexperimentspresentedbelow would
be of little relevance tahis claim if oureffects reflect
nothing more thanexperiment-specificstrategies that
emerge ina strange laboratoryvorld in which gender
agreement is violate¢something thatarely occurs in
spoken or written Italian). Howcan we tell the
difference? This concern brings us directly into a
complex tangle of theoreticahd methodologicalssues
that must beconfronted inany study of contexgffects
on lexical access,revolving around the hypothetical
borderbetween pre-lexical processegeventsthat are
responsible for word recognitiodefinedhere toinclude
contextual factors prior tpresentation othe word, and
to intra-lexicalprocesseshat takeplaceentirely within
the lexicon) angbost-lexical processggvents thatake
place after aword has beenrecognized—including but
not limited to experiment-specific strategies).

Table 1 summarizeslet of propertiesthat charac-
terizewhat we shall call théstandardtwo-stage rodel
of lexical access”(adaptedfrom Hernandez,Bates &
Avila, 1995). Although wehave not seen this
completelist of claims in any singlgpaper on lexical
accessyariousaspects othis two-stagemodel can be
found throughout the lexical-accessliterature (e.g.,
Chiarello, 1991; Neely, 1991Swinney, 1979; see
papers inFrauenfelder & Tyler, Eds., 1987;Gerns-
bacher,Ed., 1994). Inmost variants of thestandard
model, word recognition isviewed as a wdular, bot-
tom-up process inwhich lexicalitems are activated by
two sources ofinformation: perceptual information
from the incoming word (orthographic or phonological),
and spreading activationithin the lexicon (which may
include both phonologicaland semantic information
from preceding words that aséll active). Theseevents
are classified as “pre-lexical”, irthat they take place
before the word is recognizedand contribute to its
recognition. Other sourcesf information have their
effects only after the lexical item has been accessed, i
second, “post-lexicalstage that maynclude selection
of contextually appropriate candidates,inhibition of
inappropriatecandidatesand integration of thechosen
item into alarger contextual frame. Asoted in the
above quote by Tanenhaus and Lucas (198%,would
include grammatical priming. The language of the-
stagemodel is so pervasive ithe field that it is used
even bythose whoare critical of it (e.g., Marslen-
Wilson & Tyler, 1980; Tabossi & Zardon, 1993), and it
has shapedmethodological decisionsand operational
definitions in hundreds of experiments.
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Building on along-standingdistinction between
automaticand controlledprocessing (Posner &nyder,
1975; Shiffrin & Schneider,1977), it is generally ar-
gued that pre-lexical processage automatiavhile post-
lexical processesre strategic or controlled. Table 1
includes the theoretical featuresthat are believed to
distinguish between automatic (pre-lexical) processes
and controlled (post-lexical) processesnd the expe-
rimental manipulations thatave beerused to opera-
tionalize this dichotomy. If pre-lexical processes are
indeedautomatic, then theghould be(a) very fast(or,
at least,fasterthan thecontrolled processethat occur
after word access)and (b) unconsciougwhich is more
likely if the subject’'s attentionis not drawn to the
dimensions in question, e.dpy choiceof primarytask,
by use of asecondary “distractertask, or by use of
materials in whictthe proportion ofrelevantitems is
relatively low). Basedn thesameautomatic/controlled
dichotomy, it has also beamgued thatutomaticforms
of spreadingactivation are purely facilitative, while
strategic orcontrolled processes mawpvolve a com-
bination of facilitation and inhibition; hence, if any
inhibition is observed, it isattributed tothe operation
of a strategic process.

Although we cannot pretend tohave covered all
theseoptions in thepresent studye.g., we will not
adopt standardvariations in SOA, speeded ordelayed
response, operceptualdegradation), wehave selected
tasksand materials thawill permit us tointerpret our
results within the standafdamework. Specifically, we
areusing on-line tasks in which subjectse working
under a time pressure, with a short SGdtween prime
andtarget,andwith systematic variationgn the task,
that ought toprovide insights into behaviorwith and
without conscious attention to thgender dirension.
For presentpurposes, we want to knowhethergram-

matical priming exists, and whether it meets any of th

criteria in Table 1 for automatic priming effects.

We will show thatgenderpriming in Italian does
meet these criteriaThis doesnot meanhowever, that
we arewedded tothe standardramework. As wewill
point outin more detail in the conclusionnumerous
problemshaveaccruedfor this two-stagemodel in the
last few years (e.gSmith, Besner, & Myoshi, 1994),
and analternativeframeworkhas begun t@mergethat
is quite compatible with our results.

METHODS

Subjects

Three independengroups ofltalian-speaking uni-
versity studentsparticipated inthese studies40 sub-
jects in theword repetition task,32 in the gender-
monitoring task, and 20 in the grammaticaliigggment
task.

Materials

The stimuli for word repetition and gendemoni-
toring were 120 adjective-noyatrases (adjective primes

and noun targets, in theorder Adjective - Noun,l)

constructedrom a set of 120 nounand 50 adjectives
drawn fromnormsfor spokenword frequency initalian

(De Mauro, Mancini, Vedovelli, & Voghera, 1993

Foreign loanwords,acronyms, slang termand proper
nameswere excludedtogetherwith highly abstract,
technical or context-specific terms. In a previgtgly
of gender andexical access inltalian (Bates etal.,

1995), items with aword-initial fricative resulted in
significantly slower reaction tines. For thepresent
study, selection of noun targets whereforerestricted
to wordsthat do not begin with a vowel or facative

consonant. Th®ates etal. studyfound nosignificant
effects of semanticgenderfor words presenteaut of

context (where semantic gender is definedefarence to
animate beingwith inherent sexualdentity). How-

ever, to avoid any potential interactiobstweenseman-
tic and grammatical gender that might occur iphaasal
context, the 120 nounssed hereall had inanimate
referents(i.e., referentswithout inherent semantigen-
der).

The nouns included 60 “phonologicaliansparent”
nouns (30 masculineandingwith -o and 30feminines
endings with @), and 60‘phonologically opaque’houns
(30 masculines an80 feminines, botlendingwith -e).
As notedearlier,all these nounsre unambiguous for
gender, a fixeattribute known by all nativespeakers.
The contrastbetween transparerasind opaquenouns is
not an ambiguity manipulatiomather, itpermits us to
assess the contribution ofvert phonologicalkcues to
recognition and processing of inherengrammatical
gender.

The adjectivesincluded 40 “phonologically trans-
parent” adjectives ending im-or -0 (to be used for
concordant and discordaobnditions, with feminine vs.
énasculine nounss outlinedbelow), and 10“phonolo-
gically opaque”adjectives ending ine- (to be used for
the neutralkcontrol condition,outlined below). Incon-
trast with nouns,adjectives ending ine are ambi-

1 In ltalian, the two orders Adjective-Nounand Noun-

Adjective areboth completely grammaticalHowever, the
Noun-Adjective order is more frequent,and is usually

regarded aghe default (i.e., pragmaticallyneutral) order.

For the present studyselection ofadjective primes was
restricted to modifiers thadre pragmatically felicitous and
plausible in prenominal position.

2 |n addition tothe two largest word classes(transparent
andopaque), a vergmall number ofword types in Italian
carry contradictory marking. These includeidiosyncratic
wordslike la mano (a feminine word meaning hand with
masculine marking on the nolbut feminine agreement on
all modifiers), and asmall class ofwords derivedfrom
Greeklike drama or “telegramma (masculine words for
dramaandtelegram,with feminine marking on thewoun
but masculine agreement ali modifiers). The very small
class of aberrantor contradictory forms will not be
investigated here.



guous for gender. Inltalian, gender isassigned to
adjectives by the noun that they modify. FRaljectives
that belong tathe dominantand phonologically trans-
parent-o/-aclass, the finalvowel will be -o if it mod-

ifies a masculine noun, and if it modifies a feminine
noun. Foradjectivesthat belong to the ambiguous

class, theadjective takes the same formwhether it
modifies amasculine or a femininenoun. Hence
adjectivesthat end in -e offer no information at all
about thesubsequenthoun.

Thismeans that these ad- English and Italian in

uniguely identifiable (i.ethe uniqueness poiﬁt) Iden-
tification of the uniquenesspoint wasbased on a
comparison ofachtargetnoun with all possiblevord
alternatives found in PalazziBictionary ofthe Italian
language(1973),and wordstimuli were hand-measured
up to this point on théSoundEdit 16 displagystem.
Note that our procedurdsr determiningthe uniqueness
point are necessarilydifferent from those that are
typically used for English, reflecting differenchstween
inflectional and derivational

jectives serve as a neutral baseline against which we carorphology, and in lexical stress(see Bates efl.,

assess the facilitativer inhibitory effects ona phono-
logically transparenand unambiguouslymarkedgender
cue. Becausesuch combinationgre common in the
Italian languagethis means that ouneutral baseline
has substantial ecological validity.

All adjectives and nouns were singular forms,
beginning with a consonant; hailferetwo syllables in
length, and half were three syllableslong. Note that
there are no monosyllabic contentvords in Italian,
except forforeign loan words, which meansthat our
stimuli are longer than those thatare ordinarily
employed inEnglish-language studies of lexicatcess
(we will return tothis point later). Based onthe De
Mauro etal. norms, nounsand adjectives have an
absolute frequency of use ranging fr@rto 262, with a
mean of 40.4@&nd a standardeviation of54.12. Care
was takento assurethat the four noun conditions
(transparentmasculine; transparentfeminine; opaque
masculine;opaquefeminine) did not differ significantly
along any of the other dimensions tteae known to
influence auditory wordecognition. Half of the nouns
in each classwere two syllableslong, and half were
threesyllableslong. 2 x 2 Gender andlransparency
analyses of variance were run ow&ms onwhole-word
frequency and frequency dhe inflected word form
(based orthe De Maurcet al. norms). There were no
significant maineffects of gender ortransparency, and
no significant interactions (all F’'s < 1.00, n.s.).

All adjectives were recorded by a métalian native
speaker, in a phrasahtonation (with a rise on the
adjectiveand falling intonation on the noun), with a
single carriernoun €osa or thing). All nounswere
recorded separately by a female Italiaative speaker, in
the falling intonation that isappropriate foradjective-
noun pairs. Thetimuli weredigitized onthe Macin-
tosh SoundEdit 18ystem. Adjective primesandnoun
targetswere spliced from their original carrier phrase,
and stored in separatgegisters in the PsyScope
Experimental Shell (Cohen, MacWnney, Flatt &
Provost, 1993).

We also took pains to minimizalifferences be-
weenmaterials thamight bedue to wordduration in
milliseconds(measured by handsing the Macintosh
SoundEdit 16system—see below), or téength in
milliseconds up to the point at which therd becomes

1995, for details). Meanword length was 891msec
(s.d. = 128), whichbreaksdown across raterials as
follows: feminine transparent 857 (s«130), feminine
opaque 909 (s.d. = 12fasculine transpares79 (s.d.

= 123) andmasculineopaqued19 (s.d. = 128). Mean
length up to the uniqueness point was 722 msec (s.d. =
151), whichbreaksdown across raterials asfollows:
feminine transparen?05 (s.d. = 182), femininepaque
728 (s.d. =130), masculinetransparent732 (s.d. =
156), andmasculineopaque723 (s.d. = 135). Gender
by Transparencynalyses ofzariance showethat there
were no significant differencesrossconditions intotal
word duration or length up to the uniqueness point. All
F-ratioswere <1.00 (n.s.),except fora nonsignificant
trend toward amnain effect of phonologicaltransparency
on total word duration (F(1,119) =3.89, p <.06).
Examination of cell means showed that this trend comes
from greatertotal durations forphonologically opaque
nouns(mean =868 msec, s.d. 426 msecfor nouns
that end in-e; mean =913 msec, s.d. = 126 msec for
nouns that end ira or -0). Becausdhe phonologically

3 As discussed in some detail by Radead Morais (1990),

Radeau,Mousty and Bertelson (1989), Grosjean et al.
(1994) and Bates et al. (1995), thetion ofa “uniqueness
point” is not as straightforward for richly inflected

languages as it i1 English. This is particularly true for

Italian, where virtually all inflectional morphology is
carried on the final vowel—which means that word form

is uniquely identifiable out ofontext until it iscomplete.
Hence, if uniquenespoint measurementsire to have any
meaningat all, they mustpertain to theword root rather
than theword form. As Grosjean et aland Radeau and
colleagues have alsmoted, theuniquenesspoint in a
gender-markedanguage maye quite different in context
(where the search may be restrictegxclusively to
masculine or feminine nouns) than it is outamintext. For
all thesereasons, wéave chosen not tmeasureeaction
time from the uniquenegzoint in the presentstudy. We
include information about the“standard” uniquenespoint

for two reasonsonly: (a) to point out that thestimuli do

not differ significantly inthe point atwhich aword could

be recognized out of context, and (b) to underscore flasiv
our subjects must beresponding when the “functional

length” (as opposed to trebsolute length) oftalian words

is taken intoconsideration. Any interactions that might

occur between contextual variables and the “true”

(psychological) uniquenesspoint must be left tofuture

research.



opaqueclass is relativelysmall in Italian (and wewere
limited to the corpus in Deluro etal.), it was not
possible to bring thesetimuli into closer balance
without creating differences in word frequency.

The abovematerialswere used to prepare set of
120 adjective-nourpairs according to a 3 (concordant,
discordant, neutral) by @gnasculine, feminine noun) by
2 (transparent, opagueun) design. Within thesecon-
straints, the PsyScophell wasused to createnique
random assignments of notargets taadjectiveprimes,
and auniqueordering of noun-adjectivpairs, for each
individual subject(seebelow). This means that our
results cannot belue to fortuitous combinations of
adjectivesandnouns within agiven condition(e.g., to
the fact that some combinatiorare more semantically
plausible than others)increasingour confidencethat
any effects wefind are due to grammaticalgender and
not to hidden semantic effects. Noun targe¢se never
repeatedthatis, PsyScopassignechouns toadjective
conditionswithin the 3x 2 x 2 designuntil all noun
candidates wereexhausted),but adjectives could be
repeatedacrosstrials (depending orresults of arandom
assignment).

This experimental desigpermits acomparison of
facilitation (reaction timeon concordant adjective-noun
pairs comparedwith the neutral condition) and inhibi-
tion (reactiontime on discordantadjective-nounpairs
compared with theeutral condition). Examples of the
resulting adjective-nounpairs used inthe word repeti-
tion and in thegender-monitoringasksare summarized
in Table 2.

In contrastwith the word repetition and gender-
monitoring tasks, thegrammaticality judgmenttask
used only 80 adjective-noun pairs, é@ncordantand 40
discordant. This is due tothe fact that phonologically
opaqueadjectives (ending in e} are ambiguous for
gender in Italianso that anyadjective-nourpair begin-
ning with such aradjective isalwaysgrammatical. A
pilot study of grammaticality judgemt using all 120
adjective-nouritems clearly showedthat Italian native
speakers are fully aware thiis fact,with somesubjects
pushing the “gramattical” buttonimmediatelyafter the
adjective, beforethe noun wagresented. Hence the
neutraladjective-nourpairs cannotserve as a baseline
for the grammaticality judgmertask. Note that the
unique randormassignment of nouns tadjective prim-
ing conditions for every individual subject precludes
analyses oWarianceoveritems, but italso eliminates
the needfor such analyses, sindedividual items are
not fixed across conditions (Clark, 1973).

Within each word pair, the onset of the naarget
followed immediately after the offset of the adjective
prime (i.e., astimulus onsetasynchronyset atzero)f1

* The interval between the offset otach adjective
prime and the onset ofthe target nourwas set atzero.
However, the curremtersion of PsyScopexacts asmall
processing cost when two items are compiled on-line,

The intervalbetweeneachword pair (i.e., theintertrial
interval) was2500 msecjncluding afixed ISI of 500
msecand a2000-msecwindow in which the subject
could respond (see below).

Procedure

Subjects were tested individually in a quiet room.

a) Word repetition task: subjects in thisexpe-
riment weretold that theywould hear pairs of words;
within eachpair, theywere askedo repeatthe second
word (spoken bya female voice) as quickly gsossible
without making a mistake, and to speadé&arly into the
microphone.

Reactiontimes for word repetition were collected
by a voice keycontainedwithin the Carnegie Mllon
“button box”, an ancillary othe Macintosh workstation
which contains arindependent tiimg crystal with 1-
millisecond accuracy. Reactiontimes were measured
from the onsebf the targetword to the onset of the
subject’s repetition of thaword, andfed directly into a
PsyScope file. Subjectsad torespondwithin a 2000-
msec response windoggtarting at theend ofthe target
word); if they failed to respond orespondedafter that
interval, a“non-response’was automaticallyregistered
for that trial. The 500-msecintertrial interval began
after the 2000-mseaesponse windowthis ISl was
fixed, and did not vary as afunction of thespeaker's
repetition time.

b) Gender monitoring: In this task,subjects
were asked tmlace the index finger of their preferred
hand on aspot betweentwo plasticbuttons. Foreach
item, they were asked tndicate the gendaf the target
noun by pressing one button for Feminine andather
for Masculine (indicated by asymbol above each
button). To control for possible differences inside
preferencehalf the subject§randomly assignedjvere
testedwith Feminine on the lefand Masculine on the
right; theother halfweretestedwith Masculine on the
left and Feminine on theight. They were asked to
return their index finger to the central position attach

reflected in theinterval between thetwo words. To

determine the exact lengti this interval (andits standard
deviation), wegenerated a set df20 items (equivalent to
the individually randomized script for single subject) and
recordedthem digitally for visual playback. The distance

between theend ofthe adjectiveandthe beginning of the
subsequent noun for each these 120 itemsvas measured
by hand on theSoundEdit 16system. Results suggested
that the meaninterval was 13.88 msec, with a standard
deviation 0f0.406 msecand arange from12.7 to 14.7.

This is still a very small interval by the standards of current

research on auditorgriming. It could have been avoided
by hand-compiling all 120 stimuli in a single script.

However, because sudtripts would take many hours to
prepare, this procedurewould preclude the randomized
assignment ofdjectives to nouns$or individual subjects,
leaving uswith the possibility of unintendedsemantic
effects that would pose a greater risk to our design.



response. Reactiontimes were calculated inmilli-

culine nouns (972 msec, s.d. = 144). The neffact

seconds from the onset of the target to the subject’'s kef transparency was not reliable.

press (adjusted reactidgimes from theword uniqueness
point are describedunder datanalysis, below). In all
respectstiming parameterdor the gender-monitoring
task are equivalent tothose describedabove forword
repetition.

¢) Grammaticality judgement: In this task,
all procedures antiming parameter@arethe same as in
(b), but in thiscasethe subject wassked topress one
of two buttonsindicating whether the adjective-noun
pair was grammatical or ungrammatigiaidicated above
eachbutton by a symbol).Button position for gram-
matical vs. ungrammatical wascounterbalanced over
subjects.

For the gender-monitoringand grammaticality
judgmenttasks,number ofcorrectresponses was also
recorded bythe button boxand fed directly into the
PsyScope file. For the word repetition task, erfoes,
production ofthe wrongword) werenotedmanually by
the experimenter.

RESULTS

Word repetition task

Accuracy. Errors on word repetitionvere rare in
this experiment, averaging 1 -e8rors persubject(i.e.,
less than 1%),and were not subjected to further
analyses.

Reaction time. The meanreaction forword
repetition was 955 msec (s.d. = 147). This reegm
relatively long in comparisonwith many studies of
word recognition in English, but itis important to
remembetthat these 2and3-syllable Italianwords are
considerablylonger than thewords used inmost
English-languagestudies. Wen RTs are measured
from the uniqueness poirihe mean foword repetition

was 233 msec (s.d. = 148 msec), which suggests that

most words were recognizednd reproducedess than
250 mseatfterthe informationrequired toidentify the
word out of context is available.

A 3 (concordant-neutral-discordant) 2 (feminine-
masculine)x 2 (transparent-opaque endinghalysis of
variance was performeahdthe reactiontimes measured
from the onset otachword. The resultsshowed two
significant maineffects, foradjective-nounconcordance
(F(2,78) =19.76, p < .0001andone for noun gender
(F(1,39) = 60.76, p < .0001)No interaction was sig-
nificant in this analysis.

The maineffect of concordance is irthe predicted
direction: concordan{934 msec, s.d. = 147) geutral
(953 msec, s.d. = 145) discordant(978 msec, s.d. =
144). Thedifference betweenconcordantand neutral
was significant by a planned 1-tailed t-test (1(39.57,
p < .01),as was thdifference betweendiscordant and
neutral (t(39) =3.99, p <.0002), suggestingobust
effects offacilitation andinhibition, respectively. The
main effectof noun genderreflects faster reactiotimes
on feminine nouns (938 msec, s.d. = 147) thaas-

Comments. These findingsshow a robust
gender-primingeffect in the word repetition task, an
effect that involves both facilitation and inhibition,
relative to anecologicallyvalid neutral baseline. The
fact that gender priming occurs witténch a short time
window indicateghat gender isprocessedrery early in
the word recognition process.

In addition to these predicted effects of adjective
gender onnoun repetition, wedid find a significant
main effect of noun gender,with faster response to
femininewords. This finding is in the oppositedirec-
tion from what we mighpredictbased ortype frequen-
cy (i.e., thereare more masculine than feminingord
types in the ltaliadanguage as whole). Despite all
of our controls on word selection in the present study, it
is possible thatperformance isaffected by hidden
correlates of gender and phonological transparency in the
Italian language, similato the many phonological and
semanticcorrelateghat Zubinand Kopcke (1981) have
uncovered for gender in German.

Gender-monitoring task

Accuracy. Accuracy scores inthis task were
high, averaging 96% acrossdl conditions. Because it
would be possible to obtairinteractions thatare due
entirely to ceilingeffects, thesescoreswere not sub-
jected to further analyses.

Reaction time. Measuredfrom word onset, the
mean reaction time fogender ronitoring was 1147
msec (s.d. = 172), whictorresponds to a @an of 425
msec from theuniquenesspoint. These RTs are
approximately 200 msdonger than the RT$or word
repetition, in linewith findings by Bates etal. (1995)
for single words presented out of context in both tasks.
A 3 x 2 x 2 analysis ofvariance, siritar to the
previoustask, wasperformed onreactiontimes meas-
ured from the onset of each word. All three mefilects
were significant, for concordancg€F(2,62) =5.14, p <
.009), noungender(F(1,31) =28.16, p < .0001), and
transparencyF(1, 31) =66.14, p < .0001). None of
the interactions reached significance.

The concordanceeffect was in thepredicteddirec-
tion: concordant(1135 = msec, s.d. = 177) reutral
(1145 msec, s.d. = 170) < discordant (1161 msec, s.d. =
168). The difference betweenneutral and discordant
pairs was reliable by planned one-tailetttest (t(31) =
1.88, p < .04), but thdifference betweenconcordant
versus neutral pairs was not, althoupbkre was drend
in that direction (t(31)=1.49, p < .08). Hence the
inhibitory component fogender ronitoring is reliable,
but the facilitative component imsessignificance, in
contrast with our findings for word repetition.

The main effect ofjender inthis task is similar in
direction tothe maineffect for word repetition, with
faster RTs on femininevords (mean =1124 msec, s.d.
= 168) than masculine wordsiean = 1170 msec, s.d. =
165). Wehave noobvious explanationfor this gender



effect, and will not speculate furtheabout its cause.
The maineffect of phonological transparencyreflects
faster RTs on transparentnouns ending in -a or -0
(1116 msec, s.d. = 168pmparedwith phonologically
opaquenouns ending in-e (1178 msec, s.d. = 171).
This finding is in line with previous results Bates et
al. (1995) for gender monitoring of singleords presen-
ted out of context. Recallhowever,that there was a
nonsignificanttrend towardlonger word durations for
phonologically opague nouns, which may be con-
tributing to this effect.

Comments. Resultsobtainedwith gendermoni-
toring match ourresults for word repetition in two
respects. The priming effect reachessignificance on
both tasks,and onboth tasks,feminine words elicit
faster reaction times thanasculinewords. Incontrast
with the word repetition task(which yielded significant
facilitation andinhibition whenRTs are measureffom
word onset), gendermonitoring provides evidence for
significantinhibition but thefacilitative component is
not reliable. Therewas also alifferencebetweentasks
in the effect of phonologicaltransparency: \&Wds that
end with the opaquevowel -e elicit slower RTs in
gender monitoring; themsas nocorrespondingeffect of
transparency on word repetition.

Grammaticality judgment task

Accuracy. Accuracy onthe grammaticalityjudg-
ment task is (againjery high, with an average of 97%
correct. Nofurther analyseswere conducted otthese
data.

Reaction time. The mean RTfor grammatical-
ity judgment measured fromord onset wasl271 msec
(s.d. = 175), corresponding to a mean of 548 nfiseo
the uniquenesspoint. Overall, this is the slowest
response observed acraas threetasks (i.e.,compared
with means of 955 msedor word repetition,and 1147
for gender monitoring).

The 2 (concordant-discordanty 2 (masculine-fem-
inine) x 2 (transparent-opaquanalysis ofvariance was
conducted omeactiontimes neasuredrom word onset.
Two main effects were significantoncordancgF(1,19)
= 14.92, p < .001),and phonological transparency
(F(1,19) =18.08, p <.0001). Theconcordancesffect
reflects fasterresponses forconcordantitems (which
must be classified as “grammatical”jhan discordant
items (which must beclassified as “ungrammatical”).
Specifically, the meanwere 1127 forconcordantgs.d.
=170 msec) vs. 1314 for discordants (s.d. = 13@an
The transparencyeffect reflects fastergrammaticality
judgments fortransparenta/-o endings (mean 1249,
s.d. = 175)omparedwith opaque-e endings (mean =
1292, s.d. = 174), similar to odindings for gender

while the slowest RTswere observed on fdanine
nouns with a phonologicallppaqueending (mean =
1314, s.d. = 186); intermediate figures were observed for
masculine nouns (transparent, meal?85, s.d. = 169;
opaque, mean £271, s.d. = 160).Because we had no
predictions regarding main effects or interactions
involving gender (i.e., masculine vs. feminine), wi

not explorethis interactionfurther, except tonote that

it apparentlydoesnot interactwith or overridepriming
effects.

Comment. The concordanceesultsfor gramma-
ticality judgment provide further support for the
importance of grammaticatontext, showing inthis
case that the judgment of items which agregdnder is
faster than the recognition ofgender disagreements.
Noun gender andhe transparency ofgendermarking
also contribute to théiming of grammaticalityjudg-
ment, although the basir this interaction among
materials is not clear.

Table 3 presents a summary of reaction time results
acrossthesethreeexperiments. Strictly speaking, the
concordance effect ogrammaticality judgment isot a
priming effect, since adifferentresponse isequired for
concordant/s. discordantitems. However, results are
compatible with the idea that Italian native spealiacs
items with genderdisagreemendifficult to process. It
is also interesting that grammaticaljiydgment is the
slowest of ourthree tasks. In theabsence ofthis
information, one might propose thatthe inhibitory
effects in word repetitiomnd gender wnitoring are due
to a conscious, metalinguistieaction tothe adjective-
noun mismatch. However, when subjeatsinstructed
to report whether anismatch hasakenplace (through
grammaticality judgment), thegre substantiallyslower
than subjects whare askedto repeatthe word or
classify it according to gender.The potentialimpor-
tance of this finding is discussed below.

DISCUSSION

The mainquestionaddressed irthe presentstudy
concernghe possibleinfluence of grammaticagender
in word recognition. Theanswer tothis question is
clear: Robust primingeffects areobserved inltalian
when targetnouns are preceded by agender-marked
adjective primefor taskswith very different properties.
In particular, priming is observedwhether ornot the
subject’s attention islrawn to gendeor gender mark-
ing.

A secondquestionconcernghe direction of effects
in genderpriming. Becausethe Italianlanguagepro-
vides a valid baseline control (through the usgesfder-
ambiguous adjectives), wewere able to show that
gender priming involves areliable inhibitory com-

monitoring. The main effect of gender was not reliable Ponentacrosstasks (i.e.incongruentnounsare slower

In this task, there was also a significamteraction
betweengender anending(F(1,19) =6.21, p <.02).
Inspection of cell means shows that the fagstesttion
times were observed ofeminine nounswith a phono-
logically transparent endingnean =1243, s.d. = 183),

than neutralcontrols). Evidencefor facilitation (con-
gruent nounsfaster than neutralcontrols) wasonly
obtained in the wordepetitiontask, althoughthere is a
tendency inthe facilitative direction for gender moni-
toring as well (p < .08).



A further issue revolves around the natanellocus
of genderpriming. As wenoted inthe introduction,
many investigatorshave concludedthe grammatical
priming (if it exists at all)reflects operations that are
controlled, strategic, inhibitory and/or post-lexical
(Balota, 1994; Tanenhaus &Lucas, 1989; Tyler &
Wessels, 1983friederici & Kilborn, 1989). Four
aspects ofthe findings presented heresupport an
alternative view, i.e., that at least part of traiance in
genderpriming is contributed byautomatic processes
that occur at sompoint priorto word recognition, and
aresimilar to those that Italian nativepeakerause in
everyday language processing.

(1) In all threetasks, thedifference between
congruentand incongruent conditions was robust
eventhough thepredictive validity of the prime
was 50%(i.e., achancerelationshipbetweengen-
der of the primeand gender ofthe target). If
subjectswere respondingwith controlledand task-
specific strategies, then theibest course in the
word repetitionand gender-monitoringaskswould
be to ignore theyender-markea@djectivealtogether
(since it offers completely unreliable information
within the context of these experiments). It
appearghat subjectsould not or did not develop
such anexperiment-specifistrategy. We suggest
that this isdue tothe veryhigh predictivevalidity
of gender inthe Italianlanguage(i.e., in thereal
world), resulting in aapid andautomaticresponse
to genderinformation that isdifficult for native
speakers teuppress—even when it would ben-
venient to do so.

(2) The presence giender primingn the word
repetition task suggests that explicit attention to
gender isnot required for priming to occur. Of
course weare in no position to conclude that
genderpriming is unconsciouseven inthe word
repetition task. AgGrosjean etal. (1994) have
noted, gendererrors are highly salient for native
speakers of aender-markedanguage, so salient
that a single mismatch can bring about wBabs-
jean et al. refer to as “processing catastrophe”. It
is unlikely that wecould create alaboratory situ-
ation in which Italian listenersare unaware of
genderagreementrrors. Wecan concludehow-
ever, that gender priming occurs whethemnot the
task requires metalinguistiwvareness athe gender
dimension.

(3) Reactiontimes in theword repetition task
werevery fast(i.e., anaverage of233 msecafter
the uniquenesgoint). This isall the more im-
pressive in view of théact thatthe targetfollowed
immediatelyafter the offsetof the prime,approxi-
mating the tinng relationsbetween adjectives and
nouns innaturaldiscourse. This finding is com-
patible with theideathat genderpriming involves
(at least inpart) arapid, automatic form ofacti-

vation that contributes toword recognition in
Italian.

(4) Although the inhibitory component of
gender priming is clearly more robust than the
facilitative component, theresence ofacilitation
as well as inhibition on theord repetition task is
compatible with amix of automaticand controlled
processes.

With regard tahis lastpoint, inhibitory effects are
classically considered to bestrong evidencefor con-
trolled processingPosner & Snyder1975). However,
more recentstudies haveshown thatinhibition may
appear even in tasks where several indicators point to an
automatic processing (i.e., fast, unconsciandrapidly
decayinginhibitory effects incolor priming—Di Pace,
Marangolo, Pizzamiglio, &Burr, 1994; Marangolo, Di
Pace, & Pizzamiglio, 1993; inhibitoryeffects in pic-
ture-wordStroop tasks that onlgccur wth very short
SOA—Glaser,1992; seeDagenbach &Carr, 1994, for
detailed discussions of the roleof inhibition in
information processing). In viewf all these findings,
we suggest that thepresence ofinhibitory gender
priming in the present studycould reflectautomatic
processingcontrolled processing, orboth. In other
words, the presence ofnhibition may notbe auseful
guide to the locus of primingffects, everthoughsuch
effects have been used to argue for controlled processing
in previous studies.

In addition to the predictedpriming effects, there
were also a number oéffectsinvolving noun gender
(masculinevs. feminine) and noun ending (opaque vs.
transparent).  Ingender monitoring and in gramma-
ticality judgment, nouns with a phonologicalisans-
parent ending-6 or -a) were processeanore quickly
than nouns with a phonologicalgpaqueending. This
replicatesour previous findings fogender ronitoring
of single wordsout of context(Bates etal., 1995), and
it suggests that Italian natiwpeakers find it easier to
makean explicitdecisionaboutgenderwhen there is a
transparentand unambiguous phonologicaktue to
gender athe end ofthe word. Following the standard
model, this predicted effect ghonologicaltransparency
may be post-lexical in naturggeflecting a process of
“checking” that some subject®ngagein, on some
items, when they are required to make an explicit
decision about genderidentity and genderagreement.
The fact that transparency effectsere not observed in
the word repetition task (similar toout-of-context
findings byBates etal., 1995) provides furtheisupport
for this view.

On gender monitoring andord repetition, subjects
responded more quicklgverall to femininenouns. On
grammaticality judgmenthere was no min effect of
gender. Thesejudgments were particularly fast for
transparent feminine words (in line with findings for the
other two tasks), bugspeciallyslow for opaque femi-
nine words(an interactionthat was notobserved in the
other twotasks, althouglit was observed byBates et



al. (1995) for gendemonitoring of singlewordsout of
context). Thesegendereffects cannot beexplained by
word frequency odength (which were counterbalanced
over genders). Because weade nospecific predictions
regarding theeffects ofnoun gender, wethink it would
be unwise tospeculate indetail about thesource of all
these complex interactionexcept tonote that they do
not overrideour predictedeffects ofpriming or phono-
logical transparency.

To summarize, we have shown tlggnderpriming
is a reliable phenomenon that meets many oftthieria
that have beenproposed by others for automatic,
modular, pre-lexical (orpre-recognition) effects. Our
data donot permit us tospecify the locus ofgender
priming within thisbroad pre-recognitionstage(e.g., it
may occur before thearget ispresented, oafter lexical
candidates are activated). However, our findingbale
implications for modular theories, if oneadopts the
criteria that aretypically used to defineautomaticpro-
cesses (Tablel), becausethey suggest thatexical
processesnay be“penetrated” byhigher-level phrasal
information. Can the modular view be saved?

One possibility may be thaenderpriming occurs
entirely within the lexiconpy analogy to thesemantic
activation thatspreadsfrom word to word to yield
classic semantipriming effects(e.g., why DOCTOR-
NURSE is faster than BREAD-NURSE). On this
argument,genderpriming would havenothing to do
with higher-level grammar; rathewords of the same
gender tend tactivateeachother, independent ostruc-
ture.

Although this is a logical possibility, it is unlikely
that it would work for a language like Italiarfhere are
only two genders,and there are often many nouns,
adjectives and other elementstbé samegenderwithin
a singlesentence ophrase. Ifgenderpriming were
structure-independerft.e., it had nothing to do with
agreement, aspecified by syntactic relations),then
such priming effects could dar more harm thamgood.
Consider the following Italian sentence:

Perché la trova cosi bella, Giovanni ha
invitado Maria alla festa.
Because hedm -object-cliticfinds so

beautifulem,, Giovannj,asc invited
Mariagfem to the partyem.-

Note that the femininadjective“bella” (beautiful)
modifies Maria, but it immediately precedeshe noun
“Giovanni” (John). Ifgenderpriming spread forward in
a structure-independeninanner, it would erroneously
block orinhibit perception ofthe noun thatserves as
the subject of the next clause. Furthermdegause
adjectives camprecede orfollow their nouns inltalian
(depending on various syntactic, semaatid pragmatic
conditions), the risk okrroneousstructure-independent
priming could run in two directions. Although we
cannot rule out the possibility that our effects dwe to
structure-independent intra-lexical effects, the dattggr
sucheffectswould portendfor lexical and grammatical
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processing in Italian suggests thygnderpriming must
be constrained by structural relations.

Could we, thenmove all structurallyconstrained
genderpriming into thelexicon? Thais a possibility
as well, but given thepervasiveness oflender agree-
ment at many different levels of tlggammarin Italian,
such a move is tantamount to placing all gpghmmar
within the lexicon. In fact, a number of proposals of
that typehave beerput forward in the lastfew years
within linguistic theory, eliminating théorder between
grammarandthe lexicon infavor of asingle, hetero-
geneous“construction-based’system (e.g.,Goldberg,
1995). Hencethis may be aeasonable ove from a
linguistic point of view. However, if weeliminate the
distinction between grammaandthe lexicon, then the
classic psycholinguistic distinctionbetween “pre-lexi-
cal” and “post-lexical’” processedoses much of its
value.

Our findings could beaccommodated by aimter-
active alternativéo the standardtheory, one that also
eliminates the need f& neutralbaseline againswhich
facilitation and inhibition are carefully measured. In
interactive-activation models dkxical access, many
different sources ofnformationcan bebrought to bear
in the word recognitionprocesge.g., Bates,EIman &
Li, 1994; Elman, 1993; Elman & b&Clelland, 1988;
MacDonald, Pearlmutter & Seidenberg,1994; Mac-
Whinney, 1989; Rumelhari& McClelland, 1986;
Simpson & Kang, 1994). Interlexical relations, syn-
tactic informationand discoursecontextcanall be used

to activate word candidates, sometimes in advance of the

actual physical signal (by loweringhe thresholds of
some lexicalcandidatesand/orraising thethresholds of
others). This activatiorprocess isinherently non-

linear, so that the risandfall of lexical candidates can
mimic the discontinuitieassumed byraditional nodu-

lar models. However,the underlying process ofan-

didateactivation iscontinuous,and distributed in time
as well as (mental) space.

The time-space interactions assumed by such
modelsare important for our purposes herehecause
they suggest a way thedindidates could bicilitated or
suppressedvithout assuming anything resembling a
neutralbaseline. In theresentstudy, wehave taken
advantage of aneutral baselinethat is avalid and
frequentproperty ofltalian (i.e., gender-ambiguous ad-
jectives, contrastingvith gender-markechdjectivesthat
either matchor mismatch thesubsequenhoun). By
using such a baseline, we have been abldetoonstrate
that genderpriming in Italian reflects both facilitation
and inhibition (assuming that thestandardmodel is
correct). Nevertheless, ware uncomfortable wh the
standardview of facilitation and inhibition, for two
reasons. Firstthe terms‘facilitation” and“inhibition”
resembleterms with a well-specified meaning in the
brain sciencesand assuch theyimply more than we
really knowabout theprocessesesponsible fodexical
activation. Second, arempiricaltest ofthe distinction



between facilitation and inhibition always requires
establishment of aeutralbaseline. But whateally

constitutes a fair estimate ‘ofeutral language’dnce we
move beyondthe level ofword pairs? We havédeen
fortunate in finding aeasonablandvalid example of a
neutral baseline for grammatigafiming in Italian, but
such baselinearerarely available onceone moves be-
yond the level ofvord pairs to morecomplexsemantic
andgrammaticalcontexts(see Neely, 1991, for a dis-

cussion of this point).
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Figure 1: Schematicepresentation ohidden-unit activation
patterns as vectors @n n-dimensional statepace. Lexical
items are points in space; different regions correspond to gram-
matical categories or semantic features.

A recent proposal by Elman (1998ffers away to
explain positiveand negative context effects without
assuming anartificial and unrealistic neutral starting
point. Elman has implemented ameractive-activation
model of lexical access in a mechanism calls@iraple
recurrent neural network. This is anartificial
neural networkthat lives in time. Oreach timestep,
the system uses a combination of therentinput and
previous context to make @rediction about the
linguistic element that wilbccur next (in thiscase, the
nextword). Based onthe degree ofmismatch between
the predictedelement and the elementthat actually
occurs, thesystemmodifiesits internal stateand uses
those modifications to make itext prediction. Elman
has shown that a systeshthis sortis able toinduce a
phrase structurggrammarfrom unlabelled strings of
wordsthat were generated bguch a grammar.Under
certain developmentatonditions, such systems can
induce agrammarwith multiple embeddingsand long-
distance dependencies (includiagreement phenomena).
The crucial point for our purposégrerevolvesaround
the nature ofthe underlying representatiorthat make
this performancepossible.
vectors in a high-dimensional spaead (after learning
has occurred) words witkimilar grammatical privileges
are groupectlosely togethemwithin this n-dimensional
space. As itacquiresthe grammar ofthis artificial
language, theystemacquires (a) amppropriatespatial
organization(with elements sent to live in thgroper
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space)and(b) a set ofweights thatpermit movement
from oneposition toanother inthis spaceover time;
hencegrammatical'knowledge” can beviewed as a set
of probabilistic trajectories. Figure 1 (from Batesabkt
1994) Iillustrates a3-dimensional reduction of this
hyperspacdbased orthe first principal components of
the Elman simulation). Given a sentencebeginning
(for example)with the plural verd DOGS, a system
that hasacquiredthis simple phrase structurgrammar
will make aprediction that constitutes(formally) a
move in the direction of theerb sector ospacewith a
strong biasoward plural verbsassociatedvith animate
first nouns. The match or mismatbletweenpredicted
words and the word that actually occurs next is a
dynamic and continuous variable, i.e. success is a
matter of degree.

Applying the same logic taggenderpriming, we
may view theeffect of agender-markedhdjective on a
subsequenhoun as atrajectory in asimilar nulti-
dimensional space. If the adjective causes a ritoser
to the noun that actually occurs, Wwavethe equivalent
of “facilitation”; if the adjectivecauses a owe farther
from the noun thaactually occurgi.e., fartherthan the
system wasbefore the adjective occurred), then we
would havethe equivalent of“inhibition”. However,
becausethis is acontinuous multidimensionaspace
where movements are always relative to s@ankitrary)
position, there is nmeed topostulate asingle, neutral
starting point. We may reasurethe relative contri-
bution of two primes(e.g., a matching vs.a mis-
matching adjective) without assuminga neutral base-
line.

Our results cannot based todecidebetween the
standardmodel and this interactive-activation account.
Indeed,they are compatible withboth. What we have
shown is thagenderagreemenhas aneffect onword
recognition, areffectthat is fast, robustind consonant
with known facts about the Italian language. Future
research will havéo determine whethdheseeffects are
“pre-lexical”, “lexical”, “post-lexical” or part of acon-
tinuous processing stream.
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TABLE 1

PRIMING EFFECTS ON WORD RECOGNITION: THEORETICAL ASSUMPTIONSAND
EMPIRICAL TESTS OF THE STANDARD TWO-STAGE MODEL

MANIPULATION

ASSUMPTION

PREDICTED OUTCOME FOR
PRIMING EFFECTS

Reaction Time

Automatic = fast
Controlled = slow

-- Priming at long SOA’s = controlle

-- Priming at short SOAs = automafic

d

Expectations/
Attention

Automatic = unconscious, no attention requi
Controlled = conscious, attention required

redPriming without attention = automat
--Priming with attention = controlle

Direction of Priming

Automatic = facilitation only

Controlled = facilitation and inhibition

--Priming faster than neutral
baseline = automatic

--Priming slower than neutral
baseline = controlled

Speeded Response

Insufficient time for strategies to apply

--Priming only for automatic

Perceptual
Degradation

Allows spreading activation to build within
the lexicon

--Increased priming only for
automatic processes

Delayed Response

Allows strategies to apply

--Increased priming only for

controlled processes




TABLE 2
SAMPLE ADJECTIVE-NOUN COMBINATIONS

CONDITIONADJECTIVE & ADJECTIVE &
TRANSPARENT NOUN OPAQUE NOUN

CONCORDANT:

Feminine Brutta- CASA (uglyrem - HOUSEEem) Brutta- PACE (uglyeem - PEACEFem)
Masculine  Brutto- PIATTO  (uglymasc - PLATEmasc) Brutto- CUORE  (uglymasc - HEART masc)

NEUTRAL:

Feminine: Grande- CASA (largeamp - HOUSEEem) Grande- PACE (largeamp - PEACEEem)
Masculinee  Grande- PIATTO (largeamb- PLATEmase) Grande- CUORE  (largeamb - HEART masc)

DISCORDANT:

Feminine: Brutto- CASA (uglymasc - HOUSEFem) Brutto - PACE (uglymasc - PEACEFEem)
Masculine  Brutta- PIATTO  (uglyrem - PLATEmas) Brutta- CUORE  (uglyrem - HEART masc)

Fem = Feminine Masc = Masculine Amb = Ambiguous



TABLE 3:

SUMMARY OF ADJECTIVE-NOUN PRIMING RESULTSACROSS THREE TASKS

MEAN REACTION TIMES:

--From Word Onset
--From Uniqueness Point

--Concor dant

--Neutral

--Discor dant
DIFFERENCE SCORES:

--Facilitation (N - C)

--Inhibition (D - N)

--Total (D - C)

n.a. = not applicable

(Reaction times and difference scoresin milliseconds)

WORD
REPETITION

955
233

934
953

978

19*
25*
44*

*-p<.05

GENDER
MONITORING

1147
425

1135
1145

1161

10~
16*
26*

~=p<.10

GRAMMATICALITY
JUDGMENT

1271

1127

n.a.

1314

n.a.

n.a.
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