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Abstract

Previous studies have failed to find evidence for long-term cross-language repetition priming (e.g., presentation of
the English word frog does not facilitate responding to its Dutch translation equivalent kikker on a later presentation).
The present study tested the hypothesis that failure to find cross-language repetition priming in previous studies was due
to the use of tasks that rely primarily on lexical or orthographic processing of the stimuli instead of conceptual pro-
cessing. Consistent with this hypothesis we obtained reliable cross-language repetition priming when conceptual implicit
memory tasks were used. The present results support theories of bilingual memory that assume shared conceptual
representations for translation equivalents. In particular, our results support the concept mediation model as they
indicate that bilinguals access the conceptional representation directly from the L2 lexical representation (i.e., without

first accessing the L1 lexical representation).
© 2003 Elsevier Science (USA). All rights reserved.
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independence

It is estimated that the majority of the people in the
world are bilingual. It is not surprising therefore that
many researchers have become interested in how lan-
guage is represented and processed in people who master
more than one language. A question that has received
considerable attention in the literature is whether the
two languages of a bilingual person have separate or
shared (also called integrated) representations. Initially
researchers assumed separate representations for trans-
lation equivalents (e.g., Kolers, 1963). Many current
theories of bilingual processing and memory represen-
tation, however, assume that representations of trans-
lation equivalents are integrated to some degree (e.g.,
Kroll & Stewart, 1994; Potter, So, Von Eckhart, &
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Feldman, 1984). A number of findings have been taken
to support this view. For example, semantic priming
effects are obtained even when the prime and target
words are presented in different languages (e.g., de
Groot & Nas, 1991; Kirsner, Smith, Lockhart, King, &
Jain, 1984). Additionally, Stroop interference is ob-
tained when ink colors must be named in a language
different from the one in which the words are printed
(see MacLeod, 1991, for a review). Also, in a category-
verification task, reaction times are as fast when the
category and its member are presented in the same
language as when they are presented in different lan-
guages (e.g., Caramazza & Brones, 1980). These and
other findings are consistent with the notion of shared
bilingual memory representations (see Francis, 1999, for
a review).

Results obtained with the long-term repetition prim-
ing paradigm, however, have provided little evidence for
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shared representations.! Repetition priming refers to the
common finding, well documented in the monolingual
memory and language literature, that participants re-
spond faster and more accurately to recently studied
words than to words that have not been studied recently
(e.g., Jacoby & Dallas, 1981; Scarborough, Cortese, &
Scarborough, 1977; Zeelenberg, Wagenmakers, & Raaij-
makers, 2002). The question is whether repetition
priming is also obtained when the first and second pre-
sentation of a word in the experiment are in a different
language (e.g., does the previous presentation of the
English word frog facilitate responding to its Dutch
translation equivalent kikker?). A number of experi-
ments using the lexical decision task indicate that no
such effect is obtained (Gerard & Scarborough, 1989;
Kirsner, Brown, Abrol, Chadna, & Sharma, 1980;
Kirsner et al., 1984; Scarborough, Gerard, & Cortese,
1984) when the translation equivalents are noncognates
(i.e., when they are orthographically and phonologically
dissimilar). The absence of cross-language repetition
priming seems to be inconsistent with the idea of shared
representations.

Several researchers (for recent reviews, see de Groot,
2002; Gollan & Kroll, 2001) have argued, however, that
cross-language repetition priming is not obtained in
lexical decision because performance in lexical decision
depends primarily on orthographic or lexical processes.
In accordance with many current theories of monolin-
gual and bilingual language processing, these researchers
distinguish between a lexical and a conceptual level of
representation. It is often assumed that the lexical level
represents the orthography of a word whereas the se-
mantic or conceptual level represents the meaning of a
word. Most current theories of bilingual memory rep-
resentation assume separate or language specific repre-
sentations for translation equivalents at the lexical level
of representation and shared or integrated representa-
tions at the conceptual level of representation. Because
these theories assume separate lexical representations for
translation equivalents they predict no cross-language
repetition priming for tasks that tap lexical processes.

A closely related explanation for the absence of
cross-language repetition priming in lexical decision is

! Researchers often distinguish between short-term and
long-term priming (Bowers, 2000; see Wagenmakers et al.,
2003, for a discussion of recent quantitative models of short-
term and long-term priming). Short-term priming refers to a
paradigm in which the prime stimulus is presented immediately
prior to the target stimulus (e.g., Forster & Davis, 1984; Huber,
Shiffrin, Lyle, & Ruys, 2001). Long-term priming refers to a
paradigm in which the prime and target are separated by
multiple stimuli (and often several minutes or even hours). The
present study is concerned with long-term priming. Hence,
whenever when we discuss repetition priming in the present
article we refer to the long-term repetition priming paradigm.

provided by the transfer appropriate processing (TAP)
framework (Blaxton, 1989; Morris, Bransford, &
Franks, 1977; Roediger, 1990; Roediger & Blaxton,
1987). The TAP framework accounts for a number of
findings in the implicit memory literature (see Roediger
& McDermott, 1993, for a review). According to the
TAP framework, memory performance and hence
priming, depends on the extent to which the processes at
retrieval recapitulate the processes at encoding. Within
the TAP framework a distinction is often made between
perceptual and conceptual memory tasks. Performance
in perceptual tasks relies primarily on the processing of
the physical attributes of the presented stimuli whereas
performance in conceptual tasks relies primarily on the
processing of the semantic attributes of the presented
stimuli. Cross-language repetition priming is not found
in tasks that emphasize perceptual processes, because
there is little or no overlap in the perceptual processes at
study and test.

The interpretation that priming in lexical decision
depends primarily on perceptual, orthographic or lexical
processes and not conceptual processes is consistent with
the ideas of many researchers in the field of monolingual
repetition priming (e.g., Becker, Moscovitch, Behrmann,
& Joordens, 1997; Bowers, 2000; Zeelenberg & Pecher,
2002). It should be noted, however, that the evidence
supporting the hypothesis that cross-language repetition
priming is not obtained in lexical decision because
priming depends on lower level form-based processing is
circumstantial. There is no direct evidence supporting
this hypothesis. The aim of the present study was to
provide a more direct test of this hypothesis.

A prediction that follows from the reasoning outlined
above is that cross-language repetition priming should
be obtained in implicit memory tasks that rely on con-
ceptual processing. Some support for this idea was ob-
tained by Durgunoglu and Roediger (1987). They used
the TAP perspective to account for the fact that in some
memory tasks cross-language transfer is observed while
in other tasks no such transfer is observed. They pre-
dicted that evidence for cross-language transfer would
be found in tasks that emphasize conceptual processing,
but not in tasks that emphasize perceptual processing. In
agreement with this prediction, their results showed that
in free recall, a conceptually driven task, language at
study played little role. However, in word fragment
completion, a data-driven task, language at study played
a major role and performance was no better for words
studied in a different language than for nonstudied
words (i.e., there was no evidence for cross-language
repetition priming).

The results of Durgunoglu and Roediger (1987)
provide some support for the idea that cross-language
repetition priming might be obtained in tasks that rely
on conceptual processing. It should be noted though
that the Durgunoglu and Roediger study provides no
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definitive evidence because word fragment completion
and free recall not only differ in the extent to which they
rely on perceptual versus conceptual processes. These
tasks also differ in the sense that word fragment com-
pletion is an implicit memory task and free recall is an
explicit memory task. Numerous studies have shown
dissociations between implicit and explicit tasks even
when only conceptual tasks are considered (e.g., Go-
shen-Gottstein & Kempinsky, 2001; Humphreys, Tehan,
O’Shea, & Boland, 2000; Shimamura & Squire, 1984;
Weldon & Coyote, 1996). Thus, an alternative inter-
pretation of the Durgunoglu and Roediger results is that
cross-language transfer is obtained in explicit tasks but
not in implicit tasks. A more specific reason why cross-
language transfer might be obtained in explicit tasks but
not in implicit tasks is that in explicit tasks memory
performance might be influenced by translation strate-
gies at test (see Francis, 1999, for a more elaborate
discussion of translation strategies). Such strategies are
less likely to occur in implicit memory tasks, because
subjects are not tested for their memory, but are simply
asked to perform a certain task (e.g., decide whether or
not a string of letters forms an existing word or decide
whether a word refers to something ‘animate’ or ‘inani-
mate’). Thus, it remains to be shown that cross-language
repetition priming effects occur in conceptual implicit
memory tasks.

The large majority of studies investigating repetition
priming have used tasks that rely primarily on perceptual
or orthographic processes.” Recently, however, priming
in conceptual implicit memory tasks has gained more
attention (e.g., Becker et al., 1997; Mulligan & Stone,
1999; Vriezen, Moscovitch, & Bellos, 1995). Some ex-
amples of conceptual implicit memory tasks that have
been used in previous studies are animacy decision, man-
made decision, free association and category-exemplar
production. These conceptual implicit memory tasks,
however, have been used almost uniquely in monolingual
repetition priming studies. To our knowledge, the only
experiment that investigated cross-language repetition
priming in a conceptual implicit memory task (animacy
decision) was performed by Kirsner et al. (1984, Exper-
iment 3). Somewhat surprisingly, Kirsner et al. failed to
find evidence for cross-language repetition priming.
Thus, even in conceptual implicit memory tasks there is
no evidence for cross-language repetition priming.

The absence of cross-language repetition priming in
the Kirsner et al. (1984) study seems to suggest that the
explanation that cross-language repetition priming in
lexical decision is not obtained because priming in this
task depends primarily on perceptual or orthographic

2 Roediger (2003) estimated that only about 10% of studies
investigating implicit memory have been concerned with
priming in conceptual memory tasks.

processes and not conceptual processes might be incor-
rect. Given, however, that this is the only published
experiment investigating cross-language repetition
priming in a conceptual implicit memory task we wanted
to take a further look at cross-language repetition
priming in these tasks. More specifically, the present
study investigated cross-language repetition priming in
animacy decision and man-made decision, two semantic
classification tasks. It is important to ensure that prim-
ing in semantic classification tasks is indeed due to
conceptual processing, otherwise we might still fail to
obtain evidence for cross-language repetition priming. A
number of findings from the monolingual repetition
priming literature indicate, however, that priming in
semantic classification tasks indeed depends on con-
ceptual processing and therefore these tasks are well
suited to study cross-language repetition priming. These
monolingual studies have shown that in semantic clas-
sification tasks: (a) repetition of the lexical processing of
an item produces little or no priming (Franks, Bilbrey,
Lien, & McNamara, 2000; Vriezen et al., 1995), (b)
priming is not affected by changes in modality of pre-
sentation (auditory vs. visual) from study to test
(Thompson-Schill & Gabrieli, 1999), and (c) priming is
affected by the extent to which there is an overlap in the
type of conceptual processing at study and test (Hunt-
jens et al., 2002; Thompson-Schill & Gabrieli, 1999;
Vriezen et al., 1995).

The latter point is of particular importance because it
suggests that we may fail to obtain repetition priming if
the study and test tasks emphasize different aspects of
the conceptual knowledge of a word stored in memory.?
Because research indicates that priming in semantic
classification tasks depends largely on specific concep-
tual knowledge, words in Experiment 1 were presented
in an animacy decision task (i.e., participants judged
words to be living or nonliving) during both study and
test. In the same-language condition, the target words
were presented in Dutch (the native language of our
participants) during both study and test. In the cross-
language condition, target words were presented in
English during study and in Dutch during test. The
question was whether cross-language repetition priming
would be observed under these circumstances, as is
predicted by theories that assume shared representations
for translation equivalents at the conceptual level of
representation.

3 The finding that priming in conceptual implicit memory
tasks is reduced or eliminated when different aspects of a word’s
meaning are emphasized at study and test, may also help
explain why Kirsner et al. (1984) failed to find cross-language
repetition priming in animacy decision. In the Kirsner et al.
study, target words were presented in a sentence generation task
during study and consequently little information about animacy
may have been stored. See General discussion for details.
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Experiment 1
Method

Participants

Fifty-two Dutch university students participated for
a small monetary reward. Twenty-six students were
randomly assigned to the same-language repetition
condition and the other 26 students were assigned to the
cross-language repetition condition. None of the par-
ticipants participated in more than one experiment of
the present study.

Participants in all experiments of the present study
consisted of students of the University of Amsterdam
and Utrecht University. The participants were all native
Dutch speakers for whom English was their second
language (in some cases third language). As of 1993, all
elementary schools in the Netherlands are required to
teach English in grade 7 (around age 10) and 8. The vast
majority of students have subsequently received 6 years
of English teaching at secondary school. Thus, students
typically have 8 years of formal training in English be-
fore entering the university. Participants in the present
study frequently encounter English in their daily lives, as
the majority of textbooks used at the university are
written in English. In more informal settings students
are also frequently exposed to English as a substantial
part of movies and television programs in the Nether-
lands are in the English language (i.e., subtitles are used,
foreign language productions are not dubbed). Students
from similar populations of Dutch university students
have been tested in several other bilingual studies (e.g.,
de Groot & Nas, 1991; Kroll & Stewart, 1994; La Heij,
Hooglander, Kerling, & van der Velden, 1996; van Hell
& de Groot, 1998; van Heuven, Dijkstra, & Grainger,
1998).

Materials and design

Study status (studied vs. nonstudied) was manipu-
lated within subjects and language condition (same-
language vs. cross-language) was manipulated between
subjects. In the same-language repetition condition,
Dutch words were presented during the study phase and
repeated in the test phase. In the cross-language repeti-
tion condition, English words (e.g., shark) were pre-
sented in the study phase and their Dutch translation
equivalents (e.g., haai) were presented in the test phase.
Repetition priming was assessed by comparing perfor-
mance for studied words to performance for the non-
studied words.

The experimental stimuli consisted of 48 English—
Dutch noncognate translation pairs. Twenty-four pairs
referred to living things (e.g., shark—haai, butterfly—
vlinder) and 24 pairs referred to nonliving things (e.g.,
mountain—berg, paint-verf). The mean cognate rating
for the translation pairs was 1.29 (SD=0.16) on a

scale from 1 to 7, with 1 meaning that the translation
equivalents were very dissimilar and 7 meaning that
the translation equivalents were very similar.* Fre-
quency counts were obtained from the CELEX
norms (Baayen, Piepenbrock, & van Rijn, 1993). The
median frequency per million was 30.5 (range 3.2-
323.1) for the Dutch words and 41.8 (range 3.7-403.7)
for their English translation equivalents. A complete
listing of the experimental stimuli is provided in
Appendix A.

A set of 48 translation pairs served as fillers in the
study phase. In the cross-language condition the English
words were presented as fillers and in the same-language
condition the Dutch words were presented (i.e., word
fillers were always presented in the same language as the
experimental stimuli). An additional set of 24 Dutch
words served as fillers in the test phase. Fillers were
never repeated in the experiment. Four different
study-test list combinations were generated for coun-
terbalancing purposes. Across the four study-test list
combinations each word appeared once in each of the
four conditions (i.e., studied vs. nonstudied crossed with
cross-language vs. same-language).

Procedure

Participants received spoken and written instruc-
tions. They were instructed to make a ‘living’ decision if
the word represented something living (i.e., a human
being, animal or plant), or part of a living thing and to
make a ‘nonliving’ decision if the word represented
something not living. Examples of living and nonliving
things were provided. The experiment consisted of a
study block and a test block. In both blocks words were
presented in an animacy decision task. Some of the
words presented in the study block were repeated in the
test block (either in the same or a different language).
Participants were not informed about the relation be-
tween the study and test block.

Words were presented one at a time on a computer
screen. Each trial started with the presentation of a
fixation mark (x * % % x) for 500 ms. The fixation mark
was followed immediately by the target stimulus that
remained on the screen until the participant had made a
response by pressing the ?/-key for ‘living’ response or
z-key for ‘nonliving’ response. If the participant made
an error the word ‘FOUT’ (error) was presented for
1000 ms. If the response was correct but slower than
1200 ms the words ‘TE LANGZAAM’ (too slow) were
presented for 1000 ms. The next trial started 500 ms after
the response or feedback.

The study block consisted of 72 trials and started
with the presentation of 24 filler words to familiarize

4 We thank Annette de Groot and Ingrid Christoffels for
providing the results of their cognate rating studies.
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participants with the animacy decision task. Subse-
quently, 24 experimental stimuli and an additional 24
fillers were presented in a random order (in all experi-
ments reported in this paper a different random order
was used for each participant). The study block was
followed by a test block consisting of 72 trials. Filler
words were presented on the first 12 trials. Subse-
quently, 48 experimental stimuli and 12 additional fillers
were presented in a random order. The 48 experimental
stimuli consisted of 24 new words (i.e., words that had
not been presented earlier in the experiment) and 24 old
words (i.e., words that had been presented in the study
phase, either in the same language or in a different
language). Twelve of the 24 new words and 12 of the 24
old words referred to living things and the other 12 new
words and 12 old words referred to nonliving things.
Participants were allowed to take a short break be-
tween the study and test phase. In the cross-language
condition, participants were informed about the change
in language immediately before the start of the test
phase.

Results and discussion

Mean reaction times for correct responses were cal-
culated for each condition. Responses more than 2.5 SD
above or below each participant’s mean were excluded
from the analyses. The same outlier criterion was used in
all subsequent experiments. Trimming resulted in re-
moval of 3.7% of the reaction times The mean reaction
times and percent errors are shown in Table 1. As can be
seen we did obtain a cross-language repetition priming
effect. A same-language repetition priming effect was
also obtained.

These conclusions were supported by two-way
ANOVAs on the reaction times and error rates with
repetition condition (studied vs. nonstudied) as a within-
subjects condition and language condition (same-
language vs. cross-language) as a between-subjects
condition. The ANOVA on the mean reaction times
showed that the main effect of repetition was significant,

Table 1
Mean animacy decision times (in milliseconds) and percent
errors in Experiment 1

Condition RT PE
Same-language
Studied 647 4.2
Nonstudied 672 4.5
Priming 25 0.3
Cross-language
Studied 653 4.8
Nonstudied 672 7.4
Priming 19 2.6

F(1,50)=14.01, p < .001, MSE=912.6. Neither the
main effect of language condition nor the interaction
between repetition and language condition was signifi-
cant, F(1,50) <1, MSE=19907.6, and F(1,50) < 1,
MSE= 0912.6, respectively. Most important, simple
effects showed that the repetition priming effect was
significant in both the same-language condition and
the cross-language condition, F(1,50)=09.14, p < .01,
MSE =912.6, and F(1,50)=5.15, p < .05, MSE=912.6,
respectively.

The ANOVA on the error rates showed that the main
effects of repetition and language condition were
marginally significant, F(1,50)=3.54, p = .07, MSE=
15.278, and F(1,50)=3.15, p=.08, MSE=25.640, re-
spectively. The interaction was not significant, F(1,50) =
2.14, p > .10, MSE =15.278. Simple effects showed that
the repetition priming effect was not significant in the
same-language condition, F(1,50) < 1, MSE=15.278,
but was significant in the cross-language condition,
F(1,50)=5.59, p < .05, MSE=15.278.

The most important result of Experiment 1 is that
we obtained cross-language repetition priming in ani-
macy decision, a conceptual implicit memory task. As
we mentioned in the Introduction, several previous
studies have failed to find evidence for cross-language
repetition priming in lexical decision (Gerard & Scar-
borough, 1989; Kirsner et al., 1980, 1984; Scarborough
et al., 1984). The present results are consistent with the
explanation that earlier attempts to find cross-language
repetition priming in the lexical decision task failed
because lexical decision is not or only minimally af-
fected by conceptual processes. Another possibility,
however, is that our success in obtaining cross-lan-
guage repetition priming was simply due to our stim-
ulus materials or participants. Maybe our participants
differed in their second-language fluency from those
used in most other studies or maybe we happened to
select stimulus materials that for one reason or an-
other were more sensitive to cross-language repetition
priming. In Experiment 2, we therefore studied cross-
language repetition priming in a lexical decision task.
If our success in obtaining cross-language repetition
priming in Experiment 1 was due to the use of a
conceptual implicit memory task we should find no
evidence for such an effect in Experiment 2. We
should, however, obtain a same-language repetition
priming effect.

Experiment 2
Method
Participants

Sixty-four Dutch university students participated for
a small monetary reward. Thirty-two students were
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assigned to the same-language repetition condition and
the other 32 students were assigned to the cross-lan-
guage repetition condition.

Materials and design

The experimental stimuli were identical to those of
Experiment 1. A set of 72 nonwords was constructed for
the test phase. Two sets of 50 nonwords (one for the
English study condition and one for the Dutch study
condition) were constructed for the study phase. All
nonwords were pronounceable and constructed by
changing one or two letters from an existing word, either
an English or a Dutch word depending on whether the
nonwords were to be presented in a study block together
with English or Dutch words. Nonwords were never
repeated in the experiment.

Procedure

In both the study phase and the test phase, stimuli
were presented in a lexical decision task. The presenta-
tion procedure was identical to that of Experiment 1.
Participants made a lexical decision by pressing the /?-
key for ‘word’ response or z-key for ‘nonword’ response.

The study block consisted of 96 trials and started
with the presentation of 24 fillers (12 words and 12
nonwords) to familiarize participants with the lexical
decision task. Subsequently, 72 stimuli were presented,
consisting of the 24 experimental words, 12 word fill-
ers, and 36 nonword fillers. The study block was fol-
lowed by a test block consisting of 144 trials. The test
phase started with the presentation of 12 word fillers
and 12 nonword fillers. Subsequently, 48 experimental
words, 12 additional word fillers and 60 nonword fill-
ers were presented. The 48 experimental words con-
sisted of 24 new words (i.e., words that had not been
presented earlier in the experiment) and 24 old words
(i.e., words that had previously been presented in the
study phase, either in the same language or a different
language).

Results and discussion

Trimming resulted in removal of 2.6% of the reaction
times. The mean reaction times and percent errors are
shown in Table 2. As can be seen no cross-language
repetition priming was obtained. There was, however, a
same-language repetition priming effect. These conclu-
sions were supported by two-way ANOVAs on the re-
action times and error rates. The ANOVA on the mean
reaction times showed that the main effect of repetition
was significant, F(1,62)=9.10, p < .01, MSE=461.4.
The main effect of language condition was not signifi-
cant, F(1,62) < 1, MSE=15875.6. The interaction was
marginally significant, F(1,62)=2.94, p=.09, MSE=
461.4. More important, simple effects showed that the

Table 2
Mean lexical decision times (in milliseconds) and percent errors
in experiment 2

Condition RT PE
Same-language
Studied 537 2.7
Nonstudied 555 59
Priming 18 3.2
Cross-language
Studied 551 44
Nonstudied 556 3.8
Priming 5 -0.6

repetition priming effect was significant in the same-
language  condition,  F(1,62)=11.20, p < .001,
MSE=461.4, but not in the cross-language condition,
F(1,62) <1, MSE=461.4.

The ANOVA on the error rates showed that the main
effect of repetition was marginally significant,
F(1,62)=3.12, p < .08, MSE=15.712. The main effect
of language condition was not significant, F(1,62) < 1,
MSE=26.159. The interaction, however, was signifi-
cant, F(1,62)=7.26, p < .01, MSE= 15.712. Simple
effects showed that the repetition priming effect was
significant in the same-language condition, F(1,62)=
9.95, p < .01, MSE=15.712, but not in the cross-lan-
guage condition, F(1,62) < 1, MSE=15.712.

To summarize, we obtained reliable same-language
repetition priming but neither reaction times nor error
rates showed a cross-language repetition priming effect.
The absence of cross-language repetition priming in
lexical decision replicates the results of several other
studies (Gerard & Scarborough, 1989; Kirsner et al.,
1980, 1984; Scarborough et al., 1984). Thus, the results
of Experiment 1, in which we did obtain cross-language
repetition priming, were not due to the selection of
stimulus materials or participants that were somehow
more sensitive to cross-language repetition priming than
those in other studies.

Discussion of Experiments 1 and 2

The new and interesting finding was obtained in
Experiment 1 in which we obtained a reliable cross-
language repetition priming effect in animacy decision, a
conceptual implicit memory task. Experiment 2 showed
that for the same stimuli cross-language repetition
priming was absent in lexical decision. Together these
results indicate that cross-language repetition priming is
obtained in tasks that tap conceptual processing, but not
in tasks that tap lexical or orthographic processing.
These results are consistent with current theories of
bilingual processing that assume shared conceptual
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representations, but separate lexical representations for
translation equivalents.’

In Experiment 3 we investigated whether it is neces-
sary to present words in a conceptual task during both
study and test to obtain cross-language repetition
priming. Words were presented in an animacy decision
task during the study phase and in a lexical decision task
during the test phase. Presenting a word in a conceptual
task during the study phase might produce cross-lan-
guage repetition priming in a subsequent lexical decision
task if the lexical representation of the translation
equivalent is accessed during study. An example of a
model that makes such an assumption is the word as-
sociation model (Potter et al., 1984) shown in Fig. la.
The word association model assumes separate L1 and
L2 lexical representations (where L1 refers to the native
and dominant language and L2 to the second and
nondominant language) and one common conceptual
representation. In the word association model there are
links between the L1 and L2 lexical representations and
between the L1 lexical representation and the conceptual
representation. There is, however, no direct link between
the L2 lexical representation and the conceptual repre-
sentation. Therefore, according to the word association
model, if an L2 word is presented in a task that requires
access to the conceptual representation bilinguals access
the conceptual representation via the L1 lexical repre-
sentation. If indeed the L1 lexical representation is ac-
cessed when participants make animacy decisions to L2
words during study then a cross-language repetition
priming effect would be expected when L1 translation
equivalents are presented in a lexical decision task at
test.

In contrast to the word association model, the
concept mediation model (Potter et al., 1984) shown in

5 As we mentioned in the Introduction, researchers in the
field of bilingual processing have attributed same-language
priming in lexical decision to lexical processes. One may
wonder, however, to what extent priming is due to the
processing of perceptual details instead of more abstract
orthographic or lexical processing. Initially, many researchers
interested in long-term repetition priming focused on the
distinction between perceptual and conceptual processing.
Several researchers (e.g., Bowers, 2000; Weldon, 1991), how-
ever, have made finer distinctions. One question that has arisen
is whether priming in visual word recognition depends on rather
specific visual information or whether it depends on more
abstract orthographic or lexical information. Bowers (2000) has
made a strong argument for the view that priming in lexical
decision is supported primarily by abstract orthographic codes.
This position is supported by the finding that changes in case
(lowercase vs. uppercase) and font from study to test typically
have a minimal impact on the amount of priming. Thus, it
seems that to a large extent priming in lexical decision does not
depend on an exact match of the perceptual details between
study and test (see Bowers, 2000, for details).

(a) WORD ASSOCIATION MODEL

lexical level

conceptual level

(b) CONCEPT MEDIATION MODEL

lexical level

conceptual level

(c) REVISED HIERARCHICAL MODEL

lexical level

conceptual level

Fig. 1. Alternative models of bilingual memory representation:
(a) word association model, (b) concept mediation model, and
(c) revised hierarchical model. See text for details.

Fig. 1b assumes direct links between the L2 lexical rep-
resentation and the conceptual representation (and no
link between the L2 and L1 lexical representations).
Because the concept mediation model assumes that
conceptual knowledge is accessed directly from the L2
lexical representation it predicts no cross-language rep-
etition priming when L2 words are presented in a con-
ceptual task at study and their L1 translation equivalents
are presented in a lexical decision task at test.

A third popular model of bilingual processing is the
revised hierarchical or asymmetry model proposed by
Kroll and colleagues (Kroll & Stewart, 1994; Sholl,
Sankaranarayanan, & Kroll, 1995; see de Groot, 2002,
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and Gollan & Kroll, 2001, for recent reviews of models
of bilingual processing). This model can be viewed as an
intermediate model because it assumes links between all
representations (i.e., between the L2 and L1 lexical
representations as well as between the L1 lexical repre-
sentation and the conceptual representation and be-
tween the L2 lexical representation and the conceptual
representation). However, in contrast to the concept
mediation and word association models, the revised hi-
erarchical model makes specific assumptions about the
strengths of the links. In particular, the revised hierar-
chical model assumes that the link from the L2 lexical
representation to the L1 lexical representation is stron-
ger than the opposite link from the L1 lexical repre-
sentation to the L2 lexical representation, as is shown in
Fig. 1c where thin lines represent weak links and thicker
lines represent strong links. It is also assumed that the
link between the L1 lexical representation and the con-
ceptual representation is stronger than that between the
L2 lexical representation and the conceptual represen-
tation. Because the link between the L2 lexical repre-
sentation and the conceptual representation is weak the
revised hierarchical model predicts that if an L2 word is
presented the conceptual representation is accessed
mainly via the L1 lexical representation. The revised
hierarchical model therefore predicts a cross-lingual
repetition priming effect in Experiment 3 in which L2
words are presented in a conceptual task at study and
their L1 translation equivalents are presented in a lexical
decision task at test.

Experiment 3
Method

Sixty-four Dutch university students participated for
a small monetary reward. Thirty-two students were as-
signed to the same-language repetition condition and the
other 32 students were assigned to the cross-language
repetition condition.

In the study phase stimuli were presented in an ani-
macy decision task (using the materials from Experiment
1) and in the test phase stimuli were presented in a lex-
ical decision task (using the materials from Experiment
2). All other aspects of the materials, design and pro-
cedure were identical to those of Experiments 1 and 2.

Results and discussion

Trimming resulted in removal of 4.8% of the reaction
times. The mean reaction times and percent errors are
shown in Table 3. As can be seen there was no evidence
for cross-language repetition priming. We did, however,
obtain a same-language repetition priming effect. These
conclusions were supported by two-way ANOVAs on

Table 3
Mean lexical decision times (in milliseconds) and percent errors
in Experiment 3

Condition RT PE
Same-language
Studied 577 2.2
Nonstudied 594 44
Priming 17 2.2
Cross-language
Studied 576 33
Nonstudied 572 4.4
Priming -4 1.1

Note. Words were presented in an animacy decision task
during the study phase.

the reaction times and error rates. The ANOVA on the
mean reaction times showed that the main effects of
repetition and language condition were not significant,
F(1,62)=2.13, p > .10, MSE=547.0, and F(1,62) < 1,
MSE =11730.3, respectively. The interaction, however,
was significant, F(1,62)=6.41, p < .05, MSE=547.0.
Simple effects showed that the repetition priming ef-
fect was significant in the same-language condition,
F(1,62)=7.96, p < .01, MSE=547.0, but not in the
cross-language condition, F(1,62) < 1, MSE =547.0.

The ANOVA on the error rates showed that the main
effect of repetition was significant, F(1,62)=7.76,p < .01,
MSE=11.822. The main effect of language condition
and the interaction were not significant, F(1,62) < 1,
MSE=25.473 and F(1,62) < 1, MSE=11.822, respec-
tively. Simple effects showed that the repetition priming
effect was significant in the same-language condition,
F(1,62)=6.63, p< .05 MSE=11.822, but not in
the cross-language condition, F(1,62)=1.86, p > .10,
MSE=11.822.

The present results show that even when words are
presented in a conceptual task during study no cross-
language repetition priming is subsequently obtained in
lexical decision. Together with the results of Experi-
ments 1 and 2 it seems fair to conclude that cross-lan-
guage repetition priming is obtained only when the
words are presented in a conceptual task during both
study and test. These results are consistent with the idea
that translation equivalents have a shared conceptual
representation. Moreover, the results of Experiment 3
indicate that the shared conceptual representation can
be accessed directly from the L2 lexical representation
without first accessing the L1 lexical representation.

Experiment 4
Experiment 4 was designed to rule out an alternative

explanation of our results. A critic might argue that
cross-language repetition priming was present in
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Experiment 1, but absent in Experiments 2 and 3, be-
cause of differences in study-test lag between the ex-
periments and not because different types of tasks were
used. The number of stimuli between repetitions was
larger in Experiments 2 and 3 (lexical decision) than in
Experiment 1 (animacy decision). In Experiment 1, 65
stimuli intervened on average between the first and
second presentation of a word (or its translation
equivalent). In Experiment 2 and Experiment 3 there
were on average 119 and 107 intervening stimuli, re-
spectively. The number of intervening stimuli was larger
in lexical decision because of the inclusion of nonwords.
Thus, it could be argued that the absence of cross-lan-
guage repetition priming in Experiments 2 and 3 was due
not to the fact that a lexical decision task was used but
to the longer study—test interval.

There are at least two arguments against this inter-
pretation. First, repetition priming effects seem to be
relatively insensitive to the length of the interval between
study and test. Several studies have found that repetition
priming effects can be obtained even when study and test
are as far as one or more days apart (e.g., Goshen-
Gottstein & Kempinsky, 2001; Jacoby & Dallas, 1981;
Scarborough et al., 1977). Second, and maybe more
important, although Experiments 2 and 3 did not show
cross-language repetition priming they did show reliable
same-language repetition priming. If the different cross-
language repetition priming results in animacy decision
and lexical decision were due to a difference in study—test
interval one would expect a similar pattern for same-
language repetition priming. Hence, we considered it
unlikely that the reason we obtained no cross-language
repetition priming in lexical decision was because we had
used a longer study-test interval in this task than we had
in the animacy decision task. However, to alleviate any
remaining concerns we put this alternative explanation
of our results to the test. In Experiment 4 we, therefore,
studied cross-language repetition priming in a lexical
decision task using a study-test interval that was
somewhat shorter than that in the animacy decision task
of Experiment 1. This was achieved by reducing the
number of fillers. If we failed to obtain cross-language
repetition priming in the lexical decision tasks of Ex-
periments 2 and 3 because of the long study-test interval
we should obtain a reliable cross-language repetition
priming effect in Experiment 4 in which a shorter study—
test interval was used.

Method

Thirty-four Dutch university students participated
for course credit or a small monetary reward. Because
the question of interest was whether we would obtain
evidence for cross-language repetition priming in lexical
decision with a shorter study-test lag only a cross-lan-
guage condition was present in the experiment.

The procedure was similar to that of Experiment 3.
The main difference was that the study-test lag was
shortened by reducing the number of filler stimuli. In
the study phase, 48 English words were presented in an
animacy decision task. The study phase started with the
presentation of 24 fillers, followed by the 24 experi-
mental words. In the test phase, 48 Dutch words and
48 nonwords were presented in a lexical decision task.
The translation equivalents of 24 words had been pre-
sented in the study phase. The other 24 words had not
been presented in the study phase. The average number
of trials intervening between the presentation of a word
in the study phase and the presentation of its transla-
tion equivalent in the test phase was 59. This was
somewhat less than the average number of 65 inter-
vening trials in Experiment 1 in which we did obtain
evidence for cross-language repetition priming. All
other aspects of the Method were identical to those of
Experiment 3.

Results and discussion

Trimming resulted in removal of 2.9% of the reaction
times. The mean reaction times and percent errors are
shown in Table 4. As can be seen, we again did not
obtain evidence for cross-language repetition priming in
lexical decision. For reaction times, as well as for error
rates, ¢ tests failed to reach significance, #(33)=0.51,
p > .10 and #(33) =0.49, p > .10, respectively.

The results of Experiment 4 show that it is un-
likely that the absence of cross-language repetition
priming in lexical decision is due to the length of the
study—test interval. Instead, a more plausible expla-
nation is that cross-language repetition priming is
obtained in tasks that require conceptual processing
but not in tasks that do not require conceptual pro-
cessing. So far we have obtained evidence for cross-
language repetition priming in only one experiment. In
Experiment 5 we wanted to extend the finding of
cross-language repetition priming obtained in the an-
imacy decision task of Experiment 1 to man-made
decision, another conceptual implicit memory task
that has been described in the literature (e.g., Vriezen
et al., 1995).

Table 4
Mean lexical decision times (in milliseconds) and percent errors
in Experiment 4

Condition RT PE
Studied 556 3.9
Nonstudied 553 44
Cross-language Priming -3 0.5

Note. Words were presented in an animacy decision task
during the study phase.
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Experiment 5
Method

Participants
Thirty Dutch university students participated for
course credit or a small monetary reward.

Materials, design, and procedure

The experimental stimuli consisted of 48 English—
Dutch translation pairs. Twenty-four pairs referred to
man-made things (e.g., skirt-rok, spoon-lepel) and 24
pairs referred to things not man-made (e.g., mountain—
berg, butterfly—vlinder). The mean cognate rating for the
translation pairs was 1.35 (SD =0.30) on a scale from 1
to 7. Frequency counts were obtained from the CELEX
norms (Baayen et al., 1993). The median frequency per
million was 34.2 (range 0.6-881.0) for the Dutch words
and 43.7 (range 3.7-400.0) for their English translation
equivalents. A complete listing of the experimental
stimuli is provided in Appendix A.

A set of 48 English words served as fillers in the study
phase. An additional set of 24 Dutch words served as
fillers in the test phase. Because the main question of
interest was whether the finding of cross-language rep-
etition priming would extend to man-made decision,
only a cross-language condition was present in the ex-
periment. Two different study-test list combinations
were generated for counterbalancing purposes. Across
the two study—test list combinations, each word ap-
peared once in each of the two conditions (i.e., studied
vs. nonstudied).

In both the study and test phase words were pre-
sented in a man-made decision task. During the study
phase words were presented in English and during the
test phase words were presented in Dutch. Twenty-four
of the 48 critical words presented in the test phase were
old (i.e., their English translation equivalent had been
presented in the study phase). The other 24 words were
new (i.e., their English translation equivalent had not
been presented in the study phase). Twelve of the 24 old
words and 12 of the 24 new words referred to man-made
things and the other 12 old words and 12 new words
referred to things not man-made. Participants made a
man-made decision by pressing the ?/-key for ‘man-
made’ response or the z-key for ‘not man-made’ re-
sponse. All other aspects of the Method were identical to
those of Experiment 1.

Results and discussion

Trimming resulted in removal of 3.4% of the reaction
times. The mean reaction times and percent errors are
shown in Table 5. As can be seen we obtained cross-
language repetition priming in man-made decision. For
reaction times, as well as for error rates, ¢ tests revealed

Table 5
Mean man-made decision times (in milliseconds) and percent
errors in Experiment 5

Condition RT PE

Studied 722 7.5
Nonstudied 746 12.5
Cross-language Priming 24 5.0

significant repetition priming effects, #29)=2.50,
p < .05 and #(29) =3.56, p < .01, respectively. Thus, the
present study replicates and extends the findings of
Experiment 1 in which we obtained evidence for cross-
language repetition priming in animacy decision, an-
other conceptual task.

General discussion

The most important findings of the present study
were obtained in Experiments 1 and 5 in which we ob-
tained evidence for long-term cross-language repetition
priming in two conceptual implicit memory tasks, ani-
macy decision and man-made decision. Previous studies
(Gerard & Scarborough, 1989; Kirsner et al., 1980, 1984;
Scarborough et al., 1984) as well as Experiments 2, 3,
and 4 of the present study, failed to find evidence for
cross-language repetition priming in lexical decision, a
task that has been assumed to rely primarily on lexical
or orthographic processing. Together these results indi-
cate that long-term cross-language repetition priming is
obtained in tasks that require access to conceptual
knowledge but not in tasks in which access to conceptual
knowledge is not required. The present findings lend
support to current theories of bilingual memory that
assume shared conceptual representations for transla-
tion equivalents.

The present study is the first to provide clear evidence
for cross-language repetition priming in conceptual im-
plicit memory tasks. Only one previously published
study has investigated cross-language repetition priming
in a conceptual implicit memory task. In this study
Kirsner et al. (1984) failed to find evidence for cross-
language repetition priming in animacy decision. It is
always troublesome to pinpoint the exact reasons why
two studies obtain different results, but two factors may
help explain why we did obtain evidence for cross-lan-
guage repetition priming whereas Kirsner et al. did not.
First, only 12 participants participated in the animacy
decision experiment of the Kirsner et al. study and
consequently the power to obtain a significant cross-
language repetition priming effect was probably not
very high. Another factor might be that in the present
study words were presented in the same conceptual
memory task during both study and test. Recent find-
ings from the monolingual repetition priming literature
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(e.g., Huntjens et al., 2002; Vriezen et al., 1995; Zee-
lenberg, Pecher, Shiffrin, & Raaijmakers, in press) sug-
gest that priming in conceptual implicit memory tasks
depends on some rather specific aspects of a word’s
meaning rather than a general increase in the availability
of the conceptual knowledge of a word. For example,
Vriezen et al. obtained repetition priming in size decision
(‘Is it larger than a breadbox?’) for targets that were
previously also presented in size decision, but not for
targets that were previously presented in man-made
decision. Likewise, priming in man-made decision was
obtained for targets previously presented in man-made
decision, but not for targets previously presented in size
decision. Vriezen et al. argued that priming is obtained
only if the same type of conceptual information is ac-
cessed at study and test. In the study phase of the
Kirsner et al. study participants were required to gen-
erate meaningful sentences that included the target
words. Although this most likely ensured conceptual
processing of the target stimuli, Kirsner et al. may have
failed to find cross-language repetition priming in the
subsequent animacy decision task because little or no
information about animacy was stored during study.
In the present study we obtained evidence for cross-
language repetition priming in semantic classification
tasks when the words were presented in the same task
during study and test. It should be noted that it is un-
likely that the fact that the same decision is made at
study and test is responsible for the observed priming
effects (rather then whether the same conceptual
knowledge is used at study and test). First, such a re-
peated decision explanation would also predict cross-
language repetition priming in Experiment 2 in which
words were repeated in the lexical decision task. How-
ever, no such effect was obtained. Moreover, such an
explanation fails to explain a number of findings that
have been reported in the monolingual repetition prim-
ing literature. Results obtained in semantic classification
tasks indicate that it is not the repetition of the decision
itself that is responsible for priming but rather whether
or not the same type of conceptual knowledge is ac-
cessed at study and test. For example, Vriezen et al.
(1995) showed that no priming in size decision (‘Is it
larger than a breadbox?’) was obtained for words that
were previously presented in man-made decision. Prim-
ing in size decision was found, however, for targets
previously presented in dimension decision (‘Is it taller
than it is wide?’). Comparable results have been reported
by Huntjens et al. (2002) and Thompson-Schill and
Gabrieli (1999). Also, in free association and category-
exemplar production priming seems to depend on some
rather specific aspects of a word’s meaning. For exam-
ple, Zeelenberg et al. (in press) studied priming in free
association for target words that had been studied in
sentences that emphasized certain aspects of its meaning
that were more or less related to the cue that was later

presented in free association. For example, in the test
phase the target word BEACH was more often produced
to the cue SUN if the target had been studied in the
sentence ‘He had a nice tan after a warm day on the
BEACH’ than if it had been studied in the sentence
‘Children like to play with scoops and buckets on the
BEACH’. These results (see Zeelenberg, Shiffrin, & Ra-
aijmakers, 1999, for examples of related findings) also
show that priming in conceptual tasks is highly specific
and depends on the extent to which there is an overlap in
conceptual knowledge accessed at study and at test.

In the present paper we focus primarily on theories of
bilingual memory, but it is worth noting that our find-
ings are in agreement with the TAP framework of im-
plicit memory (Blaxton, 1989; Roediger, 1990). The
TAP framework predicts cross-language repetition
priming only in tasks that emphasize conceptual pro-
cessing, because in these tasks the processes at test re-
capitulate the processes at study. Durgunoglu and
Roediger (1987) argued that the issue of separate vs.
shared representations seems indeterminable, because
whether or not cross-language transfer is obtained de-
pends on the task that is used. Evidence for cross-lan-
guage transfer is obtained in tasks that emphasize
conceptual processing but not in tasks that emphasize
perceptual or lexical processing. Thus, different tasks
seem to provide different answers to the question whe-
ther or not translation equivalents have shared repre-
sentations. Durgunoglu and Roediger argued that a
more fruitful analysis of bilingual transfer is provided by
a transfer appropriate processing framework in which
transfer depends on the extent to which the processes at
retrieval recapitulate the processes at encoding. They are
probably correct that the issue of separate vs. shared
representations seems indeterminable if no distinction is
made between word form and word meaning. Current
theories of bilingual memory, however, distinguish be-
tween a lexical and a conceptual level of representation.
In our view, the TAP account is compatible with the
idea that translation equivalents have separate repre-
sentations at the lexical level but shared representations
at the conceptual level. In fact, both accounts are very
similar and predict cross-language repetition priming in
tasks in which performance relies on the access of con-
ceptual knowledge.

The finding of cross-language repetition priming is
consistent with models that assume a shared conceptual
representation for the two words of a translation pair.
The word association model, the revised hierarchical
model, and the concept mediation model all make this
assumption. One critical difference between these models
is whether bilinguals have direct access to the conceptual
representation from the L2 lexical representation or
whether access to the conceptual representation is via the
L1 lexical representation. The word association model
(Potter et al., 1984) as well as the revised hierarchical
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model (Kroll & Stewart, 1994; Sholl et al., 1995) assume
that for L2 words the conceptual representation is ac-
cessed via the L1 lexical representation. The concept
mediation model (Potter et al., 1984) in contrast assumes
that for L2 words the conceptual representation is
accessed without accessing the L1 representation. The
absence of cross-language repetition priming in Experi-
ments 3 and 4 in which words were presented in animacy
decision (a conceptual task) during study and in lexical
decision during test indicates that participants accessed
the conceptual representation directly from the L2 lexical
representation and not via the L1 lexical representation.
This finding is consistent with the concept mediation
model.

Although there is no generally accepted way of as-
sessing second language proficiency it is fair to say that
the participants in the present study were relatively flu-
ent Dutch—English bilinguals. An interesting question is
whether similar effects will be obtained with less fluent
bilinguals. Several studies (e.g., Chen & Leung, 1989; de
Groot & Hoeks, 1995; Kroll & Curley, 1988; Tzelgov,
Henik, & Leiser, 1990) using different experimental
paradigms have shown that bilinguals with a very low
level of L2 proficiency show a pattern of behavior that is
consistent with the word association model, whereas
more fluent bilinguals show a pattern of behavior that is
consistent with the concept mediation model. Thus, it
seems that as L2 proficiency increases participants tend
to rely more on direct links between the L2 lexical rep-
resentation and the conceptual representation and less

Appendix A

Stimuli used in Experiments 1-4

on links between the L2 and L1 lexical representations.
If a similar pattern would hold for the repetition priming
paradigm one would expect to find evidence for cross-
language repetition priming for less fluent bilinguals in
lexical decision experiments similar to Experiments 3
and 4 of the present study. If L2 words are presented in a
conceptual task during study less fluent bilinguals would
access the conceptual representation via the L1 lexical
representation and therefore one might expect to find a
repetition priming effect if the L1 translation equivalents
are subsequently presented in lexical decision. Note,
however, that if during study instead of L2 words L1
words are presented in a conceptual task less fluent bi-
lingual (as well as proficient bilinguals) would access the
conceptual representation directly from the L1 lexical
representation. Hence no cross-language repetition
priming would be predicted for the L2 translation
equivalents if they are subsequently presented in lexical
decision. Future studies will have to reveal whether such
a result would indeed be found.
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Living Nonliving

Dutch English Dutch English
aap monkey auto car
aardappel potato berg mountain
aardbei strawberry driehoek triangle
been leg fiets bike
bloem flower film movie
boer farmer fles bottle
boom tree geld money
dame lady gevangenis jail
duif pigeon handschoen glove
eekhoorn squirrel kantoor office
eend duck kogel bullet
erwt pea lepel spoon
haai shark muur wall
kikker frog paraplu umbrella
konijn rabbit pijl arrow
maag stomach plafond ceiling
mier ant raam window
paard horse spiegel mirror
schildpad turtle stad town
slager butcher stoel chair
staart tail touw rope
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Appendix A (continued)

Living Nonliving

Dutch English Dutch English
varken pig verf paint
verpleegster nurse vliegtuig airplane
vlinder butterfly wolk cloud
Stimuli used in Experiment 5

Man-made Not Man-made

Dutch English Dutch English
auto car aap monkey
dierentuin Z00 aardbei strawberry
fiets bike been leg
film movie berg mountain
fles bottle bliksem lightning
geld money bloem flower
gevangenis jail boom tree
handschoen glove duif pigeon
kerk church eend duck
kogel bullet golf wave
lepel spoon haai shark
mes knife kikker frog
paraplu umbrella konijn rabbit
pijl arrow lucht air
potlood pencil maag stomach
raam window mier ant
rok skirt paard horse
sleutel key schildpad turtle
spiegel mirror staart tail
stoel chair strand beach
touw rope varken pig
verf paint vlinder butterfly
vliegtuig airplane woestijn desert
weg road wolk cloud
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