
Bilingualism is much more common in the world than 
monolingualism, or the working knowledge of a single lan-
guage (Bhatia & Ritchie, 2004; Edwards, 2004; Tabouret-
Keller, 2004). The idea that individuals can at once speak 
or process information in a single language domain yet 
switch to a second mode of thought based in an alternate 
language has fascinated researchers in such fields as psy-
chology, linguistics, sociology, anthropology, neurosci-
ence, and the like. In fact, little is known about exactly 
how the mind develops the capability to accurately store 
and process multiple languages in memory and to effec-
tively operate as a monolingual in one of those languages. 
In addition, the terminology used to describe bilinguals 
has been confusing at times, since the term bilingual has 
the ability to include many different people, depending 
on the definition that is used. Although the scope of the 
following article is not to debate and define bilingual 
terminology, it must be stated that the term bilingual is 
used here to describe those who show “both regular use 
and communicative competence” in their two languages 
(Francis, 1999, p. 194).

Well over 40 years of research have been devoted to the 
area of bilingual memory and bilingual language process-
ing in the cognitive domain. Most of this research has fo-
cused on questions of the nature of the bilingual lexicons 
and whether or not features such as those that represent 
conceptual relations or those that are lexically based are 
shared or are stored separately for a bilingual’s two lan-
guages (see, e.g., Kolers, 1978, 1979; McCormack, 1976, 
1977). These explorations have led to the development of 
various models of word representation for bilingual speak-

ers that have specified the routes by which they retrieve 
various linguistic aspects of words from memory. In more 
recent theoretical perspectives, it has been argued that both 
a separate and a shared view of representation are correct 
but that they reflect processing for different types of bilin-
guals (i.e., early vs. late; see, e.g., Kroll & Stewart, 1994). 
In newer formulations, processing issues have been ex-
amined apart from structural ones, and the focus has been 
more on connectionist theories and distributed models of 
representation in which the emphasis is more exclusively 
on the degree of featural overlap between words in differ-
ent languages (see, e.g., Dufour & Kroll, 1995). The latter 
models have been based on findings that indicate differ-
ential processing of different word types across languages 
and individual differences in memory representation for 
linguistic knowledge (see, e.g., Altarriba, 2003).

One of the main tools that researchers in this area have 
used to uncover the mental representation of more than 
one language in memory is the semantic-priming tech-
nique. This technique is hailed as one that provides the 
clearest evidence regarding the automatic processing of 
language, as compared with other techniques that engen-
der the use of strategic processing (more will be said about 
this issue later in this review of methodology). In fact, 
this paradigm has become one of the most important tools 
used to determine whether or not a bilingual’s languages 
are somehow interconnected and the levels at which this 
interconnectivity occurs.

The purpose of the present article is to examine the 
methodology and claims made in the published research 
investigating cross-language semantic priming and to 
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outline various recommendations in methodology that 
researchers might follow when planning studies that in-
volve this technique. Various other paradigms of related 
interest, such as negative priming (Fox, 1996), studies 
involving pictures as stimuli (Chen & Ng, 1989, Experi-
ment 2), studies in which cognate status has been ma-
nipulated (Cristoffanini, Kirsner, & Milech, 1986), and 
those in which semantic categorization has been exam-
ined (Sánchez-Casas, Davis, & García-Albea, 1992) will 
not be discussed, since the present review will have as 
its primary focus the literature that bears on the question 
of whether or not positive semantic priming occurs for 
cross-language words. The present review will focus only 
on work examining the use of the lexical decision task 
and the pronunciation task—the two major types of tools 
employed in this area of research. The literature is sizable; 
however, the present comprehensive review is timely in 
the development of this area of investigation and in the 
analysis of this body of work. The present review of meth-
odology is an attempt to examine cross-language priming 
in a more focused and in-depth manner, where factors such 
as language proficiency, word frequency, word length, 
type of control, cognate use, relatedness proportion (RP), 
nonword ratio (NWR), stimulus onset asynchrony (SOA) 
length, and magnitude of priming effects are all examined 
and compared across experiments.

The present article will begin with a brief discussion of 
semantic priming in monolinguals. However, the bulk of 
the article will focus on the semantic-priming paradigm 
and how it has been used in the bilingual domain. This 
quantitative and qualitative discussion ends with a sum-
mary of some of the problems, or “pitfalls,” in the meth-
odologies used in many of the semantic and translation 
cross-language priming studies and with recommenda-
tions for future research.

Semantic Memory and Priming in Monolinguals
The organization of words and concepts in monolingual 

memory has been previously explored mainly by examin-
ing priming effects in lexical decisions (Meyer & Schvane-
veldt, 1971; Meyer, Schvaneveldt, & Ruddy, 1975; Neely, 
1977). This type of experimental paradigm, often used 
in cognitive psychology research, involves presenting 
participants with one or two letter strings on a computer 
screen. The participants are then instructed to decide as 
quickly and as accurately as possible whether or not the 
letter string composes a real word. This is often done by 
pressing one key if the letter string is a real word and a 
second key if a nonword is presented. The response times 
to each target item are then recorded for the participants. 
A priming paradigm involving a naming trial requires the 
participants to pronounce the target word aloud so that the 
response time can also be recorded and examined.

The concept behind semantic priming is that as a word is 
presented, automatic access to its meaning results in activa-
tion of both that concept and other concepts that are related 
to it. One of the most common effects that has been found 
to occur in lexical decision tasks is the semantic-priming 
effect. This effect occurs when prime and target words are 
semantically related, thereby producing faster response 

times than they would if they were unrelated. For example, 
the word dog semantically primes the word cat better than it 
does the word box, per se. In monolingual studies, semantic 
priming has proven to be a robust effect, found under sev-
eral different experimental manipulations (for reviews, see 
McNamara & Holbrook, 2003; Neely, 1991).

The spreading activation theory (Collins & Loftus, 
1975; Collins & Quillian, 1969), which proposes that con-
cepts are represented as nodes in a semantic network, is 
useful in predicting semantic-priming effects. According 
to this model, nodes representing respective concepts are 
connected via associative pathways, which suggests that 
semantically related concepts form stronger links or may 
be stored closer together than those concepts that are un-
related (Neely, 1991). When one node is activated, activa-
tion spreads along the network to other concept nodes that 
are located nearby. With regards to the semantic-priming 
effect, the activation of a semantically presented prime 
word leads to shorter response times to the target word, 
since the distance traveled is much less than it will be if 
an unrelated prime word is presented.

As was mentioned earlier, spreading activation theory 
rests on the assumption that words are automatically ac-
tivated. This implies that the process must be fast acting 
and capacity free, occurs without intention, is involuntary, 
and can occur without conscious awareness (see Neely & 
Kahan, 2001, for a more in-depth discussion on certain 
aspects of automaticity). However, it must be pointed out 
that even though automatic spreading activation is use-
ful in explaining how words are represented internally, 
two other mechanisms have been proposed (Neely, 1991; 
Neely, Keefe, & Ross, 1989). The three-process theory 
of semantic priming is important in that it introduces the 
possibility that participants employ strategies when re-
sponding to target words. The first additional mechanism 
suggests that participants use an expectancy strategy in 
which a list of words related to the prime is mentally con-
structed prior to the presentation of the target. Therefore, 
if the target word presented is semantically related, it may 
already be in the expectancy set, which will cause the re-
sponse to be faster than it would have been under normal 
circumstances. Two of the main methodological issues 
thought to be responsible for utilization of this strategy 
are SOA and RP.

Relatedness proportion. The RP refers to the propor-
tion of related prime–target trials out of all the prime–
word-target trials. It has been found that semantic prim-
ing increases in magnitude as the RP increases (de Groot, 
1984). It has been suggested that as RP increases, partici-
pants will be more inclined to create expectancy sets be-
cause doing so will improve their performance, since most 
of the word pairs are related. However, if the RP is kept 
low, utilizing this strategy may prove to be less beneficial 
and may actually hinder one’s performance (see Neely, 
1991, for a more exhaustive review). Therefore, in order 
to obtain a fair estimate of priming effects, one will want 
to keep this proportion as low as possible when designing 
an experiment.

Stimulus onset asynchrony. A second factor that is 
capable of influencing whether an expectancy strategy is 
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employed by participants is SOA length. This is described 
as the time interval between the presentation of the prime 
and the onset of the target or, more simply, how much 
time one has to think about the prime before the target ap-
pears on the screen. A long SOA can raise problems in that 
the extended time given makes it easier for participants 
to generate an expectancy set of related words. Initial re-
search appeared to indicate that SOA lengths less than or 
equal to 300 msec were capable of inhibiting any expec-
tancy strategies. However, more recent work conducted by 
Hutchison, Neely, and Johnson (2001) has suggested that 
strategic priming still operates at a relatively short SOA of 
300 msec. Their data indicated that when the SOA length 
was decreased to 167 msec, priming from a nonrepeated 
prime was no longer affected by RP. This implies that if 
semantic-priming facilitation is going to measure pure 
automatic priming effects in the absence of an operating 
expectancy mechanism, SOA length may need to be even 
shorter than was previously thought.

Nonword ratio. The second strategic process that 
may be utilized by participants in priming experiments is 
a semantic-matching strategy. This postlexical checking 
mechanism occurs after the target has been presented and 
participants check to see whether the prime and the target 
words are related, a process that may help them in making 
a final lexical decision. The RP and NWR of experimental 
word stimuli are most influential in determining whether 
or not this strategy is employed (Neely et al., 1989). The 
NWR is basically the proportion of nonwords out of all 
nonword and unrelated word pairs. When the NWR is 
below .5, participants may be biased to give a word re-
sponse when a nonword has been presented. Meanwhile, 
if the NWR is above .5, a nonword response may be sig-
naled, due to the large number of nonwords that have been 
encountered in the experiment. McNamara and Holbrook 
(2003) have pointed out that since equal numbers of word 
and nonword targets are usually used by researchers, the 
unrelated word pairs are usually fewer in number than the 
word-prime–nonword-target trials. This pattern in previ-
ous studies has led to NWRs that often exceed the recom-
mended .5 value. However, it has also been suggested that 
semantic matching is due not to these factors and to the 
automatic spread of activation but, rather, to a composite 
cue that forms when the prime and the target combine at 
retrieval (Ratcliff & McKoon, 1988).

Word length and word frequency. Additional meth-
odological issues that do not deal primarily with stra-
tegic processes must also be taken into consideration 
when priming experiments of this nature are designed. 
Frequency (Balota & Chumbley, 1984, 1985; Chumbley 
& Balota, 1984; Monsell, Doyle, & Haggard, 1989) and 
length of word primes and targets have been shown to af-
fect the speed of word processing, recognition, and pro-
nunciation. Balota and Chumbley (1990) have suggested 
that “the frequency with which one sees a word, retrieves 
a concept associated with a word, and retrieves informa-
tion associated with a pronunciation of a word should 
have an influence on each of these components of word 
processing” (p. 236). Initial research conducted by Ba-
lota and Chumbley (1984) indicated that word frequency 

appeared to be more influential in lexical decision tasks, 
when compared with category verification and pronuncia-
tion tasks. Further work producing similar results led the 
authors to conclude that word frequency must influence 
a decision phase that occurs after lexical access (Chumb-
ley & Balota, 1984). In addition, Raveh (2002) has shown 
that prime frequency is an important factor in determining 
the size of priming effects. In this study, prime words that 
were characterized as having either high- or low-frequency 
inflection points revealed larger priming magnitudes for 
high-frequency inflections than for low.

In conclusion, research conducted over the past 30 
years has consistently shown that the semantic-priming 
paradigm is an extremely useful experimental technique 
that allows cognitive psychologists to examine how words 
and concepts are represented in memory. However, as 
the present section has revealed, there are several meth-
odological factors that must be controlled when an ex-
periment is designed, especially if one wants to explore 
the automatic processes behind language representation. 
In the following section, studies in which the semantic-
 priming paradigm has been used to explore how two lan-
guages are organized in memory will be discussed. Un-
fortunately, several of these experiments appear to contain 
some flaws in their methodology, which may explain why 
there has been a large amount of variation in the results 
that have been reported. However, those cross-language 
priming studies in which an attempt was made to control 
certain factors are able to shed some light on the way in 
which two languages are organized in memory.

Semantic Priming Across Languages
In the past couple of decades, the semantic-priming 

paradigm has been expanded to include between-language 
stimuli, in order to gain insight into the way in which a 
bilingual’s two languages are stored in memory. As was 
mentioned previously, there has been a long-standing de-
bate over whether a bilingual person exhibits shared or 
separate language stores. If bilinguals do share a common 
conceptual store for their two languages, the automatic 
spreading activation model, as was discussed in the previ-
ous section, would predict that presentation of a prime 
word would activate semantically related words in a sec-
ond language (L2). For example, a related word pair in this 
type of experiment could be composed of the prime word 
cat, followed by the target word perro, the Spanish transla-
tion of dog. However, cross-language priming stimuli can 
be designed so that the prime is in the first (or dominant) 
language (L1) and the target is in the (weaker) L2 or vice 
versa. This allows researchers to examine different prim-
ing effects for each direction—L1–L2 and L2–L1.

Although this experimental technique has the potential 
to tap into the mental representation of both languages, 
the results from nearly one dozen priming studies have 
indicated a wide range of findings. Robust priming has 
been observed in both directions for some cross-language 
priming experiments (Chen & Ng, 1989; Frenck & Pynte, 
1987; Keatley & de Gelder, 1992, Experiment 1; Kirsner, 
Smith, Lockhart, King, & Jain, 1984; Meyer & Ruddy, 
1974; Schwanenflugel & Rey, 1986; Tzelgov & Eben-Ezra, 
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1992), whereas other research has yielded nonsignificant 
priming results (Frenck & Pynte, 1987; Grainger & Beau-
villain, 1988; Keatley & de Gelder, 1992, Experiments 2 
and 3; Keatley, Spinks, & de Gelder, 1994). In addition, 
confusion arises within this body of research, in that in a 
couple of studies, only priming in the L1–L2 direction has 
been examined (Larsen, Fritsch, & Grava, 1994; Williams, 
1994), which leads to an incomplete picture regarding 
representation and processing direction (see Appendix A 
for a study-by-study analysis of methodological issues in 
cross-language semantic priming experiments).

Language proficiency. As was seen in the previous 
section, there are many methodological issues that are ca-
pable of influencing priming effects. It is also possible that 
differences in the groups of participants used in many of 
these studies are to blame for the varied priming results. 
For example, some have suggested that more proficient 
bilinguals would exhibit greater priming effects than do 
those who are less proficient in their second language. 
However, results from a study conducted by Frenck and 
Pynte (1987) revealed nonsignificant priming effects for 
those whom they classified as “skilled bilinguals” and 
rather larger, significant priming effects for those de-
termined to be “less-skilled” (see Appendix A). In addi-
tion, some have turned the importance away from pro-
ficiency and have suggested that age of acquisition is a 
stronger determinant of how much priming is observed. 
This brings up the question regarding the language his-
tory and proficiency of those who have participated in 
cross-language semantic-priming studies. Some partici-
pants have been described as learning both languages si-
multaneously or at a very young age (Grainger & Beau-
villain, 1988; Keatley & de Gelder, 1992; Keatley et al., 
1994; Larsen et al., 1994; Schwanenflugel & Rey, 1986; 
Tzelgov & Eben-Ezra, 1992), whereas others appear to 
have acquired their L2 around adolescence (Chen & Ng, 
1989; Kirsner et al., 1984, Experiment 5). Lastly, there 
were those participants who appeared to be proficient in 
both languages but who had acquired their L2 during or 
near adulthood (Frenck & Pynte, 1987; Meyer & Ruddy, 
1974; Williams, 1994). In addition to differences in age 
of acquisition, it is also quite probable that differences in 
proficiency existed. Even though many of the participants 
were described as being fluent in both languages, the lan-
guage questionnaires that were frequently used may have 
led some people to overestimate their proficiency level, 
whereas others felt that their skills were worse than they 
really were. One advantageous aspect of Schwanenflugel 
and Rey’s (1986) experiment was that in addition to self-
ratings, participants had to obtain scores on Spanish and 
English reading comprehension tests that did not differ by 
more than 19%. Methods such as these may allow bilin-
guals to be screened more carefully. 

Although certain modifications may be useful, the pro-
ficiency of bilingual participants has been the subject of 
a long-standing debate and remains a difficult problem 
when such studies are conducted. Francis (1999) has dis-
cussed the wide range of terminology that has been used 
to define bilinguals and has concluded that an intermedi-
ate definition proposed by Grosjean (1992, cited in Fran-

cis, 1999) may be the most beneficial: “Bilingualism is 
the regular use of two (or more) languages, and bilinguals 
are those people who need and use two (or more) lan-
guages in their everyday lives” (p. 51). It has also been 
suggested that since it is often difficult to find bilinguals 
who are equally balanced, researchers should present ad-
equate information regarding their bilingual participants. 
Grosjean (1998) has suggested that some experimenters 
may be most concerned with reading ability, others with 
language use and speaking skills, whereas some feel that 
language stability (whether the bilingual is still acquiring 
their L2 or not) should be emphasized. Therefore, since 
the information often obtained and the way in which bi-
linguals are assessed may be vastly different, it is pos-
sible that “we have very different bilinguals in the stud-
ies published” (Grosjean, 1998, p. 9). This may very well 
be one of the factors contributing to the diverse range 
of priming effects reported in semantic-priming studies. 
As a way of coping with this challenge, it has been sug-
gested that researchers include information not only on 
biographical data, but also on language history as well. 
Therefore, it will be useful to know the age at which each 
language has been learned, as well as the way in which it 
was learned (type of educational system, etc.). In addition 
to proficiency ratings in the four skill areas (reading, writ-
ing, speaking, and listening), language stability and when 
and where each language has been used most may also 
be information that is advantageous to researchers (Gros-
jean, 1998). Although these recommendations may seem 
superfluous and difficult to carry out, the benefits of such 
diligence will give bilingual research more consistency. 
Finally, researchers are encouraged to use an online mea-
sure of proficiency or dominance as an assessment tool 
when examining language background. Picture-naming or 
translation tasks may be useful in this regard.

Cognate status. Additional methodological concerns 
in much of the semantic-priming literature have to do with 
the word stimuli that have been chosen. One of the areas 
in which variation has been found to occur deals with the 
use of cognates, or words that are similar in spelling, pro-
nunciation, and meaning across languages (e.g., music 
and musica). Since these words are so similar in both lan-
guages, it is important that they be excluded from word 
stimuli if automatic and pure priming effects are being 
investigated. Fortunately, most researchers have explic-
itly stated that no cognates have been used in their studies 
(Frenck & Pynte, 1987; Keatley et al., 1994; Kirsner et al., 
1984; Larsen et al., 1994; Schwanenflugel & Rey, 1986; 
Williams, 1994), but others have not mentioned whether 
they were included or not (Grainger & Beauvillain, 1988; 
Keatley & de Gelder, 1992; Meyer & Ruddy, 1974).

Masking effects. Another methodological differ-
ence observed in some of the studies is the visibility of 
the prime word. Although most researchers have chosen 
to use unmasked priming paradigms, a couple of studies 
included a masked design (de Groot & Nas, 1991, Ex-
periment 3, for associative word pairs; Williams, 1994, 
Experiment 1a). Since masking often results in decreased 
visibility of the prime word, the implementation of this 
type of design may be beneficial, in that it may minimize 
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the use of strategic processes by participants. The prim-
ing effects measured across these cross-language prim-
ing studies may also differ because they were determined 
using different types of word stimuli as a control. Simply 
stated, some researchers have measured priming effects 
by comparing related word pairs with unrelated word 
pairs (Chen & Ng, 1989; Grainger & Beauvillain, 1988; 
Keatley & de Gelder, 1992; Keatley et al., 1994; Kirsner 
et al., 1984; Larsen et al., 1994; Meyer & Ruddy, 1974; 
Tzelgov & Eben-Ezra, 1992; Williams, 1994), whereas 
others have chosen neutral targets as the control (Keat-
ley et al., 1994, Experiment 1; Schwanenflugel & Rey, 
1986). Meanwhile, Frenck and Pynte (1987) examined 
response times to related prime–target pairs and how they 
compared with the same target words when they were not 
preceded by a prime. 

Word frequency and word length across languages. 
As was discussed in the section on monolingual priming, 
frequency and length of words can be influential in alter-
ing priming effects if these variables are not controlled for 
when the experiment is designed. In many of the semantic-
priming studies under review, an attempt has been made 
to keep these factors constant; however, this has not been 
the case for every study. Some authors have specifically 
stated that words used in both languages had fairly equiva-
lent mean letter lengths (Frenck & Pynte, 1987; Grainger 
& Beauvillain, 1988; Keatley & de Gelder, 1992; Keatley 
et al., 1994; Kirsner et al., 1984; Meyer & Ruddy, 1974). 
Chen and Ng (1989) mentioned that they controlled for 
word length in English, but due to the fact that Chinese 
characters were used, it was impossible to equate and 
compare both languages on length. Others have stated 
that “they attempted to control for word length, but were 
only partially successful” (Schwanenflugel & Rey, 1986, 
p. 608), whereas for a couple of studies, there was no 
mention of whether these variables were monitored or not 
(Larsen et al., 1994; Tzelgov & Eben-Ezra, 1992).

Experimental design differences. An analysis of 
some of the methodological factors that are responsible 
for allowing participants to utilize strategic processes re-
veals some of the most diverse differences in experimen-
tal design. For example, the SOA length implemented by 
many of the researchers ranged anywhere from 0 msec to 
4.5 sec. Meyer and Ruddy (1974) and Kirsner et al. (1984) 
chose to use a double lexical decision task, where both the 
prime and the target were presented simultaneously, result-
ing in an SOA of 0 msec. In a majority of the experiments, 
the tendency has been to use an SOA ranging from 200 
to 300 msec (Chen & Ng, 1989; Grainger & Beauvillain, 
1988; Keatley & de Gelder, 1992; Keatley et al., 1994; 
Larsen et al., 1994; Schwanenflugel & Rey, 1986). How-
ever, there still have been a significant number of studies 
that have contained longer SOAs ranging from 500 msec 
on up (Frenck & Pynte, 1987; Grainger & Beauvillain, 
1988; Keatley et al., 1994; Tzelgov & Eben-Ezra, 1992; 
Williams, 1994). SOAs of this length may raise problems, 
in that they allow participants to utilize expectancy strate-
gies. A long SOA may allow participants to translate the 
prime into the alternate language, which can indicate that 
automatic processing of both languages is not being ac-

curately measured. However, it must be mentioned that 
several authors have included a long and a short SOA, in 
order to see whether there were differences in the size of 
the priming effect (Grainger & Beauvillain, 1994, Experi-
ment 1; Keatley et al., 1994; Tzelgov & Eben-Ezra, 1992). 
Adding to the confusion is the fact that Grainger and Beau-
villain reported significant priming only in the L2–L1 di-
rection at the long SOA (750 msec), whereas data from 
Keatley et al. indicated nonsignificant priming effects for 
both directions at both the short and the long SOAs (250 
and 2,000 msec, respectively). Meanwhile, Tzelgov and 
Eben-Ezra revealed robust priming effects that were col-
lapsed across SOA length for both directions.

Relatedness proportion and nonword ratio in bi-
lingual priming. An analysis of additional methodologi-
cal factors, including RP and NWR, has also revealed a 
large range of values. The suggested NWR of .50 was used 
by Schwanenflugel and Rey (1986); however, in other 
studies, NWR has been just slightly above this recom-
mended value (Keatley & de Gelder, 1992; Keatley et al., 
1994; Kirsner et al., 1984). A few studies have not ap-
peared to be as successful, with NWRs ranging from .67 
to .75 (Chen & Ng, 1989; Frenck & Pynte, 1987; Kirsner 
et al., 1984, Experiment 5; Meyer & Ruddy, 1974; Tzel-
gov & Eben-Ezra, 1992; Williams, 1994). It should also 
be noted that the study conducted by Larsen et al. (1994) 
did not include any nonwords, since a pronunciation task 
was chosen for the experiment.

An analysis of RP has also shown values that were 
very high, indicating that strategic processes may have 
been employed by participants. Grainger and Beauvillain 
(1988), Keatley and de Gelder (1992), and Keatley et al. 
(1994) all made extensive efforts to maintain low RPs of 
.167, .25, and .25, respectively. However, there were also 
those studies in which a high RP of .67 was used (Chen & 
Ng, 1989; Frenck & Pynte, 1987).

One last issue of concern that may affect the interpre-
tation of reported priming effects is the mean response 
times for the related cross-language word pairs. Response 
times approaching and/or reaching 1,000 msec (Chen & 
Ng, 1989; Kirsner et al., 1984; Meyer & Ruddy, 1974) 
may indicate that the participants were translating the 
primes. This may have been one of the factors that was 
partially responsible for the robust priming effects re-
ported by Chen and Ng.

Summary. In conclusion, the semantic-priming ex-
periments that have been conducted are useful in that they 
attempt to explain the way in which a variety of languages 
(romance languages, languages using different alphabets 
and characters, etc.) may be represented in memory. How-
ever, it is apparent that there are many methodological 
issues of concern that need to be taken into consideration 
when this type of experiment is designed. Furthermore, 
many of the factors that have been discussed may help 
shed some light on why current priming studies have re-
vealed such a wide range of inconsistent results. In the 
section that follows, cross-language translation priming 
studies will be examined. Although these studies tend to 
be more recent, they are also plagued by some of the same 
methodological issues of concern.



6    ALTARRIBA AND BASNIGHT-BROWN

Translation Priming Across Languages
In addition to the cross-language semantic-priming 

studies, there are also nearly one dozen translation-
 priming studies that have been conducted in the past 
decade. In accordance with the previous studies noted 
earlier, translation-priming studies involve the presenta-
tion of a prime in one language and a target in a different 
language. However, instead of semantically related word 
pairs, words and their respective translations compose 
the word pairs in this paradigm. For example, a typical 
trial would present the prime word cat followed by the 
target word gato (the Spanish translation of cat). How-
ever, in the same vein as many of the semantic-priming 
studies, the methodological issues of concern that were 
previously discussed are also prevalent in this body of lit-
erature. Below, various parameters that may influence the 
outcome of translation-priming studies and suggestions 
for avoiding various methodological “pitfalls” in this area 
of research will be given.

Language proficiency. Once again, the proficiency of 
bilinguals participating in these studies often has not been 
fully explained at times. Some participants have been 
described as acquiring their L2 before adolescence (Al-
tarriba, 1992; Gollan, Forster, & Frost, 1997; Jin, 1990; 
Keatley et al., 1994), whereas others began to learn the 
L2 either during or after adolescence (Chen & Ng, 1989; 
Grainger & Frenck-Mestre, 1998; Jiang, 1999; Jiang & 
Forster, 2001; Williams, 1994). However, the lack of in-
formation given regarding participants’ language history 
and background is evident in a statement from one study, 
which described all the participants as being “reasonably 
good” at comprehending English (de Groot & Nas, 1991). 
Again, the use of performance measures as a screening 
device may aid in the ability to describe proficiency and 
dominance for bilingual participants.

Selection of word stimuli and masking. Although 
an analysis of the word stimuli used in these experiments 
reveals many of the same problems as those already ob-
served in the priming literature, one advantage of the 
translation-priming studies is that they are more recent 
and, therefore, attempts have been made to regulate many 
potentially problematic factors (see Appendix B for a re-
view of cross-language translation-priming experiments). 
For example, all of these studies have used one common 
control—unrelated prime–target word pairs—when prim-
ing effects were calculated. In addition, all the studies 
have reported that cognates were not included in word 
stimuli, except for those studies in which the purpose was 
to examine differences between cognates and noncog-
nates (de Groot & Nas, 1991; Gollan et al., 1997). An-
other experimental manipulation that is more prevalent in 
this body of literature is the use of masked priming tech-
niques. Whereas only two semantic-priming studies have 
included a masked procedure (de Groot & Nas, 1991, Ex-
periment 3; Williams, 1994, Experiment 1a), the use of a 
mask in translation priming has been used by more authors 
(de Groot & Nas, 1991; Gollan et al., 1997; Grainger & 
Frenck-Mestre, 1998; Jiang, 1999; Jiang & Forster, 2001; 
Williams, 1994). In most studies, the forward masked 
priming procedure (or a variation of this procedure) first 

introduced by Forster and Davis (1984) has been used. 
In this paradigm, each trial begins with a fixation and is 
followed by the mask, which usually appears as a row of 
number signs (######) and remains on the screen for 450 
or 500 msec. The prime word then appears for 50 msec 
(100 msec in some of the bilingual studies) and is then 
replaced by the target word.

Word frequency and word length. An examination 
of the average length and frequency of word stimuli used 
in translation priming reveals that in some of the studies, 
an attempt has been made to control for these variables 
(Altarriba, 1992; Gollan et al., 1997; Grainger & Frenck-
Mestre, 1998; Jiang, 1999; Jiang & Forster, 2001; Keat-
ley & de Gelder, 1992; Keatley et al., 1994; Williams, 
1994). However, several other studies have not mentioned 
whether length and frequency were monitored (de Groot 
& Nas, 1991; Jin, 1990), whereas one study discussed only 
the control of word length (Chen & Ng, 1989). Clearly, 
for reasons noted earlier, both of these variables should 
be controlled, if possible, when one works with cross-
 language stimuli.

Stimulus onset asynchrony. With regard to some of 
the factors that are capable of allowing strategic processes 
to develop, a comparison of the SOA length used in the 
translation-priming studies indicates that SOA length has 
been kept very short. Multiple studies have used an SOA 
of 50 msec (Gollan et al., 1997; Jiang, 2001; Williams, 
1994), whereas de Groot and Nas (1991) and Grainger 
and Frenck-Mestre (1998) chose SOA lengths of 60 and 
56 msec, respectively. The only SOA of extreme length, 
1,000 msec, is observed in Altarriba’s (1992) study; how-
ever, a short SOA of 200 msec was also included in this 
study so that a comparison between SOA lengths could be 
made. As was expected, the data produced by the vary-
ing SOA lengths did indicate larger priming effects at the 
longer SOA.

Relatedness proportion and nonword ratio. An 
analysis of NWR and RP in the translation-priming lit-
erature shows a wide range of ratios that often deviate 
from ideal values. Four studies revealed NWRs that hov-
ered around the suggested .50 value (Gollan et al., 1997; 
Keatley & de Gelder, 1992; Keatley et al., 1994; Wil-
liams, 1994), whereas all the other studies appeared to 
have NWRs that were either lower or higher than .50. The 
calculated RPs for most of these studies showed relatively 
high values, ranging from .50 to .67 (Chen & Ng, 1989; 
de Groot & Nas, 1991; Gollan et al., 1997; Grainger & 
Frenck-Mestre, 1998; Jiang, 1999; Jiang & Forster, 2001; 
Jin, 1990; Williams, 1994). However, the studies con-
ducted by Altarriba (1992), Keatley and de Gelder (1992), 
and Keatley et al. (1994) were successful in maintaining 
low RPs of .33, .25, and .25, respectively.

Summary. Therefore, it is evident that since many of 
these methodological issues of concern show such diverse 
values, it is not surprising that robust translation-priming 
effects in the L1–L2 and L2–L1 direction have been ob-
served in some studies (Chen & Ng, 1989; Jin, 1990; Keat-
ley & de Gelder, 1992; Jiang, 1999, Experiment 1; Keatley 
et al., 1994), but not in others (Gollan et al., 1997; Jiang & 
Forster, 2001, Experiment 2). In addition, in some studies, 
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only priming for noncognates in the L1–L2 direction has 
been examined (de Groot & Nas, 1991; Williams, 1994), 
whereas others have been concerned only with priming in 
the L2–L1 direction (Grainger & Frenck-Mestre, 1998; 
Jiang & Forster, 2001). However, the fact that L2–L1 
priming yielded nonsignificant priming effects for several 
studies (Altarriba, 1992, at an SOA length of 200 msec; 
Gollan et al., 1997, Experiments 2 and 4; Grainger & 
Frenck-Mestre, 1998; Jiang, 1999, Experiment 2; Jiang 
& Forster, 2001) has led some to specifically examine 
the processing behind asymmetrical priming effects in a 
very creative and interesting way (see Finkbeiner, Forster, 
Nicol, & Nakamura, 2004; Jiang & Forster, 2001).

In conclusion, one can see that many of the translation-
priming studies appear to have some of the same meth-
odological issues of concern that were observed in the 
cross-language semantic-priming studies. Once many of 
the methodological issues that have been previously dis-
cussed are monitored and controlled, future translation-
priming studies should be capable of providing more in-
sight into the way in which a bilingual represents his or 
her two languages.

Conclusions
In an attempt to interpret some of the overall observa-

tions that can be made regarding Appendices A and B, 
some trends appear to emerge. First, it might be the case 
that the asymmetry that appears to be stronger for transla-
tion priming, in comparison with semantic priming, may 
be due to the use of shorter SOAs and more tightly con-
strained presentation rates and RPs than in the semantic-
priming literature. For example, the work of Williams 
(1994, Experiment 2b) indicated significant priming 
(33 msec) in the L1–L2 direction, under well-constrained 
conditions (e.g., 50-msec SOA, etc.). In this article, a va-
riety of language combinations also were examined, and 
it was concluded that priming was similar across various 
language groupings. However, priming in the L2–L1 di-
rection was not investigated. Second, as one might expect 
from the monolingual literature, an increase in SOA also 
appears to be correlated with an increase in the magnitude 
of semantic priming. For example, Grainger and Beauvil-
lain’s (1988) data for a short SOA (150 msec) indicated no 
evidence of cross-language priming for English–French 
bilinguals. In contrast, the data provided by Williams 
(1994, Experiment 1a), using an SOA of 728 msec, in-
dicated a positive 34-msec effect in the L1–L2 direction. 
Thus, although systematic increases in SOA and RP and 
increased visibility of prime words all served to produce 
more priming of both kinds (semantic and translation), it 
also appears that those effects were moderated, at least in 
part, by more strategic and less automatic processing.

The study of priming effects for semantically related 
word pairs and translation word pairs is important for 
various reasons. First, the methodology used is widely 
accepted as one that leads to the discovery of the repre-
sentational structure of language in human memory. Sec-
ond, the issue investigated in the field has to do with a 
circumstance that is common among a majority of people 
in the world—that of knowing and using more than one 

language to communicate. Third, work in this general area 
has led to the development of research tools that have been 
used to uncover general language-processing mechanisms 
that apply to monolingual populations as well (see, e.g., 
Altarriba, Kambe, Pollatsek, & Rayner, 2001; Altarriba, 
Kroll, Sholl, & Rayner, 1996; Altarriba & Soltano, 1996), 
since cross-language stimuli may assist in the examination 
of basic levels of language representation (e.g., semantics) 
while others are held constant (e.g., lexicality). Fourth, 
the priming methodology is widely held to be one that 
can be used to investigate the automaticity of language 
 processing—an approach that is most informative when 
models of language representation and processing are de-
rived. Finally, investigations of this nature are pragmatic 
and relatively easy to implement, indicating that the re-
finement of this type of method and careful analysis of the 
methodological issues contained in this area of research 
are extremely important to the promotion of this type of 
work across cultures.

Recommendations for Future Research
As researchers continue to use semantic- and translation-

priming paradigms to describe the representational struc-
ture of multiple languages in memory, the following meth-
odological recommendations should be followed.

1. Test explicitly for language proficiency in the lan-
guage skill being manipulated in the protocol. There is a 
need to include more information on the language history 
of bilingual participants and, perhaps, to conduct studies 
in which variables are manipulated within participants. 
The difficulty with generalizing across the reported stud-
ies lies in the variability of the participants and of their 
mode of language acquisition and the varying age of ac-
quisition across the participants. Furthermore, the use 
of actual tests of language proficiency that are aligned 
with the variables under investigation (e.g., reading tests 
for visual reading studies, etc.), along with comprehen-
sive language history surveys, should be adopted. These 
measures should also be developed so as to allow for the 
identification of which language is dominant for a given 
speaker. Once more comprehensive proficiency data have 
been collected on participants, it is possible that certain 
language background factors can be entered as a covari-
ate, so that one can examine how the results covary with 
dominance.

2. Match stimuli across paradigms within the same ex-
periment. If both lexical decision tasks and pronuncia-
tion tasks are being used, the same stimuli should also be 
used. Varying the items used across paradigms within a 
given series of experiments also adds variability in terms 
of items. This issue leads to the suggestion that item anal-
yses should also be a common feature of these types of 
investigations.

3. Eliminate cognates and homographic noncognates if 
they are not the focus of the research question. Research-
ers should strive to eliminate the use of cognates or ho-
mographic noncognates when conducting semantic- and 
translation-priming research across languages, unless 
these are the very items that are under investigation. An 
examination of various word lists that have been used 
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across this literature indicates that these word types have 
been included among other noncognate items without ref-
erence to their possible confounding effects.

Conversely, the use of different item types in terms of 
word class (e.g., emotion words vs. concrete words vs. ab-
stract words) is a potentially fruitful area of investigation, 
since this type of study would help to delimit certain mod-
els of bilingual processing. That is, given that hierarchical 
models (e.g., Kroll & Stewart, 1994) can shed light on the 
representation of words that share translation equivalents 
and that other distributed models (e.g., de Groot, 1993) 
describe representation for other word types as well, the 
use of different word classes in cross-language investiga-
tions can either support or fail to support a given model’s 
predictions. Therefore, the use of different word types can 
help to discriminate between models and, perhaps, to de-
velop new ones that are more comprehensive in nature.

Furthermore, when lexical decision tasks are used to 
examine bilingual memory representation, it is important 
that two types of nonwords be created. It would be ad-
vantageous to have one set of nonwords that is formed 
by changing one letter in words in the L1, which will re-
sult in nonwords that are pronounceable in the L1. How-
ever, nonwords that are phonologically possible in the L2 
should also be included. This will result in the creation of 
nonwords that are not biased toward one language.

4. Use a consistent baseline across experiments within 
a series. Clearly, a variety of baselines have been used 
throughout this literature, ranging from neutral conditions 
to unrelated word conditions. This difference across ex-
periments, sometimes within a single article, also makes 
it difficult to generalize priming effects across the general 
population. The use of a consistent baseline across a set 
of experiments is recommended. Truly neutral baselines 
are often difficult to achieve. One recommendation here 
is to counterbalance the items used so that items appear in 
both related and unrelated conditions across prime–target 
pairs. At the very least, the same items will be used in both 
of the primary conditions of interest.

5. Word frequency and word length should be controlled 
across conditions within an experiment. Researchers in 
this area of investigation are typically concerned with 
word frequency and word length and their impact on per-
formance within priming experiments. If orthographies 
are similar across languages, the number of characters in 
words should be equated across experimental and control 
conditions. For other types of languages that are nonal-
phabetic, for example, controlling for syllable number 
or length, or perhaps bigram frequency, might be a pos-
sibility. Participants’ response times can often be influ-
enced by the inclusion of words that are either too long 
or too short, and if an item and its corresponding control 
differ dramatically in length, this variable could serve 
to moderate the magnitude of the priming effect. Word 
 frequency—printed word frequency—is also an important 
factor. If stimuli are presented visually, a word frequency 
count for words in print should be consulted, regardless of 
the language under investigation. Many different corpora 
exist in different languages. However, caution should be 
exercised when consulting these norms as there may be 

dialectical differences that should be considered before a 
specific database is used (e.g., Spanish spoken in Spain 
vs. Spanish spoken in Puerto Rico). In addition, one may 
also want to take phonotactic factors into consideration, 
which can be used to examine the phonological configura-
tions that are common in a specific language. Since this 
variable may influence word retrieval it may be important 
to know the extent to which two languages overlap in pho-
netic combinations and/or word onsets.

6. The SOA should be kept short if automatic processing 
is under examination. The length of the SOA, as described 
previously, could moderate the strength of the priming ef-
fect, as well as influencing the degree to which strategic 
processing occurs. Short SOAs, those under 200 msec, 
are less likely to produce relatedness checking or other 
postlexical processing strategies than are SOAs that are 
longer in duration.

7. The nonword ratio should be controlled in order to 
minimize the use of strategic processing. If participants 
can develop expectancies for the nature of an item, given 
a previous trial, these expectancies can contribute to an 
overall strategy for responding to words or nonwords. A 
nonword ratio of approximately .50 would help to mini-
mize bias in either direction and would increase the uncer-
tainty for subsequent trials in a given stimulus list.

8. The relatedness proportion within a list should be 
kept low in order to minimize the use of an expectancy 
strategy by participants. When the proportion of related 
word–word trials is high, as compared with the number 
of overall word–word trials, participants may develop a 
strategy for responding that might link positive “word” 
responses to related word pairs. In order to minimize the 
use of this particular type of expectancy strategy, it is 
suggested that this proportion be kept as low as possible, 
while still providing enough data per participant to lead to 
reasonable analyses.

9. Use a masking procedure to minimize the use of 
predictive strategies by participants. The use of masked 
priming experiments serves to greatly minimize the use 
of predictive strategies, since participants typically cannot 
consciously identify a particular word prime. However, 
various features of the word, such as its semantic or con-
ceptual representation, influence performance on word-
target trials. Thus, it is recommended that a given set of 
stimuli and participants be tested in both a masked and an 
unmasked condition within a single experiment with the 
proper counterbalancing of items.

10. Choose a presentation format (single vs. double 
vs. sequential) that would minimize relatedness checking 
strategies across primes and targets. As was noted in the 
present review, procedures have varied from double lexi-
cal decision trials, to single lexical decision trials, to the 
naming of targets following the silent reading of primes. 
Perhaps a method that should be considered more care-
fully within this area of research involves a sequential 
presentation of items requiring a response to each and 
every one (see, e.g., McNamara & Altarriba, 1988). This 
method discourages the coupling of primes and targets 
into pairs, thereby minimizing the overt linking of related 
primes and targets. It has been successfully used to inves-
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tigate direct priming and mediated priming in studies of 
monolingual speakers.

11. When cross-language effects are examined, include 
within-language conditions, as well as a comparison. 
In some instances, within the studies reviewed here, re-
searchers examined processing across language in a single 
direction (e.g., L1–L2 or L2–L1). These studies present 
only half of the picture, at best, and their design does not 
allow for the full specification of data that might address 
representational issues with regard to the development of 
bilingual memory models. Researchers should examine 
both processing directions, as well as possibly including 
within-language demonstrations (see de Groot & Nas, 
1991; Gollan et al., 1997; and Jiang, 2001, as good ex-
amples). The latter recommendation would assure inves-
tigators that the items do indeed produce priming, if only 
within languages, as opposed to across languages.

12. Strive to test a particular set of hypotheses across a 
specific set of languages, prior to working across varying 
languages within a single set of studies. Clearly, part of the 
variability in results reported across the studies reviewed 
here lies with the use of many different languages. Although 
one would expect that the basic processes that produce prim-
ing effects would influence processing in the same way, re-
gardless of language per se, this variability, coupled with the 
many issues addressed above, adds to the overall difficulty 
in generalizing basic findings. Although researchers capi-
talize on their resources in terms of the availability of lan-
guage participants of a particular background, until a given 
language or set of languages has been examined across a 
variety of settings and paradigms, it will remain difficult to 
draw strong conclusions regarding the existence of semantic 
or translation priming across any languages at all.
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