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Recognition of Cognates and Interlingual Homographs:
The Neglected Role of Phonology
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In two experiments Dutch–English bilinguals were tested with English words varying in their
degree of orthographic, phonological, and semantic overlap with Dutch words. Thus, an English word
target could be spelled the same as a Dutch word and/or could be a near-homophone of a Dutch word.
Whether such form similarity was accompanied with semantic identity (translation equivalence) was
also varied. In a progressive demasking task and a visual lexical decision task very similar results
were obtained. Both tasks showed facilitatory effects of cross-linguistic orthographic and semantic
similarity on response latencies to target words, but inhibitory effects of phonological overlap. A third
control experiment involving English lexical decision with monolinguals indicated that these results
were not due to specific characteristics of the stimulus material. The results are interpreted within an
interactive activation model for monolingual and bilingual word recognition (the Bilingual Interactive
Activation model) expanded with a phonological and a semantic component.© 1999 Academic Press
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Shakespeare (1564–1616) was aware
words may sound similar in different languag
even when their meanings are very different
Henry V (act 3, scene 4) he used his wonde
writing skills to turn this observation to h
benefit in the following way. Katherina, t
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French princess who is destined to marry He
V, is taught English by Alice, her maid. Wh
she has learned a number of words, Kathe
asks how to say “pied” and “robe” in Englis
Alice tells her “foot” and “gown.” When Kathe
rina repeats these words with a French acc
they sound like obscene French words. Ka
rina is shocked and exclaims that these Eng
words sound “mauvais, corruptible, gros, et
pudique” (“bad, depraved, rude, and unchas
She adds that she would not use these wor
the vicinity of French noblemen; but then h
itates before admitting that they are neces
after all—a remark that pleases the audien
great deal.

For researchers investigating word reco
tion, such similarities of words within an
across languages are also interesting bec
form-similar or form-identical words provide
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real challenge to the recognition system. If word
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recognition involves the retrieval of seman
information on the basis of a word’s phonolo
ical or orthographic form, word forms that a
associated with multiple meanings require
selection of one of these from the differ
possibilities. For instance, coming across
letter string BAT while reading a text, one h
to decide whether that string refers to a kind
stick or to a fluttering mammal. As shown
the introductory example, the same sort of pr
lem arises in the comprehension of spoken
guage, e.g., when one hears a phonological
like /bæt/.

Word forms may also be shared by words
different languages. For instance, in the cas
interlingual homographs,words in differen
languages share the same orthographic f
The English word ANGEL, for example,
spelled just like a Dutch word meaning “stin
Such words are also calledfalse friends,for
they look similar but have very different mea
ings. In addition to their form, words of diffe
ent languages may share (some of) their m
ing(s), i.e., they may be translation equivale
Those interlingual homographs that not o
share their orthographic form but their sem
tics as well are termedcognates.An example is
the word LIP with approximately the sam
meaning(s) in English and Dutch. To avoid c
fusion, the term homograph will be restricted
this article to cases of form identity witho
meaning overlap, thus excluding cognates.
latter term will be used for cases of both fo
and semantic overlap.

Given this overlap in form and—in the ca
of cognates—meaning across language
study of the recognition of interlingually am
biguous words may reveal how the biling
lexicon is accessed and organized. For insta
if access to information stored in the bilingua
lexicon is selective with respect to langua
only the English reading of a word like ANGE
would be accessed when a Dutch–English
lingual reads this word in an English text. Co
sequently, the stored knowledge about
Dutch word form would not affect recognitio
of the English target reading. However, if le

cal access is nonselective with respect to lant
e
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guage, an effect of the Dutch reading of
word form would be likely to occur.

To address this issue of language-selec
versus -nonselective lexical access, many s
ies in the bilingual domain have investigated
processing of interlingual homographs and c
nates in bilinguals (for overviews see Graing
1993, or Keatley, 1992). Several recent em
ical studies support the theoretical position
the bilingual language processing system is
sically nonselective in nature, but that it m
produce more selective results under partic
experimental circumstances dependent on
demands and language intermixing (Beauvil
& Grainger, 1987; Caramazza & Brones, 19
Cristoffanini, Kirsner, & Milech, 1986; Dijk
stra, Timmermans, & Schriefers, submitt
Dijkstra, Van Jaarsveld, & Ten Brinke, 1998

The main factor that has been manipulate
these studies is the relative word frequenc
the two readings of the homographs or cogn
in the two languages at hand (e.g., Gerar
Scarborough, 1989; De Groot, Delmaar, & L
ker, in press; Dijkstra, Van Jaarsveld, & T
Brinke, 1998; Dijkstra, Timmermans,
Schriefers, submitted). Although conflicting
sults do exist, it has repeatedly been found
interlingual homographs and cognates s
large cross-language effects (i.e., faster
slower response times (RTs) relative to non
biguous controls) when they have a relativ
low printed frequency in the target language
a higher frequency in the nontarget langua
The largest effects have been obtained for it
with a low frequency in the target language
a high frequency in the other language.

THE NEGLECTED ROLE
OF PHONOLOGY

Studies focusing on effects of relative f
uency in interlingual homograph recognit
ave paid little attention to another import
imension of the stimulus material that is

ikely determinant of cross-language effects:
ross-language similarity of the items in p
ology. The amount of phonological over
resent in the cognates and homographs us
xperiments varies considerably. Several in

-igators merely state explicitly that their inter-
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498 DIJKSTRA, GRAINGER, AND VAN HEUVEN
lingual homographs (e.g., Beauvillain
Grainger, 1987) or cognates (e.g., Cristoffa
et al., 1986) differ in their phonology across
bilingual’s two languages. In their experime
they make no attempt to systematically con
for interlingual homophony, and there is
guarantee that this variable was not confoun
with interlingual homography or cognatenes
even both. Some of the conflicting evidence
cognates and homographs across studies m
due to such uncontrolled confounding with
terlingual homophony.

This neglect is especially noticeable si
research in the monolingual domain has sh
that phonology plays a considerable role in
sual word recognition (see Frost, 1998, for
overview). Evidence has been obtained fr
research with masked pseudohomophone p
ing (e.g., Ferrand & Grainger, 1994; Perfett
Bell, 1991), semantic categorization of hom
phones (e.g., Van Orden, 1987; Van Ord
Johnston, & Hale, 1988), letter search
pseudohomophone stimuli (Ziegler & Jaco
1995), and many other paradigms.

There has been little work on the role
phonology in visual word recognition in bili
guals. The few bilingual studies that are av
able indicate that phonological similarity acr
languages also plays a role in the biling
domain. The majority of these studies have
volved interlingual pseudohomophones (Br
baert, Van Dyck, & Van de Poel, 1999; N
1983) and homophonic noncognates or c
nates (Doctor & Klein, 1992; Brysbaert et a
1999; Gollan, Forster, & Frost, 1997; Lam, P
fetti, & Bell, 1991; Tzelgov, Henik, & Leise
1990; Tzelgov, Henik, Sneg, & Baruch, 199
These studies have addressed two differen
related questions: (1) Is performance on a ta
stimulus influenced by the phonological sim
larity between that stimulus and a word from
nontarget language? (2) Are nontarget langu
spelling-to-sound rules automatically appl
during target stimulus processing? The pre
study is mainly concerned with the first qu
tion, and we consider past research espec
from the perspective of this issue.

Nas (1983) asked Dutch–English participa

to perform an English lexical decision experi-
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ment (Experiment 2) in which half of the no
words were cross-language pseudoho
phones. These were constructed by chan
the spelling of a Dutch word in such a way t
their orthographic appearance was English,
their pronunciation according to English sp
ing-to-sound conversion rules was still the sa
as the original Dutch word. For instance,
pseudohomophone SNAY was derived from
Dutch word SNEE meaning “cut.” Clear
SNAY differs from SNEE in its orthography—
moreover, to a Dutch speaker it does not l
like Dutch but like English—but according
English spelling-to-sound corresponden
SNAY sounds very much like the Dutch wo
which is pronounced [snay]. The Dutch–E
glish bilingual participants were slower in
jecting the cross-language pseudohomoph
than the regular nonwords (such as PRU
which is not homophonic with a Dutch word
an English word) and made more errors
them. This result indicates that internal rep
sentations of Dutch words are activated du
an English lexical decision task, supporting
hypothesis of language nonselective lexical
cess. Moreover, access to the internal lexico
a bilingual seems to proceed at least in part
nonselective phonological mediation.

Further evidence for effects of cross-l
guage phonological similarity in bilingual wo
recognition was provided by Doctor and Kle
(1992). In their study, English–Afrikaans bili
guals had to decide whether letter strings w
words in either of their two languages (gen
alized lexical decision task). As in a stand
(monolingual) lexical decision task, half of t
presented letter strings were words and
were nonwords. One quarter of the words w
interlingual homophones (e.g., LAKE–LYK
while the remaining items were interlingual h
mographs (e.g., KIND) and words that w
exclusive to one of the two languages. Hal
the nonwords were pseudohomophones in
glish (e.g., GRONE) or in Afrikaans (e.
FLOEI). With respect to the present investi
tion, the most interesting result of this study w
the inhibitory effect of interlingual homophon
The English–Afrikaans homophones were

sponded to more slowly and less accurately than
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499RECOGNITION OF COGNATES AND INTERLINGUAL HOMOGRAPHS
the interlingual homographs. In fact, the hom
phones were responded to at about the s
speed and accuracy as the nonwords in
experiment. Doctor and Klein (1992) inte
preted these results by assuming that lex
access proceeds in parallel to the English
Afrikaans orthographic lexicons, while phon
logical representations are activated simu
neously by a language nonselective graphe
phoneme translation process. Next,
phonological representation of an interling
homophone in the bilingual lexicon is found
be associated with two orthographic ent
rather than one. This detection of a “mismat
needs to be resolved, resulting in slower
sponses to interlingual homophones relativ
monolingual control items.

Indirect evidence supporting a role of pho
logical factors in bilingual processing was o
tained in a masked translation priming study
Gollan et al. (1997). In three experiments, H
brew–English or English–Hebrew bilingu
made a lexical decision on Hebrew or Eng
target words that were preceded by briefly p
sented prime words from the same or the o
language. Cross-language prime–target p
consisted of cognate or noncognate transla
equivalents or unrelated items. The Hebre
English cognate items overlapped in phono
ical form and meaning, but not in orthograp
form because the Hebrew script bears no vi
relationship to the Roman script used in
glish. Relative to noncognate item pairs,
hanced cross-language priming effects w
found for the Hebrew–English cognate it
pairs when the target words were preceded
primes from the dominant language of the
lingual participants, but not when the prim
were from their nondominant language. A
cording to the authors, the presence of s
enhanced cross-language effects for cog
items that do not share their orthography
evidence that phonological similarity must p
a mediating role in these experiments. T
asymmetric nature of the cognate effects
tained with different scripts may be attributed
an overreliance on phonology in reading in
second language.
A number of studies indicate that when bi-
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linguals process target words in one langu
they apply not only the spelling-to-sound c
version rules of that language but also thos
their other language at the same time. Tze
et al. (1996) tested Hebrew–English bilingu
in a Stroop color naming task with “cross-sc
homophones,” items that sound like a co
word in the target language when pronoun
according to the spelling rules of the nontar
language. An example is the English-writ
letter string “kahol” that sounds like the Hebr
color name for “blue” when pronounced acco
ing to English spelling rules. For items like th
that were presented in an incongruent c
(e.g., “kahol” in red ink), the common Stro
interference effect was found. This result s
ports the automatic application of sublexi
grapheme-to-phoneme conversion rules of
nontarget language to the input letter string d
ing the retrieval of the target language co
name for this string. Because these stim
printed in Roman script cannot be assigne
pronunciation using Hebrew spelling-to-sou
correspondences, the data indicate that no
get language spelling-to-sound correspond
rules cannot be suppressed even when
hinder performance.

More direct evidence supporting the para
application of spelling-to-sound rules of tw
languages to stimulus input has recently b
provided by Brysbaert et al. (1999). These
thors observed an interlingual phonological
fect in a masked priming paradigm. Dutc
French bilinguals and French monolingu
identified briefly presented French target ite
preceded by briefly presented and masked p
words or nonwords. In the first experiment,
primes were French nonwords or Dutch wo
French nonword primes belonged to three ty
They were pseudohomophones created
changing one letter of the target word (e
“fain–FAIM”), nonhomophonic controls wit
the same letters in common with the tar
(“faic–FAIM”), or pseudohomophonic no
words with only one letter in common with t
target word (“fint–FAIM”). If the prime was
Dutch word, it was either homophonic to t

French target (“paar–PART”), a graphemic con-
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500 DIJKSTRA, GRAINGER, AND VAN HEUVEN
trol (“paal–PART”), or unrelated to the targ
(“hoog–PART”).

For the French prime–French target stim
the bilinguals identified fewer target words th
the monolinguals, but the two groups displa
similar orthographic and phonological primi
effects for the three types of nonwords. For
Dutch prime–French target stimuli, the effe
of orthographic prime–target overlap were a
comparable across the two groups of par
pants. However, with respect to phonolog
overlap a different pattern emerged for bi
guals and monolinguals. Significant interling
phonological priming effects were observed
the bilingual but not for the monolingual pa
ticipants.

In a second experiment, the effects were
licated with Dutch homophonic and graphem
control nonwords as primes. A Dutch homop
nic nonword is a sequence of letters that
word in neither Dutch nor French and that
cording to Dutch—but not French—pronunc
tion rules sounds like a French target word.
example is “soer,” which in Dutch would b
pronounced very similar to the French w
SOURD. Even though the bilingual participa
were unable to identify the prime stimuli a
although they were unaware of the biling
nature of the task, they appeared to autom
cally apply the letter-to-sound conversion ru
of both their languages.

This short review clearly shows that the
lingual recognition of words from the same
different scripts is affected by cross-langu
phonological similarity. However, most bili
gual studies ascribe a major importance
cross-linguistic orthographic similarity (inte
lingual homographs) and semantic equivale
(translation equivalents and cognates) but
nore the effects of phonological overlap. Th
an important goal of study must be to assess
precise contribution of phonological codes
the bilingual word recognition process and
determine their interaction with orthograp
and semantic codes.

In this article we attempt to disentangle
effects of the different types of overlap on
word recognition of Dutch–English bilingua

by introducing a number of systematically con-
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trolled types of false friends and cognates
total, we defined six different test-word con
tions by orthogonally and bimodally varyi
semantic, orthographic, and phonological o
lap between English and Dutch lexical rep
sentations. Three of these conditions invol
cognates that were both homographic and
mophonic across languages, only homograp
or only homophonic. The other three conditio
were similar types of false friends. All te
words in the six conditions are given in t
Appendix. The resulting test word categor
can be referred to by the following abbrev
tions: SOP, SO, SP, OP, O, and P words.
capitals indicate on which dimension(s) the
glish test words are similar/identical to Du
words: “S” stands for similar semantics, “O” f
identical orthography, and “P” stands for sim
lar phonology. Thus, the abbreviation “SO
refers to the homophonic cognates with ide
cal orthographies (e.g., HOTEL–HOTE
while “P” refers to nonhomographic homoph
nic false friends (e.g., COW–KOU, mean
COLD in Dutch).

All examples of cognates and homogra
have identical orthographic word form
Whereas in most studies cognates are defin
translation equivalents with completely iden
cal orthographies (e.g., FILM–FILM), some
searchers apply deviating definitions. For
stance, in the terminology of De Groot and N
(1991), English–Dutch word pairs lik
HEIGHT–HOOGTE and POLICE–POLITI
are cognates. The term “semi-cognate,” co
by De Bot, Cox, Ralston, Schaufeli, and W
tens (1995), would probably be more appro
ate here, since, apart from the existing so
differences, these Dutch and English transla
equivalents obviously differ with respect
their spelling (accordingly, De Groot and N
define cognates as translation equivalents
aresimilar in their sound and spelling).

The variation in the definitions of cogna
and (to some extent) homographs complic
the comparison of different experimental
sults. Furthermore, it would seem to be a g
research strategy to start investigatingidentical
cognatesand identical homographsbecause

is currently not clear to what extent form dif-
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ferences may affect competition among lex
candidates. Available experimental and sim
tion work involving bilingual neighborhood e
fects by Van Heuven et al. (1998) indicates
even small differences in word form have c
siderable effects on lexical processing, bot
terms of lexical competitor sets and proces
time. Form-identical cognates and homogra
however, have identical sets of lexical comp
itors within and between languages.

The incorporation of the six maximally d
vergent conditions mentioned above in the
periments allows us to test a number of hyp
eses. First, any effects of similarity with
nontarget language word on the recognition
that target word can be taken as evide
against a language-selective access hypoth
Second, if overlap on all three manipulated
mensions (orthography, phonology, and sem
tics) exerts a comparable and facilitatory ef
on target recognition, the RTs in the differ
experimental conditions will be ordered as
lows, from fast to slow: SOP, SO/SP/OP, O
control items. This prediction is based on
assumption that similarity on more dimensi
would lead to larger facilitation effects and
the observation that empirical studies have g
erally found facilitation effects for cognates t
are larger than for interlingual homograp
(e.g., Dijkstra, Van Jaarsveld, & Ten Brink
1998). The larger effect for cognates would
due to the cross-linguistic semantic over
which is absent in interlingual homographs.

We tested these six word conditions
Dutch–English bilinguals in two experimen
involving different paradigms. In the first e
periment we used the progressive demas
task in which the presentation of a target w
is alternated with that of a mask. During t
process of alternation, the target presenta
time increases while that of the mask decrea
The participant’s task is to push a button as s
as the target word is identified. Presenta
conditions are adjusted such that the ave
RT, measured from the onset of the alterna
process, falls between 1 and 2 s. Compare
other paradigms (such as lexical decision),
gressive demasking reduces the rate of pre

ing the sensory information to the participanti
l
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t

g
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thus effectively slowing the target identificati
process. Prior work using progressive dem
ing and related techniques both monolingu
and bilingually has demonstrated the sensiti
of the paradigm to various aspects of lex
processing (Carreiras, Perrea, & Grain
1997; Grainger & Segui, 1990; Schreuder
Baayen, 1997; Snodgrass & Mintzer, 1993; V
Heuven et al., 1998). In the second and t
experiment we used the same stimulus mat
in a standard English lexical decision ta
which required the inclusion of nonwords in
stimulus list. The last two experiments o
differed in terms of their participants, who we
Dutch–English bilinguals in the second exp
ment and English monolinguals in the th
experiment.

EXPERIMENT 1: PROGRESSIVE
DEMASKING WITH DUTCH–ENGLISH

BILINGUALS

ethod

Participants.Forty students of the Universi
f Nijmegen with normal or corrected-to-no
al vision participated in the experiment

ourse credit. All students were native spea
f Dutch who had learned English as a fore

anguage at school for at least 6 years and
nglish regularly during their study.
Stimuli. A list of English three-, four-, an

ve-letter words was extracted from t
ELEX database (Baayen, Piepenbrock, & V
ijn, 1993). Only nouns and adjectives with
rinted-lemma frequency of at least two occ
ences per million (o.p.m.) were included. Ne
nglish items were selected that were as sim
s possible to Dutch words with respect to t
rthography, phonology, and/or semantics
eneral selection criterion was that the
ords had to be similar to just one, or mai
ne, Dutch word. In other words, a test w
as allowed to have only one strong Du
ompetitor word. For example, BEER was
elected: not only does it have the same or
raphic form as the Dutch word BEER, me

ng BEAR, it also is written and pronounc
ery similarly to the Dutch word BIER, mea
,ng BEER. In addition, only words were se-
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502 DIJKSTRA, GRAINGER, AND VAN HEUVEN
lected that were expected to be known to
intended population of Dutch–English bilingu
participants.

For each of the six different conditions (SO
SO, SP, OP, O, and P) 15 English test wo
were selected. All test words are given in
Appendix. The SOP, SO, and SP words
their Dutch competitor words were translat
equivalents. The OP, O, and P words, howe
had different meanings from their Dutch co
petitors. The orthographic forms of the SO
SO, OP, and O words were identical to thos
their Dutch competitors. The cross-langu
similarity with respect to orthography of the
and P words was kept as low as possible.
nally, while the cross-language similarity w
respect to phonological overlap was very h
for words of the SOP, SP, OP, and P conditio
it was as low as possible for words of the
and O conditions.

To obtain a measure of the subjective cro
language similarity of the test items, we as
12 participants from the same population to
the orthographic, phonological, and sema
overlap of each of the 90 English items w
their major Dutch competitor word on a sc
from 1 (no similarity or overlap) to 7 (perfe
similarity or overlap). English items unknow
to the participants had to be indicated and
ceived a semantic score of 1 (no percei
overlap). Each partipant saw all test items th
times in different blocks. Each block consis

TAB

Mean English and Dutch Word Frequency (in Occur
rthographic, and Phonological Subjective Similarity
onditions

Test words

Word
type

English
frequency

Dutch
frequency

Word
length

Semant
similarit

SOP 41.3 32.3 4.0 6.3
SO 43.0 27.9 4.2 6.7
SP 42.5 27.2 4.2 6.2
OP 40.2 27.9 3.9 2.1
O 40.2 27.4 4.2 1.6
P 41.7 29.1 3.9 1.2
of English–Dutch item pairs in a unique pseu-
e

,
s

d

r,

,
f
e

i-

,

-

e
c

-
d
e

dorandomized order with maximally four ite
pairs from one stimulus condition in a row. T
order in which the items were scored on
three dimensions was counterbalanced over
ticipants. The generalizability coefficient (Cro
bach’s alpha) across raters was 0.98 for
semantic scores on the 90 item-pairs, 0.99
the orthographic scores, and 0.97 for the p
nological scores. The resulting mean sco
across participants for all Word Types on
three dimensions are given in Table 1. As
be seen, the subjective similarity scores con
that item selection was in correspondence
the criteria distinguishing the different test c
ditions.

The English test items in the six conditio
were on average of the same length (numbe
letters) and were matched with respect to
glish word frequency and Dutch competi
word frequency. Each test word was assign
control word that was matched in English f
quency, length and, where possible, conson
vowel structure. Table 1 shows the word f
quencies and length of the test and control it
in the different conditions. Only English wor
that deviated considerably in their spellings
pronunciations from any Dutch word were u
as controls.

Procedure.Participants were tested indiv
ually in a soundproof room. Presentation of
visual stimuli and recording of RTs was co
trolled by an Apple Macintosh Quadra co

1

ces per Million), Length (in Number of Letters) and Se
res of Test Words and Control Words in the Differe

Control words

Orthographic
similarity

Phonological
similarity

English
frequency

Word
length

7.0 6.1 41.5 4
7.0 2.9 43.0 4.
3.3 5.7 42.0 4.
7.0 6.0 40.3 3.
7.0 2.6 40.4 4.
2.8 6.0 41.9 3.
LE

ren
Sco

ic
y

puter. The experimentation software was devel-
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oped in collaboration with the Technical Gro
of the Nijmegen Institute for Cognition a
Information (NICI). The monitor was placed
a distance of approximately 60 cm from
participants in order to provide projecti
within the fovea of the eye. Stimuli appeared
lowercase Courier (18 points) at the cente
the computer screen on a white backgroun

Participants received printed English instr
tions explaining that they had to identify E
glish words that would gradually appear on
computer screen out of a background of vis
noise. Participants were instructed to reac
soon as they identified an English target w
but without making errors.

At the beginning of each trial the wor
“NEXT WORD” were presented. After the pa
ticipant pressed a button two small lines
peared, 6.6 mm (15 pixels) above and below
center of the screen. After 1500 ms, the sc
was cleared and one of two checkerboard m
was presented at the center of the screen (
ering the whole word matrix). One mask co
sisted of black and white blocks (checkerbo
pattern) and the other was the inverse o
(black became white and white became bla
The two masks were presented in turn.
mask presented on the first cycle of each
was changed across participants. In the
cycle the mask appeared for 300 ms and
followed by the target word which was p

TAB

Mean Response Times (RT, in Milliseconds),
for All Test Conditions and Th

Word type

Test words

RT SE Error %

SOP 1714 31 1.7
SO 1702 34 1.3
SP 1741 32 2.4
OP 1761 33 2.0
O 1697 32 3.1
P 1780 35 2.7

Overall 1732 31 2.2

Note.Planned comparisons: **p , .01; *p , .05.
sented for 15 ms at the same position on th
f

-

l
s

-
e
n
s

v-

t
).
e
l
t
s

screen. Then the other mask was presented
now for 285 ms, followed again by the targ
word for 30 ms, and so on. The time that
mask was visible decreased, while the time
the target word was visible increased until
mask presentation time was zero. The prog
sive demasking cycling process lasted until
participant pushed the response button or
6 s when the participant did not respond.
mediately after the participants had pressed
button to indicate that they had identified
target word, this word was replaced by a che
erboard backward mask. At the same tim
dialog box appeared with the words “Enter
word.” After the participants entered the wo
that they had identified, the next trial starte

The presentation order of the items was
dom and different for every participant. T
experimental stimuli were presented in o
block of 180 trials. Prior to the actual expe
ment, each participant completed a block o
practice trials containing the same types of
glish words as in the main experiment. T
experimental session lasted about 30 min.

Results

The overall error rate was very low: 2.6
Reaction times that fell outside two stand
deviations of both the participant and item m
were considered to be outliers (1.3% of
data). Before running the analyses, both er

2

andard Errors (SE), and Error Percentages (Error %)
atched Controls in Experiment 1

Control Words
RT

effect
Error
effectT SE Error %

760 34 3.9 246** 22.2*
742 33 2.7 240* 21.4
766 35 5.5 225 23.1*
722 31 1.5 39* 0.
750 33 1.2 253** 1.9*
742 33 3.2 38* 20.5

747 32 3.0 15 20.8
LE

St
eir M

R

1
1
1
1
1
1

1

eand outliers were removed. Table 2 presents the
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mean latencies, standard errors, and perce
errors in the different experimental conditio

An analysis of variance was conducted
cluding the within-participant factors of Con
tion (SOP, SO, SP, OP, O, and P) and W
Status (Test or Control). Since the selec
items form a nonrandom and almost exhaus
selection of the item population, we ran ana
ses over participants only. The analysis sho
a main effect of Condition [F(5,195) 5 5.49,
p , .001] and a nonsignificant effect of Wo
Status [F(1,39) 5 2.55, p 5 .11]. Reaction
imes in the test conditions were somew
aster (by 15 ms) than in the control conditio
ore importantly, a significant interaction b

ween Word Status and Condition was fou
F(5,195)5 7.32,p , .001].

The RTs of test and control words with
ach condition were analysed in six plan
omparisons. These planned comparisons
ated that the RTs for SOP, SO, and O
ords were significantly faster than th
atched controls [SOP:F(1, 39) 5 9.30, p ,

01; SO:F(1, 39)5 5.50,p , .05; O:F(1,39)5
0.50, p , .01]. The P and OP condition
owever, were found to be significantly slow

han their matched control conditions
(1,39) 5 5.50,p , .05; OP:F(1,39) 5 4.95,

p , .05]. In the SP condition, RTs to cont
words and test words were not significan
different [SP:F(1,39)5 1.87,p 5 .18].

An analogous analysis of variance on
error rates in the different test and control c
ditions showed a main effect of Word Sta
[F(1,39) 5 6.22, p , .05] and of Condition
[F(5,195)5 3.07,p , .05]. Fewer errors we
generally observed for test items than for c
trol items. Furthermore, a significant interact
between Word Status and Condition was fo
[F(5,195)5 3.48,p , .01].

The errors of test and control words with
each condition were analysed in six plan
comparisons. These planned comparisons
cated that there were significantly fewer err
for SOP, SO (marginally), and SP test wo
than for their matched controls [SOP:F(1,39)5
5.87,p , .05; SO:F(1,39)5 3.89,p 5 .06; SP
F(1,39) 5 5.76, p , .05]. In the OP and

conditions error rates to test words and contro
ge

d
e
-
d

t
.

i-
t

-

-

d

i-

words were not significantly different [bo
F(1,39), 1]. In the O condition test words le
to more errors than their matched cont
[F(1,39)5 4.23,p , .05].

Furthermore, we tested cognates (SO, S
and homographs (OP, O) as defined in m
other studies against their matched contr
Cognates, having a mean RT of 1708 ms, w
recognized significantly faster than th
matched controls with a mean RT of 1751
[F(1,39) 5 12.51, p 5 .001]. Homograph
(1729 ms), however, were recognized abou
fast as their controls (1737 ms) [F(1,39) , 1].
In the error analysis, fewer errors were mad
cognates (1.5%) than to their controls (3.3
[F(1,39) 5 11.11,p , .001], but more error
were made to homographs (2.6%) than to t
controls (1.4%) [F(1,39)5 5.06,p , .05].

Finally, we were interested to see if the
hibitory effect of phonological similarity re
ported above could also be detected at the
of individual items. Using the available subje
tive similarity scores for all test items (see s
tion “Stimuli” above), we computed the Pears
correlation between the phonological simila
score for each item and its mean RT. The
sulting positive correlation,r 5 .26, was signif
icant at the 5% level. Thus, this analysis s
ports the earlier analyses with respect to
inhibitory contribution of phonological simila
ity to the RT. However, this correlation at ite
level should be interpreted with some caut
given that the amount of variability in the ph
nological similarity scores was relatively hi
between test conditions, but relatively l
within conditions.

Discussion

Experiment 1 showed significant RT diffe
ences between particular types of cognates
interlingual homographs and their matched c
trol words. The pattern of results is clearly
in accordance with a language selective ac
view because such a view would not predict
of these differences to arise. In this context
also note that the error rates for all test co
tions and their matched control conditions

lther went in the same direction as the RTs or did
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505RECOGNITION OF COGNATES AND INTERLINGUAL HOMOGRAPHS
not differ, the O condition being the only e
ception.

While the results support a language non
lective access view, they do not conform t
simple view that assumes faster RTs when
the interlingual overlap in terms of the thr
codes (orthography, semantics, and phonol
increases. Rather, orthographic and sem
overlap leads to faster RTs, while phonolog
overlap induces slower RTs.1

These results help to explain why studies
the past have often observed facilitatory effe
for cognates, but not for homographs. If
cognate materials in an experiment conta
mixture of SOP and SO stimuli, according
our study the overall result will still be facilit
tory due to the combined facilitation produc
by semantic and orthographic overlap. Ho
ever, a mixture of OP and O interlingual hom
graphs would be expected to induce m
smaller facilitation effects relative to monol
gual control items.

To obtain cross-experiment generality and
assess the “functional overlap” (Jacobs
Grainger, 1994) of different tasks, we decid
to test our stimulus material in a different e
perimental paradigm. While the Dutch–Engl
bilinguals in the first experiment performed
more recently developed progressive dem
ing task, the standard visual lexical decis
task was used in Experiment 2. This ma
Experiment 2 in some aspects comparable to
lexical decision study by Doctor and Kle
(1992) who found inhibitory effects of phon
logical overlap in English–Afrikaans hom
graphs. However, our lexical decision exp
ment differed from theirs in a number
respects. First, to be able to test exactly
same word stimuli as in Experiment 1, we p
formed an English lexical decision task with
any other-language items rather than the ge
alized lexical decision task used by Doctor
Klein (1992). Furthermore, we systematica
controlled cross-language phonological ove
for homograph stimuli and introduced the sa

1 An inhibitory effect for low-frequency heterograph
omophones relative to matched control items has also
eported in the monolingual domain by Davelaar et

1978, Experiment 3).
-

r

)
ic
l

s

a
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s
e

e
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r-

p

systematic distinction for cognate items, wh
there is considerable semantic overlap betw
the two languages. Finally, in Doctor a
Klein’s study half of the nonwords were eith
English or Afrikaans pseudohomophones.
cause it is well known from the monolingu
word recognition literature that the introduct
of pseudohomophones may affect the pho
logical processing of target words (e.g., Gi
& Van Orden, 1998), we decided not to inclu
this special type of nonword.

EXPERIMENT 2: LEXICAL DECISION
WITH DUTCH–ENGLISH BILINGUALS

Method

Participants. Thirty Dutch students of th
University of Nijmegen from the same popu
tion as in Experiment 1 took part in the exp
iment.

Stimuli. The 180 words and control wor
from the first experiment were used again. S
the lexical decision task also requires the in
sion of nonwords, an equal number of s
stimuli were constructed. These were all ort
graphically regular and pronounceable stri
of letters in English. They were derived fro
English words that were not in the set of exp
imental words by changing, adding, or delet
one or two letters.

Procedure.Presentation of the visual stim
and recording of the RTs was controlled by
Apple Macintosh IIcx microcomputer. Th
same experimentation software and gen
stimulus presentation conditions were used a
Experiment 1.

Participants received printed English instr
tions. They were told that letter strings wo
appear on the screen one after another and
it was their task to decide as quickly and ac
rately as possible whether the strings were
glish words. In case of a word they had to pr
with their right forefinger, the right-hand butt
of two buttons in front of them. In case of
nonword they had to press, with their left fo
finger, the left-hand button. No left-handed p
ticipants participated in the experiment.

Each trial began with two slashes, o
en
.

slightly above and one slightly below the mid-
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506 DIJKSTRA, GRAINGER, AND VAN HEUVEN
dle of the screen. The slashes served as a
tion point and stayed on the screen for 800
There was an interstimulus interval of 300
prior to the letter string’s appearance. Le
strings were presented in the middle of
screen and remained there until the particip
responded or until a response limit, set at 1
ms after stimulus onset, was reached. After
letter string’s disappearance, there was an in
val of 700 ms before the next trial started.

The presentation order of the test mater
was random and different for every participa
The experimental stimuli were presented
three blocks of 120 trials. A pause of abou
min occurred between two blocks. The n
block began as soon as the participant
ready. Prior to the actual experiment, each
ticipant completed a block of 32 practice tri
containing the same types of stimuli as
experiment. The experimental session lasted
proximately 45 min.

Results

The overall error rate was 9.2%, 12.6%
words and 5.9% for nonwords. Reaction tim
that fell outside 2 standard deviations of b
the participant and item mean were conside
to be outliers. In total 1.9% of the data w
outliers. Both errors and outliers were remo
before running the analysis. Table 3 shows

TAB

Mean Response Times (RT, in Milliseconds),
for All Test Conditions and Th

Word type

Test words

RT SE Error %

SOP 593 13 10.6
SO 566 11 1.3
SP 615 13 15.8
OP 608 17 16.7
O 595 15 9.1
P 635 16 18.1

Overall 601 13 12.0

Note.Planned comparisons: **p , .01; *p , .05.
mean latencies, standard errors, and error pe
a-
.

r

t
0
e
r-

s
.

t
s
r-

p-

d

e

centages for the word target conditions. T
mean RT to nonwords was 649 ms.

The same within-participant factors we
used as in Experiment 1: Condition (SOP,
SP, OP, O, and P) and Word Status (Tes
Control). An ANOVA run on the latencies
the word targets including these factors sho
a main effect of Word Status [F1(1,29)5 4.44,
p , .05] and Condition [F(5,145)5 5.04,p ,
.001]. Critically, the interaction between Wo
Status and Condition was also signific
[F1(5,145)5 9.11,p , .001].

Planned comparisons were run for each o
six test conditions with their matched contro
As in Experiment 1, latencies for test words
the SOP, SO, and O conditions were sign
cantly faster than in their matched control c
ditions [SOP:F(1,29) 5 7.73, p , .01; SO
F(1,29) 5 23.57,p , .001; and O:F(1,29) 5
4.75, p , .05]. Test words in the P conditio
were significantly slower than their contr
[F(1,29)5 12.94,p 5 .001]. The latencies fo
the test and control words did not differ sign
icantly in the SP condition [F(1,29)5 1.16,p 5
.29] and in the OP condition [F(1,29), 1].

An analogous analysis of variance on
error rates showed no main effect of W
Status [F(1,29) 5 2.49, p 5 .13]. However, a
main effect of Condition was observ
[F(5,145) 5 5.01, p , .01]. Furthermore,

3

andard Errors (SE), and Error Percentages (Error %)
atched Controls in Experiment 2

Control words
RT

effect
Error
effectT SE Error %

18 11 15.5 225** 24.9*
09 14 17.0 243** 215.7**
25 17 15.4 210 0.4
00 11 8.0 8 8.7
16 12 13.9 221* 24.8*
01 11 11.8 34** 6.3

12 11 13.6 211 21.6
LE

St
eir M

R

6
6
6
6
6
6

6

r-significant interaction between Word Status and
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Condition was found [F(5,145) 5 24.49,p ,
.001]. The errors of test and control wo
within each condition were analyzed in
planned comparisons. There were significa
fewer errors for SOP, SO, and O test words t
for their matched controls [SOP:F(1,29) 5
5.74,p , .05; SO:F(1,29)5 74.82,p , .001;
O: F(1,29) 5 4.59,p , .05]. In the OP and
test conditions, however, there were more er
than in the matched control conditions [O
F(1,29)5 27.81,p , .001; P:F(1,29)5 10.13
p , .01]. In the SP condition, error rates to t
words and control words were not significan
different [F(1,29), 1].

Furthermore, we tested cognates (SO, S
nd homographs (OP, O) as defined in m
ther studies against their matched contr
ognates had a mean RT of 579 ms and w

ecognized significantly faster than th
atched controls with a mean RT of 614

F(1,29)5 31.34,p , .001]. Homographs (60
s), however, were recognized about as fa

heir controls (608 ms) [F(1,29) , 1]. In the
orresponding error analysis significant diff
nces were found between cognates (6.0%)

heir controls (16.3%) [F(1,29) 5 47.05,p ,
001], but not between homographs (13.0%)
heir controls (10.9%) [F(1,29) 5 2.02, p 5
.17].

Finally, we again computed the Pearson
relation between the phonological similar
score for each item and its mean RT. The
sulting positive correlation again wasr 5 .26,
ignificant at 5% level. Once more, the analy
t stimulus category level and at item le
how a slowing of RTs with increasing cro
anguage phonological similarity.

iscussion

Experiment 2 (lexical decision) replicated
attern of results obtained in Experiment 1 (p
ressive demasking) to a large extent. Inte
ual orthographic and semantic overlap fa

ated lexical decision responses to target wo
hereas phonological similarity with a nont
et language word resulted in significan

onger RTs. There was only one condition t
roduced different results in Experiments 1

: the OP condition, which showed an inhibitioni
y
n

s

t

)
t
.
e

s

d

d

-

-

s
l

-
-

s,

t

effect in Experiment 1 but a null result in E
periment 2. Inspection of Table 2 shows that
mean RT in the OP control condition in Exp
iment 1 was fast not just with respect to its
condition, but also relative to the other con
conditions, with which it was also rather w
matched (as can be seen in Table 1). We th
fore suggest that this OP effect was due
theoretically uninteresting RT fluctuation in o
control condition.

To further assess the similarity in respo
patterns on the two experiments, we comput
Pearson product-moment correlation coeffic
between the two experiments using the
means for the latencies in test and control c
ditions. The observed value of .88 (p , .001)
ndicates that the RTs in the progressive

asking task in Experiment 1 can to a la
egree be derived from the RTs in the vis

exical decision task of Experiment 2 by add
constant (of about 1130 ms) reflecting dif

nces in task characteristics. The strong s
arity in the data of Experiments 1 and 2 p
ides additional evidence that there is a la
functional overlap” between the lexical de
ion and progressive demasking tasks (Jaco
rainger, 1994; see Schreuder & Baayen, 1
nd Carreiras, Perea, & Grainger, 1997,

urther demonstrations).
In our English lexical decision task we fou

nterlingual phonological inhibition effects ju
ike Doctor and Klein (1992) did in their ge
ralized English–Afrikaans lexical decisi

ask. We think this is a more convincing de
nstration of cross-language phonological in
nces in bilingual word recognition, since o
articipants only saw words of one langu
nd did not receive any pseudohomoph
timuli. These aspects of our experimental
ign make it less likely that the observed p
ological inhibition effect is merely strategic
ature.
Before we present a more elaborate acc

f our interpretation of these results, we n
hat all comparisons between test and con
onditions in Experiments 1 and 2 are betwe
tem comparisons. In order to make sure tha
imilar data patterns obtained in the two exp

ments were not due to specific characteristics
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508 DIJKSTRA, GRAINGER, AND VAN HEUVEN
of the items in the various test and con
conditions, we decided to replicate Experim
2 with monolingual English speaking parti
pants. If the test and control items are ind
well matched, the RTs for monolingual part
ipants in the different subconditions should
yield any significant differences.

EXPERIMENT 3: LEXICAL DECISION
WITH AMERICAN ENGLISH

MONOLINGUALS

ethod

Participants. Thirty-one undergraduate a
raduate students of the Pennsylvania S
niversity participated in the experiment
ourse credit. All were native speakers
merican English. After the experiment th
lled in a questionnaire indicating their expe
nce with foreign languages. Participants w
onsidered to be “bilinguals” if (a) they h
ore than 5 years of experience with a sec

anguage, in particular German, French,
panish; or (b) they had learned more than

anguages other than English (e.g., in h
chool). Eleven participants belonged to
ategory. The remaining 20 participants w
onsidered to be “American English mono
uals” and only their data were analyzed.
Stimuli. The 180 words and control wor

rom Experiment 2 were used in this expe

TAB

Mean Response Times (RT, in Milliseconds)
for All Test Conditions and Th

Word type

Test words

RT SE Error %

SOP 512 13 5.6
SO 490 14 2.9
SP 499 15 3.6
OP 501 13 5.4
O 502 14 7.5
P 497 14 7.0

Overall 501 13 5.4

Note.Planned comparisons: **p , .01; *p , .05.
ent. Almost all of the 180 nonwords fromp
l
t

d

t

te

f

e

d
r
o

xperiment 2 were also included, with the
eption of 10 nonwords that turned out to
ither very low-frequency words in Americ
nglish (e.g., MULCH, SHALE) or tabo
ords. These items were replaced by simil
onstructed different nonwords.
Procedure.Presentation of the visual stim

nd recording of the RTs was controlled by
pple Macintosh IIsi microcomputer. The sa
xperimentation software, stimulus presenta
onditions, and English instructions were u
s in Experiment 2. There was no mention to
articipants of the fact that some of the Eng

est words were also Dutch words or soun
ike them.

esults

The overall error rate was 7.4%, 5.4%
ords and 9.4% for nonwords. Three ite
ere found to have an error rate above 5

FAY, POX, and WALE). It was decided
xclude these items and their matched cou
arts (FAY, POX, WALE, and JURY) from

urther analysis.2 Reaction times that fell ou
side 2 standard deviations of both the par
pant and item mean were considered to be
liers. In total 1.5% of the remaining data w

2 Reanalysis of the data from Experiment 2 leaving
hese four items did not result in any change in the st
ically significant result pattern for the bilingual parti

4

andard Error (SE), and Error Percentages (Error %)
atched Controls in Experiment 3

Control words
RT

effect
Error
effectT SE Error %

03 15 3.0 9 2.
99 13 5.9 29 23.0
11 13 2.2 212 1.4
98 14 3.1 3 2.
95 13 5.1 7 2.
96 14 2.7 1 4.

00 13 3.7 1 1.
LE

, St
eir M

R

5
4
5
4
4
4

5

ants.
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outliers. Both errors and outliers were remo
before running the analyses. Table 4 shows
mean latencies and error scores for the w
target conditions. The mean RT to nonwo
was 575 ms.

The same within-participant factors we
used as in Experiments 1 and 2: Condi
(SOP, SO, SP, OP, O, and P) and Word St
(Test or Control). An ANOVA run on the la
tencies of the word targets including these
tors showed neither a main effect of Word S
tus [F(1,19), 1] nor of Condition [F(5,95)5
1.32, p 5 .26]. The interaction between Wo

tatus and Condition was not significant eit
F(5,95)5 1.34,p 5 .25]. Planned compariso
ere run for each of the six test conditions w

heir matched controls. In contrast to Exp
ents 1 and 2, none of these comparisons le

ignificant effects [SOP:F(1,19) 5 1.59, p 5
.22; SO: F(1,19) 5 1.72, p 5 .21; SP

(1,19) 5 2.04, p 5 .17; OP, O, and P: a
(1,19), 1].
An analysis of variance on the error rates

he different test and control conditions show
main effect of Word Status [F(1,19) 5 7.83,
, .05] but only a trend toward an effect
ondition [F(5,95) 5 2.06, p 5 .08]. The in-

eraction between Word Status and Condi
as not significant either [F(5,95)5 1.97,p 5

.09]. To find out more about the origin of t
trend toward interaction, the errors of test
control words within each condition were a
lyzed in six planned comparisons. Th
planned comparisons indicated that there w
significantly more errors in the P test condit
than in its matched control condition [F(1,19)5
4.97, p , .05]. However, in the other cond
tions, error rates to test words and control wo
were not significantly different [SO
F(1,19) 5 2.70,p 5 .12; SO:F(1,19) 5 2.46,
p 5 .13; SP:F(1,19), 1; OP:F(1,19)5 2.09,
p 5 .17; and O:F(1,19)5 1.84,p 5 .19].

iscussion

In Experiment 3, American English monol
uals performed the same lexical decision

nvolving the same stimulus material as
utch–English bilinguals did in Experiment
n general, the RTs of the monolinguals werel
e
d

s

-
-

r

to

e

s

k

06 ms faster than those of the bilingual par
pants in Experiment 2, which is not unexpec
iven the present participants’ higher pr
iency in English. Furthermore, the RTs in
2 test and control conditions all lie very clo

ogether within a range of 12 ms around
verage of 500 ms. Despite a combination

ast RTs and small standard errors, signific
T differences were observed neither betw

est and control conditions, nor between the
onditions alone. With only one exception,
est and control conditions did not differ w
espect to error rates either. The exception
ossibly be explained by some imperfec
atched item characteristic for this spec
roup of American English bilinguals (e.
eighborhood density).
To conclude, the data from the monoling

articipants in Experiment 3 indicate that
ery similar result patterns across Experime

and 2 must be ascribed to the bilingu
rocessing of the items in the various test
ontrol conditions.

GENERAL DISCUSSION

In two different experimental paradigm
rogressive demasking and lexical decis
utch–English bilinguals produced a stable
lmost identical pattern of RTs to interlingu
omographs, homophones, and cognates
iffered from matched control words in terms

heir orthographic, semantic, and phonolog
verlap with words from the nontarget la
uage. While orthographic and semantic o

ap were shown to result in facilitatory effe
elative to controls, phonological overlap
uced inhibition. A control experiment, invol

ng lexical decision by American Engli
onolinguals, showed that this pattern of

ults cannot be ascribed to differences in
haracteristics of the test and control ite
sed. The obtained bilingual results hav
umber of important theoretical implication
hich we discuss in turn.

anguage-Selective Versus Nonselective
Access

The bilingual data patterns clearly rejec

anguage-selective access hypothesis and in-
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510 DIJKSTRA, GRAINGER, AND VAN HEUVEN
stead favor a language-nonselective acces
pothesis with respect to both form (orthograp
and phonological) and meaning (semantic)
mensions. The data indicate that the biling
processing system is highly interactive beca
all three types of codes were found to affect
RTs. In an exclusively English task conte
Dutch–English bilinguals were affected in th
reactions by the similarity of the English targ
to Dutch words on all three dimensions.

By distinguishing the orthographic and ph
nological components of cognates and ho
graphs, this study clarifies those by Dijkstra
al. (1998) and by De Groot, Delmaar, and L
ker (in press). In fact, a direct comparison
this experiment to Experiment 1 by Dijkstra
al. (1998) is possible because both experim
were conducted using bilingual participa
from the same population with almost identi
computer hardware and experimentation s
ware. Dijkstra et al. (1998) also had Dutc
English bilinguals perform an English lexic
decision task involving interlingual hom
graphs, cognates, and English control wo
However, while our study involved a manip
lation of the cross-linguistic similarity of th
different codes that characterize word items
thography, phonology, and semantics), Dijk
et al. (1998) manipulated the relative freque
of the readings of interlingual homographs
cognates in English and Dutch. In their exp
ment, the RTs to Dutch–English homogra
were not clearly affected by the word freque
of their Dutch counterparts, in contrast to
cognate items that did show significant facil
tion effects compared to exclusively Engl
control words.

Table 5 shows the striking similarity in me

TAB

Mean Response Times in Milliseconds for Cognates
nglish Lexical Decision (Experiment 2 of This Study)
aarsveld, & Ten Brinke (1998)

Cognate Control

Experiment 2 579 614
Dijkstra et al. (1998) 593 630
RTs for comparable groups of cognates an
y-

-
l
e

-
t
-

ts

l
-

.

-

y

-
s

homographs in the two studies. The statist
pattern of results is also the same across the
studies. In combination, the results indicate
both the relative frequency and the cross-
guistic form and meaning similarity of the item
affect RTs. Future research should investig
in which way these two important characte
tics of bilingual items interact during the la
guage nonselective lexical access process.

Resolving Conflicting Evidence in the
Empirical Literature

In their Experiment 1, Dijkstra et al. (199
obtained null results for interlingual hom
graphs relative to matched control items. T
current study clarifies these null effects by d
tinguishing the contribution of orthographic a
phonological information to the lexical decisi
response. Experiment 2 of our study clea
demonstrates that when phonological overla
minimized (as in the O condition), facilitato
effects of interlingual homography do ari
However, failing to control for phonologic
similarity in the homograph stimuli tested w
according to the present results, generate
overall effect on the RT that combines the p
itive influence of orthographic overlap and
negative influence of phonological over
(e.g., OP condition). This reasoning also he
to explain why many other previous stud
testing interlingual homographs failed to fi
significant RT differences relative to nonhom
graphic controls (e.g., De Bot et al., 19
Dijkstra, Van Jaarsveld, & Ten Brinke, 199
Experiment 1; Gerard & Scarborough, 1989)
sum, a significant contribution of the pres
study is the demonstration of a negative in
ence of cross-linguistic phonological similar

5

OP, SO), Homographs (O, OP), and Their Matched C
d the LFE–LFD Condition of Experiment 1 by Dijkstra

Effect Homograph Control Eff

235 601 608 27
237 620 627 27
LE

(S
an
don word recognition latencies in bilinguals.
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511RECOGNITION OF COGNATES AND INTERLINGUAL HOMOGRAPHS
We obtained further support for this theor
ical position by computing the mean degree
phonological overlap presented in the comp
set of cognates and homographs in Experim
1 by Dijkstra et al. (1998). The obtained me
phonological similarity score for cognates w
5.0, while in our SOP and SO conditions it w
4.5. For interlingual homographs, it was 5
compared to 4.3 in our OP and O conditions
other words, many of the cognates used
Dijkstra et al. (1998) should be considered
our terms, strong SOP items while many of th
homographs were strong OP items (see T
1). Thus, the null effects for interlingual hom
graphs observed by Dijkstra et al. may refl
the elimination of facilitatory effects due
cross-linguistic orthographic identity by inhib
tory effects due to cross-linguistic phonologi
similarity.3

Distinct Contributions of Different Codes to
Bilingual Word Recognition

The finding that all three information sourc
(orthographic, semantic, and phonological) c
tribute to the overall response implies that th
effects should theoretically and methodolo
cally be distinguished. This can be nicely illu
trated by fitting the following linear regressi
model to the data for each of the two biling
experiments in this study. Let us assume tha
reaction times in both experiments are de
mined by a linear combination of a task-spec
component (tc) and a contribution of sema
(S), orthographic (O), and phonological
sources: RT5 tc 1 S 1 O 1 P. The weight o
the S, O, and P factors for a particular it
category is set at 1 if overlap is present and
if it is absent. Using the six means in the d
ferent test conditions and the overall mean
the control conditions, we obtain two line
regression equations with correspondingR2 cor-
relations. Experiment 1 (progressive dema
ing) resulted in the equation RT5 1743 (tc)2

8 (S) 2 27 (O) 1 34 (P) and anR2 of .86;
Experiment 2 (bilingual lexical decision)

3 Note that, if this account applies, one need not ass
as Dijkstra et al. did) that in their experiment the nonta
anguage was less activated than the target language

he composition of the stimulus list.
f
e
t

,

y

r
le

t

l

-
r

e
-

0

f

-

RT 5 613 (tc)2 21 (S)2 23 (O)1 21 (P) and
an R2 of .98. In contrast, Experiment 3 (mon
lingual lexical decision) resulted in the equat
RT 5 495 (tc)2 1 (S)1 4 (O) 1 6 (P) with an
accompanyingR2 of only .25.4 The striking
similarity of the two independent regress
equations across the two bilingual experime
(with different groups of participants) testifi
to the large functional overlap that must e
between the two paradigms. In other words,
contributions of orthographic, semantic, a
phonological information sources to the RTs
relatively task independent and are, at leas
these experiments, remarkably similar in ab
lute size.

Extending the Bilingual Interactive Activatio
Model of Bilingual Word Recognition

We now consider how the apparently op
site effects of phonology on the one hand,
orthography and semantics on the other, ca
interpreted in terms of structural characteris
of the bilingual processing system and/or p
ticipant strategies.

Although the English and Dutch word form
of the homographic test words are always c
pletely identical in terms of their orthograph
there is almost never a 100% phonological o
lap for the homophonic items due to the diff
ences in phoneme repertoire of these langua
According to a straightforward structural int
pretation then, orthographically identical co
nates and interlingual homographs can be i
tified faster than matched controls because
share lexical and sublexical orthographic re
sentations across languages. This sharing
to stronger activation of the orthographic rep

e
t
to

4 The weight of the S, O, and P factors can also
represented by the means of the obtained subjective
larity score for each word type (see Stimuli section
Experiment 1). Using the six mean similarity scores for
different test conditions and the overall mean simila
score of the control conditions, Experiment 1 resulted in
equation RT5 1746 (tc)2 5.3 (S)2 7.2 (O) 1 10.1 (P)

nd anR2 of .86. For Experiment 2, we obtained the eq
ion RT 5 616 (tc)2 4.2 (S)2 5.4 (O)1 6.7 (P) and a

2 of .97. The corresponding equation for Experiment 3
T 5 495 (tc)2 .36 (S)1 .39 (O)1 1.04 (P) with anR2
of .14.
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512 DIJKSTRA, GRAINGER, AND VAN HEUVEN
sentations during recognition and therefore
faster RTs.

In contrast, the phonological inhibition effe
arises because two distinct phonological re
sentations are activated in the two langua
Since several phoneme representations d
between English and Dutch, the lexical rep
sentations made up by these phonemes are
different. Phonological inhibition now occu
because, after a given letter string activate
compatible phonological codes independen
language (Brysbaert et al., 1999; Nas, 1983)
activated nonidentical phonological lexical r
resentations may compete at a lexical le
(e.g., through lateral inhibition). This compe
tion results in a delayed identification of t
item in the target language.

Finally, following De Groot (1992), it may b
assumed that the meaning of words is re
sented in terms of distributed semantic featu
The cross-linguistic semantic similarity pres
in cognate items will then lead to facilitati
relative to controls because both readings
cognate to a large extent activate the same
mantic features.

This theoretical interpretation of the pres

FIG. 1. A possible representation of interlingu
representation is assumed for form-identical items
bidirectional connections to their constituent let
corresponding semantic and phonological repres
results can easily be integrated into an extende
-
s.
r

-
lso

ll
f
e

l

-
s.
t

a
e-

t

version of the Bilingual Interactive Activatio
(BIA) model of bilingual visual word recogn
tion that incorporates phonology and seman
(Dijkstra & Van Heuven, 1998; Grainger
Dijkstra, 1992; Van Heuven, Dijkstra,
Grainger, 1998). This extended model assu
that interlingual homographs have a comm
whole-word orthographic representation, sho
in Fig. 1, that activates in parallel all cor
sponding semantic and phonological cod
These two latter types of representations
also connected.

The assumption of one orthographic lex
representation for ambiguous word forms
also made by interactive activation models
word recognition in the monolingual doma
(e.g., Gernsbacher & St. John, in press). B
empirically and theoretically the presen
model would therefore seem to account for
findings in the present study in a plausible
elegant way.

However, other data available in the exp
mental literature are not so easily accounted
within this view. First, in two lexical decisio
experiments Dijkstra et al. (1998, Experime
2 and 3) found that the size of the RT diff

homographs in the BIA model. A shared orthograph
onging to different languages. Lexical representations h
representations and are also directly connected to
tions (not shown).
al
bel
ter
dences between interlingual homographs and
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513RECOGNITION OF COGNATES AND INTERLINGUAL HOMOGRAPHS
controls depended on the relative word frequ
cies of the items in the target and other l
guage. It is hard to see how the two w
frequencies of the readings of an interling
homograph could differentially affect recog
tion time if both belong to only one lexic
representation, as with the model presente
Fig. 1. Assuming a shared cross-linguistic r
resentation, one might expect that summ
word frequency across languages rather
relative frequency would be the most import
determinant of the RTs. However, the assu
tion of a shared lexical representation ac
languages can be salvaged by considering w
frequency not as a characteristic of the lex
representations themselves but of the con
tions between representations (e.g., letters
words or words and concepts).

Second, if it is the competition between d
ferent phonological representations that un
lies the present inhibitory effects for incompl
P-overlap, imperfect O-overlap should logica
also induce inhibition effects. However, there
evidence that facilitation effects can arise
cognates that are only similar and not ident
in their orthographic form, at least in tas
involving word pairs (e.g., De Groot & Na
1991; De Groot & Poot, 1997; Dufour & Kro
1995; Sanchez-Casas, Davis, & Garcia-Alb
1992; Van Hell & De Groot, 1998). It is ther
fore conceivable that just orthographic simi
ity or partial overlap in letters (perhaps only
combination with semantic similarity)
enough to induce facilitation effects. For
stance, in a dynamic system both similarity
identity in orthographic form (and/or meanin
might allow a faster “zooming in” on the corre
target word than in case of a control word.

Third, Dijkstra et al. (1998, Experiment
and Dijkstra, Timmermans, and Schriefers (s
mitted) showed that under some circumstan
orthographically identical interlingual hom
graphs may be inhibited rather than facilita
(e.g., when words from a nontarget language
included in the experiment that have to
treated as nonwords or must be ignored). Un
the assumption of shared orthographic repre
tations for interlingual homographs, such in

bition effects can only originate from external
-
-

l

in
-
d
n
t
-
s
rd
l
c-
d

r-

l

,

-
s

e

r
n-

sources (for instance, all items belonging t
particular language, including the homograp
might be inhibited by a language node). In ot
words, the observed orthographic inhibition
fects could be strategic and/or task depend
But if this is true, the inhibitory P-effects in o
experiments could also be strategic in nat
For instance, they could reflect the participa
attempt to suppress phonological activa
arising in their integrated lexicon because in
context of the experiment as a whole, phon
ogy is perhaps not a reliable information sou
and should be avoided. This suppression w
then show up as inhibition in the test conditio
where phonological overlap is present (S
OP, SP, and P).

In sum, we must keep in mind that obser
facilitation and inhibition effects are not nec
sarily a direct reflection of underlying chara
teristics of the bilingual processing system,
may indicate how this system is used un
specific experimental circumstances (Dijkstr
al., 1998; Green, 1998). These considerat
suggest that we should not dismiss an exten
of the BIA model that assumes two orth
graphic representations, one for each langu
The orthographic component of this alterna
variant is depicted in Fig. 2.

In Fig. 2, form-identical cognates and int
lingual homographs have their own whole-w
orthographic representation for each langu
In other words, they are represented in the s
way as items that are similar but not identica
form across languages, such as WORK–WE
(nonidentical cognates) or WORK–WOR
(word neighbors). In addition, each represe
tion is characterized by its word frequency
the language it belongs to. With respect to
mantics and phonology, the model in Fig
provides similar accounts to the model p
sented in Fig. 1. However, with respect to
thography, the interpretation of the facilitati
effect is rather different.

The model in Fig. 2 proposes an integration
codes at sublexical levels (e.g., in terms of
letters), but not at the lexical level. Here ort
graphic units are distinct for different language
order to stress the different functionality of su

codes. For instance, the orthographic representa-
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514 DIJKSTRA, GRAINGER, AND VAN HEUVEN
tion of a word in a language is characterized by
frequency of the word in that particular langua
The model in Fig. 2 can still explain the orth
graphic facilitation effect as the result of media
facilitation at sublexical levels (via their shar
letters the two orthographic representations o
interlingual homograph strengthen each othe
as a consequence of stronger evidence that a
ical representation is available in case of a ho
graph relative to a control (two representati
rather than one).

Thus, while the model presented in Fig. 1
account in a simple way for the the interaction
different codes observed in the present exp
ments, the model in Fig. 2 can most easily acc
for the frequency data by Dijkstra, Van Jaarsv
and Ten Brinke (1998), De Groot, Delmaar,
Lupker (in press), and Dijkstra, Timmermans,
Schriefers (submitted).5 Comparing these an
other models by means of simulation studie
testing them in empirical studies will be import
aims for future research.

It is too early to tell which model will finall
survive these tests, but the present data se

5 The simulations of this last study in Dijkstra and V

FIG. 2. An alternative representation of interl
representations are assumed for form-identical ite
tions are bidirectionally connected to their cons
effects. Connections to the corresponding sema
identical to those assumed for the model in Fig. 1
euven (1998) demonstrate this point.
e
.

n
r
x-
-

s

f
i-
t
,

r

-

portant constraints on its architecture: T
model will need to be nonselective in natu
and it will make clear distinctions between
sometimes opposite contributions of phono
ical, orthographic, and semantic codes to
bilingual word recognition process.

APPENDIX

Stimulus Material

For each word type, the English target items are prese
with their IPA representation, their major Dutch comp
tors with their IPA representations, and the targets’ pa
English control items.

Word Type: SOP Cognates

English test word
Dutch competitor

word

English
control
word

Spelling Phonology Spelling Phonology Spell

hotel həυtdl hotel ho:tdl event
film f Ilm film f Ilm bird
lip l Ip lip lIp sky
tent tdnt tent tdnt luck
sport spɔ:t sport spɔrt guilt

ual homographs in the BIA model. Two orthographi
belonging to different languages. Both lexical represe
nt letter representations, allowing mediated facilitati
and phonological representations are not shown bu
ing
ms
titue
ntic
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Word Type: SOP Cognates (cont.)

English test word
Dutch competitor

word

English
control
word

Spelling Phonology Spelling Phonology Spell

trend trdnd trend trdnt pride
storm stɔ:m storm stɔrm thigh
fort fɔ:t fort fɔrt silk
pen pdn pen pdn fur
sofa səυfə sofa so:fa: wage
net ndt net ndt lad
mist mIst mist mIst bold
rib rIb rib rIp cab
torso tɔ:səυ torso tɔrzo: trash
ark ɑ:k ark ɑrk flu

Word Type: SO Cognates

English test word
Dutch competitor

word

English
control
word

Spelling Phonology Spelling Phonology Spell

type taIp type ti:pə nice
wild wZld wild wIlt desk
model mɒdl| model| mo:ddl skill
fruit fru:t fruit frœyt youth
pure pjυə̊ pure py:rə soil
jury dZυərI jury Zy:ri: wale
code kəυd code ko:də tale
mild maIld mild mIlt chin
humor hju:mə̊ humor hy:mɔr fever
rat ræt rat rɑt jaw
oven övn| oven o:və chap
chaos keIɒs chaos xa:ɔs spine
ego dgəυ ego e:γo: pea
globe gləυb globe xlo:bə torch
menu mdnju: menu me:ny: bike

Word Type: SP Cognates

English test word
Dutch competitor

word

English
control
word

Spelling Phonology Spelling Phonology Spell

news nju:z nieuws ni:ws lady
fat fjt vet vdt tea
boat bəυt boot bo:t tall
cool ku:l koel ku:l iron
tone təυn toon to:n suit
wheel wi:l wiel wi :l chain
Word Type: SP Cognates (cont.)

English test word
Dutch competitor

word

English
control
word

Spelling Phonology Spelling Phonology Spell

clock klɒk klok klɔk giant
cliff kl If klif kl If straw
ankle æŋkl | enkel dnkəl unity
soup su:p soep su:p ropt
sock sɒk sok sɔk dusk
rack ræk rek rdk brow
cord kɔ:d koord ko:rt scar
nymph nImf nimf nImf batch
fay feI fee fe: pox

Word Type: OP False Friends

English test word
Dutch competitor

word

English
control
word

Spelling Phonology Spelling Phonology Spell

step stdp step stdp skin
star stɑ:̊ star stɑr king
box bɒks box bɔks gun
spot spɒt spot spɔt wing
pink pIŋk pink pIŋk song
brief bri:f brief bri:f funny
arts ɑ:ts arts ɑrts twin
bond bɒnd bond bɔnt lawn
pet pdt pet pdt pie
pit pIt pit pIt fox
stout staυt stout stɑυt eagle
dot dɒt dot dɔt cue
rover rəυvə̊ rover ro:vər peach
brink brIŋk brink brIŋk crook
kin kIn kin kIn ale

Word Type: O False Friends

English test word
Dutch competitor

word

English
control
word

Spelling Phonology Spelling Phonology Spell

stage steIdZ stage sta:Zə mouth
glad glæd glad xlɑt coat
roof ru:f roof ro:f sale
boon bu:n boon bo:n hero
steel sti:l steel ste:l rough
boot bu:t boot bo:t acre
lover lövə̊ lover lo:vər entry
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Word Type: O False Friends (cont.)

English test word
Dutch competitor

word

English
control
word

Spelling Phonology Spelling Phonology Spell

fee fi: fee fe: mud
tube tju:b tube ty:bə lion
angel eInZəl angel ɑŋəl elbow
lap ljp lap lɑp jar
brave breIv brave bra:və crude
rug rög rug rõx shy
brand brjnd brand brɑnt gown
sage seIdZ sage sa:γə flea

Word Type: P False Friends

English test word
Dutch competitor

word

English
control
word

Spelling Phonology Spelling Phonology Spell

note nəut noot no:t army
leaf li:f lief li :f fair
lack ljk lek ldk duty
aid eId eed e:t odd
lake leIk leek le:k holy
lane leIn leen le:n wire
cow kau kou kɑu gap
pace peIs pees pe:s fate
mail meIl meel me:l pity
core kɔ:̊ koor ko:r cage
ray reI ree re: bee
scent sdɑnt cent sdnt mercy
dose dəus doos do:s fame
stale steIl steel ste:l alley
oar ɔ:̊ oor o:r oat
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