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This study investigates age of acquisition (AoA) and word frequency effects in both spoken and
written picture naming. In the first two experiments, reliable AoA effects on object naming speed,
with objective word frequency controlled for, were found in both spoken (Experiment 1) and
written picture naming (Experiment 2). In contrast, no reliable objective word frequency effects
were observed on naming speed, with AoA controlled for, in either spoken (Experiment 3) or
written (Experiment 4) picture naming. The implications of the findings for written picture
naming are briefly discussed.

Words that are acquired early in life (referred to as EA words) are retrieved more rapidly from
memory than words acquired later (LA words). This effect, referred to as the age-of-acquisi-
tion (hereafter AoA) effect, is now a well-established finding in psycholinguistics. It is
robustly found in “output” tasks such as spoken picture naming (Barry, Morrison, & Ellis,
1997; Carroll & White, 1973b; Hodgson & Ellis, 1998; Lachman, 1973; Lachman, Schaffer, &
Henrikus, 1974; Morrison, Chappell, & Ellis, 1997; Morrison, Ellis, & Quinlan, 1992), face
naming (Moore & Valentine, 1998), category instance naming (Loftus & Suppes, 1972), word
completion (Gilhooly & Gilhooly, 1979), and word naming (Brown & Watson, 1987;
Coltheart, Laxon, & Keating, 1988; Gerhand & Barry, 1998; Gilhooly & Logie, 1981;
Yamazaki, Ellis, Morrison, & Lambon Ralph, 1997). AoA effects have also been observed in
“input tasks” such as visual lexical decision (Brysbaert, 1996; Gerhand & Barry, 1999; Turner,
Valentine, & Ellis, 1998), perceptual identification (Lyons, Teer, & Rubenstein, 1978), and
auditory lexical decision (Cirrin, 1984; Turner et al., 1998). AoA also affects the performance
of brain-damaged patients (Hirsh & Ellis, 1994; Hirsh & Funnell, 1995). Of interest here is the
fact that Hirsh and Ellis found an AoA effect on the written picture-naming error rate of a
brain-damaged patient, NP. Surprisingly, however, no AoA effect has, to the best of our
knowledge, ever been reported in written picture-naming tasks involving normal subjects.
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Thus, an important empirical issue is to determine whether an AoA effect can be observed in
written picture naming in normals, as written picture naming is obviously an output task.
Hence, it is clear that the main aim of our study was empirical.

Why should we address the issue of AoA effects in written picture naming? The reason is
that is has often been claimed that written production is similar to spoken production, as it
obviously appears to involve similar processes and representations (Ellis, 1988), although
there is little or no evidence to support this claim. Our assumption is that it is necessary to
gather empirical data if we wish to propose views on lexical access in writing or to constrain the
few existing ones. Thus, given the growing importance of AoA effects in the spoken picture-
naming literature, it is a logical step to determine whether an AoA effect can be observed in
written picture naming. It is also worth noting that most reports of AoA effects relate to the
English language and that, to our knowledge, there has not as yet been any published report of
AoA effects in French.

Most AoA effects in spoken picture naming have been observed on the basis of adult esti-
mates of the age at which words are first learned. Although the validity of such ratings has been
questioned (Brysbaert, 1996), they nevertheless appear to be valid (Carroll & White, 1973a;
Gilhooly & Gilhooly, 1980; Lyons et al., 1978; Morrison et al., 1997). For example, Carroll
and White found a correlation higher than .80 between rated AoA scores and estimates of
objective AoA taken from studies of the frequency of word use in children’s reading and writ-
ing. Also, Gilhooly and Gilhooly reported a correlation of .84 between AoA ratings of words
and the ability of children and young adults, aged from 5 to 21 years, to give acceptable defini-
tions of those words. Although objective AoA scores would appear to be preferable to subjec-
tive AoA scores when available (Ellis & Morrison, 1998), in view of the fact that no objective
AoA counts were available for French, and given the established validity of estimated AoA
scores, we used estimated values of AoA provided by Alario and Ferrand (1999) for a set of 400
pictures standardized for French.

How are AoA effects accounted for?

Although AoA effects are clearly established at an empirical level, a straightforward explana-
tion of these effects is lacking. Morrison (1993) showed that AoA effects are not merely cumu-
lative frequency effects—that is, the total number of experiences of a word across one’s
lifetime—and Gilhooly (1984) has provided evidence that AoA effects do not reflect residence
time in lexical memory. Regarding this latter explanation of AoA effects, Gilhooly examined
the relative effects of AoA and residence time in a group of participants ranging in age from 20
to 58 years by using words introduced much earlier versus newly introduced words and
showed that AoA was a better predictor of word-naming latencies than was either residence
time or participant age. Concerning the cumulative frequency hypothesis of AoA effects,
Morrison (1993) tested it in a word-naming study involving young and old adult participants.
According to this hypothesis, the AoA effect should be smaller in older adults than in younger
adults. However, she found that older and younger participants showed clear effects of AoA
on spoken naming speed, which were almost identical in size.

Most accounts of AoA effects localize them at a phonological level, and more precisely, at a
phonological lexeme level. The rationale for proposing the phonological lexeme level as the
candidate locus of AoA effects in spoken picture naming is as follows. Morrison et al. (1992)

470 BONIN, FAYOL, CHALARD



found no AoA effect in a semantic categorization task, thus ruling out the conceptual/seman-
tic level as the locus of this effect, as it is generally assumed that semantic categorization
indexes conceptual representations. Also, Morrison and Ellis (1995) found no effect of AoA in
a delayed naming paradigm, where the word was followed by an unpredictable delay, and
naming was prompted by a visual cue. Given that this paradigm is assumed to index the post-
lexemic level, the absence of an AoA effect in delayed naming made it possible to rule out a
post-lexemic locus of AoA effects. By a process of elimination, the effect of AoA on spoken
picture naming would appear to be lexical. According to the commonly held view that
lexicalization involves lemma access and lexeme retrieval (Bock & Levelt, 1994; Levelt, 1989;
Levelt, Roelofs, & Meyer, 1999; Schriefers, Meyer, & Levelt, 1990; Roelofs, 1992; Roelofs,
Meyer, & Levelt, 1998; but see Caramazza, 1997; Caramazza & Miozzo, 1998), there remain
two potential candidates for the locus of AoA effects: the lemma level or the phonological
lexeme level. Morrison and Ellis (1995) reasoned that if word naming involves direct
mappings between visual and phonological lexemes, and if the same locus is proposed for AoA
effects in both spoken picture naming and word naming, then the best candidate would be the
phonological lexeme level. However, the issue of whether word naming actually involves a
direct mapping between visual and phonological lexemes is far from being resolved. It has
recently been claimed that word reading involves lemma access (Roelofs, Meyer, & Levelt,
1996). In an attempt to explain the interference effects of written words on spoken picture
naming, Roelofs et al. (1996) have argued that orthographic lexemes in perception converge on
the same lemmas as those used in speaking. Finally, a different account of AoA effects in lan-
guage production tasks has been put forward by Hirsh and Funnell (1995). These authors have
suggested that AoA effects might be the result of differentially effective links between seman-
tics and phonology. However, this latter explanation as yet lacks an empirical foundation.

If the phonological lexeme level is assumed to be the genuine locus of AoA effects, the ques-
tion of how AoA effects come about must be answered. Gilhooly and Watson (1981) have put
forward an explanation within the framework of the revised logogen model (Morton, 1979).
According to this, AoA effects arise at the speech output logogen level and are the consequence
of EA words having lower activation thresholds than LA words. However, Gilhooly and Wat-
son (1981) and Brown and Watson (1987) have proposed that the most plausible explanation
for AoA effects is that EA words have more complete phonological representations than LA
words (the completeness hypothesis). Thus, when subjects have to produce a target word as
spoken output, EA words would benefit from more rapid phonological assembly than do LA
words. Yet, compelling evidence for this explanation is lacking (Barry et al., 1997).

At first sight, finding an AoA effect in written picture naming would not come as a surprise
given that, as it has often been claimed that writing is entirely dependent upon speech pro-
cesses and representations (Luria, 1970), written picture naming would necessarily involve
phonological codes from which the orthographic codes are derived. However, this traditional
view, referred to as the obligatory phonological mediation hypothesis (Luria, 1970), has been
challenged by several findings in brain-damaged patients (e.g., Assal, Buttet, & Jollivet, 1981;
Hanley & McDonnell, 1997; Hier & Mohr, 1977; Lhermitte & Derouesné, 1974) as well as in
normals (Bonin, Fayol, & Gombert, 1997, 1998; Bonin, Fayol, & Peereman, 1998; for a brief
review, see Bonin, 1997). To account for the neuropsychological data, the orthographic auton-
omy hypothesis was proposed (Miceli, Benvegnu, Capasso, & Caramazza, 1997; Rapp,
Benzing, & Caramazza, 1997; Rapp & Caramazza, 1997). According to this hypothesis, the
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retrieval of orthographic codes does not obligatorily require prior access to phonology. It is
thus assumed that activation from semantic codes propagates in parallel to their connected
orthographic lexemes and phonological lexemes. Nevertheless, this hypothesis does not pre-
clude the possibility that phonology plays a role in the determination of orthographic codes. In
fact, Miceli et al. (1997) have distinguished between two versions of the orthographic auton-
omy hypothesis. According to the “weak” version, orthographic lexemes and phonological
lexemes are directly linked to each other by means of lexical connections. The “strong” ver-
sion holds that orthographic lexemes and phonological lexemes are not directly connected to
each other, but that they can interact through sublexical conversions between phonological
and orthographic units. As far as AoA effects are concerned, if we accept the idea that they are
located at a phonological lexeme level, then the phonological mediation hypothesis in writing,
which states that phonological codes are obligatorily accessed in order to access orthographic
codes, clearly leads us to expect an AoA effect in written picture naming. An AoA effect is also
predicted by the orthographic autonomy hypothesis given that it attributes a role to phonology
by means of either lexical or sublexical links between phonological and orthographic lexemes.

In the first two experiments, some participants had to say aloud (Experiment 1), whereas
some others had to write down (Experiment 2), the names of pictures that varied on estimated
AoA scores. Thus, Experiment 1 is a mere replication of an AoA effect in spoken picture nam-
ing using French items. Written and spoken latencies as well as errors were measured. As in
most experiments on AoA, the stimuli were controlled on a number of relevant variables,
including objective word frequency (see the Procedure section for selection details).

EXPERIMENT 1

Method

Participants

Thirty psychology students from Blaise Pascal University were recruited. In this experiment, as well
as in the following experiments, they received course credits for their participation, were all native speak-
ers of French, and had normal or corrected-to-normal vision.

Stimuli

A total of 46 drawings of common objects were selected from the Cycowicz, Friedman, Rothstein,
and Snodgrass (1997) database. The experimental pictures consisted of two sets of 18 pictures names:
one set corresponding to EA picture names and one set to LA picture names. The AoA scores were based
on the adult ratings provided by Alario and Ferrand (1999). It is worth noting that to collect AoA scores,
Alario and Ferrand (1999) altered the scale used by Morrison et al. (1997) from 7 points to 5 points where
1 = learned at 0–3 years and 5 = learned at age 12+, with 3-year age bands in between. EA and LA words
were matched on the following: name agreement; image agreement; visual complexity; log frequency;
number of letters, phonemes, and syllables; log bigram frequency; and phoneme-to-grapheme consis-
tency (see Appendix A for the detailed statistical characteristics of the stimuli). However, with this set of
controlled factors taken into account, it was not possible to control for conceptual familiarity and image
variability while at the same time maintaining a sufficient number of EA and LA items. As a result, these
factors were included as covariates in the by-item analyses of variance (ANOVAs). In addition, 10 pic-
tures were used as warm-ups.
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The measures of name agreement, image agreement, visual complexity, familiarity , and image vari-
ability were taken from Alario and Ferrand (1999). Name agreement refers to the degree to which partici-
pants agree on the name of the picture, and is measured by the number of different names given to a
particular picture across participants. In Appendix A, the mean percentage of participants producing the
picture name is reported. Image agreement refers to the degree (evaluated using a 5-point scale) to which
images generated by participants in response to a picture name match with the picture’s appearance: A
rating of 1 indicates low agreement—that is, the picture provides a poor match for the image—and a rat-
ing of 5 indicates high agreement. Familiarity refers to the familiarity of the concept depicted. It was also
measured from a 5-point scale (1 = a very unfamiliar object, 5 = a very familiar object). Visual complex-
ity corresponds to the number of lines and details in the drawing. In Alario and Ferrand (1999), the visual
complexity task required the participants to rate the complexity of each drawing on a 5-point scale (1 =
drawing very simple, 5 = drawing very complex) rather than the complexity of the object it represented.
Image variability was again rated on a 5-point scale, and this measure indicates whether the name of an
object evokes few or many different images for that particular object (1 = few images, 5 = many images).
Frequency refers to objective word frequency. The frequency counts were taken from the Brulex data-
base (Content, Mousty, & Radeau, 1990). Bigram frequency values (by type) were taken from Content
and Radeau (1988). Finally, phoneme-to-grapheme consistency was taken from Véronis (1988).

Apparatus

The experiment was performed with PsyScope Version 1.2 (Cohen, MacWhinney, Flatt, & Provost,
1993) and run on a PowerMacintosh computer. The computer controlled the presentation of the pic-
tures and recorded the latencies. The spoken latencies were recorded with the Button-Box connected to
the computer and an AIWA CM-T6 small tie-pin microphone connected to the Button-Box.

Procedure

The participants were tested individually. During the first phase, they had to learn the name associ-
ated with each picture. To this end, each picture was presented on the screen with its name both written
below it and auditorily presented via headphones (Sennheiser HD 25 SP). The picture remained on the
screen until the participant pressed the “space bar”. The participants were told to look carefully at each
picture, to learn its name, and then, when they felt they knew its name, to press the key to proceed to the
next picture. A learning trial had the following structure: A ready signal (“*”) was presented for 1,000 ms
and followed 200 ms later by the picture. The written name of the picture and its spoken name were pre-
sented 50 ms after picture onset. When the participant pressed the key, the next trial began after a delay
of 1,000 ms. To ensure that the participants had correctly learned the names associated with the pictures,
the experimenter tested them on several randomly selected pictures.

The rationale for conducting this learning phase was that our production experiments required the
selection of specific measurable responses, and in production there is often no easy way to get specific
responses (Bock, 1996). In cases where the name corresponding to each picture is not stipulated, the
problem is that something other than the target is very often produced, with the consequence that many
of the responses must be discarded because of their uncertain bearing on the questions of interest. Thus,
“specified elicitation” is frequently used in spoken picture-naming studies in order to reduce variability
in the names used to refer to the pictures (e.g., Jescheniak & Levelt, 1994; Schriefers et al., 1990;
Starreveld & La Heij, 1995). The assumption is that the same lexical mechanisms are exercised regard-
less of whether the desired response is spontaneous or specified in advance (Bock, 1996).

The second phase was the experimental phase. The participants were told that they would see a pic-
ture (presented on the screen at a viewing distance of about 60 cm) and quickly had to say aloud the name
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of the picture. The experimenter monitored the participants’ responses and scored them for correctness.
The entire session lasted about half an hour.

A trial consisted of the following sequence of events: A ready signal (“*”) was presented for 1,000 ms
followed by a picture. The picture remained on the screen until the participants initiated the spoken
response. The next trial began 5,000 ms after the participants had initiated their response. This intertrial
delay was established on the basis of studies similar to our own (Bonin & Fayol, 2000; Bonin, Fayol, &
Gombert, 1997, 1998). For both output modes, latencies were measured from picture onset to the initia-
tion of the response.

Results

In Experiment 1, as well as in the following experiments, observations were discarded from
the latency analyses for both spoken and written picture naming in the following cases: (1) the
participant did not remember the picture name; (2) a technical problem occurred; (3) an item
other than the expected one was produced. Specifically, for the spoken responses, observa-
tions were also scored as errors when participants stuttered or produced nonlinguistic sounds
(such as mouth clicks) or repaired the utterance after a dysfluency. For all experiments, we
performed two types of analyses on the latency data: one without excluding outlying, though
correct, reaction times (RTs), and one in which latencies exceeding two standard deviations
above the participant and item means were excluded (but not counted as errors). Both analyses
yielded the same results across experiments. For the sake of conciseness, only the latter analy-
sis is reported for all experiments.

Latencies exceeding two standard deviations above the participant and item means
accounted for 2.41% of the data. Overall, 6.57% of the observations were excluded.

Latencies and errors were subjected to ANOVAs with AoA as an experimental factor. To
generalize over both participants and items (Clark, 1973), in all the experiments, ANOVAS
were carried out on the participant means (F1) and on the item means (F2). In Experiments 1
and 2, conceptual familiarity and image variability were included as covariates in the analyses
by items. Throughout the analyses, the conventional level of .05 for statistical significance was
adopted.

The mean spoken latencies, their standard deviations, and the error rates appear in Table 1.
EA labels were produced faster than LA labels, F1(1, 29) = 124.25, MSE = 2593.8; F2(1,
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TABLE 1
Mean spoken latencies (SL)a, standard deviations of

these means (SD), and error rates (E)b from
Experiment 1 as a function of AoA

Spoken picture naming
————————————————————————

EA LA
—————————— ——————————
SL SD E SL SD E

753 63.8 1.8 900 113.5 6.4

Note: EA = early acquired words; LA = late acquired
words.
a In ms.
b In percentages.



32) = 37.86, MSE = 4639.7, and the former were less prone to errors than the latter, F1(1,
29) = 17.68, MSE = .0018181; F2(1, 32) = 7.30, MSE = .0032277.

EXPERIMENT 2

Method

Participants

Thirty psychology students taken from the same pool as that in Experiment 1 participated in this
experiment. None had participated in Experiment 1.

Stimuli

The stimuli were the same as those in Experiment 1.

Apparatus

A graphic tablet (WACOM UltraPad A5) and a contact pen (UP 401) were used to record the graphic
latencies.

Procedure

The procedure was the same as that in Experiment 1, except that the participants produced the pic-
ture names by writing them down. The written responses were timed as follows: The participants sat
with the stylus right above the tablet so that the latency was the time taken to make contact after picture
onset. The timing was accurate to the nearest millisecond. In order to avoid any variability in the posi-
tioning of the stylus before each word was written, a line was drawn, and the participant was obliged to
position the stylus at the very start of the line at a height from the tablet that just touched the edge of the
line. The experimenter systematically ensured that the instructions were adhered to and always cor-
rected the participants if they failed to observe them.
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TABLE 2
Mean written latencies (WL)a, standard deviations of

these means (SD), and error rates (E)b from
Experiment 2 as a function of AoA

Written picture naming
————————————————————————

EA LA
—————————— ——————————
WL SD E WL SD E

1043 115.8 1.6 1124 123.5 3.5

Note: EA = early acquired words; LA = late acquired
words.
a In ms.
b In percentages.



Results

The criteria defined in Experiment 1 were applied in order to exclude some of the data.
Latencies exceeding two standard deviations above the participant and item means were dis-
carded (2.31%). Overall, 4.90% of the observations were excluded. Specifically for the writ-
ten responses, observations were discarded when a word was misspelled, or the participant
wrote down a letter or two and then paused—that is, waited for more than one second without
moving the stylus. Pause durations were measured electronically. However, this latter case
occurred very “rarely” (less than 0.5% of the data) as the instructions strongly stressed that
words had to be produced clearly and quickly.

The mean written latencies, their standard deviations, and the error rates are presented in
Table 2. EA labels yielded faster latencies than LA labels, F1(1, 29) = 60.24, MSE = 1614.2;
F2(1, 32) = 22.56, MSE = 2160.2. More errors were observed on LA than on EA words, but
the AoA effect was marginally significant on participants, F1(1, 29) = 3.152174, MSE =
.0016319, p = .086, and not significant on items, F2(1, 32) = 2.28, MSE = .0013828.

Discussion of Experiments 1 and 2

Experiment 1 clearly replicated the effect of AoA on onset latencies and on errors in spoken
picture naming using French material. Experiment 2 revealed an effect of AoA on onset laten-
cies in written picture naming even though this effect was not significant on errors (we
observed only a trend in the by-participant analysis). Given the two hypotheses stated in the
Introduction regarding access to written name representations—the obligatory mediation
hypothesis and the orthographic autonomy hypothesis—such an effect was expected because
(1) both hypotheses claim that phonological representations contribute to access to ortho-
graphic representations—namely, the obligatory mediation hypothesis states that phonology
is obligatorily involved, and the orthographic autonomy hypothesis holds that phonology
plays a role in the determination of orthographic codes by means of lexical or sublexical
links—and (2) most accounts of AoA effects have located them at a phonological level. How-
ever, the possibility that the AoA in written picture naming has an effect at a level other than
that of phonological lexemes cannot be discarded. Before considering this point further (we
return to it in the General Discussion), Experiments 3 and 4 were conducted in order to exam-
ine the issue of whether true objective word frequency effects could be observed in spoken and
written picture naming when AoA was controlled for. This issue is a very important one as it
has often been claimed that frequency effects are actually AoA effects in disguise.

EXPERIMENTS 3 AND 4

The word frequency effect is one of the most famous effects in psycholinguistics. As far as spo-
ken picture naming is concerned, numerous studies have reported a frequency effect on spo-
ken object-naming speed. The classic study by Oldfield and Wingfield (1965) showed a linear
relationship between spoken picture-naming latency and log frequency. More recently,
Jescheniak and Levelt (1994) have reported an extensive study of frequency effects in spoken
picture naming and concluded in favour of a phonological lexeme basis for these effects. How-
ever, the status of the frequency effect in spoken picture naming has been called into question.
Morrison et al. (1992), in a re-analysis of the data reported by Oldfield and Wingfield, showed
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that, when AoA scores were taken into account in multiple regression analyses, only AoA was a
significant independent determinant of naming latency. Also, Morrison et al., using multiple
regression analyses, have shown that in spoken picture naming, only AoA (and length) had sig-
nificant effects on naming speed (for similar findings, see Carroll & White, 1973b; Gilhooly &
Gilhooly, 1979; but see Barry et al., 1997; Snodgrass & Yuditsky, 1996). These studies thus
suggest that objective frequency does not appear to make any independent contribution.
According to Barry et al. (1997), the Jescheniak and Levelt (1994) study of frequency effects
also suffers from a confound of frequency with AoA. It is worth noting that Levelt et al. (1999)
recently acknowledged that the frequency effects reported in the spoken picture-naming
study of Jescheniak and Levelt could be AoA effects.

Given the central role of frequency in most theoretical accounts of word retrieval, and
because some studies have suggested a possible role for word frequency in spoken picture
naming (Barry et al., 1997; Snodgrass & Yuditsky, 1996), we sought to determine whether true
objective word frequency effects could be observed in spoken (Experiment 3) and written
(Experiment 4) picture naming when AoA is controlled for. To the best of our knowledge, no
study has explicitly dealt with the issue of frequency effects in written picture-naming experi-
ments involving normal participants, except for the Bonin, Fayol, and Gombert (1998) study.
In that study, Bonin et al. reported frequency effects in written as well as in spoken picture
naming. Unfortunately, the authors did not control for AoA. In Experiments 3 and 4, the same
design as that in Experiments 1 and 2 was used.

EXPERIMENT 3

Method

Participants

Thirty adults from the same pool as that of Experiments 1 and 2 were recruited but none had partici-
pated in any of the previous experiments.

Stimuli

A total of 44 drawings of objects were selected from the Cycowicz et al. (1997) database. One set of 17
pictures corresponded to high-frequency picture names and one set of 17 to low-frequency picture
names. The frequency counts were taken from the Brulex database (Content et al., 1990). In addition, 10
pictures were used as practice trials. High- and low-frequency picture names were matched on the fol-
lowing: age of acquisition; name agreement; image agreement; visual complexity; conceptual familiarity ;
number of letters, phonemes, and syllables; log bigram frequency; and phoneme-to-grapheme consis-
tency. However, with this set of factors taken into account, it was not possible to control for image vari-
ability while at the same time retaining a sufficient number of high- and low-frequency words. As a
result, this factor was included as a covariate factor in the ANOVAs with items as a random factor. The
list of the experimental stimuli and their statistical characteristics are provided in Appendix B.

Apparatus and procedure

These were the same as those in Experiment 1.
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Results

As in the previous experiments, latencies exceeding two standard deviations above the par-
ticipant and item means were excluded (1.96%). Overall, 5.78% of the observations were
excluded.

Latencies and errors were subjected to ANOVAs with frequency (high frequency: HF, low
frequency: LF) entered as a factor. In both Experiments 3 and 4, image variability was intro-
duced as a covariate factor in the item analyses.

The mean spoken latencies, their standard deviations and the error rates are presented in
Table 3.

HF words were not produced significantly faster than LF words, F1(1, 29) = 2.15, MSE =
716.7; F2 < 1. There were more errors on LF words than on HF words but this effect was only
significant for participants, F1(1, 29) = 5.21, MSE = .0018713; F2(1, 31) = 1.45.

EXPERIMENT 4

Method

Participants

Thirty adults from the same pool as that of Experiments 1–3 were recruited but none had participated
in any of the previous experiments.

Stimuli

These were the same as those in Experiment 3.

Apparatus and procedure

These were the same as those in Experiment 2.
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TABLE 3
Mean spoken latencies (SL)a, standard deviations of

these means (SD), and error rates (E)b from
Experiment 3 as a function of frequency

Spoken picture naming
————————————————————————

HF LF
—————————— ——————————
SL SD E SL SD E

745 78.8 2.5 755 89.4 5.1

Note: HF = high-frequency words; LF = low-frequency
words.
a In ms.
b In percentages.



Results

As in the previous experiments, latencies exceeding two standard deviations above the partici-
pant and item means were excluded (1.96%). Overall, 5.88% of the observations were
excluded.

The mean written latencies, their standard deviations, and the error rates are presented in
Table 4.

HF words did not yield significantly faster latencies than LF words, F1(1, 29) = 1.26; F2(1,
31) = 2.84, MSE = 4225.9. Also, there were not significantly more errors on LF words than
on HF words, F1(1, 29) = 1.55; F2(1, 31) = 2.76, MSE = .0016534.

Discussion of Experiments 3 and 4

The findings resulting from Experiments 3 and 4 are straightforward: No reliable objective
word frequency effects were observed on written and spoken picture-naming latencies with
AoA controlled for. As far as the errors are concerned, the effect of frequency was significant
only in spoken picture naming in the by-participants analysis. These findings cast some doubt
on the status of the frequency effects reported in written and spoken picture naming by Bonin,
Fayol, and Gombert (1998). It should be recalled that in this study AoA was not controlled for.
Thus, it is possible that the frequency effects reported in the study were in fact genuine AoA
effects. The findings from Experiment 3 replicate those of a number of earlier studies. The
absence of frequency effects with words matched on AoA scores is an important one because it
adds to the growing body of evidence that suggests that AoA is one of the major determinants
of picture-naming latencies. However, it must be stressed that these findings do not preclude
the observation of frequency effects in either spoken or written picture naming. Indeed, word
frequency effects in spoken picture naming are found in some studies (e.g., Barry et al., 1997;
Snodgrass & Yuditsky, 1996) but not in others (e.g., Gilhooly & Gilhooly, 1979; Morrison et
al., 1992; Vitkovitch & Tyrrell, 1995). It is worth noting that the studies in which frequency
effects were found used large numbers of items, and that in Experiments 3 and 4 we used only
17 items per condition. It could also be the case that frequency and AoA interact, so that fre-
quency effects are found with LA words but not with EA words. Remember that in Experi-
ments 3 and 4, both HF and LF words were EA words. In fact, a recent study conducted by
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TABLE 4
Mean written latencies (WL)a, standard deviations of

these means (SD), and error rates (E)b from
Experiment 4 as a function of frequency

Written picture naming
————————————————————————

HF LF
—————————— ——————————
WL SD E WL SD E

1085 170.9 2.3 1100 189.5 3.9

Note: HF = high-frequency words; LF = low-frequency
words.
a In ms.
b In percentages.



Barry et al. (1997) has shown that in spoken picture naming, objective spoken frequency inter-
acted with estimated AoA. More precisely, they observed that the frequency effect was signifi-
cant with LA words but not significant on EA words, or in other words, that the AoA effect was
stronger for low-frequency than for high-frequency words. Given the findings of Barry et al.,
we cannot exclude the possibility that frequency effects might have been found had we used
LA words. Thus, future research should be directed at determining whether the critical inter-
action between word frequency and AoA can be replicated in picture naming. Nevertheless,
what is clear is that controlling for AoA greatly reduces the magnitude of the “frequency
effects” reported when AoA is not controlled1.

Finally, one might ask whether the lack of a significant word frequency effect on naming
speed might be related to the fact that the names were practised during the learning phase just
before the experiments proper. In the Jescheniak and Levelt (1994) study, the size of the “fre-
quency” effect did not reliably vary with the repetition of the picture names. However, it is
worth noting that (1) in the Jescheniak and Levelt study, the initial presentation of the pictures
and their names occurred prior to the production experiment as in our study and (2) AoA was
not controlled for. As pointed out by Griffin and Bock (1998), the benefit of repetition in nam-
ing latencies is usually revealed by comparing the first and second presentations of the pic-
tures. Because in both the Jescheniak and Levelt study and ours, the participants were trained
on the pictures before the picture-naming experiments, this component of the repetition
effect is missing from both studies. Consequently, we are unable, on the basis of Jescheniak
and Levelt’s (1994) study, to state whether larger frequency effects (or AoA effects given that
these two factors were confound) would have been observed if the participants had not prac-
tised the names of the pictures before the naming experiment proper. The same comment
applies to our Experiments 1 and 2: We cannot tell from these experiments whether AoA
effects would have been larger if the names had not been retrieved until the spoken or written
picture-naming task itself. The studies that have investigated frequency effects in relation to
repetition have often shown that frequency effects are attenuated with repetition (e.g.,
Bartram, 1973; Monsell, Matthews, & Miller, 1992; Wheeldon & Monsell, 1992). As sug-
gested by Griffin and Bock (1998), those studies in which persistent frequency effects are
found after only a few presentations could indeed be attributable not to frequency but to dis-
parities between HF and LF words on name uncertainty and phonological variables such as
length (Bartram, 1974; Oldfield & Wingfield, 1965). As none of the previously mentioned
studies that have investigated frequency effects in relation to picture repetition controlled for
AoA, we are unable to state whether the factor that truly interacted with repetition was word
frequency or AoA. Pending more evidence on repetition effects in picture naming, it is also
conceivable that frequency effects but not AoA effects are wiped out by repetition.

GENERAL DISCUSSION

Written picture naming has largely been ignored in the discussions of psycholinguists study-
ing lexical access in language production (e.g., Roelofs et al., 1998). Thus, it is not surprising
that, until now, no study had investigated the issue of AoA effects in written picture naming in
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normal adults. Our study attempted to fill this gap. As emphasized in the Introduction, the
purpose of our study was empirical as it was designed to collect evidence about the influence of
AoA in written picture naming. The main findings can be easily summarized. In Experiments
1 and 2, robust AoA effects were found in both spoken (Experiment 1) and written picture
naming (Experiment 2). It is worth noting that the replication of an AoA effect in spoken pic-
ture naming had never previously been established in a French language study. From an
empirical point of view, this is the first report of an AoA effect in written picture naming
obtained from normals that we are aware of. Finally, Experiments 3 and 4 showed that no reli-
able objective word frequency effect was found in either written or spoken picture naming
when high- and low-frequency words were matched on AoA scores (only an effect on errors in
spoken picture naming was reliably observed in the by-participants analysis).

As stressed in the Introduction, the finding of an AoA effect in written picture naming is
not surprising given that robust AoA effects have been found with output tasks and that writ-
ten picture naming is obviously one such task. Now that we have established that AoA affects
written picture-naming performance in normal participants, it remains to determine the locus
of the AoA effect and the mechanisms by which it emerges. Because our study was not
designed to test hypotheses concerning the locus of AoA effects, we can only offer some gen-
eral speculations.

The two hypotheses relating to access to written form representations presented in the
Introduction—that is, the obligatory phonological mediation hypothesis and the orthographic
autonomy hypothesis—are able to account for the AoA effect found in onset written picture-
naming latencies, as both of them state that phonology plays a role in the access to orthographic
codes, and most accounts of AoA effects localize them at a phonological level. Nevertheless,
the present findings do not allow us to disentangle these two hypotheses. It might therefore be
tempting to conclude from our findings that the AoA effect observed in written picture nam-
ing is phonologically based, as Hirsh and Ellis (1994) have suggested in order to account for the
effect of AoA on the written picture-naming error rate of their brain-damaged patient, NP.
This explanation is highly plausible and can be easily embraced given that there is no firm evi-
dence that AoA effects emerge in a task that does not require phonological retrieval (Gerhand
& Barry, 1999). But in a sense, one might argue that our written picture-naming task has done
this, because the task clearly does not require phonological retrieval, even if such retrieval does
occur in practice. Therefore, we cannot rule out the possibility that the AoA effect in written
picture naming is located at a level other than that of phonological lexemes. In the Introduc-
tion we have presented the arguments that have been put forward in support of a phonological
lexeme locus of AoA effects, but there is no conclusive evidence to indicate that this level is the
sole locus of AoA effects—that is to say, AoA effects could also be located at the lemma level or
in the links between semantic and lexical codes. As far as the latter hypothesis of AoA effects is
concerned, it is important to note that the same hypothesis has been put forward to explain
objective word frequency effects in spoken picture naming (Barry et al., 1997; Vitkovitch &
Humphreys, 1991). This latter explanation of objective frequency effects is often framed
within connectionist models of word reading, according to which frequency affects the
strength of the connections between different representations (e.g., Seidenberg &
McClelland, 1989). More specifically, to account for the interaction between frequency and
AoA in spoken picture naming, Barry et al. (1997) have suggested that the frequency effect is
localized in the connections between lemmas and lexemes, whereas the AoA effect is localized
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at the level of the phonological representations. An object’s name will be retrieved faster if the
connection between the lemma and lexeme representations of that word is strong (i.e., it is a
high-frequency word), and it will be retrieved faster if the lexeme is unitary rather than frag-
mented (i.e., an EA word). These two factors can be combined, with the result that the fastest
retrieval will be for high-frequency and EA words, whereas the slowest retrieval will be for
low-frequency and LA words.

Finally, AoA effects might be very widespread in the lexical system and not simply rooted
in a phonological level. Therefore, AoA might also affect performance in tasks that do not
require the activation of phonology (Gerhand & Barry, 1998). In contrast, if it is assumed that
the phonological level is the sole locus of AoA effects, the implication is that all the tasks where
AoA effects are found necessarily involve phonology. For instance, because AoA effects are
found in visual lexical decision (a task frequently used to study visual word recognition), this
would imply that phonology is involved in that task (Gerhand & Barry, 1999). But after more
than two decades of intensive research into visual word recognition, the issue of whether pho-
nology obligatorily mediates lexical access is still a topic of much dispute (Coltheart &
Coltheart, 1997; Van Orden, Pennington, & Stone, 1990). Therefore, AoA might have an
effect not only on phonological lexemes but also on orthographic lexemes. Such a suggestion
has already been put forward by Yamazaki et al. (1997) in a study of Japanese word naming in
which they found independent contributions of age of spoken and written acquisition in the
prediction of the speed of naming Japanese Kanji. Accordingly, the AoA effect that we
observed in written onset latencies might be orthographically based. If this suggestion is cor-
rect, a study in which written AoA and spoken AoA scores are considered using a large set of
items should reveal that written picture-naming performance is predicted by the former and
spoken picture-naming performance by the latter. However, no study of this kind can be con-
ducted given that no separate written and spoken AoA scores are available for French. In
effect, in our Experiments 1 and 2, the AoA scores (taken from Alario & Ferrand, 1999) were
based on adults’ estimations of the age at which they thought they had learned the words in
either their spoken or their written form. From a general standpoint, it is clear that future
research is crucial in order to test the different explanations that relate to the questions of the
locus of AoA and objective word frequency effects and the mechanisms underlying these
effects. To date, a compelling explanation of these effects is unfortunately lacking (Lewis,
1999).

To conclude, our study makes a valuable empirical contribution by showing that (1) AoA
effects on naming speed are reliably observed in both spoken and written picture naming using
the French language, and (2) in experiments of comparable power, an objective word fre-
quency effect is not reliably observed on naming speed (written or spoken) when high- and
low-frequency words are matched on AoA scores (at least on EA words).
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