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ABSTRACT
The goals of the present study were: (1) to determine whether grammatical gender on a noun modifier can prime

recognition of the following noun; (2) to determine whether the priming effect involves facilitation, inhibition or both,
and (3) to compare performance across three different tasks that vary in the degree to which explicit attention to gender is
required, including word repetition, gender monitoring and grammaticality judgment.  Results showed a clear effect of
gender priming,  involving both facilitation and inhibition.  Priming was observed whether or not the subjects’ attention
was directed to gender per se.  Results suggest that gender priming involves a combination of controlled, post-lexical
processing and automatic, pre-lexical processing.  Implications for different models of lexical access are discussed, with
special reference to modular vs. interactive-activation theories.

Why grammatical priming?
The issue of whether gender can be a useful prime

in lexical access is a particular example of a more
general problem: How can context influence the nature
and timing of information access during lexical pro-
cessing?  The answer to this question has consequences
for theories of language comprehension, including the
contrast between modularity and interactive models of
lexical access (for reviews, see Balota, 1992; Frauen-
felder & Tyler (Eds.), 1987; Levelt (Ed.), 1992).

If grammatical gender does contribute to word
recognition, then it can be said to constitute an example
of grammatical priming.  Two earlier studies provided
evidence for faster lexical decisions when the prime and
target are preceded by a syntactically appropriate context
(Goodman, McClelland & Gibbs, 1981, in a study of
English), or when they were preceded by an appropriate
preposition (Lukatela, Kostic, Feldman, & Turvey,
1983, in a study of Serbo-Croatian).  However, subse-
quent experiments in English by Seidenberg, Water,
Sander and Langer (1984) , Tyler and Wessels (1983),
West and Stanovich (1982; 1986), and Wright and
Garrett (1984) have all shown that grammatical priming
is relatively weak.  Furthermore, they suggest that
grammatical influences on lexical processing are inhibi-
tory in nature, and probably occur at some point shortly
after the target word is recognized (i.e., they are post-
lexical effects).  For reasons that we will outline in
more detail below, this may also mean that grammatical
priming is conscious, and strategic.

In a summary of the literature on priming in
spoken word recognition, Tanenhaus and Lucas (1987)
conclude that “On the basis of the evidence reviewed...it
seems likely that syntactic context does not influence
prelexical processing” (p. 223).  They speculate that
this is the case because syntactic context has relatively
little to offer:

“Feedback from a syntactic context to words
that belong to possible or even expected syntactic
categories will do little to reduce the potential
number of lexical candidates....  Thus it would
appear that syntactic to lexical feedback would
generally be of limited utility” (p. 224).

This conclusion may be valid for English, a
language with relatively little inflectional morphology,
but the argument is less convincing for richly inflected
languages in which agreement morphology can provide
powerful constraints on lexical access.  In fact, a
number of recent studies conducted in other languages
have forced a reconsideration of grammatical priming in
lexical access, although the nature and locus of the
effect is still unclear.  Using a combination of gating
and lexical decision, Grosjean, Dommergues, Cornu,
Guillelmon and Besson (1994) have shown that gender
marking affects word recognition in French, with earlier
recognition points in gating and faster reaction times in
lexical decision for nouns that are preceded by an article
that is correctly marked for gender.  The difference be-
tween performance with and without an article suggests
that the effect may be due to facilitation.  Using a cross-
modal lexical decision paradigm, Frie-derici and Kilborn
(1989; see also Kilborn & Friederici, in press) have
demonstrated a combination of syntactic and morpho-
logical priming in German, but these effects appear to
be inhibitory in nature (i.e., reaction times are slower
following a grammatical violation, compared with
control conditions).

To summarize, evidence supporting an effect of
grammatical context on lexical recognition is still
relatively slim, and most of the effects that have been
reported to date can be interpreted as post-lexical and
inhibitory in nature (a point to which we shall return
shortly).  However, it must be noted that most of these
studies were not optimally designed to disentangle the
relative contributions of facilitation and inhibition.  For
this reason we have chosen to focus on the role of
gender marking in Italian, a language whose charac-
teristics (see below) provide an ideal linguistic milieu to
approach this issue systematically, and to overcome
important methodological problems.

Why gender?
Grammatical gender is of interest because it is a

pervasive phenomenon in many of the world’s lan-
guages, and yet there are relatively few studies investi-
gating its role in lexical and grammatical processing.
Developmental studies have shown that gender is
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acquired relatively early by young children, at least for
those parts of the language in which it is clearly marked
(e.g., Devescovi, D'Amico, Smith, Mimica, & Bates,
1994;  MacWhinney, 1978; Orsolini, 1993; Pizzuto &
Caselli, 1992).  Other studies have shown that adult
native speakers are able to recognize and classify words
according to gender quickly and without a great deal of
effort (cf. Bates, Devescovi, Pizzamiglio, D’Amico &
Hernandez, 1995; Brooks, Braine, Catalano, Brody, &
Sudhalter, 1993; Burani, 1992; Cassidy & Kelly, 1991;
Colé & Ségui, 1994; Deutsch & Wijnen, 1985; Ra-
deau, Mousty, & Bertelson, 1989; see also unpublished
studies reported in Brown, Senft, & Wheeldon, 1993).
They can use gender information as a cue to semantic
roles (i.e., “who did what to whom”—(Devescovi et al.,
1994; Kail, 1989), and they are sensitive to errors of
gender marking in real-time language comprehension
(e.g., Friederici & Schriefers, 1993; Jarema & Frie-
derici, 1994).  In other words, we know that gender
marking is an option favored by many of the world’s
languages, and we know that native speakers can acquire
and process gender with efficiency.  Nevertheless, we
still do not really understand why so many of the
world’s languages persist in the use of a costly lin-
guistic device that serves no obvious communicative
function.

One possible explanation for the pervasiveness and
persistence of gender may be that it does serve a
communicative function, although that function has
little or nothing to do with sexuality (Bates et al.,
1995).  In contrast with other aspects of inflectional
morphology (i.e., case, number, person, tense and as-
pect), gender is an inherent property of nouns that can
be retrieved at the moment of lexical access, for words
presented out of context.  In addition, the continued
marking of gender within and across sentences may help
the listener to keep track of several different referents in
a complex discourse.  

Some evidence in favor of this view comes from
Kilborn (1987), who showed that German listeners have
an advantage over English subjects in a word-
monitoring task in which words must be identified in
syntactically well-formed but semantically anomalous
prose (e.g., “Colorless green IDEAS sleep furiously”).
In the same vein,  Grosjean et al. have shown that
gender marking on the article serves as a powerful cue
to recognition of a subsequent noun.  The present study
will replicate and extend the Grosjean et al. findings for
French, taking advantage of some properties of Italian
that permit further clarification of the processes that
underlie gender priming.

Properties of gender in Italian
In Italian, there are only two genders, masculine

and feminine (in contrast, for example, with the three
genders of German and Russian, or the six genders of
Swahili—Grosjean et al., 1994).  Gender is an inherent,
context-independent property of every Italian noun, and
gender agreement must be marked on almost all mod-

ifiers (i.e., articles, determiners, adjectives-numerals are
not marked for gender), on all coreferential pronouns
(including full pronouns and clitics), and on the past
participle of the verb.  There are no unmarked or zero
noun forms in Italian.  Except for a small number of
foreign loan words (e.g., bar), all Italian nouns end in a
vowel, and gender and number are marked together on
that final vowel.  For the great majority of nouns (and
for most agreeing adjectives), masculine forms end in -o
in the singular and -i in the plural, feminine forms end
in -a in the singular and -e in the plural.  We will refer
to these as “phonologically transparent” items.  For a
minority of both masculine and feminine word types
(and some agreeing adjectives), the final vowel is  -e in
the singular and -i in the plural.  Because gender cannot
be recovered from surface form alone on words within
this class, we will refer to them as “phonologically
opaque”.  Note that such nouns are not ambiguous for
gender (although adjectives that end in -e are ambi-
guous unless one knows the identity of the noun they
modify—see below); gender is a fixed property of every
noun, known by every native speaker and presumably
available as soon as that noun is identified,  whether or
not gender is transparently marked on the final vowel
(i.e., whether nor not the noun “wears its gender on its
sleeve”).  Both transparent and opaque word types will
be used in the present study, to investigate whether this
dimension affects performance by native speakers in
either of our tasks.  

In Italian (like all of the gender-marked languages
in the world), the relationship between semantic and
grammatical gender is arbitrary in most cases.  Further-
more, Bates et al. (1995) have shown that semantic
gender has no measurable effect on lexical access or
gender classification when words are presented out of
context (where semantic gender is defined as the
masculine or feminine identity of the animate beings to
which a word refers).  Nevertheless, in order to avoid
any possible conflicts between grammatical and seman-
tic gender, we will restrict ourselves to words desig-
nating inanimate referents (i.e., items whose referents
are not inherently masculine or feminine).

Choice of tasks
When approaching a relatively new domain of

psycholinguistic inquiry, it is useful to look for in-
formation that is relatively independent of specific tech-
niques.  In the present study, we will use three different
techniques to study the effects of adjective gender on
processing of a subsequent noun.  

The first task is alternatively called w o r d
repettion, auditory naming, or s ingle-word
shadowing  (for some examples of priming studies
using this technique in context, see Herron & Bates,
1995; Liu & Bates, 1993; Slowiaczek, 1994).  Subjects
are simply asked to repeat the second word in a series of
word pairs, where the first word is an adjective serving
as the grammatical context or “prime”, and the second
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word is a noun that serves as the target.  This task is
important for our purposes here because it requires no
metalinguistic decision, and no attention whatsoever to
gender or its morphological markers.  Word repetition
has been used in a previous study of gender and lexical
access for individual words in Italian (Bates et al., 1995)
and can bring important contributions to the under-
standing of the nature of a possible gender priming.

The second task has been called gender moni-
toring and/or gender classification.  Subjects are
asked to listen to a series of adjective-noun pairs (the
same stimuli used in the word repetition task), and to
press one of two buttons indicating whether the noun
target has feminine or masculine gender.  Variants of
this task have been used in previous studies of gender
processing for isolated words (Bates et al., 1995; Radeau
et al., 1989); our own results to date suggest that
performance may change when subjects are asked to
focus explicitly and consciously on the gender di-
mension.  In particular, repetition of nouns out of
context is not affected by phonological transparency of
gender monitoring, but gender monitoring of the same
nouns out of context is significantly and robustly
affected by the presence or absence of a transparent
gender cue (i.e., slower performance for both masculine
and feminine nouns that end with the phonologically
opaque vowel -e ).

In the third task, called grammaticality judg-
ment  or error detection,  subjects are not asked to
focus explicitly on noun gender, but they are asked to
decide whether an adjective-noun sequence is gramma-
tical or ungrammatical.  Since gender is the only
morphological dimension that we will use to create
grammatical and ungrammatical pairs, this constitutes
an indirect way to induce conscious, attentive proces-
sing of the gender dimension.  Hence gender monitoring
and grammaticality judgment should favor a more
strategic, controlled mode of gender processing, while
word repetition is more likely to tap into automatic
effects (more on this below).  In addition, the gram-
maticality judgment task will help us to determine
whether awareness of the gender mismatch precedes or
follows other priming effects.  If we can show that
detection of a gender mismatch is faster than word
repetition and/or gender monitoring, then we would
have evidence for the idea that conscious awareness of
the mismatch "causes" a relative slowing in the other
two tasks.  Alternatively, if it turns out to be the case
that grammaticality judgment is slower than word repe-
tition and/or gender monitoring, then it is less likely
(albeit not impossible) that priming effects in the latter
two tasks are "caused" by conscious awareness of an
error.  This brings us to a final issue, revolving around
the point in processing where gender and other morpho-
logical cues may have their effect.  

When does word recognition take place?
We have proposed that gender and gender agreement

are pervasive phenomena in many of the world’s lan-
guages because they make it easier for listeners to
recognize words and track co-indexed forms across a
complex discourse (see also Bates et al., 1995; Grosjean
et al., 1994; Kilborn, 1987).  In other words, we are
claiming that gender facilitates lexical access “in the real
world”.  The three experiments presented below would
be of little relevance to this claim if our effects reflect
nothing more than experiment-specific strategies that
emerge in a strange laboratory world in which gender
agreement is violated (something that rarely occurs in
spoken or written Italian).  How can we tell the
difference?  This concern brings us directly into a
complex tangle of theoretical and methodological issues
that must be confronted in any study of context effects
on lexical access, revolving around the hypothetical
border between  pre-lexical processes (events that are
responsible for word recognition, defined here to include
contextual factors prior to presentation of the word, and
to intra-lexical processes that take place entirely within
the lexicon) and post-lexical processes (events that take
place after a word has been recognized—including but
not limited to experiment-specific strategies).  

Table 1 summarizes a list of properties that charac-              
terize what we shall call the “standard two-stage model
of lexical access” (adapted from Hernandez, Bates &
Avila, 1995).  Although we have not seen this
complete list of claims in any single paper on lexical
access, various aspects of this two-stage model can be
found throughout the lexical-access literature (e.g.,
Chiarello, 1991; Neely, 1991; Swinney, 1979; see
papers in Frauenfelder & Tyler, Eds., 1987; Gerns-
bacher, Ed., 1994).  In most variants of the standard
model, word recognition is viewed as a modular, bot-
tom-up process in which lexical items are activated by
two sources of information: perceptual information
from the incoming word (orthographic or phonological),
and spreading activation within the lexicon (which may
include both phonological and semantic information
from preceding words that are still active).  These events
are classified as “pre-lexical”, in that they take place
before the word is recognized and contribute to its
recognition.  Other sources of information have their
effects only after the lexical item has been accessed, in a
second, “post-lexical” stage that may include selection
of contextually appropriate candidates, inhibition of
inappropriate candidates, and integration of the chosen
item into a larger contextual frame.  As noted in the
above quote by Tanenhaus and Lucas (1987), this would
include grammatical priming.  The language of the two-
stage model is so pervasive in the field that it is used
even by those who are critical of it (e.g., Marslen-
Wilson & Tyler, 1980; Tabossi & Zardon, 1993), and it
has shaped methodological decisions and operational
definitions in hundreds of experiments.  
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Building on a long-standing distinction between
automatic and controlled processing (Posner & Snyder,
1975; Shiffrin & Schneider, 1977), it is generally ar-
gued that pre-lexical processes are automatic while post-
lexical processes are strategic or controlled.  Table 1
includes the theoretical features that are believed to
distinguish between automatic (pre-lexical) processes
and controlled (post-lexical) processes, and the expe-
rimental manipulations that have been used to opera-
tionalize this dichotomy.  If pre-lexical processes are
indeed automatic, then they should be (a) very fast (or,
at least, faster than the controlled processes that occur
after word access), and (b) unconscious (which is more
likely if the subject’s attention is not drawn to the
dimensions in question, e.g., by choice of primary task,
by use of a secondary “distracter” task, or by use of
materials in which the proportion of relevant items is
relatively low).  Based on the same automatic/controlled
dichotomy, it has also been argued that automatic forms
of spreading activation are purely facilitative, while
strategic or controlled processes may involve a com-
bination of facilitation and inhibition; hence, if any
inhibition is observed, it is attributed to the operation
of a strategic process.  

Although we cannot pretend to have covered all
these options in the present study (e.g., we will not
adopt standard variations in SOA, speeded or delayed
response, or perceptual degradation), we have selected
tasks and materials that will permit us to interpret our
results within the standard framework.  Specifically, we
are using on-line tasks in which subjects are working
under a time pressure, with a short SOA between prime
and target, and with systematic variations in the task,
that ought to provide insights into behavior with and
without conscious attention to the gender dimension.
For present purposes, we want to know whether gram-
matical priming exists, and whether it meets any of the
criteria in Table 1 for automatic priming effects.  

We will show that gender priming in Italian does
meet these criteria.  This does not mean, however, that
we are wedded to the standard framework.  As we will
point out in more detail in the conclusion, numerous
problems have accrued for this two-stage model in the
last few years (e.g., Smith, Besner, & Miyoshi, 1994),
and an alternative framework has begun to emerge that
is quite compatible with our results.  

METHODS
Subjects
Three independent groups of Italian-speaking uni-

versity students participated in these studies: 40 sub-
jects in the word repetition task, 32 in the gender-
monitoring task, and 20 in the grammaticality judgment
task.

Materials
The stimuli for word repetition and gender moni-

toring were 120 adjective-noun phrases (adjective primes

and noun targets, in the order Adjective - Noun,1)
constructed from a set of 120 nouns and 50 adjectives
drawn from norms for spoken word frequency in Italian
(De Mauro, Mancini, Vedovelli, & Voghera, 19932.
Foreign loan words, acronyms, slang terms and proper
names were excluded, together with highly abstract,
technical or context-specific terms.  In a previous study
of gender and lexical access in Italian (Bates et al.,
1995),  items with a word-initial fricative resulted in
significantly slower reaction times.  For the present
study, selection of noun targets was therefore restricted
to words that do not begin with a vowel or a fricative
consonant.  The Bates et al. study found no significant
effects of semantic gender for words presented out of
context (where semantic gender is defined as reference to
animate beings with inherent sexual identity).  How-
ever, to avoid any potential interactions between seman-
tic and grammatical gender that might occur in a phrasal
context, the 120 nouns used here all had inanimate
referents (i.e., referents without inherent semantic gen-
der).

The nouns included 60 “phonologically transparent”
nouns (30 masculines ending with -o and 30 feminines
endings with -a), and 60 “phonologically opaque” nouns
(30 masculines and 30 feminines, both ending with -e).
As noted earlier, all these nouns are unambiguous for
gender, a fixed attribute known by all native speakers.
The contrast between transparent and opaque nouns is
not an ambiguity manipulation; rather, it permits us to
assess the contribution of overt phonological cues to
recognition and processing of inherent grammatical
gender.  

The adjectives included 40 “phonologically trans-
parent” adjectives ending in -a or -o (to be used for
concordant and discordant conditions, with feminine vs.
masculine nouns, as outlined below), and 10 “phonolo-
gically opaque” adjectives ending in -e (to be used for
the neutral control condition, outlined below).  In con-
trast with nouns, adjectives ending in -e are ambi-

                                                
1
 In Italian, the two orders Adjective-Noun and Noun-

Adjective are both completely grammatical.  However, the
Noun-Adjective order is more frequent, and is usually
regarded as the default (i.e., pragmatically neutral) order.
For the present study, selection of adjective primes was
restricted to modifiers that are pragmatically felicitous and
plausible in prenominal position.
2 In addition to the two largest word classes (transparent
and opaque), a very small number of word types in Italian
carry contradictory marking.  These include idiosyncratic
words like la mano (a feminine word meaning hand, with
masculine marking on the noun but feminine agreement on
all modifiers), and a small class of words derived from
Greek like drama or “telegramma (masculine  words for
drama and telegram, with feminine marking on the noun
but masculine agreement on all modifiers).  The very small
class of aberrant or contradictory forms will not be
investigated here.
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guous for gender.  In Italian, gender is assigned to
adjectives by the noun that they modify.  For adjectives
that belong to the dominant and phonologically trans-
parent -o/-a class, the final vowel will be -o if it mod-
ifies a masculine noun, and -a if it modifies a feminine
noun.  For adjectives that belong to the ambiguous -e
class, the adjective takes the same form whether it
modifies a masculine or a feminine noun.  Hence
adjectives that end in -e offer no information at all
about the subsequent noun.  This means that these ad-
jectives serve as a neutral baseline against which we can
assess the facilitative or inhibitory effects on a phono-
logically transparent and unambiguously marked gender
cue.  Because such combinations are common in the
Italian language, this means that our neutral baseline
has substantial ecological validity.

All adjectives and nouns were singular forms,
beginning with a consonant; half were two syllables in
length, and half were three syllables long.  Note that
there are no monosyllabic content words in Italian,
except for foreign loan words, which means that our
stimuli are longer than those that are ordinarily
employed in English-language studies of lexical access
(we will return to this point later).  Based on the De
Mauro et al. norms, nouns and adjectives have an
absolute frequency of use ranging from 2 to 262, with a
mean of 40.46 and a standard deviation of 54.12.  Care
was taken to assure that the four noun conditions
(transparent masculine; transparent feminine; opaque
masculine; opaque feminine) did not differ significantly
along any of the other dimensions that are known to
influence auditory word recognition.  Half of the nouns
in each class were two syllables long, and half were
three syllables long.  2 × 2 Gender and Transparency
analyses of variance were run over items on whole-word
frequency and frequency of the inflected word form
(based on the De Mauro et al. norms).  There were no
significant main effects of gender or transparency, and
no significant interactions (all F’s < 1.00, n.s.).

All adjectives were recorded by a male Italian native
speaker, in a phrasal intonation (with a rise on the
adjective and falling intonation on the noun), with a
single carrier noun (cosa, or thing).  All nouns were
recorded separately by a female Italian native speaker, in
the falling intonation that is appropriate for adjective-
noun pairs.  The stimuli were digitized on the Macin-
tosh SoundEdit 16 system.  Adjective primes and noun
targets were spliced from their original carrier phrase,
and stored in separate registers in the PsyScope
Experimental Shell (Cohen, MacWhinney, Flatt &
Provost, 1993).  

We also took pains to minimize differences be-
ween materials that might be due to word duration in
milliseconds (measured by hand using the Macintosh
SoundEdit 16 system—see below), or to length in
milliseconds up to the point at which the word becomes

uniquely identifiable (i.e., the uniqueness point)3.  Iden-
tification of the uniqueness point  was based on a
comparison of each target noun with all possible word
alternatives found in  Palazzi’s Dictionary of the Italian
language (1973), and word stimuli were hand-measured
up to this point on the SoundEdit 16 display system.
Note that our procedures for determining the uniqueness
point are necessarily different from those that are
typically used for English, reflecting differences between
English and Italian in inflectional and derivational
morphology, and in lexical stress (see Bates et al.,
1995, for details).  Mean word length was 891 msec
(s.d. = 128), which breaks down across materials as
follows: feminine transparent 857 (s.d. = 130), feminine
opaque 909 (s.d. = 127), masculine transparent 879 (s.d.
= 123) and masculine opaque 919 (s.d. = 128).  Mean
length up to the uniqueness point was 722 msec (s.d. =
151), which breaks down across materials as follows:
feminine transparent 705 (s.d. = 182), feminine opaque
728 (s.d. = 130), masculine transparent 732 (s.d. =
156), and masculine opaque 723 (s.d. = 135).  Gender
by Transparency analyses of variance showed that there
were no significant differences across conditions in total
word duration or length up to the uniqueness point.  All
F-ratios were < 1.00 (n.s.), except for a nonsignificant
trend toward a main effect of phonological transparency
on total word duration  (F(1,119) = 3.89, p < .06).
Examination of cell means showed that this trend comes
from greater total durations for phonologically opaque
nouns (mean = 868 msec, s.d. = 126 msec for nouns
that end in -e;  mean = 913 msec, s.d. = 126 msec for
nouns that end in -a or -o).  Because the phonologically

                                                
3 As discussed in some detail by Radeau and Morais (1990),
Radeau, Mousty and Bertelson (1989), Grosjean et al.
(1994) and Bates et al. (1995), the notion of a “uniqueness
point” is not as straightforward for richly inflected
languages as it is in English.  This is particularly true for
Italian, where virtually all inflectional morphology is
carried on the final vowel—which means that no word form
is uniquely identifiable out of context until it is complete.
Hence, if uniqueness point measurements are to have any
meaning at all, they must pertain to the word root rather
than the word form.  As Grosjean et al. and Radeau and
colleagues have also noted, the uniqueness point in a
gender-marked language may be quite different in context
(where the search may be restricted exclusively to
masculine or feminine nouns) than it is out of context.  For
all these reasons, we have chosen not to measure reaction
time from the uniqueness point in the present study.  We
include information about the “standard” uniqueness point
for two reasons only: (a) to point out that the stimuli do
not differ significantly in the point at which a word could
be recognized out of context, and (b) to underscore how fast
our subjects must be responding when the “functional
length” (as opposed to the absolute length) of Italian words
is taken into consideration.  Any interactions that might
occur between contextual variables and the “true”
(psychological) uniqueness point must be left to future
research.
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opaque class is relatively small in Italian (and we were
limited to the corpus in DeMauro et al.), it was not
possible to bring these stimuli into closer balance
without creating differences in word frequency.

The above materials were used to prepare a set of
120 adjective-noun pairs according to a 3 (concordant,
discordant, neutral) by 2 (masculine, feminine noun) by
2 (transparent, opaque noun) design.  Within these con-
straints, the PsyScope shell was used to create unique
random assignments of noun targets to adjective primes,
and a unique ordering of noun-adjective pairs, for each
individual subject (see below).  This means that our
results cannot be due to fortuitous combinations of
adjectives and nouns within a given condition (e.g., to
the fact that some combinations are more semantically
plausible than others), increasing our confidence that
any effects we find are due to grammatical gender and
not to hidden semantic effects.  Noun targets were never
repeated (that is, PsyScope assigned nouns to adjective
conditions within the 3 × 2 × 2 design until all noun
candidates were exhausted), but adjectives could be
repeated across trials (depending on results of a random
assignment).   

This experimental design permits a comparison of
facilitation (reaction time on concordant adjective-noun
pairs compared with the neutral condition) and inhibi-
tion (reaction time on discordant adjective-noun pairs
compared with the neutral condition).  Examples of the
resulting adjective-noun pairs used in the word repeti-
tion and in the gender-monitoring tasks are summarized
in Table 2.

In contrast with the word repetition and gender-
monitoring tasks, the grammaticality judgment task
used only 80 adjective-noun pairs, 40 concordant and 40
discordant.  This is due to the fact that phonologically
opaque adjectives (ending in -e) are ambiguous for
gender in Italian, so that any adjective-noun pair begin-
ning with such an adjective is always grammatical.  A
pilot study of grammaticality judgment using all 120
adjective-noun items clearly showed that Italian native
speakers are fully aware of this fact, with some subjects
pushing the “grammatical” button immediately after the
adjective, before the noun was presented.  Hence the
neutral adjective-noun pairs cannot serve as a baseline
for the grammaticality judgment task.  Note that the
unique random assignment of nouns to adjective prim-
ing conditions for every individual subject precludes
analyses of variance over items, but it also eliminates
the need for such analyses, since individual items are
not fixed across conditions (Clark, 1973).

Within each word pair, the onset of the noun target
followed immediately after the offset of the adjective
prime (i.e., a stimulus onset asynchrony set at zero).4

                                                
4 The interval between the offset of each adjective

prime and the onset of the target noun was set at zero.
However, the current version of PsyScope exacts a small
processing cost when two items are compiled on-line,

The interval between each word pair (i.e., the intertrial
interval) was 2500 msec, including a fixed ISI of 500
msec and a 2000-msec window in which the subject
could respond (see below).

Procedure
Subjects were tested individually in a quiet room.
a) Word repetition task: subjects in this expe-

riment were told that they would hear pairs of words;
within each pair, they were asked to repeat the second
word (spoken by a female voice) as quickly as possible
without making a mistake, and to speak clearly into the
microphone.    

Reaction times for word repetition were collected
by a voice key contained within the Carnegie Mellon
“button box”, an ancillary of the Macintosh workstation
which contains an independent timing crystal with 1-
millisecond accuracy.  Reaction times were measured
from the onset of the target word to the onset of the
subject’s repetition of that word, and fed directly into a
PsyScope file.  Subjects had to respond within a 2000-
msec response window (starting at the end of the target
word); if they failed to respond or responded after that
interval, a “non-response” was automatically registered
for that trial.  The 500-msec intertrial interval began
after the 2000-msec response window; this ISI was
fixed, and did not vary as a function of the speaker’s
repetition time.

b) Gender monitoring:  In this task, subjects
were asked to place the index finger of their preferred
hand on a spot between two plastic buttons.  For each
item, they were asked to indicate the gender of the target
noun by pressing one button for Feminine and the other
for Masculine (indicated by a symbol above each
button).  To control for possible differences in side
preference, half the subjects (randomly assigned) were
tested with Feminine on the left and Masculine on the
right; the other half were tested with Masculine on the
left and Feminine on the right.  They were asked to
return their index finger to the central position after each

                                                                           
reflected in the interval between the two words.  To
determine the exact length of this interval (and its standard
deviation), we generated a set of 120 items (equivalent to
the individually randomized script for a single subject) and
recorded them digitally for visual playback.  The distance
between the end of the adjective and the beginning of the
subsequent noun for each of these 120 items was measured
by hand on the SoundEdit 16 system.  Results suggested
that the mean interval was 13.88 msec, with a standard
deviation of 0.406 msec and a range from 12.7 to 14.7.
This is still a very small interval by the standards of current
research on auditory priming.  It could have been avoided
by hand-compiling all 120 stimuli in a single script.
However, because such scripts would take many hours to
prepare, this procedure would preclude the randomized
assignment of adjectives to nouns for individual subjects,
leaving us with the possibility of unintended semantic
effects that would pose a greater risk to our design.
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response.  Reaction times were calculated in milli-
seconds from the onset of the target to the subject’s key
press (adjusted reaction times from the word uniqueness
point are described under data analysis, below).  In all
respects, timing parameters for the gender-monitoring
task are equivalent to those described above for word
repetition.

c) Grammaticality judgement:  In this task,
all procedures and timing parameters are the same as in
(b), but in this case the subject was asked to press one
of two buttons indicating whether the adjective-noun
pair was grammatical or ungrammatical (indicated above
each button by a symbol).  Button position for gram-
matical vs. ungrammatical was counterbalanced over
subjects.

For the gender-monitoring and grammaticality
judgment tasks, number of correct responses was also
recorded by the button box and fed directly into the
PsyScope file.  For the word repetition task, errors (i.e.,
production of the wrong word) were noted manually by
the experimenter.  

RESULTS
Word repetition task

Accuracy.  Errors on word repetition were rare in
this experiment, averaging 1 - 3 errors per subject (i.e.,
less than 1%), and were not subjected to further
analyses.

Reaction time.  The mean reaction for word
repetition was 955 msec (s.d. = 147).  This may seem
relatively long in comparison with many studies of
word recognition in English, but it is important to
remember that these 2- and 3-syllable Italian words are
considerably longer than the words used in most
English-language studies.  When RTs are measured
from the uniqueness point, the mean for word repetition
was 233 msec (s.d. = 148 msec), which suggests that
most words were recognized and reproduced less than
250 msec after the information required to identify the
word out of context is available.

A 3 (concordant-neutral-discordant) × 2 (feminine-
masculine) × 2 (transparent-opaque ending) analysis of
variance was performed and the reaction times measured
from the onset of each word.  The results showed two
significant main effects, for adjective-noun concordance
(F(2,78) = 19.76, p < .0001) and one for noun gender
(F(1,39) = 60.76, p < .0001).  No interaction was sig-
nificant in this analysis.

The main effect of concordance is in the predicted
direction: concordant (934 msec, s.d. = 147) < neutral
(953 msec, s.d. = 145) < discordant (978 msec, s.d. =
144).  The difference between concordant and neutral
was significant by a planned 1-tailed t-test (t(39) = 2.57,
p < .01), as was the difference between discordant and
neutral (t(39) = 3.99, p < .0002), suggesting robust
effects of facilitation and inhibition, respectively.  The
main effect of noun gender reflects faster reaction times
on feminine nouns (938 msec, s.d. = 147) than mas-

culine nouns (972 msec, s.d. = 144).  The main effect
of transparency was not reliable.

Comments.  These findings show a robust
gender-priming effect in the word repetition task, an
effect that involves both facilitation and inhibition,
relative to an ecologically valid neutral baseline.  The
fact that gender priming occurs within such a short time
window indicates that gender is processed very early in
the word recognition process.

In addition to these predicted effects of adjective
gender on noun repetition, we did find a significant
main effect of noun gender, with faster response to
feminine words.  This finding is in the opposite direc-
tion from what we might predict based on type frequen-
cy (i.e., there are more masculine than feminine word
types in the Italian language as a whole).   Despite all
of our controls on word selection in the present study, it
is possible that performance is affected by hidden
correlates of gender and phonological transparency in the
Italian language, similar to the many phonological and
semantic correlates that Zubin and Köpcke (1981) have
uncovered for gender in German.   

Gender-monitoring task
Accuracy.  Accuracy scores in this task were

high, averaging 96% across all conditions.  Because it
would be possible to obtain interactions that are due
entirely to ceiling effects, these scores were not sub-
jected to further analyses.  

Reaction time.  Measured from word onset, the
mean reaction time for gender monitoring was 1147
msec (s.d. = 172), which corresponds to a mean of 425
msec from the uniqueness point.  These RTs are
approximately 200 msec longer than the RTs for word
repetition, in line with findings by Bates et al. (1995)
for single words presented out of context in both tasks.   

A 3 × 2 × 2 analysis of variance, similar to the
previous task, was performed on reaction times meas-
ured from the onset of each word.  All three main effects
were significant, for concordance (F(2,62) = 5.14, p <
.009), noun gender (F(1,31) = 28.16, p < .0001), and
transparency (F(1, 31) = 66.14, p < .0001).  None of
the interactions reached significance.   

The concordance effect was in the predicted direc-
tion: concordant (1135 = msec, s.d. = 177) < neutral
(1145 msec, s.d. = 170) < discordant (1161 msec, s.d. =
168).  The difference between neutral and discordant
pairs was reliable by a planned one-tailed t-test (t(31) =
1.88, p < .04), but the difference between concordant
versus neutral pairs was not, although there was a trend
in that direction (t(31)= 1.49, p < .08).  Hence the
inhibitory component for gender monitoring is reliable,
but the facilitative component misses significance, in
contrast with our findings for word repetition.

The main effect of gender in this task is similar in
direction to the main effect for word repetition, with
faster RTs on feminine words (mean = 1124 msec, s.d.
= 168) than masculine words (mean = 1170 msec, s.d. =
165).  We have no obvious explanation for this gender
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effect, and will not speculate further about its cause.
The main effect of phonological transparency reflects
faster RTs on transparent nouns ending in -a or -o
(1116 msec, s.d. = 168) compared with phonologically
opaque nouns ending in -e (1178 msec, s.d. = 171).
This finding is in line with previous results by Bates et
al. (1995) for gender monitoring of single words presen-
ted out of context.  Recall, however, that there was a
nonsignificant trend toward longer word durations for
phonologically opaque nouns, which may be con-
tributing to this effect.

Comments.  Results obtained with gender moni-
toring match our results for word repetition in two
respects.  The priming effect reaches significance on
both tasks, and on both tasks, feminine words elicit
faster reaction times than masculine words.  In contrast
with the word repetition task (which yielded significant
facilitation and inhibition when RTs are measured from
word onset), gender monitoring provides evidence for
significant inhibition but the facilitative component is
not reliable.  There was also a difference between tasks
in the effect of phonological transparency: Words that
end with the opaque vowel -e elicit slower RTs in
gender monitoring; there was no corresponding effect of
transparency on word repetition.

Grammaticality judgment task
Accuracy.  Accuracy on the grammaticality judg-

ment task is (again) very high, with an average of 97%
correct.  No further analyses were conducted on these
data.   

Reaction time.  The mean RT for grammatical-
ity judgment measured from word onset was 1271 msec
(s.d. = 175), corresponding to a mean of 548 msec from
the uniqueness point.  Overall, this is the slowest
response observed across our three tasks (i.e., compared
with means of 955 msec for word repetition, and 1147
for gender monitoring).  

The 2 (concordant-discordant) × 2 (masculine-fem-
inine) × 2 (transparent-opaque) analysis of variance was
conducted on reaction times measured from word onset.
Two main effects were significant: concordance (F(1,19)
= 14.92, p < .001), and phonological transparency
(F(1,19) = 18.08, p < .0001).  The concordance effect
reflects faster responses for concordant items (which
must be classified as “grammatical”) than discordant
items (which must be classified as “ungrammatical”).
Specifically, the means were 1127 for concordants (s.d.
= 170 msec) vs. 1314 for discordants (s.d. = 170 msec).
The transparency effect reflects faster grammaticality
judgments for transparent -a/-o endings (mean = 1249,
s.d. = 175) compared with opaque -e endings (mean =
1292, s.d. = 174), similar to our findings for gender
monitoring.  The main effect of gender was not reliable.  

In this task, there was also a significant interaction
between gender and ending (F(1,19) = 6.21, p < .02).
Inspection of cell means shows that the fastest reaction
times were observed on feminine nouns with a phono-
logically transparent ending (mean = 1243, s.d. = 183),

while the slowest RTs were observed on feminine
nouns with a phonologically opaque ending (mean =
1314, s.d. = 186); intermediate figures were observed for
masculine nouns (transparent, mean = 1255, s.d. = 169;
opaque, mean = 1271, s.d. = 160).  Because we had no
predictions regarding main effects or interactions
involving gender (i.e., masculine vs. feminine), we will
not explore this interaction further, except to note that
it apparently does not interact with or override priming
effects.

Comment.  The concordance results for gramma-
ticality judgment provide further support for the
importance of grammatical context, showing in this
case that the judgment of items which agree in gender is
faster than the recognition of gender disagreements.
Noun gender and the transparency of gender marking
also contribute to the timing of grammaticality judg-
ment, although the basis for this interaction among
materials is not clear.

Table 3 presents a summary of reaction time results
across these three experiments.  Strictly speaking, the
concordance effect on grammaticality judgment is not a
priming effect, since a different response is required for
concordant vs. discordant items.  However, results are
compatible with the idea that Italian native speakers find
items with gender disagreement difficult to process.  It
is also interesting that grammaticality judgment is the
slowest of our three tasks.  In the absence of this
information, one might propose that the inhibitory
effects in word repetition and gender monitoring are due
to a conscious, metalinguistic reaction to the adjective-
noun mismatch.  However, when subjects are instructed
to report whether a mismatch has taken place (through
grammaticality judgment), they are substantially slower
than subjects who are asked to repeat the word or
classify it according to gender.  The potential impor-
tance of this finding is discussed below.

DISCUSSION
The main question addressed in the present study

concerns the possible influence of grammatical gender
in word recognition.  The answer to this question is
clear: Robust priming effects are observed in Italian
when target nouns are preceded by a gender-marked
adjective prime, for tasks with very different properties.
In particular, priming is observed whether or not the
subject’s attention is drawn to gender or gender mark-
ing.

A second question concerns the direction of effects
in gender priming.  Because the Italian language pro-
vides a valid baseline control (through the use of gender-
ambiguous adjectives), we were able to show that
gender priming involves a reliable inhibitory com-
ponent across tasks (i.e., incongruent nouns are slower
than neutral controls).  Evidence for facilitation (con-
gruent nouns faster than neutral controls) was only
obtained in the word repetition task, although there is a
tendency in the facilitative direction for gender moni-
toring as well (p < .08).



9

A further issue revolves around the nature and locus
of gender priming.  As we noted in the introduction,
many investigators have concluded the 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, 1983; Friederici & Kilborn, 1989).  Four
aspects of the findings presented here support an
alternative view, i.e., that at least part of the variance in
gender priming is contributed by automatic processes
that occur at some point prior to word recognition, and
are similar to those that Italian native speakers use in
everyday language processing.  

(1) In all three tasks, the difference between
congruent and incongruent conditions was robust
even though the predictive validity of the prime
was 50% (i.e., a chance relationship between gen-
der of the prime and gender of the target).  If
subjects were responding with controlled and task-
specific strategies, then their best course in the
word repetition and gender-monitoring tasks would
be to ignore the gender-marked adjective altogether
(since it offers completely unreliable information
within the context of these experiments).  It
appears that subjects could not or did not develop
such an experiment-specific strategy.  We suggest
that this is due to the very high predictive validity
of gender in the Italian language (i.e., in the real
world), resulting in a rapid and automatic response
to gender information that is difficult for native
speakers to suppress—even when it would be con-
venient to do so.   

(2) The presence of gender priming in the word
repetition task suggests that explicit attention to
gender is not required for priming to occur.  Of
course we are in no position to conclude that
gender priming is unconscious, even in the word
repetition task.  As Grosjean et al. (1994) have
noted, gender errors are highly salient for native
speakers of a gender-marked language, so salient
that a single mismatch can bring about what Gros-
jean et al. refer to as a “processing catastrophe”.  It
is unlikely that we could create a laboratory situ-
ation in which Italian listeners are unaware of
gender agreement errors.  We can conclude, how-
ever, that gender priming occurs whether or not the
task requires metalinguistic awareness of the gender
dimension.

(3) Reaction times in the word repetition task
were very fast (i.e., an average of 233 msec after
the uniqueness point).  This is all the more im-
pressive in view of the fact that the target followed
immediately after the offset of the prime, approxi-
mating the timing relations between adjectives and
nouns in natural discourse.  This finding is com-
patible with the idea that gender priming involves
(at least in part) a rapid, automatic form of acti-

vation that contributes to word recognition in
Italian.  

(4) Although the inhibitory component of
gender priming is clearly more robust than the
facilitative component, the presence of facilitation
as well as inhibition on the word repetition task is
compatible with a mix of automatic and controlled
processes.  

With regard to this last point, inhibitory effects are
classically considered to be strong evidence for con-
trolled processing (Posner & Snyder, 1975).  However,
more recent studies have shown that inhibition may
appear even in tasks where several indicators point to an
automatic processing (i.e., fast, unconscious and rapidly
decaying inhibitory effects in color priming—Di Pace,
Marangolo, Pizzamiglio, & Burr, 1994; Marangolo, Di
Pace, & Pizzamiglio, 1993; inhibitory effects in pic-
ture-word Stroop tasks that only occur with very short
SOA—Glaser, 1992; see Dagenbach & Carr, 1994, for
detailed discussions of the role of inhibition in
information processing).  In view of all these findings,
we suggest that the presence of inhibitory gender
priming in the present study could reflect automatic
processing, controlled processing, or both.  In other
words, the presence of inhibition may not be a useful
guide to the locus of priming effects, even though such
effects have been used to argue for controlled processing
in previous studies.

In addition to the predicted priming effects, there
were also a number of effects involving noun gender
(masculine vs. feminine) and noun ending (opaque vs.
transparent).  In gender monitoring and in gramma-
ticality judgment, nouns with a phonologically trans-
parent ending (-o or -a) were processed more quickly
than nouns with a phonologically opaque ending.  This
replicates our previous findings for gender monitoring
of single words out of context (Bates et al., 1995), and
it suggests that Italian native speakers find it easier to
make an explicit decision about gender when there is a
transparent and unambiguous phonological cue to
gender at the end of the word.  Following the standard
model, this predicted effect of phonological transparency
may be post-lexical in nature, reflecting a process of
“checking” that some subjects engage in, on some
items, when they are required to make an explicit
decision about gender identity and gender agreement.
The fact that transparency effects were not observed in
the word repetition task (similar to out-of-context
findings by Bates et al., 1995) provides further support
for this view.

On gender monitoring and word repetition, subjects
responded more quickly overall to feminine nouns.  On
grammaticality judgment, there was no main effect of
gender.  These judgments were particularly fast for
transparent feminine words (in line with findings for the
other two tasks), but especially slow for opaque femi-
nine words (an interaction that was not observed in the
other two tasks, although it was observed by Bates et
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al. (1995) for gender monitoring of single words out of
context).  These gender effects cannot be explained by
word frequency or length (which were counterbalanced
over genders).  Because we made no specific predictions
regarding the effects of noun gender, we think it would
be unwise to speculate in detail about the source of all
these complex interactions, except to note that they do
not override our predicted effects of priming or phono-
logical transparency.

To summarize, we have shown that gender priming
is a reliable phenomenon that meets many of the criteria
that have been proposed by others for automatic,
modular, pre-lexical (or pre-recognition) effects.  Our
data do not permit us to specify the locus of gender
priming within this broad pre-recognition stage (e.g., it
may occur before the target is presented, or after lexical
candidates are activated).  However, our findings do have
implications for modular theories, if one adopts the
criteria that are typically used to define automatic pro-
cesses (Table 1), because they suggest that lexical
processes may be “penetrated” by higher-level phrasal
information.  Can the modular view be saved?  

One possibility may be that gender priming occurs
entirely within the lexicon, by analogy to the semantic
activation that spreads from word to word to yield
classic semantic priming effects (e.g., why DOCTOR-
NURSE is faster than BREAD-NURSE).  On this
argument, gender priming would have nothing to do
with higher-level grammar; rather, words of the same
gender tend to activate each other, independent of struc-
ture.  

Although this is a logical possibility, it is unlikely
that it would work for a language like Italian.  There are
only two genders, and there are often many nouns,
adjectives and other elements of the same gender within
a single sentence or phrase.  If gender priming were
structure-independent (i.e., it had nothing to do with
agreement, as specified by syntactic relations), then
such priming effects could do far more harm than good.
Consider the following Italian sentence:

Perché la trova così bella, Giovanni ha
invitado Maria alla festa.
Because herfem.-object-clitic finds so
beautifulfem., Giovannimasc. invited
Mariafem. to the partyfem..

Note that the feminine adjective “bella” (beautiful)
modifies Maria, but it immediately precedes the noun
“Giovanni” (John).  If gender priming spread forward in
a structure-independent manner, it would erroneously
block or inhibit perception of the noun that serves as
the subject of the next clause.  Furthermore, because
adjectives can precede or follow their nouns in Italian
(depending on various syntactic, semantic and pragmatic
conditions), the risk of erroneous structure-independent
priming could run in two directions.  Although we
cannot rule out the possibility that our effects are due to
structure-independent intra-lexical effects, the danger that
such effects would portend for lexical and grammatical

processing in Italian suggests that gender priming must
be constrained by structural relations.  

Could we, then, move all structurally constrained
gender priming into the lexicon?  That is a possibility
as well, but given the pervasiveness of gender agree-
ment at many different levels of the grammar in Italian,
such a move is tantamount to placing all of grammar
within the lexicon.  In fact, a number of proposals of
that type have been put forward in the last few years
within linguistic theory, eliminating the border between
grammar and the lexicon in favor of a single, hetero-
geneous “construction-based” system (e.g., Goldberg,
1995).  Hence this may be a reasonable move from a
linguistic point of view.  However, if we eliminate the
distinction between grammar and the lexicon, then the
classic psycholinguistic distinction between “pre-lexi-
cal” and “post-lexical” processes loses much of its
value.

Our findings could be accommodated by an inter-
active alternative to the standard theory, one that also
eliminates the need for a neutral baseline against which
facilitation and inhibition are carefully measured.  In
interactive-activation models of lexical access, many
different sources of information can be brought to bear
in the word recognition process (e.g., Bates, Elman &
Li, 1994; Elman, 1993; Elman & McClelland, 1988;
MacDonald, Pearlmutter & Seidenberg, 1994; Mac-
Whinney, 1989; Rumelhart & M cClelland, 1986;
Simpson & Kang, 1994).  Interlexical relations, syn-
tactic information and discourse context can all be used
to activate word candidates, sometimes in advance of the
actual physical signal (by lowering the thresholds of
some lexical candidates and/or raising the thresholds of
others).  This activation process is inherently non-
linear, so that the rise and fall of lexical candidates can
mimic the discontinuities assumed by traditional modu-
lar models.  However, the underlying process of can-
didate activation is continuous, and distributed in time
as well as (mental) space.  

The time-space interactions assumed by such
models are important for our purposes here, because
they suggest a way that candidates could be facilitated or
suppressed without assuming anything resembling a
neutral baseline.  In the present study, we have taken
advantage of a neutral baseline that is a valid and
frequent property of Italian (i.e., gender-ambiguous ad-
jectives, contrasting with gender-marked adjectives that
either match or mismatch the subsequent noun).  By
using such a baseline, we have been able to demonstrate
that gender priming in Italian reflects both facilitation
and inhibition (assuming that the standard model is
correct).  Nevertheless, we are uncomfortable with the
standard view of facilitation and inhibition, for two
reasons.  First, the terms “facilitation” and “inhibition”
resemble terms with a well-specified meaning in the
brain sciences, and as such they imply more than we
really know about the processes responsible for lexical
activation.  Second, an empirical test of the distinction
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between facilitation and inhibition always requires
establishment of a neutral baseline.  But what really
constitutes a fair estimate of “neutral language” once we
move beyond the level of word pairs?  We have been
fortunate in finding a reasonable and valid example of a
neutral baseline for grammatical priming in Italian, but
such baselines are rarely available once one moves be-
yond the level of word pairs to more complex semantic
and grammatical contexts (see Neely, 1991, for a dis-
cussion of this point).  

A recent proposal by Elman (1993) offers a way to
explain positive and negative context effects without
assuming an artificial and unrealistic neutral starting
point.  Elman has implemented an interactive-activation
model of lexical access in a mechanism called a s i m p l e
recurrent neural ne twork .  This is an artificial
neural network that lives in time.  On each time step,
the system uses a combination of the current input and
previous context to make a prediction about the
linguistic element that will occur next (in this case, the
next word).  Based on the degree of mismatch between
the predicted element and the element that actually
occurs, the system modifies its internal state, and uses
those modifications to make its next prediction.  Elman
has shown that a system of this sort is able to induce a
phrase structure grammar from unlabelled strings of
words that were generated by such a grammar.  Under
certain developmental conditions, such systems can
induce a grammar with multiple embeddings and long-
distance dependencies (including agreement phenomena).
The crucial point for our purposes here revolves around
the nature of the underlying representations that make
this performance possible.  Words are represented as
vectors in a high-dimensional space, and (after learning
has occurred) words with similar grammatical privileges
are grouped closely together within this n-dimensional
space.  As it acquires the grammar of this artificial
language, the system acquires (a) an appropriate spatial
organization (with elements sent to live in the proper

space), and (b) a set of weights that permit movement
from one position to another in this space over time;
hence grammatical “knowledge” can be viewed as a set
of probabilistic trajectories.  Figure 1 (from Bates et al.,
1994) illustrates a 3-dimensional reduction of this
hyperspace (based on the first principal components of
the Elman simulation).  Given a sentence beginning
(for example) with the plural word DOGS, a system
that has acquired this simple phrase structure grammar
will make a prediction that constitutes (formally) a
move in the direction of the verb sector of space, with a
strong bias toward plural verbs associated with animate
first nouns.  The match or mismatch between predicted
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 to gender priming, we
may view the effect of a gender-marked adjective on a
subsequent noun as a trajectory in a similar multi-
dimensional space.  If the adjective causes a move closer
to the noun that actually occurs, we have the equivalent
of “facilitation”; if the adjective causes a move farther
from the noun that actually occurs (i.e., farther than the
system was before the adjective occurred), then we
would have the equivalent of “inhibition”.  However,
because this is a continuous multidimensional space
where movements are always relative to some (arbitrary)
position, there is no need to postulate a single, neutral
starting point.  We may measure the relative contri-
bution of two primes (e.g., a matching vs. a mis-
matching adjective) without assuming a neutral base-
line.  

Our results cannot be used to decide between the
standard model and this interactive-activation account.
Indeed, they are compatible with both.  What we have
shown is that gender agreement has an effect on word
recognition, an effect that is fast, robust and consonant
with known facts about the Italian language.  Future
research will have to determine whether these effects are
“pre-lexical”, “lexical”, “post-lexical” or part of a con-
tinuous processing stream.
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TABLE 1
PRIMING EFFECTS ON WORD RECOGNITION:  THEORETICAL ASSUMPTIONS AND

EMPIRICAL TESTS  OF THE STANDARD TWO-STAGE MODEL

MANIPULATION ASSUMPTION PREDICTED OUTCOME FOR
PRIMING EFFECTS

Reaction Time Automatic = fast

Controlled = slow

-- Priming at short SOAs    =  automatic

-- Priming at long SOA’s   =  controlled

Expectations/
Attention

Automatic = unconscious, no attention required

Controlled = conscious, attention required

--Priming without attention = automatic

--Priming with attention      = controlled

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 (uglyFem -  HOUSEFem) Brutta - PACE (uglyFem -  PEACEFem)
Masculine Brutto - PIATTO (uglyMasc - PLATEMasc) Brutto - CUORE (uglyMasc - HEARTMasc)

NEUTRAL:

Feminine: Grande - CASA (largeAmb - HOUSEFem) Grande - PACE (largeAmb - PEACEFem)
Masculine: Grande - PIATTO (largeAmb - PLATEMasc) Grande - CUORE (largeAmb - HEARTMasc)

DISCORDANT:

Feminine: Brutto - CASA (uglyMasc - HOUSEFem) Brutto - PACE (uglyMasc - PEACEFem)
Masculine Brutta - PIATTO (uglyFem -  PLATEMasc) Brutta - CUORE (uglyFem -  HEARTMasc)

Fem = Feminine Masc = Masculine Amb = Ambiguous



TABLE 3:
SUMMARY OF ADJECTIVE-NOUN PRIMING RESULTS ACROSS THREE TASKS

(Reaction times and difference scores in milliseconds)

WORD GENDER GRAMMATICALITY
REPETITION MONITORING JUDGMENT

MEAN REACTION TIMES:

--From Word Onset 955 1147 1271
--From Uniqueness Point 233   425   548

--Concordant 934 1135 1127

--Neutral 953 1145 n.a.

--Discordant 978 1161 1314

DIFFERENCE SCORES:

--Facilitation (N - C) 19* 10~ n.a.

--Inhibition (D - N) 25* 16* n.a.

--Total (D - C) 44* 26* 187*

n.a. = not applicable * - p < .05 ~ = p < .10


