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Linguistic Gender and Spoken-Word Recognition in French

Delphine Dahan, Daniel Swingley, Michael K. Tanenhaus, and James S. Magnuson

University of Rochester

Eye movements were monitored as French participants followed spoken instructions to use a
computer mouse to click on one of four displayed pictures. Experiment 1 demonstrated that, in the
absence of grammatical gender in the context preceding the referent nameeljguez sur les
boutons(click on th€yuaineuty DUttONSase )], Participants fixated pictures with names sharing initial
sounds with the target [e.ghouteilles (bottlese))] more than on pictures with phonologically
unrelated names, replicating “cohort” effects previously found with this paradigm. When a gender-
marked article immediately preceded the noun [@liguez sur le boutoiiclick on thgqas.,button)],
the early activation of the gender-inconsistent cohort was completely eliminated (Experiment 2). This
demonstrates that the set of candidates initially considered for recognition of the noun is constrained
by the gender-marked article. Two alternative accounts of these results, one based on grammatical
level of processing and the other based on form-based statistics, are discussgeh Academic Press

Key Words:spoken-word recognition; linguistic gender; French; eye tracking.

The present research focused on gender @milar sounds, such dmuteille(bottle), will be
spoken-word recognition in French. All Frenchactivated along with the lexical representation
nouns are either feminine or masculine. Aof the word itself.
noun’s gender is phonologically marked in a Marslen-Wilson and colleagues (Marslen-
variety of ways, including the form of the arti- Wilson, 1987, 1993; Marslen-Wilson & Welsh,
cle. Masculine nouns are preceded by the defi-978) first instantiated this idea in the Cohort
nite articlele, and feminine nouns are precedegnodel. According to this model, a “cohort” of
by la. The question we examined is how gendefexical candidates is activated by the onset of ¢
marking on a definite article influences the recyord. Activated candidates that become incon:
ognition of the subsequent noun in spoken-lansjstent with subsequent information drop out of
guage comprehension. the cohort. Recognition is achieved when only

While many of the details of how spokengne candidate remains in the cohort or when th
words are represented and accessed remain CQRfivation of one candidate is sufficiently
troversial, it is well established that as a wor%‘

v ) reater than the other candidates. Subseque
unfolds, recognition takes place against a bac fodels, such as TRACE (McClelland & Elman,

drop of partially activated alternatives that com—1986) Shortlist (Norris, 1994), and NAM (Luce

pe:g for rec?ﬁnltlo?r.] 'I;he m:)Stl actllvatedt ar:tet:rr]& Pisoni, 1998), also assume that multiple can-
natives are tnose thal most closely maich e,..oq are activated, but differ in their assump:
Input (.g., Marslen-Wilson, 1987; ZV\”SterIOOd’tions about how the competitor set is defined. Ir
1989). Thus, as a French listener helaositon P )

X . .. these models, the candidate set is not define
(button), lexical representations of words with
strictly by the onset of a word; any part of the

This research was supported by NSF Grant SBR-97 @COUSHC input can contribute to the activation of

Michael K. Tanenhaus and Richard N. Aslin. We thanic@ndidates (for further discussion, see Al-
Dick Aslin for helpful comments on the manuscript. lopenna, Magnuson, & Tanenhaus, 1998; Con

Correspondence and reprint requests concerning this #ine, Blasko, & Titone, 1993; Marslen-Wilson
ticle should be addressed to Delphine Dahan, who is now .
Max-Planck Institute for Psycholinguistics, Postbus 310?} ZWItS.e”OOd’ 1989)' .
6500 AH Nijmegen, The Netherlands. E-mail: delphine. AS With other examples of temporary ambi-

dahan@mpi.nl. guity, the ambiguity-resolution process for tem-

465 0749-596X/00 $35.00
Copyright © 2000 by Academic Press
All rights of reproduction in any form reserved.



466 DAHAN ET AL.

porarily ambiguous words could, in principle,when it was absent. Moreover, lexical decisions
be influenced by correlated constraints fromvere faster on nouns when they were precede
context. A distinction is often made betweerby an article than when the article was omitted.
constraints that affect which lexical candidate&rosjean et al.’s results suggest that the pres
areinitially activated and constraints that do noence of a gender-marked article can enhance tr
affect initial activation but rather facilitatee- recognition of a noun. This conclusion was sup-
lection among the activated alternatives. Foported by Bates, Devescovi, Hernandez, an
example, Zwitserlood (1989) conducted a deRizzamiglio (1996) in Italian, using word-repe-
tailed investigation of how semantic contextition, gender-monitoring, and grammaticality-
influences activation for lexical cohort competjudgment tasks. Performance in all three task:
itors. At various points in the presentation of thavas slower when the target noun was precede
last word of a spoken sentence, the speech whg a gender-incongruent adjective and faste
truncated and a target word related to either thehen preceded by a gender-congruent adjectiv
truncated actual word or a cohort competito(relative to a baseline condition using an adjec-
was visually presented for lexical decision. Théive that was neutral with respect to gender).
sentential context preceding the truncated wordlithough important, these studies do not di-
was either neutral or semantically biased towanectly investigate the role of gender information
the actual word. When the acoustic informatiomon the set of initially activated candidates. Spe-
in the truncated word was ambiguous betweetifically, they do not assess whether a candidat
the actual word itself and its cohort competitorthat shares the same onset as the target b
lexical decisions were facilitated for targets asmismatches the morphosyntactic context is ini-
sociated with either the actual word or its cohortially activated.
competitor, regardless of contextual bias. How- In order to determine if a gender-marked
ever, facilitation to the target semantically rearticle preceding a noun can influence which
lated to the cohort persisted longer when thkexical candidates enter the competitor set, we
semantic context was neutral than when it wasxamined the activation of a gender-inconsis-
biased toward the actual word. On the basis aént competitor that matched the initial sounds
this time-course analysis, Zwisterlood conef the target word but mismatched the gendel
cluded that the semantic contexts of the type shmarking on the article. We assessed cohort
studied did not affect the activation of the initialcompetitor activation by using the head-
candidate set, but rather affected the selectionounted eye-tracking paradigm, introduced by
process among candidates. Tanenhaus, Spivey-Knowlton, Eberhard, anc
In contrast to the voluminous literature onSedivy (1995) to study spoken-language pro:
syntactic- and semantic-context effects on wordessing in visual contexts and further developec
recognition, the literature on morphosyntacticby Allopenna et al. (1998) to explore spoken-
context effects is sparse (e.g., Lukatela, Kostieyord recognition (see also Cooper, 1974;
Feldman, & Turvey, 1983). The few studies thaTanenhaus & Spivey-Knowlton, 1996). In those
have focused specifically on gender have fourstudies, participants followed spoken instruc-
strong effects. Coland Segui (1994) found thattions to manipulate either real objects or pic-
lexical decisions to a noun are slowed when theres displayed on a computer screen while thei
noun is preceded by a gender-incongruent deye movements were monitored using a light-
terminer or adjective (see also Jakubowicz &eight camera mounted on a headband. Ey
Faussart, 1998). Grosjean, Dommergues, Corrapvements to objects in the workspace were
Guillelmon, and Besson (1994) showed that elosely time-locked to referring expressions in
gender-marked article preceding a gated (trurthe unfolding speech stream, providing a sensi
cated) noun restricts the set of alternatives getive and nondisruptive measure of spoken-lan
erated by participants; less acoustic informatioguage comprehension.
was needed for subjects to recognize the nounin the present research, French participant
when a gender-marked article was present thavere presented with a computer display consist
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Materials

The French database “Brulex” (Content,
Mousty, & Radeau, 1990) was used to selec
experimental items and to control for their fre-
guency. The major constraint in selecting items
was that the words had to be nouns referring tc
picturable objects. Pictures were selected fron
the Snodgrass and Vanderwart (1980) and Cy
cowicz, Friedman, Rothstein, and Snodgras:
(1997) picture sets, as well as from children’s
picture dictionaries; all were black and white
line drawings:

The spoken instructions to be presented alon
with the pictures were recorded by a female
native speaker of French (the first author) in a
soundproof room, sampling at 22,050 Hz. Eact
FIG. 1. Example of a visual display. Colors are omittedinStruction was then edited and some basic du

here. The triangle was blue; the circle, green; the squargations were measured.
orange; and the diamond, red.

Procedure

) o ) Participants were seated at a comfortable dis
ing of a centered fixation cross and four pictureg,nce from the computer screen. Subjects’ ey
and were giyen a quken instruction to_click Ofovements were monitored using an Applied
one of the pictures using the mouse [eaiquez  gjentific Laboratories E4000 eye tracker. Two
sur le bouton(click 0N th@nasc) bUtONmase)]-  cameras mounted on a lightweight helmet pro-

The four pictures included the target (€.Q.igeq the input to the tracker. The eye camers
boutor), a cohort competitor (henceforth, COprovided an infrared image of the eye. The

hort) [e.g., bouteille (bottlewn)], and tWo  center of the pupil and the first Purkinje image

distractors (see Fig. 1). By recording the eyg.,rneq| reflection) were tracked to determine
fixations generated during the presentation gf,o position of the eye relative to the head. A
the target wordbouton,we were able 10 assesSgcane camera was aligned with the midline of

the activation of the gender-inconsistent cohog},q participant's head. A calibration procedure

bouteille. This study investigated whether ajqwed software to superimpose crosshair:
gender-marked article affects the candidates ini-

tially considered for recognition of the follow- " Ratings for French speakers have been established b
ing noun. Alario and Ferrand (1999) on the 400 line drawings from
Snodgrass and Vanderwart (1980) and Cycowicz et al

METHODOLOGICAL PRELIMINARIES (1997), and the pictures used here were mostly selecte
from this database. However, a few of the pictures had no

Before going into details specific to eaclbeen rated. In order to establish naming norms, we submit

experiment, we outline the characteristics of thtgd the participants of our experiments to a naming task

methodology used here that were common tgji(_)r to the eye-tracking experiment. Each picture was_ in-
. ividually presented on the computer screen and subject
Experiments 1 and 2.

were asked to type its name using the keyboard. We thu
.. collected names for the 64 pictures of the critical 16 dis-
Participants plays used to test cohort activation. A correct response wa

All participants were native speakers of2nanswer that exactly corresponded to the intended name «

French, recruited at the University of Rochestgf® hame followed by a modifying phrase. Thgeznouille
f!'gog] for the intendedcrapaud[toad] was not coded as a

and in the Rochester area. Each participant toé rrect response, bpiatin a glace[ice-skate, lit. skate for

part in only one of the experiments presentege for patin [skate] was. The agreement between subjects
here and was paid for his/her participation. responses and the intended names was 91.8%.
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showing the subject’s point of gaze on a HI-&f the four objects or the cross. This procedure
videotape record of the scene camera’s vievdeparted from the procedure used by Allopenn:
The scene camera sampled at a rate of 30 frametsal. (1998). In Allopenna et al., subjects were
per second, and each frame was stamped witlgiven approximately 2 s to inspect the pictures
time code. Auditory stimuli were played to thebefore they were instructed to fixate the cros:
subject through headphones and simultaneousiytil the next instruction began. The advantage
to the HI-8 VCR, providing an audio record ofof the Allopenna et al. procedure is that all
each trial. Two independent computers weréixations begin on the cross, eliminating base-
used to present the visual and the auditory stintine differences in fixations on pictures prior to
uli on each trial. The experimenter synchrothe target word. However, a disadvantage is tha
nized these two events by pressing both keyt provides subjects with more time to inspect
boards simultaneousfy. the pictures. Although subjects never reportec
The structure of each trial was as followsnaming the pictures to themselves in the Al-
First, a 5X 5 grid with a centered cross ap-lopenna et al. procedure, we wanted to avoic
peared on the screen, and subjects were iany possibility that subjects would adopt a strat-
structed to look at the cross and to click on itegy in which they named the pictures to retrieve
This allowed the experimenter to check that théhe gender of their names. Thus, we reduced th
calibration of the eye tracker was satisfactorydisplay time from 2000 to 500 ms. A disadvan-
Then four line drawing pictures and four col-tage is that subjects tended to look at the pic:
ored geometric shapes appeared on various cdilses as soon as they were displayed. Thus, th
of the grid (see Fig. 1). Participants were seatgaroportions of fixations to each picture at noun
between 40 and 60 cm from the screen; eaanset was not zero, and sometimes there wer
cell in the grid subtended 3 to 4° of visual anglebaseline differences between conditions withir
which is well within the resolution of the trackeran experiment. However, there were no system
(better than 1°). Approximately 500 ms after thatic baseline differences between pictures
pictures appeared, the spoken instructioacross the experiments or among conditions.
started. The format of the instruction was con- Participants were given minimal information
stant across all trials: Subjects were first askesbout the purpose of the experiment before:
to click on one of the four pictures using thehand. They were told that the study focused or
computer mouse [e.ggliguez sur le bouton language comprehension and were asked t
(click on the button)], and after a 500-ms delagimply follow the spoken instructions to move
to move the picture above or below one of thé¢he pictures.
four geometric shapesriettez-le au-dessus/en-_ |
dessous du caffdriangle/ losange/ cerclgput  ©0ding
it above/below the square/triangle/diamond/cir- The data were collected from the videotape
cle)]. Once this was accomplished, the next trialecords using an editing VCR with frame-by-
began. The geometric shape positions weffeame controls and synchronized video and au
fixed for all the trials. The position of eachdio channels. Coders used the crosshairs gene
picture was randomized for each subject andted by the eye tracker to establish where
each trial. subjects were looking at each moment of the
Subjects were free to scan the display befoitest trials. Fixations were coded on each trial
the instruction started, so at the onset of thifom the onset of the target noun until the sub-
article—noun phrase, they could be fixating anject had moved the mouse cursor to the targe
picture. The onset of the target word on eact
*Note that timing measurements were made indepefrial was determined by monitoring the audio

dently of the accuracy of this synchronization, since spee%\nannd of the VCR frame by frame. Coders

and eye movements were assessed directly from the videot d th t of the instructicti ]
recording. Any variability in this synchronization resultedno e € onset orine Instructichquez sur. .,

only in slight variance in the delay between the presentaticfliS time, plus the duration of theliquez sur
of the pictures and the onset of the spoken instruction. le/la instruction (independently measured with
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a speech-waveform editor), was identified as thectivation as the speech unfolded, we compute
onset of the target word. the probability of fixating each picture over time
To define a fixation, we adopted the follow-and represented them graphically. These prok
ing criteria. The subject’s gaze had to remain oabilities correspond to the proportion of fixa-
the object for more than one frame to beions to each picture (target, cohort, distractor)
counted as a fixation. In the rare cases wherefiir each subject over all trials, for each 33-ms
took more than one frame for a fixation to reackideo frame. Since there were two distractors
a new object (at most two frames), the travelingve averaged proportions of fixations for both
time was added to the fixation time on thelistractors.
previously fixated object. If blinking occurred, To evaluate if the initial baseline differences
this time was added to the time of fixating then fixating each picture could be attributed to
object fixated before blinking; note that most ohoise, we conducted a one-way ANOVA on the
the time, subjects would fixate the same poirfboking times for the target, cohort, and distrac-
after blinking. In the rare cases where subjectors between 0 and 300 ms after target onset [b
fixated a point on the screen other than the crossibjects ;) and by items F,)]. As shown
or any picture, we coded it as a fixation to théelow, there were no reliable differences in
Cross. initial fixations between the cohort and the dis-
tractors—the only reliable difference between
pictures was found in Experiment 1, where the
For each subject and each trial, we estaltarget showed an advantage compared to th
lished which of the four pictures or the crossther pictures.
was fixated, at successive time frames, begin- Although no significant differences on initial
ning with the onset of the target word, i.e., thdixations between the cohort and the distractor:
noun. (A few analyses were conducted on fixwere found, initial fixations to the cohort may
ations starting at article onset.) In order to comhave affected subsequent fixations. Indeed, i
pare the proportions of fixations to each picturesubjects happened to be looking at the cohort o
we defined a time window extending from 30Qat the target at the onset of the target word, the
to 700 ms after noun onset, over which fixationsnay have kept fixating it as the spoken input
to each picture or to the cross were summeuhfolded, consistent with the name of the pic-
(vielding a fixation proportion for each picture).ture they fixated. Thus, noise in subjects’ initial
This time window corresponds to the time winfixation locations may have affected subsequen
dow where Allopenna et al. (1998) observedixations. To remove this noise, we conductec
more fixations to the cohort competitor than ta@ontingent analyses by selecting the trials for
an unrelated picture. It is estimated that thevhich participants were fixating either the cross
programming of an eye movement beginsr one of the distractors. These analyses re
roughly 200 ms before it is launched (Matinduced any possible effects of initial baseline
Shao, & Boff, 1993); eye movements triggeredlifferences.
by acoustic information on the target word
should thus be observed a few hundred milli- EXPERIMENT 1
seconds after target onset. Computations to as-Experiment 1 was conducted primarily to es-
sess cohort activations were thus conducted a@ablish a baseline of cohort activation for the
the 300- to 700-ms window. In order to evaluatenaterials used in this study in the absence o
whether the cohort was fixated more than thgender marking. An obvious way to eliminate
distractors, we conducted planned comparisogender marking is to omit the definite article
between the fixation proportion to the cohorbefore the noun. However, omitting an article
and the average fixation proportion to the disbefore a noun is uncommon in French. There:
tractors [one-tailed tests, by subjects,) and fore, we chose to use the plural definite article
by items ¢,)]. les, which is used before plural nouns, regard-
In order to evaluate the time course of lexicaless of their gender [e.gles boutonglebut/

Data Analysis
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(the buttons)les bouteilles/lebutj/ (the bot- subjects) target and distractor [e.tpuche(la-
tles)]. Based on prior work using the eye-trackele) andzébre (zebra)]. When the target was
ing paradigm (e.g., Allopenna et al., 1998), wenasculine (e.g.zébre), the masculine competi-
expected more fixations to a picture whoséor (e.g.,balai) was consistent with the gender
name shared the same initial phonemes as thearking on the article preceding the target
target than to the picture of a phonologicallyword, while the feminine competitor (e.g.,
unrelated distractor. This result would then lethaussetfewas not. Conversely, when the tar-
us study how gender information affects lexicagjet was feminine (e.glouchg, the feminine
competition. competitor was consistent with the gender
In addition, Experiment 1 evaluated the posmarking, while the masculine competitor was
sibility that, when gender information is avail-not. Thus, we compared the probability of fix-
able, listeners would use this gender informaating each of the competitors as a function of
tion strategically as a consequence of having thieir consistency with the gender marking on
set of alternatives visually available, in a waythe article preceding the target word. If partic-
that would be impossible in normal comprehenipants were able to use gender marking to re
sion. Upon hearing a gender-marked articlestrict their attention to the pictures that matchec
listeners might be able to strategically restricthis information, the probability of fixating the
their attention to those pictures whose namgender-matching competitor should be highel
matched the gender of the article, resulting ithan the probability of fixating the gender-mis-
few, if any, fixations to the gender-inconsistenimatching competitor. Alternatively, if subjects
cohort. Strategic selection of this type is possieannot use gender to strategically select onl
ble in the eye-tracking paradigm because sulgender-matching pictures, the proportion of fix-
jects are presented with a limited set of alternaations to each competitor should be equivafent.
tives. However, this possibility seemed unlikely
because gender is generally not predictabMe"hOd
from the physical characteristics of objects. Participants. Twelve native speakers of
Moreover, native French speakers have therench participated in this experiment. All were
strong intuition that they cannot judge whaborn in France and had been living in the United
gender would be used to describe a picturBtates for 16 months on average (ranging fron
without first consciously retrieving its name, a2 weeks to 4 years).
strategy that subjects in the visual-world para- )
digm deny using (for suggestive evidencd/aterials and Procedure
against a “naming” strategy, see Spivey & Mar- Test of cohort activationSixteen pairs of
ian, 1999). Nonetheless, it was important tovords that shared (at least) onset consonants b
evaluate the possibility that participants wereliffered in gender were selected. Each pair wa
able to extract the linguistic gender associatettien paired with two phonologically unrelated
with each picture and subsequently restrict thedtistractors. The 16 pairs and their distractors ar
attention to those that matched the gender marksted in Appendix A! The members of each
ing on the article. If this were the case, the
paradigm would be of limited usefulness for ® An advantage for fixating the gender-matching compet
assessing the effects of gender on lexical acceggr_ could also result from lexical activation of gender-

. . . matching candidates by the gender information on the arti-
We presented participants with displays com:- 9 yineg

J 4 cle, without calling for a strategy bias. Teasing these two
posed of four p_h0n0|09|ca”y Unre"at_ed picturesyjteratives apart would then be required.

Two of the pictures (the competitors) were *For half of the 16 target—cohort pairs, one distractor
matched for lexical frequency and syllabicvas of the same gender as the target and the other was
structure but were of different gender [e.g different gender. For the other half of the pairs, both dis-

. ‘tractors were of different gender than the target. This dif-
ChaussettQSOCk) ancbalai (broom)]' The other ference was not relevant here, since the gender of the targ

two_pictures, matched for syllabi(_: structure bufyord was not marked on the article, but would be relevant
of different gender, were alternatively (betweem Experiment 2. As a result, for the items where both
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pair often differed with respect to frequency ofget or distractor. This counterbalancing ensure
occurrence in the language. For example, thbat any preference for fixating pictures that
frequency otceinture(belt) is 24.84 per million, matched the target gender could not be due t
whereas the frequency ointre (coat hanger) is preferences for fixating specific pictures. The
0.31. Studies in our laboratory have shown thahaterials are presented in Appendix B. Two
the probability of fixating a competitor thatlists were created as a function of which pic-
matches the acoustic information of the targdtires were target and distractor, and each sut
word varies with its lexical frequency (Dahanject was randomly assigned to one list. For eacl
Magnuson, & Tanenhaus, submitted for publilist, three random orders were generated and a
cation). To control for word frequency in cohortapproximately equal number of subjects were
competition, we created two different lists inassigned to each order.
which the function of each item (either target or The spoken instructions were recorded; the
distractor) was alternated. For instanceinture mean duration of ¢liquez sut (click on) was
was the target ancintreits cohort competitor in 530 ms; the article, 121 ms; and the noun, 60¢
one list, whilecintre was the target anckeinture ms.
its cohort competitor in the other list. Six par- In addition to the 16 displays to test cohort
ticipants were randomly assigned to each lisactivation in the absence of gender information
For each list, three random orders were genewhere all pictures were doubled, and the 1€
ated and an approximately equal number dafisplays to test the use of gender information or
subjects was assigned to each other. the article, where all pictures were single, 18
To be consistent with the use of a plurafiller displays were constructed, composed of
definite article, each picture was “doubled” bysingle and double pictures. Four filler trials
duplicating it and reducing it in size, so that twowere presented at the beginning of the sessio
identical objects appeared together. for participants to become accustomed to the
The spoken instructions were recorded anthsk and procedure. The experimental sessio
edited, and some basic durations were meéasted approximately 12 min.
sured. On averagecliquez sut (click on) was
543 ms long; the article, 118 ms; and the nourR,esur[S
608 ms. Test of cohort activationOver the 300- to
Test of use of gender informatiofo test the 700-ms time window, the proportion of fixa-
use of gender information, 16 word pairs otions to the target was 47.7%; to the cohort
different gender matched for frequency wereompetitor, 21.2%; to each distractor, 12.1%;
selected. All pictures had received high namand to the cross, 7.0%. Planned comparison
agreement among French speakers, as repor{ede-tailedt tests) between the fixations to the
in Alario and Ferrand (1999). (The name agreesohort competitor and the averaged distractor:
ment was 95.6% on average, ranging from 71 twere conducted. The cohort competitor was fix-
100%.) Along with these competitors were twaated longer than the distractan (1) = 2.72,
other words of different gender that alternap < .05; t,(31) = 3.26,p < .005). This result
tively (between subjects) played the role of tardemonstrates that the cohort competitor wa:
activated during the presentation of the targe

word as a result of its phonological similarity to
distractors were of different gender than the target, thﬁ'l P 9 y
e target.

distractors varied depending on which item of the target=""~__ . . . .
cohort pair was the target. For instance, for the parpent— Figure 2 displays the probability of fixating
serrure (snake—keyhole), wheserpen...,was the target the target and the cohort and the averaged prol
(e.g., list 1), the distractors weneoire (pear) andtasse ability at fixating the distractors over time, from
(cup), both of feminine gender, while wheerrurge, was 0 to 1000 ms after noun onset. The graph show

the target (e.g., list 2)hallon (balloon) andpiano (piano), - .
both masculine words, were distractors. In order to keep tr@at the probability of fixating the cohort began

set of pictures constant from one list to the other, the sanf® diverge from the probability of fixating the
distractors were used, but for different target—cohort pairgistractor about 300 ms after noun onset ant
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FIG. 2. Experiment 1: Fixation probabilities over time
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at the onset of the target noun (112 of the 192
trials, 58.3%). Figure 3 presents fixation prob-
abilities for the target, the cohort, and the aver-
aged distractors over time. If subjects initially
fixating one distractor were equally likely to

shift to the other distractor or to the cohort,
fixations to the cohort would not be expected to
rise above fixations to the distractors. However
as shown in Fig. 3, subjects initially fixating one
distractor were more likely to shift to the cohort
than to continue fixating a distractor. This con-
tingent analysis demonstrates that the “cohort’
effect seen in over the entire set of trials canno
be attributed to baseline differences in subjects
initial fixations. Fixations to the cohort were

significantly higher than fixations to the distrac-
tors from 300 to several hundred milliseconds
after target onset (from 300 to 500 ms(11) =

for the target, the cohort competitor, and the averaged-02,p < 0.5,t,(31) = 2.74,p < .01; from 500

distractors on the “cohort” trials.

remained higher until shortly after 700 ms

to 700 mst,(11) =2.43,p < .05,1,(31) = 1.8,

p < .05). The probability of fixating the target
did not differ significantly from the probability

of fixating the cohort until 500 ms after target

Comparisons on fixations over a 300- to 500-menset (from 300 to 500 ms, < 1,t, < 1; from
window and a 500- to 700-ms window con-500 to 700 mst;(11) = 6.97,p < .01,t,(31) =

firmed these observations (on the 300- t
500-ms window, t;(11) = 2.58, p < .05;
t,(31) = 3.61,p < .001; on the 500- to 700-ms
window, t,(11) = 2.08,p < .05;1,(31) = 1.88,

p < .05). To examine fixation differences be-

fore the 300- to 700-ms window, an ANOVA
conducted on the fixations to the target, th
cohort competitor, and the distractors over th

first 300 ms after target onset indicated that the¢

fixation proportions differedR,(2, 22) = 7.0,
p < .01,MSE= .0053;F,2, 62)= 4.61,p <
.05, MSE = .0243). Newman-Keuls tests indi-

cated that the proportions of fixations to the:
target were higher than those to the other picg

tures, but the fixations to the cohort did no

differ from those to the distractor. This early

advantage for fixating the target must be attrib-
uted to noise—given the rather small number of
observations—and not to a bias for the referent
pictures, since each item of the target—cohort

pairs was alternatively used as the referent.

We also conducted a contingent analysis by

5.08,p < .01).

—o0— target

0.9 -
——®— cohort competitor
—&— distractor

e 0.8

e

Ccross

0.74

0.69

0.5

ation Probabi

0.44

=

0.3+

t

0.2+

0.1+

T T T T T T T T T T
100 200 300 400 500 600 700 800 900 1000
Time (ms) since noun onset

FIG. 3. Experiment 1: Fixation probabilities over time
r the target, the cohort competitor, the averaged distrac

selecting the trials on which participants wWergors, and the cross, restricted to the “cohort’ trials that
fixating either the cross or one of the distractorstarted on either distractor or on the cross at noun onset.
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1 Discussion

—O0— target

0-99 Experiment 1 established that in the absenc

of gender marking, the stimuli we selected
showed evidence of a “cohort” competitor ef-
fect, as measured by eye movements. As th
target word (e.g., /bdf) unfolded over time,
listeners fixated the picture associated with the
cohort competitor (e.g.bouteille3 more than
they fixated pictures corresponding to phono-
oftset logically unrelated distractors. We interpret
these fixations as evidence that the lexical rep
resentation corresponding to the cohort compet
itor was briefly activated in the absence of gen-
. " der marking preceding the target word. In
o 100 200 300 400 500 s00 700 800 soo 1000 addition, as expected, gender information car
Time(ms) since article onset ried by the article was not sufficient to restrict
FIG. 4. Experiment 1: Fixation probabilities over time attention to pictures with gend_er-matchlng
for the target, the gender-matching competitor, and thgame_s’ presumably because the p'Ct'_JreS did ny
gender-mismatching competitor on the “gender” trials. ~ CONtain perceptual features onto which gende
could be matched.
This combination of results sets the stage fol
using cohort effects to diagnose how gendel
In sum, in the absence of gender marking omformation carried by a definite article affects
the article, cohort competitors received moréexical access for a subsequent noun. In the
fixations than phonologically unrelated distracabsence of gender marking, we know that co-
tors, indicating that the beginning of the noundort effects are obtained for this set of stimuli.
temporarily activated potentially matching lex-We also know that gender markiry itselfis
ical candidates. not sufficient to restrict attention to pictures
Test of use of gender informatiowe com- Wwith gender-matching names. Thus, eliminatior
puted proportions of fixations to the target, th@f a cohort effect for a phonologically related
gender-matching and the gender-mismatchirfgPmpetitor in the presence of mismatching gen
competitors, the distractor, and the cross ovéler information would be due to the effects of
the 300- to 700-ms window afterticle onset gender on lexical access and not a strategy du
(where the gender information was coded). Thi® using a restricted set of pictures.
percentages of looking time were 47.2% for the
target, 14.3% for the gender-matching compet- EXPERIMENT 2

itor, 14.9% for the gender-mismatching com- Experiment 2 tested whether the presence ¢
petitor, 11.9% for the distractor, and 11.8% fog gender-marked article can prevent the earl
the cross. The fixation times did not differ bE'activation of nouns inconsistent with that gen-
tween the two competitors (two-tailed matchedder. The inconsistency of the gender marking
pairst test, t; < 1, t,(31) = 1.37,p > .10). would certainly be expected to have an impaci
Figure 4 presents the fixation probabilities fobn the activation of a gender-inconsistent cohor
the target, both competitors, and the distractoat some time. Of interest ishenthe elimination

The probability of fixating either competitor did of the cohort from the candidate set occurs. One
not differ significantly over time. Therefore, possible scenario gives gender information the
subjects did not use gender to restrict their fixrole of “filter,” similar to what Zwitserlood

ations to pictures matching the gender of th€1989) established for sentential-semantic con
spoken article. text: The initial competitor set is established

—®— gender-matching competitor
0.84 & gender-mismatching competitor
o
—+— distractor
0.79
0.6

0.54

0.44

article
offset

Fixation Probability

0.39
o
0.273

0.19

Q
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solely on the basis of acoustic information fronsimilar sounds were presented simultaneously
the target word. According to this scenariojn order to prevent subjects from developing
early in the target word /bit, all the candidates expectations that pictures with phonologically
that are consistent with the acoustic informatiosimilar names were likely to be targets, 7 of the
are activated, including the cohobiouteille. filler trials contained two distractors that started
These candidates are then evaluated with regarith similar sounds. Four filler trials were pre-
to their contextual fit, that is, whether theirsented at the beginning of the session to famil
gender fits with the gender-marked article. Tha@rize subjects with the task and procedure. As
cohort bouteille would then drop out of the in Experiment 1, two lists were constructed in
candidate set. Alternatively, gender informationvhich each member of the target—cohort pai
might block the initial activation of a gender- was alternatively the target and the cohort com:
inconsistent cohort; a cohort likdouteille petitor. Subjects were randomly assigned tc
would then never get activated, despite its phaach list. For each list, five random orders were
nological similarity with the target word /bdt  created. Approximately the same number of
Experiment 2 distinguishes these possibilitiesubjects were assigned to each order. The se
by assessing the initial activation of gendersion lasted about 10 min.
inconsistent cohort competitors. The 64 pictures used for the 16 experimenta
trials were identical to those used in Experiment

Method 1, except that only a single item was presente

Participants. Twelve native speakers ofin each picture.
French participated. All were born in France. The mean duration ofcliquez sut in the
Ten had been living in the United States for 14poken instructions was 461 ms; the article, 12:
months on average (ranging from 4 months to Bs; and the noun, 554 ms.
years); 2 additional participants lived in France
and were visiting relatives. Results

Materials. The same 16 target—cohort pairs For two subjects, a few trials were missing
of words used in Experiment 1 were used ifbecause of technical failure (one for one sub:
Experiment 2, associated with the same distragect, seven for the other subject). In order to
tors. By contrast with Experiment 1, the gendegive these subjects’ data the same weight as tr
of these distractors mattered, because the artidéer subjects’ in computations, fixation values
preceding the noun carried gender informatiorfor these missing trials were estimated by usinc
Experiment 1 showed that, for phonologicallythe subjects’ average proportions over the re
unrelated words, subjects did not look at thenaining trials.
picture that matched the gender marking on the Over the 300- to 700-ms time window, the
article more than the picture that did not, indiproportion of fixations to the target was 57.5%;
cating that they did not use this gender markingp the cohort competitor, 14.1%; to each dis-
to restrict the set of possible referents. Nevetractor, 12.1%; and to the cross, 4.2%. Planne
theless, we varied the distractors’ gender toomparisons conducted on the fixation differ-
prevent subjects from developing potentiabnce between the cohort competitor and the
strategies. Distractors could either match oaveraged distractor revealed no significant dif-
mismatch this gender marking. For half of thderence {; < 1, t, < 1). This suggests that,
pairs, the distractors were both of a differentlespite its phonological similarity with the tar-
gender than the target, whereas for the othget word, the cohort was not activated when the
half, one distractor was of the same gender d@arget word was preceded by a gender-marke
the target, while the other distractor was o#rticle.
different gender. Figure 5 displays the probability of fixating

In addition to these 16 experimental trials, 24he target, the cohort, and each distractor ove
filler trials were constructed to reduce the protime, from 0 to 1000 ms after noun onset. It
portion of trials in which two items starting with confirms that the probabilities of fixating the
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1

We also tested the hypothesis that the gende
information on the article was sufficient to al-
low subjects to restrict their attention to pictures
with names that matched the gender of the ar
ticle by analyzing the fixations on each picture
in a time window between 200 and 333 ms aftel
article onset. This window was selected be-
cause it corresponded to when eye movement
could be programmed in response to the gende
information on the article alone prior to observ-
ing effects from the target word. We compared
the fixations to the pictures that matched the
gender information, including targets and dis-
tractors, with the fixations to the distractors and
cohorts that mismatched the gender. Fixatior
proportions were computed and then average
over the number of pictures involved in each
condition. Over this time window, the gender-

FIG. 5. Experiment 2: Fixation probabilities over time matching pictures were fixated 22.9% of the
Loi;trt;];otra;get’ the cohort competitor, and the averageﬁime’ Compared to 21.9% for the gender-mis-

matching pictures. This difference was not sig-

nificant (two-tailed matched-paitstest,t < 1).
cohort and the distractor remained similar ovelMoreover, the proportions of fixations to each
time (from 300 to 500 mg; < 1,t, < 1; from type of picture did not significantly differ at any
500 to 700 mst,(11) = 1.61,p > .05,t,(31) = time frame over this window. This result is
1.19,p > .10). consistent with the results of Experiment 1 and

An ANOVA conducted on the fixations to the
target, the cohort competitor, and the distractors
over the first 300 ms after noun onset indicated o
no significant differencesd~( < 1, F, < 1). 0.99 _g

As in Experiment 1, we conducted a contin- ool —— distractor
gent analysis by selecting the trials for which | —
participants fixated either the cross or one of the .71
distractors at the onset of the target word (11%
of 184 trials, 59.8%). Figure 6 presents fixatiorg
probabilities for the target, the cohort, the avers o1
aged distractor, and the cross. The probabilities
of fixating the cohort competitor and the dis-§
tractors merged around 300 ms after noun onskt 4 5
and progressively decreased as the probability
of fixating the target increased. Planned com- °?]
parisons revealed that the fixations to the cohort |, | .
competitor never significantly exceeded those A Tt
to the distractors within any time windows (all 0¥ T TS
t, andt, < 1) This confirms that the probability Time (ms) since noun onset
of fixating the cohort competitor did not differ _ o )

FIG. 6. Experiment 2: Fixation probabilities over time

from the probability of fixating the dIStraCtorS’for the target, the cohort competitor, the averaged distrac

regardless of which picture participants weryrs, and the cross, restricted to the trials that started ol
fixating at the onset of the noun. either distractor or on the cross at noun onset.
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indicates that subjects did not fixate one picturparticipants spent more time fixating the target
over another solely on the basis of whether itsn Experiment 2 than in Experiment 1 and spent

name matched the gender of the article. less time fixating the cohort in Experiment 2
than in Experiment 1. The findings suggest
Discussion faster lexical access and reduced cohort compe

. . . ition when the target was preceded by a gender
Experiment 2 provided clear evidence tha&garked article.

when a gender-marked definite article precede
a noun, initial activation of a gender-mismatch- GENERAL DISCUSSION
ing cohort competitor was eliminated. In con-

trast with Experiment 1, fixations during thecontext in spoken-word recognition. In particular,
target word showed that the cohort was NGf . seq on whether French listeners use gende
f|?(ated more than a phonologically unreI"’lte‘ijnarked information preceding a noun to constrair
distractor. This suggests that the cohort was nlfg set of activated lexical candidates to those the
activated, despite its phonological similarityaiop, this gender information. In order to asses
with the initial sounds of the target word. ThuSy, 4cfivation of gender-inconsistent words, we
the language processing system exploits theesented French subjects with a four-picture dis
contingency between the article and the noun iy and spoken instructions asking subjects tt
word recognition. _ o click on one of the pictures (e.g., the picture of a
Additional support for this conclusion is pro-p,on, houton,which is a masculine noun). Pre-
vided by directly comparing the proportion ofsenteq with the target picture was a “cohort” pic-
fixations to the target and the cohort betweegyre \whose name shared the initial sounds of th
Experiments 1 and 2 over the 300- to 700-Mgyrget word but which was of different gender
window. We analyzed both the fixations to thqe g the picture of a botti@outeille,a feminine
target and to the cohort competitor, becausgoun) and two distractor pictures whose name:
each one reflects a slightly different aspect Qfere not phonologically similar to the target or
lexical processing. The fixations to the targeg¢ohort words. Eye movements to pictures were
provide information on accessing the lexicajnterpreted as evidence for the activation of the
representations of the target, assuming that pajords corresponding to those pictures. Thus
ticipants direct their attention toward the targegreater fixation to the cohort picture than to the
picture once they have accumulated evidenggstractors as the target word unfolded over time
that it is the referent picture (see Allopenna ehdicated temporary activation of the gender-mis-
al., 1998, for an implementation and test of thignatching cohort competitor. Cohort activation
“linking” hypothesis). The fixations to the co-was found when the target word was preceded b
hort provide information about activation of thea gender-neutral articlées (Experiment 1); how-
competitors. As indicated earlier, the proportiorver, no cohort activation was found when a gen
of fixations to the target was 47.8% in Experider-marked article immediately preceded the tar
ment 1 and 57.5% in Experiment 2; the proporget word (Experiment 2).
tion of fixations to the cohort was 21.2% in These results establish that the initial set of
Experiment 1 and 14.1% for Experiment 2. Aexical candidates can be constrained by the
two-way ANOVA (Type of Picture—target or preceding context: While cohort activation was
cohort—x Experiment) showed an effect offound when the context contained no gende
type of picture £,(1,22) = 169.1,p < .001; information, no such activation was observed
F,(1,31) = 127.9,p < .001) and no effect of when a gender-marked article immediately pre-
experiment F, < 1; F, < 1). Importantly, the ceded the target word. To understand how the
interaction between the type of picture and thgender-marked article influences spoken-worc
experiment was significant=((1,22) = 9.98, recognition, it is important to distinguish among
p < .01; Fy(1,31) = 12.3, p < .001). This possible notional, grammatical, and form-basec
indicates that over the 300- to 700-ms windoweffects. First, activation of the article could ac-

This study explored the use of morphological
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tivate thenotionalconcept of masculine or fem- weak to be observable in the absence of bot
inine, thus biasing lexical concepts of gendertom-up information consistent with a gender-
consistent nouns. However, this seems highipatching lexical candidate. Alternatively, the
unlikely, given the absence of clear conceptuaffect of grammatical gender might be ex-
and perceptual correlates of gender in Frencpressed as conditional probabilities, in which
Some entities have names that are clearly matkie probability of a word occurring depends
culine or feminine by virtue of their inherentupon the grammatical gender present in the
gender, such as nouns used to refer to males acwhtext (e.g., what is the probability of the word
females, while other nouns tend to be masculingouton, given the partial input /bu/ and the
or feminine by virtue of shape (for examplemasculine gender information that precedes it)
round objects tend to have names with feminin€rucially, these distributional regularities
gender, e.g., Bem, 1981). However, for moswould be computed using grammatical catego
entities, gender cannot be predicted from eitheres (i.e., feminine or masculine). On this ac-
the physical properties or the function of thecount, lexical access would make use of infor-
referent, such as its shape or size. mation from the grammatical level of language
A second possibility is that listeners use th@rocessing.
grammatical gender marked on the article to A third possibility is that the linguistic
restrict the competitor set to words that aréormsmarking gender, rather than grammati-
consistent with this grammatical gender. Thigal categories, influence access of the subse
constraint is a product of the grammatical struoguent noun. Distributional regularities could
ture of the language. In a noun phrase, the hed@ computed between the form of the preced
noun, the article, and any possible adjectiveisg word (or sequence of phonemes) and the
must agree in gender. This dependency could lferm of the following word: As the first
stated in terms of the probability for a word tosounds of the target word are heard following
appear, given the grammatical gender of thigs gender-marked article (e.g.,olflu/, le
context preceding it, and possibly partial inforbou. . .), the probability of the target word
mation from the target word itself—for exam-being bouton in the context ofle is high,
ple, the probability of the wordboutonin the whereas the probability of the target word
context of the acoustic information /bu/ pre-being bouteille in this context is very low,
ceded by masculine gender. This constraiftased on the sound-based statistics of th
could be instantiated by priming all the nounsanguage. Article-noun co-occurrence in
consistent with the gender coded on the articlerench is very high: There is a strong ten-
and/or inhibiting the others. When the firstdency for nouns to occur with an accompa-
sounds of the target word arrive, words that areying determiner, and the definite article is
consistent with the gender marking have beemsed even in the cases where no determiner |
primed, and competitors that are inconsistergemantically required (e.g., | like cheese,
with the gender marking, such as the cohoitaime le fromage,Harris, 1990). Moreover,
competitor, have been inhibited and thereforalthough adjectives can be inserted betwee
will not become activated despite their similardeterminers and nouns, they often occur afte
ity to the target-word form. On this account, oneouns. On this account, the processing syster
would expect to see more fixations to gendemwould keep track of sound-based contingen-
matching pictures than to gender-mismatchingies and use these contingencies during wor
pictures, since the words associated to gendeecognition.
matching pictures would have been primed. The difference between form-based and
However, neither Experiment 1 or Experiment Zrammar-based effects is subtle, but important
showed any evidence of more looks to gendeifhe grammar of French stipulates that the mas
matching distractors than gender-mismatchinguline articlele precededouton,which is mas-
distractors. Nevertheless, we cannot exclude tlalline. The grammar results in this statistical
possibility that the priming occurs but is toofact about // andbouton.But listeners’ possi-
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ble sensitivity to this fact in word recognitionsearch using this strategy is currently in
could reflect either sensitivity to the grammatiprogress in our laboratory.
cal rule, defined in terms of the categories “mas- In most models of spoken-word recognition,
culine” and “feminine”, or sensitivity to the lexical activation is primarily a function of the
co-occurrence of the forms/land /bud/ them- degree of match between the spoken word an
selves. stored lexical representations, modulated by chal
These two accounts may have quite differeracteristics of the word itself, such as its frequency
conseguences on the architecture of the spokeRhis study demonstrates that initial lexical activa-
word recognition system and on the processiriipn can be constrained by speech external to th
taking place. The present study does not alloword itself. A full account of word recognition in
us to decide whether the grammatical gend@ontinuous speech must thus refer to the conte»
carried by the article, or its high form-basedreceding the word.
co-occurrence with the target, constrained the, o .

. . . ur preliminary results support the form-based ce-oc
competitor set by excluding the gender"nconéurrence hypothesis. We presented French participants wit
sistent cohort competitor. In order to tease apatfe same picture displays, but the spoken instructions wer
these alternatives, it is necessary to create covygried: The grammatical gender information was carried by
texts in which grammatical gender informatior?" adjective, rather than by a definite article [edjquez

. sur I'astucieux boutorfclick on the,e, cleverly construct
precedes the noun, but the forms carrying théad(masc_> buttonm.s.]. The target word was thus immediately

gender information and the_ target have a relggeceded by gender information, as in Experiment 2 of the
tively low co-occurrence. This could be done byresent study; however, the adjective was chosen to have
using lower frequency gender-marked articlegpuch lower frequency of occurrence with the target in the

by interposing one or more words between thignguage than the definite article. Cohort activation was
found, suggesting that gender information coded on ar

gender-marked definite article and the noun, c2:1rdjacent adjective seems not have constrained lexical prc

bY_ USi'ng a lower _frequency WOfd, SU(?h aS ABessing the same way as gender information coded on a
adjective, to provide gender information. Readjacent definite article.

APPENDIX A: MATERIALS FOR “COHORT” TRIALS IN EXPERIMENTS 1 AND 2

Target—cohort pairs Distractors
vase* (vase) vache* (cow) livre (book) pipe (pipe)
patin* (skate) passoire (colander) violon (violin) ferge(window)
guidon* (handlebar) guitare* (guitar) verre (glass) souris (mouse)
crapaud* (toad) cravate (tie) champignon (mushroom) maison (house)
colonne* (column) collier (necklace) bougie (candle) poisson (fish)
pelle (dustpan) peigne (comb) chaise (chair) clou (nail)
poussette* (infant stroller)  poussin* (chick) chemise (shirt) sifflet (whistle)
couronne (crown) couteau (knife) chaussure (shoe) lapin (rabbit)
serpent* (snake) serrure* (keyhole) poire/ballon* (pear/balloon) tasse/piano (cup/piano)
rateau (rake) raguette (racket) banane/canard (banana/duck) fourmi/cochon (ant/pig)
radis* (radish) radio* (radio) cloche/bus (bell/bus) bague/nez (ring/nose)
bouton (button) bouteille (bottle) sat@chien (salt shaker/dog)  valise/sac (suitcase/pocketbool
ceinture* (belt) cintre (hanger) ballon*/poire (balloon/pear) piano/tasse (piano/cup)
sandale* (sandal) sandwich (sandwich)  bus/banane (bus/banana) nez/fourmi (nose/ant)
tirelire* (piggy bank) tiroir* (drawer) chien/salie (dog/salt shaker)  sac/valise (pocketbook/suitcase
selle (saddle) seau* (bucket) canard/cloche (duck/bell) cochon/bague (pig/ring)

Note.An asterisk indicates the pictures that were not from the Snodgrass and Vanderwart (1980) or Cycowicz, Fried
Rothstein, and Snodgrass (1997) picture sets.
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APPENDIX B: MATERIALS FOR “GENDER” TRIALS OF EXPERIMENT 1

Competitors Target/distractor

Masculine Feminine Masculine Feminine
doigt (167) (finger) fleur (164) (flower) saxophone (saxophone) “lévigon (TV)
cheval (135) (horse) voiture (118) (car) banc* (bench) “tdo@iox)
bureau (105) (desk) montagne (101) (mountain) tigre (tiger) roue (wheel)
chat (43.26) (cat) corde (42.75) (rope) requin (shark) “duse (jellyfish)
puits (23.73) (well) jupe (22.07) (skirt) “tmau (cake) casserole (pot)
noeud (23.27) (bow) pde (19.18) (pan) gorille (gorilla) girafe (giraffe)
coq (18.42) (rooster) cage (19.86) (birdcage) ballon (ball) balance (scale)
lion (17.91) (lion) flehe (17.91) (arrow) bocal (jar) baleine (whale)
fouet (15.4) (whip) chere (15.23) (goat) scorpion (scorpion) toupie (top)
marteau (11.69) (hammer) trompette (11.91) (trumpet) cygne (swan) brosse (brush)
tonneau (9.91) (barrel) fueg9.87) (rocket) microscope (microscope) chauve-souris (bat)
balai (7.23) (broom) chaussette (7.91) (sock) “bree(zebra) louche (ladle)
citron (5.02) (lemon) tortue (5.57) (turtle) robinet (faucet) pyramide (pyramid)
cerf (3.82) (deer) scie (4.21) (saw) “logbicycle) grenouille (frog)
dauphin (3.7) (dolphin) tomate (3.44) (tomato) cerf-volant (kite) coccinelle (ladybug
cactus (1.65) (cactus) moto (1.57) (motorcycle) nid (nest) veste (jacket)

Note. An asterisk indicates the pictures that were not from the Snodgrass and Vanderwart (1980) or Cycowicz ¢
(1997) picture sets. Lexical frequency (number of occurrences per million) for each competitor is indicated in parentt
(taken from Content et al., 1990).
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