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Frequency Effects in Auditory Word Recognition:
The Case of Suffixed Words

Fanny Meunier and Juan Segui

Centre National de la Recherche Scientifique and UniveRR@deDescartes, Paris, France

This research studied the role of surface and cumulative word frequency in the processing and
representation of morphologically complex suffixed words. Experiment 1 showed that auditory
lexical decision times to suffixed words were influenced by their surface frequency. Experiments 2
and 3 showed a cumulative root frequency effect for high- and low-surface-frequency suffixed words.
Experiment 4 demonstrated that lexical decision times for these words varied as a function of their
position in their morphological family. These results support a view whereby suffixed words
belonging to a given morphological family share the same lexical entry. Within a lexical entry,
suffixed words belonging to the same family are organized on the basis of their surface frequency and
compete with one another.© 1999 Academic Press
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The word-frequency effect is one of the mosand the reading of word lists (Geffen, Stierman.
robust findings in the field of visual word rec-& Tildesley, 1979).
ognition. Indeed, the frequency with which a Different theoretical accounts for this effect
word occurs in printed language is a consistetitave been proposed. For example, Forster ar
predictor of performance in a variety of task<Chamber’s (1973) search model of lexical ac-
used to study visual word recognition. In arcess assumes that word frequency affects tr
early study, Howes and Solmon (1951) showedrganization of the search process. In this
that the visual recognition threshold for taChiSmodeI, lexical access involves a search throug
toscopically presented words is a function of thg subsection of the lexicon based on partia
logarithm of their frequency. Subsequently, thisexical information (e.g., syllable or mor-
correlation has been observed in a large variepheme). Each subsection or bin is organized b
of experimental tasks such as tachistocopic rﬁ'equency, and lexical search is frequency or.
port (Humphreys, Besner, & Quinlan, 1988gered in that higher frequency words are
Jacoby & Dallas, 1981), picture naming (Oldchecked against the input before lower fre-
field & Wingfield, 1965), word naming (Forster qyency words. Low-frequency words are there
& Chambers, 1973), lexical decision (Forsterigre recognized more slowly than high-fre-
1973; Rubenstein, Garfield, & Millikan, 1970; qyency words. An alternative model of lexical
Segui, Mehler, Frauenfelder, & Morton, 1982)gccess, the logogen model (Morton, 1969
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Although word frequency is a consistent premodel states that each word is recognized at th
dictor of performance in the visual modality, itfirst point after word onset at which it becomes
is only recently that this effect has been studiedniquely distinguishable from all other words in
in detail in the auditory modality. This is im- the language beginning with the same soun
portant given that specific properties of speeckequence. This is called the uniqueness poir
output prevent generalization of results col{UP). During the recognition process, a set o
lected from the visual modality to those ob-word candidates is activated based on the initig
tained from the auditory modality. The two mo-sensory input. This set includes all the words ir
dalities are different in at least one importanthe language beginning with that initial sound
aspect: speech necessarily has a temporal cosequence (the word-initial cohort). As more in-
ponent that is largely missing from the visuaput is processed, only the word candidates the
domain. continue to match the incoming sensory inpu

remain active. This process continues until &
THE FREQUENCY EFFECT IN THE single word candidate is left that matches the
AUDITORY MODALITY input. From the point of view of this model,

Early results concerning frequency effects ishort and long words are not equal because mo
the auditory modality were obtained in theshort words have their UP at or near their offset
1950s and 1960s. Howes (1957) found a correvhereas most long words can be recognize
lation between the frequency of occurrence of before their acoustic offset.
word and the signal-to-noise ratio necessary for More recently, many studies have been don
the recognition of that word. Savin (1963) ob+o test the frequency effect in the auditory mo-
served a tendency for common words to bdality. Tyler's (1984) finding that word fre-
perceived correctly at much lower speech-togquency affects recognition in a gating task
noise ratios than uncommon words, but proraised a problem for the first version of the
posed that the effect was not perceptual b@ohort model (Marslen-Wilson & Welsh,
related to a response bias (see also Broadbeh®78). This result, however, should be inter-
1967; Morton, 1969; Pollack, Rubenstein, &preted with caution because the effects ma
Decker, 1960). However, several researchers irave arisen through some form of sophisticate
the 1970s reported differences between conguessing employed when stimulus information
mon and rare words that covary with their freis limited. Two years later, however, Taft and
guency of usage and make the interpretation ¢fambly (1986) obtained a word-frequency ef-
the previous results problematic. For instancdect using the auditory lexical decision task.
rare words are generally longer than more freFhey demonstrated a frequency effect wher
guent ones (Landauer & Streeter, 1973; Wrighhigh- and low-frequency words were matchec
1979). for UP. The presence of a frequency effect in

The absence of clear empirical data about theuditory lexical decision was replicated by sev-
role of word frequency in the auditory modalityeral authors (Connine, Mullenix, Shernoff, &
during the 1970s may explain the fact that in th&elen, 1990; Marslen-Wilson, 1990; Slowiac-
first model specifically constructed for spokenzeck & Pisoni, 1986). However, mixed results
word recognition, the original version of thewere obtained with auditory repetition (Bates,
Cohort model (Marslen-Wilson & Welsh, Devescovi, Pizzamiglio, D’Amico, & Hernan-
1978), word frequency was not considered imdez, 1995; Connine et al., 1990; Marslen-Wil-
portant. According to this and later versions ofon, 1990). According to Connine et al. (1990)
the model (Marslen-Wilson, 1987; Warren &the absence of a frequency effect in the shac
Marslen-Wilson, 1987), spoken words are remwing task may reflect the fact that word repe-
ognized by a process that involves the continuition can be conducted without lexical access
ous mapping of the sensory input onto repreMore recently, Connine, Titone, and Wang
sentations of lexical forms. Based on th€1993) observed a word-frequency effect in &
principle of maximal processing efficiency, thephoneme categorization task. Speech voicin
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continua were constructed so that one endpoint THE FREQUENCY EFFECT FOR
resulted in a high-frequency word and the othemORPHOLOGICALLY COMPLEX WORDS

endpoint resulted in a low-frequency word (e.g.,

best—pest The results demonstrated that am- As noted above, two types of freque.ncy esti-
mate are relevant for a complex word: surface

biguous t_okens were labeled _in Concordancf?equency and cumulative frequency. The
with the high-frequency word. Finally, Ferre'ra’former refers to the word'’s frequency of occur-

Henderson, - Anes, Weeks, and MCFarlanFence in the language as a free lexical item (e
(1996) used a new technique called the “aud|s guag 9

) . . . . he wordfleuriste,“florist”). The latter refers to
tory moving window” in which subjects paced :
: o - the sum of the frequency of the root plus all its
their way through spoken sentences divided into, . P W
4 . affixed forms {leuriste,“florist” + fleur, “flow-
words or word-like segments, and their process- ,,

. . er’ + fleurir, “to flower” + floral, “floral” +
ing time for each segment was recorded. Fer;, " N T
- . déflorer, “to deflower” + refleurir, “to flower
reira et al. demonstrated that high-frequency__.
. : : ain,” and so on).
words in spoken sentences required less time

In the visual domain, several authors have
be processed than low-frequency words. o .
shown that the recognition time for polymor-

The experimental work indicating the eXIS'phemic words is generally sensitive to both

tence of a word-frequency effect in the auditor)éurfalce frequency and cumulative frequency
modality led Marslen-Wilson (1987, 1990) to

incorporate in his model a mechanism that ac(-e'g" Burani & Caramazza, 1987, Cplgeau-

. ; villain, & Segui, 1989; Holmes & O’Regan,
counted for it. In th_e new version of the Coh_ortlggz; Taft, 1979). However, an asymmetry in
model, Marslen-Wilson assumed that words in

cohort have differing levels of activation ac-ﬁ]e role of cumulative frequency was observec
9 by Cole et al. (1989) using long words. In a

cording to their frequencies of Occurrencerexical decision experiment they obtained a cu
Words with higher activation levels take longer P y

L - mulative frequency effect for suffixed words but
to eliminate from the cohort than words with )
- . ot for prefixed ones. These authors assume
lower activation levels, thus affording at leas

- . hat the asymmetry in the role of cumulative
an initial advantage to high-frequency words. ; . .

. frequency for prefixed and suffixed words is

The frequency effects reported in all the ex- : : .

. 4 . related to the different sequential morphologica

periments mentioned above were found with

short monomorphemic words. For at least tWorganlzatlon of these two types of words (af-

L . fx + root vs root+ affix). Parsing procedures
reasons, it is important to establish whether a . . :
operating from left to right, the root is accessec

2 firstin the case of suffixed words as it is situatec
words. First, in contrast to most short words, a N
. ... at the beginning of the word. The presence of ¢

long word could become uniquely distinguish- . ) .
cumulative frequency for suffixed words im-

able from any other word in the language be- . : . .

g . lies that access to their lexical representation

ginning with the same sound sequence mu ; .

. . : akes place via the representation of the roo

earlier than its offset. Second, and more impor-, . . " :
which is sensitive to frequency of use. Since for

tantly, long words are generally polymorphe-_ . ‘
mic. According to Rey-Debove (1984), 80% Oforeﬂxed words the processing of the root doe:
. ) . w not precede that of the full word form, the
French words listed in the dictionary “Robert ; .

) . ,, ) information derived from the root cannot be
Méthodique” are morphologically complex. . o .

) : S0 xploited on-line in lexical access.
Also, previous results obtained in visual word”
recognltlon_ indicated that the recognition OfCOMPLEX WORDS AND THE AUDITORY
morphologically complex words could be af-
. MODALITY

fected not only by the frequency of their super-
ficial word form but also by the cumulative On a “strict” left-to-right model such as the
frequency of all other members of the morpho€ohort model (Marslen-Wilson, 1987; Marslen-
logical family (see McQueen & Cutler, 1998,Wilson & Welsh, 1978), the information con-
for a review). tained in the sensory input is continuously
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mapped onto representations in the mental [ex1988) attempted to test the prefix-stripping
icon, irrespective of whether the word is monomodel of Taft and Forster (1975) by using deri-
morphemic or morphologically complex. Thevationally prefixed real words. Tyler et al.
lexicon is composed of full-form entries so(1988) compared the processing of free (mono
words are accessed as complete units, whethraorphemic) stems to that of prefixed words
or not they contain affixes. Even if this kind ofderived from this stem (e.gbuild, rebuild. In
model seems more likely in auditory than intheir materials the UP of the prefixed word was
visual presentation, prelexical decompositioalways earlier than the UP of its stem. The
has also been considered. For example, in tlitecomposition model claims that both words
affix-stripping model proposed by Taft and Forshould be recognized at the same segment (he
ster (1975; Taft, 1985), decomposition intdd/), the recognition point (RP) of the stem, and
stems and affixes is obligatory. Only when dethat RPs would be identical if they were mea-
composition fails, as with pseudoprefixedsured from stem onset. A continuous mode
words, will the system try to locate a full-formsuch as the Cohort model postulates no suc
entry. This decomposition occurs prior to lexi+elationship between the RPs because the wort
cal access. Lexical access can proceed only a&tivate completely different cohorts; each
the stem because full-form affixed words do notvord should be identified at its own UP (/d/ for
have lexical entries. build and /I/ for rebuild), so that the prefixed
Research by Taft, Hambly, and Kinoshitavord should be identified before its stem (mea:
(1986) on derivationally prefixed English wordssured from the onset of the stem). Tyler et al
extended to the auditory domain the types dested these competing claims in three exper
theory and experiments that Taft and Forstenents using three different tasks (gating, audi
had previously developed for visual word rectory lexical decision, and naming) with the
ognition (Taft, 1981, 1985; Taft & Forster,same stimuli. None of these three experiment
1975). Taft et al. (1986) conducted auditory andupported a decomposition account of lexica
visual lexical decision experiments. Their maaccess: the presence of a prefix did not intro
terials were nonwords consisting of the fouduce any necessary delay into the access pr
combinations of real and nonexistent prefixesess. This result suggests that lexical access
(e.g.,de, te) with real and nonexistent stemsnot delayed until stem identification. Analogous
(e.g.,joice, jous@. They found that it took more results were obtained by Schriefers, Zwitser:
time to make a nonword decision when théood, and Roelofs (1991) in Dutch, using pho-
nonword carried a prefix than when it did notheme monitoring and gating tasks. However
and this difference increased when the iterivurm (1997) recently reported results that sug
contained a real stem. Interestingly, the “stengest that a morphological decomposition pro-
ness” factor had no effect for unprefixed noneess is applied to prefixed words that are highly
words. Taft et al. concluded that the stem playesemantically transparent and that have a hig
no role here because there was no prefix to stripefix likelihood (meaning that a high propor-
off. These results are consistent with the affixion of encountered words begin with letter
stripping model (Taft, 1981, 1985; Taft & For-string that are in fact truly prefixed, as with the
ster, 1975). The authors argued that access fopeefix counter). Laudanna, Burani, and Cer-
prefixed word is attempted first on the stem, anchele (1994) also claimed that a word beginning
if that succeeds the listener must carry out adwith a prefix that has a high prefix likelihood is
ditional processing to see if the prefix combineskely to be stored and accessed in decompose
with the stem to make a legal word. Howeverform.
there is a problem with these experiments in that These experiments on morphologically com-
data found for nonwords might not generalize tplex words in auditory presentation used pre:
the processing of morphologically complex realixed words because their aims were to tes
words (see Henderson, 1985). Taft's decomposition hypothesis. It is clear,
Tyler, Marslen-Wilson, Rentoul, and Hanneygiven the directionality of the speech signal
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over time, that prefixed words are a particularlgomposed of one low-frequency word and one
relevant test of this hypothesis. The results olitigh-frequency one, according to tfieésor de
tained lead us to reject Taft's hypothesis (but Langue Franaise (1971) Twenty-five par-
see Wurm, 1997) and partially support the ideticipants were asked to decide which word of
of left-to-right processing of morphologically each pair was the more common. From the
complex prefixed words. But is the same propretest materials we selected 20 pairs for whicl
cess involved during suffixed word identifica-at least 80% of participants rated the more fre
tion? There is clear typological (Cutler,quent word as more common. These stimul
Hawkins, & Guilligan, 1985) and experimentalwere recorded at a normal speaking rate by
(Cole et al., 1989; Meunier, in press; Segui &male native French speaker who was not famil
Zubizarreta, 1985) evidence that suffixes ari@r with the purpose of the study. We controlled
treated differently from prefixes. Suffixedword duration: high-frequency and low-fre-
words derived from the same root are memberguency suffixed words had on average the sam
of the same cohort and, as we have alreadjuration (781 mst(19) <1 for the difference).
shown, some models of auditory word recogniThe high-surface-frequency suffixed words hac
tion place particular importance on the first paran average of 2.9 syllables as compared to 3.
of a word. Does the fact that the shared root i®r the low-surface-frequency suffixed words.
the first part of the signal processed by th&he UPs of the two words within each pair were
system modify the process applied to the word@enerally very close because most of the time
Our goal in the current study was to establiskheir divergence point was also their UP; for
the roles of surface and cumulative frequenciesxamplejardinER, “to garden” andjardinAge,
during identification of auditorily presented suf-‘gardening” (the UP is in upper case). On av-
fixed words. An effect of surface frequencyerage the UP was 6.6 phonemes into the wor
would indicate a role of the full word form, for suffixed words of high frequency and 6.8
while an effect of cumulative frequency wouldphonemes for suffixed words of low frequency
indicate a role of morphological structure. [t(19) = 1.31, n.s.]. We also made the same
comparison using a different cue: the length ir
EXPERIMENT 1 milliseconds between the onset and the UP
In Experiment 1 we investigated the effect othe word. The high-frequency suffixed words
surface frequency on the identification of pairdad their UP on average 542 ms after the onse
of suffixed words belonging to the same moref word and low-frequency ones 556 n§1Q)
phological family (and thus having the same<1).
cumulative frequency and the same cohort). Both items of each pair belonged to the sam
This experiment tested if there is an effect oyntactic category. The mean surface frequenc
frequency on reaction times for auditorily predin the higher surface frequency condition was
sented long words and for words belonging t81 compared to 2 for the lower surface-fre-
the same morphological family. guency condition. The frequency counts re-
ported here are given per million, using the
Method printed frequency counts of thErésor de la
Stimuli and designTwenty pairs of suffixed Langue Franaise (1971)calculated on a 37.6-
words were selected so that the members dfillion-word corpus. The items are listed in
each pair shared the same root but differed iAppendix A.
surface frequency, for instaneciEmonstrateur,  Two experimental lists of 160 items each were
“demonstrator” anddemonstration, “demon- constructed so that two derived words belonging
stration.” It is important to note that the fre-to the same family were not presented in the sam
guency and the identification point of the rootist. Each list was thus composed of 10 high-
are the same within each pair. surface-frequency suffixed words, 10 low-surface
To select the experimental materials we prefrequency suffixed words, 60 filler words (20 pre-
tested 60 pairs of derived words. Each pair waxed words, such agechanter,“to sing again”
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and 40 monomorphemic words, suchsience, TABLE 1

“silence”), and 80 pronounceable noNWords, pean Reaction Times and Error Rates as a Function o
matched in length and morphological propertieSurface Frequency for Suffixed Words Derived from the
with the real words (20 “pseudosuffixed” non-Same Root in Experiment 1

words, such asnarcherie,20 “pseudoprefixed”
nonwords, such adecroner, and 40 nonwords

Surface frequency

that seem monomorphemic, suchsatipre). The High Low
first 10 items of each list were filler items.

Procedure.Participants were tested individ- RT (ms) 925 1018
ually in a quiet room. They were asked to de- SD 119 132
cide, as quickly and as accurately as possible, Emors (%) 3 13

whether each item they heard was a word by
pressing one button and another button if it was

not. The “yes” response was given with theifs measured. The results of our experiments ar
preferred hand. o reported as measured from word onset. Th

ltems were presented auditorily via headpattern of results was unchanged when reactio
phones using a DAT tape recorder. The intervglyes were measured from the end of the word
between items was about 2 s. The order gf e not seem relevant to perform analyse
presentation was the same for each list W'tﬂ'om the UP because suffixed French words

only e_xperimental words changed, ResPO”%ﬂostly have their UP on the first phoneme of the
collection was controlled by the timer of a COM-~ \fix. This means that the location of the UP

puter that had a tested accuracy-of ms. The does not differ between two suffixed words

computer timer was started by a tone placed rived from a same root or between two suf
the inaudible channel of the audiotape at th

beginning of each word. Only response Iaten{-?xGd words sharing the same suffix (pairs of
g 9 : y resp ords that constituted our stimuli).

cies that were associated with experimental . ) : .
P High-frequency suffixed words were identi-

words were recorded. ) .
fied faster than low-frequency suffixed words

Participants.The participants in this and the | )
following experiments took part in experimentsder'ved from the same root (see Table 1). Thi:

in partial fulfillment of requirements for a psy- Eurfhace frgquency effect was_sigr;iﬁce}nt acros
chology course of the University Paris ot partmpants f1(1, 19) -~ '51’_ P <
V—Rerie Descartes. Twenty students partici:0001] and items A2(1, 17) = 16.42;p <

pated in the experiment. They were all native?008]. Moreover, there were more errors for
French speakers. low-surface-frequency suffixed words than for

high ones. This effect was significant across
Results and Discussion participants F1(1, 19) = 8.35;p < .009] and

Analyses of variance (ANOVA) were con-items [F2(1, 17)= 8.7;p < .009].
ducted on the reaction time data. An alpha level In this experiment, we studied the role of
of .05 was used for all statistical tests. Weurface frequency. It is known that this factor is
conducted analyses across both participarnif§portant for lexical processing of monomor-
(F1) and items E2). Reaction times were mea-Phemic words. The effect we observed for mor-
sured from the acoustic onset of the word. Rephologically complex long words confirmed the
action times longer than 1500 ms (3% of alimportance of surface frequency: a higher fre-
reaction times) were eliminated from the statisquency suffixed word was identified faster thar
tical analyses. Two items yielded more tha@ lower frequency one. In the second experi
50% errors Ifttérateur and marieur) and were ment, we examined the role of cumulative fre-
excluded from the analyses. qguency for suffixed words. Assuming a left-to-

A problem for auditory word experiments isright parsing procedure, we hypothesize tha
the choice of the point from which reaction timesuffixed words are accessed via their root mor
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phemes. If so, we should observe a cumulativef each pair were strictly matched on surface
frequency effect for this type of word. frequency, but one member had a higher cumu
lative root frequency than the other.
EXPERIMENT 2 These experimental pairs were divided into
Experiment 2 employed a similar design tdwo sets according to their surface frequency
Taft's (1979) study using the suffixed wordshigh (18) or low 1). The mean cumulative
from Experiment 1 of Cdlet al. (1989). Words root frequencies (per million) were 184 for
of each pair were matched on surface frequenayords with high surface frequency and high
and their cumulative frequencies were as differeumulative frequency, 125 for words with high
ent as possible. For examplgrdinier, “gar- surface frequency and low cumulative fre-
dener,” with a surface frequency of 16 and @uency, 129 for words with low surface fre-
cumulative frequency of 197 was matched witlqguency and high cumulative frequency, and ¢
policier, “policeman,” with a surface frequencyfor words with low surface frequency and low
of 11 and a cumulative frequency of 64. Ifcumulative frequency. Suffixed words within
cumulative frequency affects the identificatioreach pair shared the same suffix. All experimen
time of the word, thenardinier should have a tal words were trisyllabic, and their lengths
shorter identification time thapolicier. This were comparable (713 ms for words with high
result will be interpreted as evidence for a rolsurface frequency and high cumulative fre-
of morphemic structure in lexical processing. Iguency, 723 ms for words with high surface
we do not observe any difference between thieequency and low cumulative frequency, 753
identification times ofjardinier and policier, ms for words with low surface frequency and
then we could conclude that morphologicahigh cumulative frequency, and 746 ms for
structure does not influence word identificationwords with low surface frequency and low cu-
To summarize, this experiment was identical tonulative frequency); none of these differences
the previous one, except that surface frequenaeyas significant. The experimental items are pre
was held constant within pairs while cumulativesented in Appendix B.
frequency varied. Two experimental lists were constructed.
Furthermore, the derived pairs consisted dfach list was composed of all experimenta
high-surface-frequency words or low-surfacewords (20 high-cumulative-frequency suffixed
frequency words. As mentioned by Ca¢ al. words and 20 low-cumulative-frequency suf-
(1989), in most previous studies conducted ofixed words), 130 filler words (of which 40 were
the effect of cumulative frequency (Andrewsprefixed words such adéechiffrer, “to decode”
1986; Burani & Caramazza, 1987), the affixednd 90 were monomorphemic words such a
words were low-frequency words. It was im-progres, “progress”), and 178 nonwords that
plicitly assumed that a decomposition procewere, as in the first experiment, pronounceabl
dure is more likely with rare words than withand matched in length and morphological prop:
more frequent ones. The access to the latterties with real words of the list (40 “pseudo-
could be more direct and related primarily tcsuffixed” nonwords such aggabotion, 40
their surface frequency. According to this hy-‘pseudo-prefixed” such adéemircler, and 98
pothesis, a cumulative frequency effect shoultpseudo-monomorphemic” such asrédate).
be observed only for low-frequency suffixedSome nonwords began with a legitimate root, a
words. fination, to avoid strategic effects.
All experimental words were presented in
Method each list because none was derived from th
Stimuli, design, and procedurdhe word same root. The order of presentation of experi
stimuli conformed to a factorial manipulation ofmental words was counterbalanced in two dif-
cumulative root frequency (high or low) andferent lists. For example, ifardinier was in
surface frequency (high or low). Twenty pairgosition 15 in the first list angolicier in posi-
of suffixed words were selected. The membeition 110, then in the second ligtrdinier was in
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TABLE 2 level of surface-frequency suffixed words. The

Mean Reaction Times and Error Rates as a Function Gattern observed with these analyses was clez

Cumulative Frequency and Surface Frequency for Derivefihe effect of cumulative frequency for high-

Suffixed Words in Experiment 2 surface-frequency words was significant by par
ticipants [1(27) = 4.13,p < .0003] and by
items [2(9) = 2.23,p < .05]. For low-surface-

Cumulative frequency

Surface . L
frequency High Low frequency suffixed worQs, there was no signif-
icant effect of cumulative frequencyl] < 1;

High t2 < 1].

RT (ms) 865 914 The error analyses showed more errors fo
Sb 98 117 low-surface-frequency words than for high-fre-
Errors (%) 2 2 .

Low guency ones. This effect of surface frequenc
RT (ms) 979 983 was significant by participantsFL(1, 27) =
sb 126 114 16.35,p < .0005] and by itemsH2(1, 18) =
Errors (%) 8 12 5.66,p < .03]. However, no effect of cumula-

tive frequency was observeB < 1; F2 < 1]
and there was no interaction between the twt
position 110 angolicier in position 15. Fillers factors F1(1, 27)= 1.13, n.s.;F2 < 1].
and nonwords had the same position in the two The results of this experiment confirm the
lists. We also gave participants 12 examples gfresence of a surface frequency effect for suf
nonwords before the experimental list, aftefixed words observed in our first experiment.
which the participant had a practice set contaireven when familiarity was not controlled, a
ing 10 words and 10 nonwords. Then the exsurface frequency effect appeared. The obse
perimental list started with 10 fillers. vation of an effect of cumulative frequency only
Participants. Twenty-eight students from the for high-surface-frequency suffixed words is
same population as Experiment 1 took part inot consistent with previous experimental find-
the experiment. ings in the visual modality. In fact, most of the
experiments done in this field show a cumula-
tive frequency effect only for suffixed words
Response times higher than 1500 ms (1% dhat have a low surface frequency (Bradley
all reaction times) were eliminated from thel979; Burani & Caramazza, 1987). However,
statistical analyses. It can be seen from TableQole et al. (1989) observed a cumulative fre-
that suffixed words with higher cumulative fre-quency effect for low-surface-frequency suf-
guency were identified faster than words of lowixed words and high ones. Our results, there
cumulative frequency. This effect was signififore, go against all results previously observec
cant in the participantq1(1, 27)= 6.15;p < and also against all models that propose twi
.02] but not in the item analysi$P(1, 18)= routes depending on the surface frequency c
1.22; n.s.]. the word. However, we argue that we observet
There was a main effect of surface frequencya cumulative frequency effect only for high-
high-surface-frequency words were recognizesurface-frequency words because this effect i
faster than low-surface-frequency wordsl[1, masked for low-surface-frequency words.
27) = 92.58,p < .0001;F2(1, 18)= 11.6,p < Our interpretation is that suffixed words are
.003]. Moreover, the interaction between thesdecomposed because in the auditory signal, th
two factors was significant by participantsroot is processed first. The integration of the las
[F1(1, 27)= 7.86,p < .01] but not by items part of the stimulus allows the selection of the
[F2(1, 18)< 1]. right candidate among all suffixed members of
To clarify these effects we carried outthe morphological family. As an example, for
planned comparisonstests) to find out if there the wordjardinage, “gardening,” it is the suf-
was an effect of cumulative frequency for eacfiix-age that permits the selection of the right

Results and Discussion
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item among the other suffixed members of itfogical cohort is most often confounded with the
family such agardiniere, “window box,” jar- cumulative frequency of the whole family. In-
dinier, “gardener,” andjardiner, “to garden.” deed, morphological families in French are
Given that in our results a cumulative frequencynostly composed of suffixed words, and the
effect was observed only for high-surface-frerare prefixed members have very low surface
guency words and that there was a surface fré&equencies. This would explain why these two
guency effect, we may hypothesize that thparameters have been conflated in the past.
morphological family is organized on the basisve recalculate the cumulative frequency of the
of the surface frequency of each member. Eaahorphological cohort for the experimental
candidate corresponds to a particular combinitems of Experiment 2, we observe that only 1
tion of a root and a suffix. Thus, the mostpair of words (out of 20) changes in category.
frequent members of the family would be seThe other pairs are unchanged. For example
lected before the less frequent ones. This orgaquipier, “member of a team,” which has a
nization of the morphological family in terms of cumulative frequency of 41.8, has a cumulative
the relative frequency of the different member&equency of the morphological cohort of 41.5
could explain the absence of a cumulative freand its matched wordyondolier, “gondolier,”
guency effect for low-frequency suffixed wordshas a cumulative frequency of 3.3 and a cumu
If the recognition of a suffixed word involveslative frequency of the morphological cohort of
prior access to its root and if this root represers.3.
tation is sensitive to frequency, the saving of According to the interpretation proposed
time due to the cumulative frequency effecabove, a factor that should affect the identifica:
would be neutralized by the loss of time due tdion process of a particular suffixed word is the
the difficulty in selecting the candidate correnumber of other suffixed words of the same
sponding to a low-frequency member of thdamily having a higher frequency. In the stimuli
family. This difficulty is related to the presencefor our second experiment, we observed that fo
in the morphological family of competitors hav-high-surface-frequency suffixed words, there
ing a higher activation than the actual targetvas nearly the same number of more frequer
word. For example, the identification of thecandidates for high-cumulative-frequency
word jardiniére could be affected by the exis-words (1.3 more frequent candidates) and fo
tence of other suffixed words in the same familyow-cumulative-frequency ones (1.5 more fre-
like jardinier or jardinage,which are more fre- quent candidates} (<1). For low-surface-fre-
quent thanardiniere. When a word has a low quency suffixed words, there was a significan
cumulative frequency, access to the morphologlfference in the number of more frequent can-
ical family is slower than access to the morphodidates: high-cumulative-frequency words hac
logical family for a higher cumulative fre- a greater number of more frequent candidate
guency word. However, if the low-cumulative-(mean 4.5) than low-cumulative-frequency
frequency word is one of the more frequent ofvords (mean 1.9)t(9) = 2.46,p < .04]. These
its family and the high-cumulative-frequencyobservations seem to corroborate our interpre
one is not, then the reaction times for these twtation: for low-surface-frequency suffixed
words could be similar. words, the saving in time due to cumulative
Without denying the role of the whole mor-frequency could be lost by the greater numbe
phological family, our interpretation empha-of candidates to process before the identificatiol
sizes the role of a subset of members of thef the target.
family, namely those sharing their initial cohort The aim of our third experiment was to test
(the suffixed members of the family). The cuthis interpretation using low-frequency suffixed
mulative frequency corresponding to this subsetords having the same number of candidate
of candidates may be called the cumulative fremore frequent than the target and differing only
guency of the morphological cohort. It appear their cumulative frequency. If the absence of
that this cumulative frequency of the morphoa cumulative frequency effect for these words in
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Experiment 2 was related to a difference in the TABLE 3

distribution of higher frequency candidates be- \jean Reaction Times and Error Rates as a Function o
tween the two types of experimental word&umulative Frequency for Low-Frequency Suffixed Words
(high and low cumulative frequency), then conin Experiment 3
trol of this factor should permit the observation

of a cumulative frequency effect.

Cumulative frequency

EXPERIMENT 3 High Low

In this experiment, we compared lexical de- RT (ms) 909 956
cision times for pairs of low-surface-frequency  SD 29 109
suffixed words matched on several parameters, Emors (%) 4 13

including surface frequency, the number of can-
didates belonging to the morphological cohort,
and the number of these candidates more frgvas not problematic. The second list was iden
guent than the target. Members of each paircal to the first one except for the order of
contrasted in terms of cumulative frequencypresentation for the items of each pair. Before
For instance, for the pagoiffeur,“hairdresser,” the experimental list we gave participants four
andchercheur,‘researcher,coiffeur has a cu- examples of nonwords, and the first 10 items o
mulative frequency of 52, whilehercheurhas each list were filler items. Participants were
one of 637. tested individually within a single experimental
session. The procedure and apparatus were tl
Method same as in the other experiments. Again, w
Stimuli, design, and procedur&/e selected used a lexical decision task.
14 pairs of suffixed words. Each word pair Participants.A total of 20 students from the
comprised two suffixed words sharing a suffissame population as the other experiments pa
but not the root. Within each pair we controlledicipated in this one.
duration (677 ms for words with high cumula- . ,
tive frequency vs 639 ms for words with lowResults and Discussion
cumulative frequency), surface frequency (3 vs Reaction times higher than 1500 ms (2% of
2), the number of candidates in the morphologall reaction times) were eliminated from the
ical cohort (10 vs 10), and the number of cohorstatistical analyses. Table 3 presents the mee
candidates more frequent than the target (6 veaction times and error rates for the two exper
6). The two words differed only in their cumu-imental conditions. Suffixed words with high
lative frequency: the mean of high-cumulativeeumulative frequency were responded to faste
frequency items was 485, and the mean of lowthan words with low cumulative frequency.
cumulative-frequency items was 47. The item3his effect was significant across participants
are listed in Appendix C. [F1(1, 19)= 9.61;p < .006] and across items
We constructed two lists of 116 items eachfF2(1, 13) = 4.93;p < .05]. We also found a
28 experimental items, 30 filler words, and 5&ignificant effect in the error analyses acros:
nonwords that were, as in the other experimentparticipants F1(1, 19) = 59.3;p < .001] and
pronounceable and matched in length and moacross itemsH2(1, 13) = 13.69;p < .003].
phological properties with the real words (28There were more errors for low-cumulative-
“pseudosuffixed” nonwords, such aptteur, frequency words than for high ones.
and 30 pseudomonomorphemic nonwords, suchlt appears that, as we suggested above, tt
asmonlg. uncontrolled features of the morphological co-
As in the previous experiment, each particihort suppressed the cumulative frequency effec
pant listened to the same experimental list tham Experiment 2. When factors such as the num
contained both words from each pair. Becaudeer of candidates more frequent than the targe
the experimental pairs did not share a root, thisnd belonging to the same morphological co:
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hort were controlled, we observed an effect of TABLE 4

the cumulative frequency for low-surface-fre- yean Reaction Times and Error Rates as a Function o
guency suffixed words. Results from ExperiNumber of Candidates in the Morphological Cohort More
ments 2 and 3 seem compatible with the hyFrequent Than the Stimulus in Experiment 4

pothesis that suffixed members of a
morphological family are accessed via their

Number of candidates

root. The cumulative frequency effect in lexical Many Few

decision performance for suffixed words im-

plies that their lexical representations are ac- RT (ms) 906 858

cessed via the root of their morphological fam-  SP 132 100
Errors (%) 11 9

ily. When the root is activated it also activates
suffixes with which it may be combined. These
different combinations then compete.

The aim of Experiment 4 was to establish th&ith few stronger competitors averaging two.
role of higher frequency morphological compet! h€ items are listed in Appendix D. _
itors in the identification of suffixed words. In _AS in Experiment 3, we constructed two lists
this experiment we compared lexical decisiofff 116 items each: 28 experimental words, 3C
times for pairs of suffixed words, matched orller words, and 58 nonwords. Nonwords were
several parameters, but differing in the numbdffonounceable and matched in length and mol

of candidates belonging to the morphologica?homgical properti(_as with the real words in the
cohort which had a higher surface frequenc t (28 "pseudosuffixed” nonwords ?“Ch@m'
than the target. For exampléyrable, “dura- eur and 30 pseudomonomorphemic nonword:

ble,” has three candidates of higher frequenc?,UCh asmonlg. As in the previous experiment,

while jouable, “playable,” has six. If, as sug- each participant heard only one I_ist, wh_ic_h in-
gested by the results of Experiment 3, the highecllUdecj both members of each pair. Participant

. . were tested individually within a single session.
frequency morphological candidates slow th
. . he procedure and apparatus were the same
selection of the target word, response times

in Experiment 3. Again we used a lexical deci-

should be faster for targets having few h|ghe£i0n task.

frequency candidates than for targets having Participants. Twenty students from the same

more higher frequency candidates. population as the other experiments took part ir
this experiment.

EXPERIMENT 4
Results and Discussion

Method Reaction times higher than 1500 ms (3% of
Stimuli, design, and procedurVe selected g| reaction times) were eliminated from the
14 pairs of suffixed words. Each word pairstatistical analyses. The itensgrvilementand
comprised two suffixed words sharing a suffi¥ormellementwere also excluded because they
but not the root. Within each pair, we controllechroduced more than 50% errors.
the word duration (680 ms for words with many Table 4 presents the mean RTs and error rate
candidates in their morphological cohort morgor the two experimental conditions. Suffixed
frequent than themselves vs 699 ms for wordgords with fewer higher frequency competitors
with few competitors), the surface frequency (lvere identified faster than words with more
vs 5), the cumulative frequency of the morphohigher frequency competitors. This effect was
logical cohort (129 vs 123), and the number o$ignificant across participants1(1, 19) =
candidates in the cohort (10 vs 10). The twd4.96;p < .001] and across item&2(1, 12)=
words of each pair differed in the number 06.6; p < .04]. The effect was not significant in
more frequent candidates, items with manyhe error analysesl < 1; F2 < 1].
stronger competitors averaging seven, and thoseThese results show an effect on reactior
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times of the number of candidates belonging tsion times for suffixed words varied as a func-
the same morphological cohort with a highetion of their surface frequency position in the
surface frequency. We can conclude that thiamily. Words with more higher frequency fam-
frequency position of the target within its familyily members took longer to identify than words
is important for its identification. Thus, the im-with fewer higher frequency family members.
portant parameter is not the surface frequency We thus observed an effect of two types of
itself but the relative frequency of the targefrequencies for suffixed words: a surface fre-
compared to the frequency of the other memguency effect and a cumulative frequency ef:
bers of its morphological family. This confirmsfect. These indicate, respectively, an effect o
our hypothesis: the lack of cumulative fre-the full word form and an effect of morpholog-
guency effect for low-surface-frequency wordscal structure. More importantly, the results of
observed in Experiment 2 could be due to thExperiments 3 and 4 indicate that these twc
time required to inhibit or examine the morefactors interact in a complex manner such tha
frequent candidates. Our results do not allow ube identification time for two words having
to decide whether the extra time observed fddentical surface and cumulative frequencies
items with more candidates was due to timenay be very different according to the fre-
spent examining or to time spent inhibiting thequency distributions of the other members in
candidates, although according to the new vetheir morphological families.
sion of the Cohort model (Marslen-Wilson, In order to explain the observed effects, we
1987, 1990; Marslen-Wilson, Tyler, Waksler, &proposed that suffixed words belonging to &
Older, 1994), this extra time should result frongiven morphological family share a lexical en-
inhibition due to the different thresholds of eachiry corresponding to the root. This root repre-
of the items. Nevertheless, our findings clearlgentation is sensitive to frequency of use an
show the existence of frequency organizatioaffects the time to access the morphologica
within a morphological family. family. This proposition accounts for the pres-
ence of a cumulative frequency effect in Exper-
GENERAL DISCUSSION iments 2 and 3. However, in order to account o
In these experiments we exploited the rol¢he results of Experiment 4, it is necessary ftc
played by different frequency characteristics tassume that a selection process, which take
investigate the type of process and the form dfme, occurs among the members of the ac
the lexical entry for suffixed morphologically cessed morphological family when the pre-
complex words. Our major findings can be sumsented target word does not correspond to th
marized as follows. Experiment 1 showed thatore frequent member of this family. This se-
lexical decision times to suffixed words werdection process may be conceived in terms of
influenced by the word’s surface frequency. Exeompetition among morphological candidates
periment 2 confirmed the role of surface freFigure 1 illustrates this point.
guency and showed that a cumulative frequency As noted in this figure, access to a suffixec
effect was only observed for high-surface-freword takes place at two different moments: the
guency suffixed words. Experiment 3 indicateéccess to the morphological famililf and the
that the absence of a cumulative frequency e&ccess to the particular member of this morpho
fect for low-frequency words in Experiment 2logical family ¢2). This particular member cor-
was due to uncontrolled features of the morphaesponds to one of the possible combinations ¢
logical cohort. Specifically, when the number othe root and a given suffix.
candidates belonging to the morphological co- This interpretation must be linked to the one
hort and the number of these candidates withexpounded by Marslen-Wilson et al. (1994).
higher surface frequency than the target werEhese authors ran several experiments using
controlled, a cumulative frequency effect wagross-modal auditory—visual priming task to in-
observed for low-surface-frequency suffixedrestigate the lexical entry of morphologically
words. Experiment 4 showed that lexical decicomplex words. They did not observe any prim-
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Cumulative Frequency Surface Frequency
- of the members of the morphological cohort

tl 2
..ee  (49)
.eur  (5)
fum Loir - (2)
(154) et (2)
..age  (0)

FIG. 1. Two factors that take effect at two different tima& @ndt2) during lexical access. The numbers in
parentheses indicate the frequency: the cumulative frequency of the root and the surface frequency of the derived iterr

ing between two suffixed words belonging to We agree with the idea that members of the
the same morphological family. This result consame morphological cohort interact during the
trasted with the presence of a priming effecidentification of suffixed words. The problem is
between prefixed words and between affixethat Marslen-Wilson et al. (1994) did not ob-
words and their stems. More generally in primserve a real inhibitory effect between two suf-
ing experiments a clear facilitatory priming ef-fixed words derived from the same stem. Oul
fect is found between morphologically relatedourth experiment is the first conclusive dem-
words (see Drews, 1996, for a review)onstration of competition during the processing
Marslen-Wilson et al. (1994) attributed the laclof suffixed words. The absence of an inhibitory
of priming between suffixed words to the exiseffect in the cross-modal paradigm of Marslen-
tence of inhibitory relations between the sufWilson et al. (1994) could be related to the fact
fixes of the decomposed lexical entry. When ththat in this paradigm the recognition process o
listener encounters a suffixed form, the sterthe prime word has been achieved just befor
will be heard first, and this will activate both thethe presentation of the target and then the con
stem itself and the suffixes attached to this stemetition process is no longer functional.

As soon as the evidence is available to select We then propose that in our Experiment 4 the
one suffix rather than another, these suffixececognition of the target was slowed by the
competitors will be suppressed. This slows reexistence of lateral inhibitory links among the
sponses to one of these competitors if it isuffixed members of the family. The inhibitory
subsequently presented as a target in the prirpewer of candidates is related to their respectivi
ing task. The critical feature of this account isactivation levels and to their frequency in the
that different words share simultaneously atanguage. According to our interpretation, the
initial cohort and a lexical representation. Pairpresence of a cumulative frequency effect fol
like attractive and attraction are mutually ex- suffixed words indicates that these words ar
clusive in the strong sense that the same lexicatcessed by their common root, in agreemer
representation (the stem morphenadtract) with the left-to-right directionality of the speech
cannot simultaneously be interpreted as two difprocessing. This access by the root induced th
ferent lexical items. Hearing the woattractive decomposition of the word into its morpholog-
means that the wordttraction has been elimi- ical components. This proposition seems to b
nated as a possible candidate. particularly well adapted for the processing of
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suffixed words, given that the beginning ofobtained in our Experiment 4. In particular, it is
these words makes available the essential Seaportant to establish if the effects observed ir
mantic information conveyed by the root. this experiment can be attributed to the morpho

As noted before, the only experiment thafogical neighborhood of the presented item
clearly supports the hypothesis of prelexicajather than to its phonological one. Words shar
decomposition in the auditory modality is oneng the same root have not only morphological
done with nonwords (Taft et al., 1986). Experyyt also orthographic and phonological links.
iments using real words have produced resulsgy g these form links explain our effects? We
that are generally compatible with the hypothg, not have a definitive response at this poin
esis of continuous access, as proposed by &y 5re evidence is necessary to disentang
Cohort model (see Tyler et al., 1988). AIthouQrﬂ?ese factors. However, previous research cor

these expe_r_lments do nqt support the prelexic ucted with a priming procedure has separate
decomposition hypothesis, they do show an ef- ; .

) effects of morphological links from effects of
fect of the morphological structure of a word

during auditory presentation. Recently, Wurn‘:k(/l)rrmlil Or:f\ﬁ (FOW|ter’|Naf§§£’1& Feldmatr_n 19:;5;
(1997) showed with multiple regression analy- arsien-vviison et a., ), suggesting ) a‘
ses that morphemic variables, such as prefixelleSe tWo types of links are represented in -

ness or semantic transparency, play a role difiiferent way in the internal lexicon. _
ing auditory identification of prefixed words, What our research clearly shows is the exis

and at the same time he confirmed the impofénce of a morphological competition process
tance of the surface form of this type of wordhat take place during the auditory recognition
Future experiments should be designed tof suffixed words. This competition process oc-
confirm and define more precisely the nature dfurs among the members of a morphologica
the processes underlying the inhibitory effeceohort and reflects their relative frequencies.

APPENDIX A

Test Words Used in Experiment 1 and Their Characteristics

High-frequency words Surface frequency Low-frequency words Surface frequen
adversaire 45 adversite 1
correction 12 correcteur 1
destination 9 destinataire 2
laideur 14 laideron 0
vieillard 59 vieillerie 2
marchandise 13 marchandeur 0
corporel 13 corpulent 1
demonstration 14 dmonstrateur 0
dignite 41 dignitaire 2
direction 89 directive 4
divinité 18 divination 3
froideur 12 froidure 1
lachefe 21 lachage 1
largeur 10 largesse 2
libération 24 libeateur 5
littérature 91 litteateur 14
mariage 100 marieur 0
tailleur 9 taillade 0
travailleur 23 travailliste 0
chevalier 33 chevalerie 4

Note.All the frequency values listed here and in the following appendices are values per million.
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APPENDIX B
Test Words Used in Experiment 2 and Their Characteristics

AUDITORY WORD RECOGNITION FREQUENCY EFFECTS

snjnwiis ay} ueys Juanbauy 810w U0Yod
reaiBojoydiow sy} Ul sarepIpued JO JISqUINN

110402 [eaibojoydiow ay} Jo siaquiaw ay) Jo
Aouanbaly aaneInWND

Ajwrey reaibojoydiow ayy
Ul Sarepipuen Jo JaquinN

Aouanbaly anenWND

Aouanbaly aoeunsg

Items with a
low
cumulative
frequency

sninwins ay) uey) Juanbauy aiow 1oyod
[eaibojoydiow ay ui sarepipued Jo JaquinN

110yo9 [eaibojoydiow
3y JO siaquiaw ay) Jo Aouanbaly aAneINWND

Ajwrey reaibojoydiow ayy
Ul sarepipuen Jo JaquinN

Pairs of Suffixed Words with Low Surface Frequencies

Aouanbaly aaneinwn)

Aouanbaly adepns

Iltems with a
high
cumulative
frequency

37
25

37
25

0

2

0
0

1

r

babillage
balayage
parrainage
brocanteur
bagarreur
radoteur
pelucheux
buissonnier
gondolier

rou

9

3
2
11

4
6

2
4

21
96
22
25
69
191
20
41
305
41

14
26
14
25

14

21
96
87
361
69
191
20
41
361
42

1
1
0
0
0
1

griffonnage
hivernage
raffinage
ricaneur
parfumeur
pleurnicheur
ravageur
poissonneux
chansonnier
equipier

sninwins ay} ueys Juanbaiy aiow 1oyod
reaibojoydiow ay} ur sarepipued Jo JIsquinN

110409 [eaibojoydiow
2y} Jo slaquiaw ay Jo Aouanbaly aairenwND

Ajwrej jeaibojoydiow ayy
Ul sarepipued Jo JaquinN

Aouanbalj anienwind

Aouanbalj aoepns

Items with a
low
cumulative
frequency

snNWS ay) uey) Juanbaly 810w 1OY0D
[eaibojoydiow ayy ul SerepIpued JO JIaquInN

110409 [eaibojoydiow
U Jo slaquiaw ay} jo Aouanbaiy aAnenwnd

Ajwrey jeaibojoydiow ayy
u| Sajepipued Jo JaquinN

Pairs of Syffixed Words with High Surface Frequencies

Aouanbayy anire|nwind

Aouanbaly aoepns

Iltems with a
frequency

high
cumulative

64
554
193
39
111
154
49
28
12
51

25
14

64
552
183
39
114
156
49
28
12
51

11
27
24
15

19
15
30
12
12

policier
serviteur
visiteur
paresseux
orgueilleux
respectueux
prodigieux
“daction
milicien
esclavage

2

1
1
1
1

1
2

1
3
1

197
588
212
67
118
94
72
35
52
153

12
12
15

10

18

197
588
212
7
183
232
82
65
52
156

16
23
17
13
15
15
30
12
12
18

jardinier
travailleur
gouverneur
ténédreux
courageux
victorieux
monstrueux
correction
comalien
voisinage
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APPENDIX C

Test Words Used in Experiment 3 and Their Characteristics
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frequency n O z O z frequency n O z O z
lessivable 0 8 8 5 9 gouvernable 0 212 212 8 9
narrable 0 8 10 6 7 jouable 0 332 342 6 7
respectif 5 154 156 5 11 portatif 2 485 1536 6 10
olivier 10 16 16 0 9 jardinier 16 197 197 0 8
bouchage 0 16 60 5 7 bordage 1 183 682 5 7
brouillage 0 69 93 7 13 comptage 0 405 416 12 13
crachotement 0 31 31 10 12 chantonnement 1 305 317 10 13
griffement 0 21 20 13 14 croisement 4 207 162 9 16
polemiste 1 7 7 2 5 travailliste 0 588 588 5 8
dotation 1 20 20 3 5 perdition 4 512 476 4 5
griffeur 0 21 20 10 14 grosseur 3 364 366 8 15
cueilleur 0 26 26 4 7 toucheur 1 266 275 4 7
coiffeur 9 49 52 3 8 chercheur 6 511 637 3 4
classable 0 129 134 9 14 serviable 2 554 572 7 14
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APPENDIX D

Test Words Used in Experiment 4 and Their Characteristics
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pleureur 2 191 12 4 coupeur 1 175 13 9
brocanteur 1 2 5 1 bafouilleur 1 6 6 4
polisseur 0 27 8 2 lessiveur 0 8 9 7
gazouillement 0 3 6 2 flagellement 0 3 7 6
crachement 0 31 12 5 griffement 0 21 14 13
branchage 3 83 13 0 brouillage 1 69 13 7
gaspillage 3 9 5 0 nettoyage 4 22 5 2
ordurier 1 18 4 0 couturier 3 26 6 3
chiffrable 0 38 7 3 logeable 1 72 8 7
formellement 6 613 16 6 servilement 1 554 14 11
chanteur 15 305 13 4 compteur 2 405 13 7
respectable 10 154 11 3 observable 2 75 8 6
durable 14 222 8 3 jouable 1 332 7 6
outrage 9 27 10 0 balayage 1 37 9 5
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