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Orthography plays a critical role in cognate priming:
Evidence from French/English and
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Aseries of three experiments was carried out in order to better characterize the representations that
support long-term cognate priming. In Experiment 1, robust priming was obtained between ortho
graphically similar FrenchlEnglish cognates in bilingual speakers, and this priming was mediated, in
part, by orthographic codes, given that priming for these items was dramatically reduced following a
study-test modality shift, In Experiment 2, no priming was obtained between the same set of
French/English cognates in monolingual English speakers, Finally, in Experiment 3, priming for or
thographically unrelated ArabiclFrench cognates was no larger than cross-modal priming, suggesting
that these effects were mediated by nonorthographic representations. The role of orthography in sup
porting cognate priming is discussed.

Long-term priming refers to a facilitation in process
ing a stimulus as a consequence of having encountered
the same (or a related) stimulus in an earlier episode,
Generally, this facilitation is measured in terms ofan im
proved accuracy or a reduced latency in identifying stud
ied materials, as compared with nonstudied materials, In
the lexical decision task, for example, participants decide
as quickly as possible whether letter strings spell words,
and priming is obtained when they respond more accu
rately or quickly to repeated words, This form ofpriming
is called long term because it lasts minutes, hours, or longer
(Sloman, Hayman, Ohta, Law, & Tulving, 1988), in con
trast to various sorts of short-term priming phenomena
such as semantic (e.g. Henderson, Wallis, & Knight,
1984) or masked (Forster & Davis, 1984) priming-that
typically last only a few seconds (but see Joordens &
Becker, 1997).

Long-term priming-what we simply refer to as prim
ing in the remainder of the article-has been extensively
studied during the past 15 years (for reviews, see Bow
ers, 2000; Roediger & McDermott, 1993; Tenpenny,
1995). One key finding consistently reported in the liter-
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ature is that priming is sensitive to various study-to-test
changes in the perceptual format of items. For example,
priming tends to be reduced by 50% or more when items
are studied and tested in a different modality, rather than
in the same modality (e.g., Jacoby & Dallas, 1981). Sim
ilarly, priming is dramatically reduced when items are
presented in pictorial and written formats at study and
test, or vice versa (e.g., Rajaram & Roediger, 1993), or
when words are form related (e.g., the prime table does
not prime cable; e.g., Napps & Fowler, 1987). In addi
tion, little or no cross-language priming is obtained in
bilingual speakers. For example, the word dog does not
prime the word chien in an English/French speaker, de
spite the fact that the words refer to the same concept
(see, e.g., Kirsner, Smith, Lockhart, King, & Jain, 1984).
These and related findings have led to the view that prim
ing is mediated by perceptual as opposed to conceptual
representations, at least when priming is assessed in tests
that emphasize the perceptual encoding of the targets
so-called data-driven tests (Blaxton, 1989).

Exceptions to this general rule have been found, how
ever. For example, robust priming is obtained between
upper- and lowercase English words that share few per
ceptual features (Bowers, 1996) and between visually un
related scripts of a language, such as the Kanji/Hiragana
scripts ofJapanese (Bowers & Michita, 1998), the Hindi/
Urdu scripts of Hindustani used in Northern India (Brown,
Sharma, & Kirsner, 1984), and the Roman/Cyrillic scripts
of Serbo-Croatian (Feldman & Moskovljevic, 1987). In
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addition, robust priming is obtained between morpho
logically related words (e.g., cars/car), and these effects
cannot be attributed to the perceptual overlap between
items, given that little or no priming is obtained between
nonmorphologically related words that share the same
degree ofperceptual overlap, such as card/car (see, e.g.,
Bowers, Damian, & Havelka, 1999; Napps & Fowler,
1987). Finally, and in contrast with the general finding
that priming is language specific, robust priming is ob
tained between translation equivalents that are phono
logically related, such as the French/English words cartel
card-that is, when the study/test words are cognates
(see, e.g., Cristoffanini, Kirsner, & Milech, 1986). These
results show that, under some circumstances, priming is
robust following study-to-test changes in the perceptual
format of items.

On the basis of a combination of modality-specific
and perceptually abstract priming, a number of authors
have argued that visual word priming is mediated by pre
existing lexical-orthographic codes (e.g., Bowers, 1999,
2000; Bowers & Michita, 1998; Morton, 1979). On this
general view, a by-product of reading a word is that its
orthographic representation is strengthened; this in turn
facilitates its subsequent identification. Importantly, this
view can readily account for the above-mentioned find
ings because orthographic representations are abstract in
many of the ways that priming is abstract, including the
fact that visually dissimilar upper- and lowercase letters
and words map onto common orthographic representa
tions (e.g., A/a; see, e.g., Bowers, Vigliocco, & Haan,
1998; Coltheart, 1981), as do morphological relatives
(Rapp, 1992).

Apart from providing a general theory of word prim
ing, this framework suggests that long-term priming can
be used as a tool to study the structure of orthographic
knowledge-and perceptual knowledge in general. In
deed, priming has been used to study the structure of
perceptual codes used for object identification (e.g., Bie
derman & Gerhardstein, 1993; Marsolek, Kosslyn, &
Squire, 1992; Srinivas, 1995), spoken word recognition
(e.g., Church & Schacter, 1994; Goldinger, 1996), and
visual word identification (Bowers & Michita, 1998; Mor
ton, 1979). In the present investigation, we focus on the
above-mentioned cognate priming results. The dual aim
of the investigation is to better characterize the condi
tions in which cognate priming occurs, as well as to gain
some preliminary insight into how (or whether) cognate
relations are coded within the orthographic system.

The hypothesis that cognate relations are explicitly
coded within the orthographic system is made plausible
by recent findings suggesting that written words in dif
ferent languages are processed within a common ortho
graphic system (e.g., Grainger & Dijkstra, 1992; for re
views of this issue, see Kroll & deGroot, 1997; Smith,
1997). For example, van Heuven, Dijkstra, and Grainger
(1998) found that lexical decisions to English words are
affected by their orthographic overlap with Dutch words

in bilingual Dutch/English speakers, with slower response
times (RTs) to English words similar to many Dutch
words (i.e., English words in high-density Dutch neigh
borhoods) than to English words dissimilar to most
Dutch words (English words in low-density Dutch neigh
borhoods). These findings, among others, strongly suggest
that access to the orthographic system is language non
specific, and indeed, Dijkstra and colleagues (e.g., Dijk
stra & van Heuven, 1998; Grainger & Dijkstra, 1992) have
successfully simulated these and related findings in a
computational model oforthographic processing in which
words in different languages are processed within a com
mon system (but see Kirsner et al., 1984; Scarborough,
Gerard, & Cortese, 1984).

Although the orthographic system appears to be lan
guage nonspecific, relatively little work has investigated
whether cognate relations are explicitly coded within this
system, either in term of common abstract representa
tions or through strongly interconnected representations.
There is some evidence that orthographically identical
cognates (e.g., general in Spanish and English) map onto
common codes (see, e.g., Caramazza & Brones, 1979),
but these findings do not speak to the issue ofwhether the
relations between heterographic cognates (e.g., crema/
cream in Spanish and English) are explicitly coded.

Perhaps the most relevant evidence has been obtained
in studies employing the masked-priming paradigm. In
this paradigm, the prime and the target are presented in
immediate succession, and priming is measured as a fa
cilitation in processing the target when it is related to, as
compared with unrelated to, the prime. This facilitation
occurs even though the prime is briefly presented (a typ
ical prime duration is 50 msec) and a premask acts to
block perception of the prime. In the critical studies, par
ticipants made lexical decisions to the targets, and robust
priming was obtained between orthographically similar
cognates (e.g., cream/crema; de Groot & Nass, 1991;
Sanchez-Casas, Davis, & Garcia-Albea, 1992). However,
noncognate translation equivalents typically show much
less (or no) priming in the bilingual speakers (de Groot
& Nass, 1991; Sanchez-Casas et aI., 1992), and mono
Iinguals presented with cognates fail to show any prim
ing (Garcia-Albea, Sanchez-Casas, Bradley, & Forster,
1985). These latter results suggest that cognate priming
in bilinguals cannot be attributed to the semantic or per
ceptual overlap between items, providing some support
for the hypothesis that cognate relations are explicitly
coded within the orthographic system. In a more recent
study, Gollan, Forster, and Frost (1997) assessed masked
priming effects between Hebrew/English cognates that
are phonologically similar but orthographically unre
lated. Once again, the authors found cognate priming,
but the pattern of results was somewhat complex, given
that robust priming was also obtained between non
cognate translation equivalents under some conditions
(in some cases, this priming was as large as the cognate
results). On the basis of these results, it appears that prim-



ing in the masked-priming paradigm can be attributed to
semantic or conceptual representations under some cir
cumstances.

In addition, a few studies have employed the long-term
priming paradigm to address this issue. The first study
was reported by Cristoffanini et al. (1986), who obtained
priming between Spanish/English cognates in a lexical
decision task. In the study phase, participants named
aloud Spanish and English words presented in blocks,
and at test they made lexical decisions to English words.
Interestingly, a similar amount of cognate priming was
obtained between items that are orthographically identi
cal (e.g., festivallfestival) and orthographically similar
(e.g., observacion/observation). Averaging across a
number of conditions, the cognate priming was .85 the
size ofwithin-language repetition priming. Furthermore,
the authors failed to obtain priming between noncognate
translation equivalents (e.g.,panaderia/bakery), indicat
ing that the cognate effects cannot be attributed to the
common conceptual representations that cognates share.
Similarly,Monsell, Matthews, and Miller (1992) observed
cognate priming in the picture-naming task. In the study
phase, participants generated Welsh or English words
from definitions and, at test, named pictures in Welsh.
Robust priming was obtained for words repeated in the
same language (92 msec) and for cognates (63 msec),
but once again, no priming was obtained for the noncog
nate translation equivalents ( - 7 msec).

What is the basis of these long-term effects? As in the
case of the masked-priming results, it is difficult to at
tribute the long-term cognate priming to a simple additive
combination of orthographic, phonological, and seman
tic factors, given that no long-term priming is obtained
between translation equivalents that are noncognates (e.g.,
Kirsner et aI., 1984; but see the General Discussion sec
tion for one exception), that little or no priming is obtained
between orthographically related words presented once
at study and once at test (e.g., Bowers et aI., 1999; Napps
& Fowler, 1987; see Rueckl, 1990, for evidence that mul
tiple encounters with orthographically related words pro
duce small priming effects), and that priming between
homophones is very much reduced, in comparison with
repetition (and cognate) priming (Neisser, 1954; Rueckl
& Mathew, 1999; Ziemer & Bowers, 1999).

This leaves at least two alternatives. On the one hand,
some combination of orthographic, phonological, and
semantic codes may interact in a superadditive fashion in
order to mediate these effects. In this way, cognate prim
ing might occur even if there was no explicit coding of
cognate relations within the orthographic system or else
where (e.g., Rueckl & Olds, 1993; Tenpenny, 1995). It
should be noted, however, that a recent finding by Dijk
stra, Grainger, and van Heuven (1999) appears to pose a
challenge for this view. The authors found that Dutch/
English bilinguals are slower in making lexical decisions
to English words phonologically related to Dutch words
(although semantic and orthographic overlap between
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words in the two languages led to faster RTs). That is,
phonological overlap between Dutch/English words ap
peared to impair the processing ofEnglish words, owing
to some sort of competitive process, which would work
against the hypothesis that the phonological overlap be
tween cognates contributes to cognate priming.

A second possibility is that long-term cognate priming
depends on an explicit coding ofcognate relations within
the orthographic system, so that studying one member
of a cognate pair strengthens the representation of the
other member. This account is very much like the standard
interpretation of morphological or cross-script priming
(Bowers, 2000).

The studies described below further explore long-term
cognate priming phenomena in an attempt to shed some
light on these issues. In Experiment 1, priming between
French/English cognates was assessed in bilingual sub
jects, and cognate effects were compared with repetition
and cross-modal priming in order to determine whether
cognate priming should be attributed to modality-specific
or modality-nonspecific representations. If modality
specific cognate priming is obtained, it would lend sup
port to the view that orthographic representations con
tribute to the priming independently from phonological
or semantic factors. In Experiment 2, priming for the
same set of words was assessed in monolingual English
participants in order to determine the contribution of
perceptual overlap in supporting any cognate results ob
tained in Experiment I. Finally,in Experiments 3A and 38,
cognate priming was assessed between orthographically
unrelated French/Arabic and Arabic/French cognates in
bilingual participants, and these effects were again com
pared with repetition and cross-modal priming. A com
parison of the cognate priming results in Experiments 1,
3A, and 38 will determine whether orthographic overlap
is a necessary condition in order to obtain any modality
specific or modality-nonspecific cognate priming.

EXPERIMENT 1

The first experiment assessed priming between French!
English cognates in bilingual speakers. In past studies,
robust priming was obtained between orthographically
similar items. The critical question here is whether this
priming should be attributed to modality-specific or
modality-nonspecific representations.

Method
Participants. Twenty French/English bilingual students from the

University of Montreal participated in the experiment. The first lan
guage ofall the participants was French, but they were all fluent in
English and used it on a daily basis.

Design and Materials. The experiment included study-test re
lation as a within-subjects variable with four levels: Study and test
words were visually repeated in French (repeated condition) versus
visually studied in English and tested in French (cognate condition)
versus auditorily studied in French and visually tested in French
(cross-modal condition) versus nonstudied and visually tested in
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French (baseline condition). Four test forms were created so that
each word would be included in the four conditions equally often,
yielding a completely counterbalanced design. An equal number of
participants was tested on each form.

A set of 60 orthographically similar (but nonidentical) French!
English cognates was selected for the experiment. The French words
had a mean frequency of75 and a range of 14-383 occurrences per
million (Baudot, 1992), and the English words had a mean fre
quency of68 and a range of I-298 occurrences per million (Kucera
& Francis, 1967). The participants studied 45 critical words ( 15 in
each of the repeated, cognate, and cross-modal conditions) pre
sented in a random order so that items in the different conditions
were intermixed. At test, all 60 items were presented, so the 15 non
studied words served as baseline items in order to compute priming
values. In addition to the 60 words presented at test, a set of 60
phonologically plausible French nonwords was constructed to match
the words in overall length and were used in the lexical decision
task. Test items were again presented in a random order. Finally, a
set of 10 filler French words and 10 filler nonwords was included
as the first 20 trials in the lexical decision task. These trials were in
cluded to give the participants some practice in making lexical de
cisions before they completed the critical trials. The filler items
were different from the critical items.

The words in the lexical decision task were presented in the speak
ers' primary language-in this case, French. We decided to test the
speakers in the primary language so that we could more directly
compare the present results with those of Experiment 2, in which
monolinguals were tested in their primary (only) language. The first
experiment was conducted on a PowerBook 170 computer with an
active matrix screen, using the Psychlab software package (Bub &
Gum, 1988).

Procedure. This and the following experiments were conducted
under conditions of incidental encoding: The participants were not
informed that many ofthe words in the lexical decision task had been
previously presented in the study phase of the experiment.

In the study phase, the words were presented one at a time every
5 sec, and the participants were asked to read aloud the visually pre
sented items and to repeat aloud the spoken words. Immediately
after completing the study phase, the participants performed the
lexical decision task by pressing the right shift key as quickly as
possible whenever a word was displayed and the left shift key as
quickly as possible otherwise.

Results and Discussion
In all the experiments, analyses of variance (ANOYAs)

were carried out, treating participants as a random fac
tor, and an alpha level of .05 was used. The mean lexical
decision latencies for correct responses and error rates in
Experiment I in the various conditions are shown in
Table I. An overall ANOYA carried out on the RT data

revealed a main effect of study-test relation [F(3,48) =
7.64, MSe = 483J, reflecting robust repetition (28 msec)
and cognate (27 msec) priming. Note that the equivalent
amount of priming obtained for cognates and repeated
items is consistent with past results (e.g., Cristoffanini
et al., 1986). The critical new finding is that cognate prim
ing was significantly greater than cross-modal priming
[13 msec; F(I,48) = 4.44, MSe = 483], indicating that
cognate priming was mediated, in large part, by modality
specific visual codes. Cross-modal priming only ap
proached significance [F(l,48) = 3.50, MSe = 483,p =
.07]. An analysis carried out on the error scores failed to
reveal any significant effects [F(3,48) < I]. These find
ings are consistent with the hypothesis that cognate rela
tions are explicitly coded within the orthographic system.

EXPERIMENT 2

In Experiment 2, a group of monolingual English par
ticipants was tested with the same set ofcognate pairs as
above. For these speakers, the words do not function as
cognates, and accordingly, any priming between items
can be attributed to the perceptual overlap between items.

Method
Participants. Twenty monolingual English students from the

University of Houston participated in the experiment. Many of the
participants studied Spanish in high school, but they all reported
that they were not fluent in Spanish and that they rarely heard or
used Spanish in everyday life. None of the participants had any
knowledge of French.

Design and Materials. As in Experiment I, the experiment in
cluded study-test relation as a within-subjects variable with four
levels: repeated versus cognate versus cross-modal versus baseline.
In contrast with Experiment I, the test words were in English (as
were the study words in the repeated and cross-modal conditions).
Four test forms were created so that each word would be included
in the four conditions equally often, yielding a completely counter
balanced design.

The same set of60 cognates as that used in Experiment I was used
in the present experiment. In addition, 60 phonologically plausible
nonwords constructed to match the English words in overall length
were used in the lexical decision task. As in Experiment I, the crit
ical study and test items were presented in a random order. Finally,
a set of 10 filler English words and 10 filler nonwords was included
as the first 20 trials in the lexical decision task. These trials were in
cluded to give the participants some practice in making lexical de-

Table 1
Lexical Decision Latencies (RTs, in Milliseconds), Error Rates, and Priming Values

for French/English Cognates in Bilingual and Monolingual Speakers
as a Function ofthe Study-Test Condition in Experiments 1-2

Speakers

Priming RT

French/EnglishBilinguals
(TestLanguage French)

RT Priming % E Priming
Value % E Value RT

English Monolinguals
(Test Language English)

RT Priming % E Priming
Value % E Value

Repeat
Cognate
Cross-modal
Baseline

536
537
551
564

28
27
13

8.3
12.1
9.9

1l.2

2.9
-0.9

1.3

594
623
614
613

19
-10
-I

2.3
4.7
3.7

0.01
-2.3
-1.3

2.4



cisions before they completed the critical trials. Filler items were
different from the critical items. A laptop PC notebook with an ac
tive matrix screen was used to test the participants, and the experi
ment was run using the DMASTER software developed by K. I.
Forster and 1. C. Forster at the University of Arizona.

Procedure. The procedure was similar to that of Experiment I,
except that during the study phase, the students were told that some
of the written words were nonwords (in actuality, these were the
French words) and they were simply asked to pronounce the items
as best they could.

Results and Discussion
The mean lexical decision latencies for correct re

sponses and error rates in the various conditions are
shown in Table I. As can be seen in this table, overall
priming was reduced in comparison with Experiment I,
with approximately 10 msec less repetition and cross
modal priming. The reason for this reduction is unclear.
What is critical for present purposes, however, is that the
robust cognate priming observed in Experiment 1 was
eliminated here. An ANaYA carried out on the RT data
revealed a main effect of study-test relation [F(3,48) =
2.84, MSe = 1,067], reflecting the significantly larger
repetition (19 msec) priming, as compared with cognate
(- 10 msec) and cross-modal (- I msec) priming. In con
trast with Experiment 1, repetition priming was signifi
cantly greater than cognate priming [F(l,16) = 6.02,
MSe = 1,410]. The analysis of the error scores failed to
reveal a significant effect [F(3,48) = 1.72, MSe = 14.97].
The failure to obtain cognate priming in monolingual
speakers shows that the cognate priming obtained with
bilingual speakers in Experiment I was not due to the vi
sual overlap between items.

EXPERIMENTS 3A AND 38

Given that the modality-specific cognate priming ob
tained in Experiment I cannot be attributed to the percep
tual overlap between items, it appears that cognate rela
tions are indeed explicitly coded within the orthographic
system, much as is the case for upper- and lowercase En
glish words (Bowers, 1996) and Hiragana/Katakana
scripts in Japanese (Bowers & Michita, 1998). However,
it is still possible that orthographic overlap is a neces
sary precondition in order to obtain cognate effects, un
like the Japanese cross-script priming. In order to test this
possibility, priming was assessed between cognates that
are phonologically but not orthographically related, as in
the Gollan et al. (1997) study. In this case, however,
priming was assessed between Arabic and French cog
nates. Priming was assessed in both directions-that is,
from French to Arabic (Experiment 3A) and from Ara
bic to French (Experiment 3B). As in the earlier experi
ments, these effects were contrasted with those of repe
tition and cross-modal priming.

Method
Participants. Thirty-two Arabic/French bilingual speakers of

Middle Eastern origin who lived in Montreal participated in the ex
periment. All the participants came from Lebanon, apart from one
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person from Tunisia, and their native language was Arabic. All the
participants started learning French in the second or third year of
primary school, and in secondary school most of the scientific sub
jects (biology, math, physics, chemistry, etc.) were taught in French.
All the students completed primary and secondary school in the
Middle East and came to the University of Montreal (a French
speaking university) for further studies. The average of years of
French for all the participants was 16 years (they were between 19
and 25 years old), and they all considered themselves fluent in both
Arabic and French. Sixteen of the participants performed lexical
decisions in Arabic at test, and 16 performed lexical decisions in
French at test.

Design and Materials. The experiments included study-test re
lation as a within-subjects variable with the same four levels: re
peated versus cognate versus cross-modal versus baseline. In Ex
periment 3A, the test words were presented in Arabic (as were the
study words in the repeated and cross-modal conditions), and in Ex
periment 3B, the test words were presented in French (as were the
study words in the repeated and cross-modal conditions). Four test
forms were created for each experiment so that each word would be
included in the four conditions equally often, yielding completely
counterbalanced designs.

The same set of 60 familiar Arabic/French cognates was used in
Experiments 3A and 3B. As in the earlier studies, 45 words were
studied (30 visually, 15 auditorily), and all 60 items were tested. In
addition, 60 Arabic and 60 French pronounceable nonwords were
constructed for the lexical decision task in Experiments 3A and 3B,
respectively. The nonwords were constructed to be similar in over
all complexity to the words. These study and test items were again
presented in a random order. Finally, a set of 10 filler Arabic words
and 10 filler nonwords was included as the first 20 trials in the lex
ical decision task in Experiment 3A, and corresponding French
words and nonwords were included in Experiment 3B. All the filler
items were different from the critical items.

We attempted to match the phonological overlap between these
Arabic/French cognates to the French/English cognates used in Ex
periment I so that any differences in priming could be attributed to
orthographic rather than to phonological factors. For the 60 Arabic/
French items, 22 pairs differed by one phoneme, and 4 pairs dif
fered by two phonemes. Similarly, in the French/English set, 21 pairs
differed by one phoneme, and 9 pairs differed by two phonemes. As
in Experiment I, testing was conducted on a PowerBook 170 com
puter with an active matrix screen, using the Psych lab software
package (Bub & Gum, 1988).

Procedure. The same procedure was used as that in Experi
ment I.

Results and Discussion
The mean lexical decision latencies for correct re

sponses and error rates in the various conditions of Ex
periments 3A and 3B are shown in Table 2. First, con
sider Experiment 3A, in which lexical decisions at test
were performed in Arabic, the participants' first lan
guage. An ANaYA carried out on the RT data revealed
a main effect of study-test relation, reflecting the robust
repetition (92 msec) priming, as well as a tendency for
cross-modal (35 msec) and cognate (31 msec) priming
[F(3,36) = 6.51, MSe = 3,570]. A set of planned contrasts
revealed significant repetition priming [F(l,36) = 2.85,
MSe = 3,570], although the cross-modal and cognate
priming scores only approached significance [both with
F(l,36) < l.7,MSe = 3,579,p>.10].Consistentwithpast
studies, repetition priming was greater than cross-modal
priming [F( I,36) = 2.85, MSe = 3,579]. The critical new
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Table 2
Lexical Decision Latencies (RTs, in Milliseconds), Error Rates, and Priming Values for Bilingual Arabic/French Speakers as a

Function of the Study-Test Condition in Experiments 3A and 3B

Test Language

Arabic French Combined

Priming RT
RT Priming

Value %E
% E Priming

Value RT
RT Priming

Value %E
% E Priming

Value RT
RT Priming

Value %E
% E Priming

Value

Repeat
Cognate
Cross-modal
Baseline

685
746
742
777

92
31
35

3.5
8.3
5.7
9.1

5.6
0.8
3.4

645
695
672
673

28
-22

I

12.9
11.9
13.6
17.0

4.1
5.1
3.4

665
720
707
725

60
5

18

8.2
10.1
9.7

I3.l

4.9
3.0
3.4

finding is that priming for orthographically unrelated
cognates was not significantly greater than cross-modal
priming in these bilingual speakers [F(l ,36) < 1]; indeed,
there was not even a trend in this direction. An overall
analysis of the error scores revealed a main effect ofstudy
test relation [F(3,36) = 3.29, MSe = 35], reflecting the
higher accuracy rate in the repeated condition, as com
pared with the other conditions.

In Experiment 3B, lexical decisions at test were per
formed in French, the participants' second language. An
ANaYA carried out on the RT data revealed a main effect
of study-test relation, reflecting the repetition (28 msec)
priming, as well as an apparent inhibitory effect for cog
nates [-22 msec; F(3,36) = 4.0, MSe = 1,690]. A set of
planned contrasts revealed that repetition priming was
marginally significant[F(l ,36) = 1.94,MSe = 1,690,p =
.06], whereas the inhibitory cognate priming was not
[F(l,36) = 1.5,MSe = 1,690,p = .14]. Repetition prim
ing was also marginally greater than cross-modal prim
ing [F(l,36) = 1.86, MSe = 1,690,p = .07]. An overall
analysis of the error scores failed to reveal a main effect
of study-test relation [F(3,36)< I]. However, the positive
5% cognate priming obtained for the errors was ofa sim
ilar levelof statistical significance [F( I,36) = 1.34,MSe =
114,P = .19] as the inhibitory priming obtained for the
RTs. Accordingly, there was a tendency for a speed
accuracy tradeoff in the cognate condition, with no evi
dence of priming when both dependent measures were
considered together. Thus, in contrast with Experiment I,
there was no evidence ofmodality-specific cognate prim
ing in Experiments 3A and 3B (in fact, in Experiment 3B,
there was no cognate priming at all), suggesting that or
thographic overlap is a necessary precondition in order
to observe this effect.

What is less clear, however, is why substantially more
priming was obtained when lexical decisions were per
formed in Arabic (Experiment 3A), as compared with
French (Experiment 3B). This is, in fact, the opposite
finding to that ofGollan et al. (1997), who obtained much
less masked priming when the lexical decisions were
performed in the first language. We should note that there
were other differences, in addition to the size ofthe over
all priming, including the fact that the lexical decisions
for words took substantially longer in Arabic than in
French (103 msec longer in the baseline condition) and
that there were more errors in French (17.0% vs. 9.1% in

the baseline condition). It is possible that these differ
ences are related to the contrasting priming results. It
should also be emphasized that the Arabic/French bi
linguals have been immersed in a French community for
many years, so their first language may not always func
tion as their dominant language (this contrasts with the
French/English bilinguals in Experiment I, for whom
their native language was clearly dominant). Perhaps the
smaller priming for the French targets reflects the fact that
French is functionally the dominant language for many
of these participants. Whatever the reason, we want to
emphasize that no modality-specific cognate priming
was obtained in either Experiment 3A or Experiment 38,
suggesting that this result is quite robust and extends to
conditions in which the speakers' first or second lan
guage is the test language.

GENERAL DISCUSSION

Three main results are reported in the present investi
gation: (I) Modality-specific cognate priming was ob
tained for orthographically similar French/English cog
nates in bilingual speakers, (2) no cognate priming was
obtained for the same French/English items in mono
lingual speakers, and (3) no modality-specific cognate
priming was obtained for orthographically unrelated
Arabic/French cognates in bilingual speakers. This com
bination ofresults suggests that orthographic overlap be
tween items is necessary but not sufficient to obtain
modality-specific cognate priming. That is, there appears
to be some interaction between orthographic representa
tions, on the one hand, and semantic and phonological
codes, on the other, that supports these effects.

On the one hand, the modality-specific French/English
cognate priming lends support to the conclusion that
words in different languages are processed within the same
orthographic system (e.g., Grainger & Dijkstra, 1992).
Indeed, these results seem to suggest that cognate rela
tions are explicitly represented within the orthographic
system. On the other hand, the failure to obtain modality
specific priming for the Arabic/French cognates raises a
number of issues that are difficult to resolve at the pres
ent time. One possible interpretation of this finding is
that separate orthographic systems are involved in pro
cessing the French and the Arabic words, eliminating
any basis for mapping these words together. On this ac-



count, then, language-independent orthographic systems
are restricted to conditions in which the languages in ques
tion share similar orthographies. Alternatively, the Arabic/
French words might be processed within a common ortho
graphic system, but for some reason, cognate relations
are not explicitly coded for these items.

Unfortunately, there is not much evidence that speaks
directly to these two hypotheses. Gollan et al. (1997) re
ported masked priming between orthographically un
related Hebrew/English cognates, consistent with the hy
pothesis that these items are mapped together within a
common system. However, the authors also reported
masked priming between Hebrew/English translation
equivalents, suggesting that this priming was mediated,
at least in part, by conceptual representations outside the
orthographic system. Thus, the relevance of these results
to the present issue is unclear. Perhaps more relevant is the
robust and modality-specific priming obtained between
the orthographically unrelated Kanji/Hiragana scripts of
Japanese (Bowers & Michita, 1998). On the basis of these
results, the authors argued that Hiragana and Kanji words
map onto common lexical-orthographic representations
within a common system, despite their unrelated orthog
raphies. Ifindeed this is the case, it seems plausible to as
sume that Arabic/French words are also processed within
a common orthographic system. On this view,then, Arabic/
French cognates are not explicitly linked together within
a common orthographic system, unlike upper- and lower
case English words and Kanji/Hiragana Japanese words.

Whatever the proper interpretation of the Arabic/
French findings, the question still remains as to why a
different pattern of results was obtained for the Arabic/
French and the French/English cognates. Again, we can
not make any strong conclusions but will offer the fol
lowing speculation. Perhaps the orthographic system
fails to explicitly link the French/English as well as the
Arabic/French cognates, and the modality-specific French/
English cognate priming reflects specific processes asso
ciated with these items. That is, it is possible that the
French/English participants explicitly translated the En
glish words into French within the orthographic system
during the study phase ofthe experiment, effectively gen
erating the visual structure of the alternative test word
through imagery. If this occurred, the orthographic codes
for both English and French words would be strength
ened-leading to the observed priming results.

It should be noted that this form of translation does
occur in some circumstances. For example, Kirsner et al.
( 1984) observed priming between noncognate English/
French translation-equivalent words (e.g., dog/chien)
when participants were asked to translate words at study
in such a way that the orthographic knowledge ofthe non
studied member ofthe translation pair was accessed; spec
ifically, the participants reported the initial letter and the
number of letters in the translation. When these same
French/English words were studied semantically, by
making animate/inanimate decisions, no cross-language
priming was obtained. In addition, McDermott and Roedi
ger (1994) observed priming in a word-fragment com-
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pletion task when participants imagined the spelling ofa
word, given its picture at study, whereas no priming was
obtained when participants were not instructed to imag
ine its spelling. Thus, as long as the French/English par
ticipants spontaneously activated the French words when
reading English at study, the modality-specific priming
results should be expected.

In order to accommodate the Arabic/French results,
we would suggest that spontaneous translation between
cognates occurs only when items are orthographically re
lated. In line with this argument, it should be noted that
the process of reading a word in one language results in
the partial activation of form-related words in a second
language in bilingual speakers (van Heuven et al., 1998).
Thus, it should be expected that both members of a
French/English cognate pair should be partially activated
following the reading of either member, owing to their
form overlap. This coactivation, in combination with
phonological and semantic overlap between these cog
nates, might result in the full activation of both items
within the orthographic system, resulting in modality
specific priming. By contrast, the lack of form overlap
between French/Arabic cognates would have eliminated
any coactivation from form overlap, which, in turn, may
have prevented the spontaneous translation between
items-eliminating the modality-specific priming. But
again, we acknowledge that this interpretation is specu
lative, and future work is necessary before more defini
tive conclusions can be offered.

In sum, the present set of studies shows that cognate
priming is largely mediated by modality-specific repre
sentations and, further, that modality-specific priming is
restricted to orthographically related items. Although the
implications ofthese findings are not entirely clear with
regards to how (or whether) cognate relations are coded
within orthography, the results provide important con
straints that should be considered in future theorizing on
this issue.

REFERENCES

BAUDOT, J. (1992). Frequence d 'utilisation des mots en francais ecrit
contemporain. Montreal: Presses Universitaires de Montreal.

BIEDERMAN, I., & GERHARDSTEIN, P. C. (1993). Recognizing depth
rotated objects: Evidence for 3-D viewpoint invariance. Journal of
Experimental Psychology: Learning. Memory. & Cognition, 19,
1162-1182.

BLAXTON, T. A. (1989). Investigating dissociations among memory
measures: Support for a transfer-appropriate processing framework.
Journal ofExperimental Psychology: Learning. Memory. & Cogni
tion, 15,657-668.

BOWERS, J. S. (1996). Different perceptual codes support word and
pseudoword priming: Was Morton right all along? Journal ofExper
imental Psychology: Learning. Memory. & Cognition, 22,1336-1353.

BOWERS, J. S. (1999). Priming is not all bias: Commentary on Ratcliff
and McKoon (1997). Psychological Review, 106,582-596.

BOWERS, J. S. (2000). In defense ofabstractionist theories of repetition
priming and word identification. Psychonomic Bulletin & Review, 7,
83-99.

BOWERS, J. S., DAMIAN, M. E, & HAVELKA, J. (1999). Can distributed
orthographic knowledge support word-specific long-term priming?
Apparently so. Manuscript submitted for publication.

BOWERS, J .S., & MICHITA, Y.(1998). An investigation into the structure



1296 BOWERS, MIMOUNI, AND ARGUIN

and acquisition of orthographic knowledge: Evidence from cross
script Kanji-Hiragana priming. Psychonomic Bulletin & Review, 5,
259-264.

BOWERS, J. S., VIGLIOCCO, G., & HAAN, R. (1998). Orthographic,
phonological, and articulatory contributions to masked letter and
word priming. Journal ofExperimental Psychology: Human Percep
tion & Performance, 24,1705-1719.

BROWN, H. L., SHARMA, N. K., & KIRSNER, K. (1984). The role of script
and phonology in lexical representation. Quarterly Journal ofEx
perimental Psychology, 36A, 491-505.

BUB, D., & GUM, T (1988). Psychlab software. Montreal: McGill
University.

CARAMAZZA, A., & BRONES, I. (1979). Lexical access in bilinguals.
Bulletin ofthe Psychonomic Society, 13,212-214.

CHURCH, B. A., & SCHACTER, D. L. (1994). Perceptual specificity ofau
ditory priming: Implicit memory for voice intonation and fundamen
tal frequency. Journal ofExperimental Psychology: Learning, Mem
ory, & Cognition, 20, 521-533.

COLTHEART, M. (1981). Disorders of reading and their implications for
models of normal reading. Visible Language, 3, 245-286.

CRISTOFFANINI, P., KIRSNER, K., & MILECH, D. (1986). Bilinguallexi
cal representation: The status of Spanish-English cognates. Quar
terly Journal ofExperimental Psychology, 38A, 367-393.

DE GROOT, A. M. B., & NASS, G. L. J. (1991). Lexical representation of
cognates and noncognates in compound bilinguals. Journal ofMem
ory & Language, 30, 90-123.

DIJKSTRA, T., GRAINGER, J., & VAN HEUVEN, W. J. B. (1999). Recogni
tion of cognates and interlingual homographs: The neglected role of
phonology. Journal ofMemory & Language, 41, 496-518.

DIJKSTRA, T, & VAN HEUVEN, W. J. B. (1998). The BIA-model and
bilingual word recognition. In 1. Grainger & A. Jacobs (Eds.), Local
ist connectionist approaches to human cognition (pp. 189-225).
Hillsdale NJ: Erlbaum.

FELDMAN, L. B., & MOSKOVLJEVIC, J. (1987). Repetition priming is not
purely episodic in origin. Journal ofExperimental Psychology: Learn
ing, Memory, & Cognition, 13, 573-581.

FORSTER, K. I., & DAVIS, C. (1984). Repetition priming and frequency
attenuation in lexical access. Journal ofExperimental Psychology:
Learning, Memory, & Cognition, 10,680-698.

GARCIA-ALBEA, J. E., SANCHEZ-CASAS, R. M., BRADLEY, D. c.. &
FORSTER, K. I. (1985, November). Cross-language priming effects in
bilingual word recognition. Paper presented at the meeting of the
Fifth Australian Language Conference, Melbourne.

GOLDINGER, S. D. (1996). Words and voices: Episodic traces in spoken
word identification and recognition memory. Journal ofExperimen
tal Psychology: Learning, Memory, & Cognition, 22,1166-1183.

GOLLAN, T. H., FORSTER, K. I., & FROST, R. (1997). Translation prim
ing with different scripts: Masked priming with cognates and noncog
nates in Hebrew-English bilinguals. Journal ofExperimental Psy
chology: Learning, Memory. & Cognition, 23,1122-1139.

GRAINGER, J., & DIJKSTRA, T (1992). On the representation and use of
language information in bilinguals. In R. 1. Harris (Ed.), Cognitive
processing in bilinguals (pp. 207-252). Amsterdam: Elsevier.

HENDERSON, L., WALLIS, J., & KNIGHT, D. (1984). Morphemic struc
ture and lexical access. In H. Bouma & D. G. Bouhuis (Eds.), Atten
tion and performance X: Control of language processes (pp. 211
226). Hillsdale, NJ: Erlbaum.

JACOBY, L. L., & DALLAS, M. (1981). On the relationship between au
tobiographical memory and perceptual learning. Journal ofExperi
mental Psychology: General, 110,306-340.

JOORDENS, S., & BECKER, S. (1997). The long and short of semantic
priming effects in lexical decision. Journal ofExperimental Psychol
ogy: Learning, Memory. & Cognition, 23,1083-1105.

KIRSNER, K., SMITH, M. c, LOCKHART, R. S., KING, M. L., & JAIN, M.
(1984). The bilingual lexicon: Language-specific units in an inte
grated network. Journal of Verbal Learning & Verbal Behavior, 23,
519-539.

KROLL, J. E, & DE GROOT, A. M. B. (1997). Lexical and conceptual
memory in the bilingual: Mapping form to meaning in two languages.

In A. M. B. de Groot & 1. F. Kroll (Eds.), Tutorials in bilingualism:
Psycholinguistic perspectives (pp. 169-199). Mahwah, NJ: Erlbaum.

KUCERA, J., & FRANCES, W. N. (1967). Computational analysis ofpres
ent day American English. Providence, RI: Brown University Press.

MARSOLEK, C. J., KOSSLYN, S. M., & SQUIRE, L. R. (1992). Form
specific visual priming in the right cerebral hemisphere. Journal ofEx
perimental Psychology: Learning. Memory, & Cognition, 18,492-508.

McDERMOTT, K. B., & ROEDIGER, H. L., III (1994). Effects of imagery
on perceptual implicit memory tests. Journal ofExperimental Psy
chology: Learning, Memory, & Cognition, 20,1379-1390.

MONSELL, S., MATTHEWS, G. H., & MILLER, D. C. (1992). Repetition
oflexicalization across languages: A further test oflocus of priming.
Quarterly Journal ofExperimental Psychology, 44A, 763-783.

MORTON, 1. (1979). Facilitation in word recognition: Experiments caus
ing change in the logogen model. In P. A. Kolers, M. E. Wrolstad, &
H. Bouma, Processing models of visible language (pp. 259-268).
New York: Plenum.

NAPPS, S. E., & FOWLER, C. A. (1987). Formal relationships among
words and the organization of the mental lexicon. Journal of Psy
cholinguistic Research, 16,257-272.

NEISSER, U. (1954). An experimental distinction between perceptual
processes and verbal response. Journal ofExperimental Psychology,
47,399-402.

RAJARAM, S., & ROEDIGER, H. L., III (1993). Direct comparison of four
implicit memory tests. Journal ofExperimental Psychology: Learn
ing. Memory, & Cognition, 19, 765-776.

RAPP, B. C. (1992). The nature of sublexical orthographic organization:
The bigram trough hypothesis examined. Journal ofMemory & Lan
guage, 31, 33-53.

ROEDIGER, H. L., III, & McDERMOTT, K. B. (1993). Implicit memory in
normal human subjects. In F.Boller & 1. Grafman (Eds.), Handbook
ofneuropsychology (Vol. 8, pp. 63-131). New York: Elsevier.

RUECKL, J. G. (1990). Similarity effects in word and pseudoword repe
tition priming. Journal ofExperimental Psychology: Learning, Mem
ory. & Cognition, 16,374-391.

RUECKL,1. G., & MATHEW, S. (1999). Implicit memory for phonological
processes in visual stem completion. Memory & Cognition, 27, I-II.

RUECKL, J. G., & OLDS, E. M. (1993). When pseudowords acquire
meaning: Effect of semantic associations on pseudoword repetition
priming. Journal ofExperimental Psychology: Learning. Memory. &
Cognition, 19,515-527.

SANCHEZ-CASAS, R. M., DAVIS, C. w.. & GARCIA-ALBEA, J. E. (1992).
Bilingual lexical processing: Exploring the cognate/noncognate dis
tinction. European Journal ofCognitive Psychology, 4, 293-310.

SCARBOROUGH, D. L.. GERARD. L., & CORTESE, C. (1984). Indepen
dence of lexical access in bilingual word recognition. Journal ofVer
bal Learning & Verbal Behavior, 23, 84-99.

SLOMAN, S. A., HAYMAN, C. A. G., OHTA. N., LAW. J.• & TULVING, E.
(1988). Forgetting in primed fragment completion. Journal of Ex
perimental Psychology: Learning, Memory. & Cognition, 14,223-239.

SMITH, M. S. (1997). How do bilinguals access lexical information? In
A. M. B. de Groot & 1. F. Kroll (Eds.), Tutorials in bilingualism: Psy
cholinguistic perspectives (pp. 145-168). Mahwah. NJ: Erlbaum.

SRINIVAS, K. (1995). Representation of rotated objects in explicit and
implicit memory. Journal of Experimental Psychology: Learning,
Memory. & Cognition, 21,1019-1036.

TENPENNY, P. L. (1995). Abstractionist versus episodic theories of rep
etition priming and word identification. Psychonomic Bulletin & Re
view, 2, 339-363.

VAN HEUVEN. W. J. B., DIJKSTRA, T. & GRAINGER. J. (1998). Ortho
graphic neighborhood effects in bilingual word recognition. Journal
ofMemory & Language, 39, 458-483.

ZIEMER, H. E., & BOWERS. 1. S. (1999). Phonological and orthographic
contributions to long-term priming in the lexical decision task. Man
uscript submitted for publication.

(Manuscript received May 27, 1997;
revision accepted for publication January 21, 2000.)




