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Norris and colleagues (Kinoshita & Norris, 2009; Norris & Kinoshita, 2008; Norris, Kinoshita, & van
Casteren, 2010) have suggested that priming effects in the masked prime same�different task are based
solely on prelexical orthographic codes. This suggestion was evaluated by examining phonological
priming in that task using Japanese�English bilinguals. Targets and reference words were English words
with the primes written in Katakana script, a syllabic script that is orthographically quite different from
the Roman letter script used in writing English. Phonological priming was observed both when the primes
were Japanese cognate translation equivalents of the English target/reference words (Experiment 1) and
when the primes were phonologically similar Katakana nonwords (Experiment 2), with the former effects
being substantially larger than the noncognate translation priming effects reported by Lupker, Perea, and
Nakayama (2015). These results indicate that the same�different task is influenced by phonological
information. One implication is that, due to the fact that phonology and orthography are inevitably
confounded in Roman letter languages, previously reported priming effects in those languages may have
been at least partly due to phonological, rather than orthographic, similarity. The potential extent of this
problem, the nature of the matching process in the same�different task, and the implications for using
this task as a means of investigating the orthographic code in reading are discussed.
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equivalents

To read a word successfully (i.e., to understand its meaning),
readers must be able to ascertain not only the identities of the
word’s letters but also their order. Failing to do so leads to
confusion between similarly spelled words like pail and hail as
well as confusion between anagrams like carve and crave. In an
attempt to model the process of going from a word on the page to
that word’s meaning, the typical assumption made is that an
abstract representation (i.e., the “orthographic code”) of the word
being read is created (abstract in the sense that no distinction is
made between upper- and lower-case versions of the letters). This
representation, which codes both letter identities and letter order, is
then used to access higher level (e.g., lexical, semantic) informa-
tion (Grainger, 2008; Kinoshita & Kaplan, 2008; McConkie &

Zola, 1979; Norris & Kinoshita, 2008; see Dehaene, Cohen, Sig-
man, & Vinckier, 2005; Grainger, Rey, & Dufau, 2008, for neural
accounts of this process).

One basic challenge that arises within this conceptualization
is understanding the nature of the orthographic code. A number
of theories have been proposed, generally falling into one of
two camps. One type of theory assumes that the orthographic
code is composed of letter units that are inherently noisy with
respect to the positions of the letters (e.g., Gómez, Ratcliff, &
Perea, 2008, the overlap model; Davis, 2010, the spatial coding
model; Adelman, 2011, the letters in time and retinotopic space
model; Norris & Kinoshita, 2012; Norris, Kinoshita, & van
Casteren, 2010, the Bayesian Reader model). Thus, although it
is possible to read anagrams like carve correctly, it is also
possible to mistake them for their anagram mate (i.e., crave), a
result quite consistent with the available data (Chambers, 1979;
O’Connor & Forster, 1981; Perea & Lupker, 2003a, 2003b,
2004; see also Johnson, Perea, & Rayner, 2007, for evidence
during sentence reading). A second type of theory assumes that
the orthographic code consists of bigram units representing the
ordered sequences of each letter pair in the word (Dehaene et
al., 2005; Grainger & van Heuven, 2003; Grainger, Granier,
Farioli, Van Assche, & van Heuven, 2006; Whitney, 2001). For
example, when reading carve, representational units for ca, cr,
cv, ce, ar, av, ae, re, re, and ve are activated, and activating
those units would also activate, to some degree, the lexical
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representation for crave because most of those units are the
same units involved in reading crave.

The most commonly used technique for trying to distinguish
between various models has been the masked prime lexical-
decision task (Forster & Davis, 1984). Unfortunately, many of the
models make similar predictions in a number of situations, making
it difficult to draw clear conclusions about the nature of the
orthographic code based on any particular set of data from that
task. As a result, researchers have begun using alternative exper-
imental paradigms for this purpose (e.g., Kinoshita & Norris,
2009; Lupker & Davis, 2009; Lupker, Zhang, Perry, & Davis,
2015; Norris & Kinoshita, 2008; Norris et al., 2010).

The task that is the focus of the present research is the cross-case
masked prime same�different task (Kinoshita & Norris, 2009;
Norris & Kinoshita, 2008; Norris et al., 2010). In this task, as
shown in Figure 1, a reference stimulus in lower case is initially
presented above a forward mask consisting of a row of hash marks
for approximately 1 s. The forward mask is followed by a brief
(e.g., 50 ms) presentation of a prime stimulus, replacing the
forward mask, and then by a second visible target stimulus in
upper case, replacing the prime. Hence, the target serves as a
backward mask for the prime. The task is to decide whether the
reference and target stimuli are the same or different, ignoring the
difference in case. The standard result is that responses on “same”

trials are significantly faster when the target and the prime are
orthographically similar than when they are not.

For “different” trials (i.e., when the reference and the target are
different), there are two ways to set up the related trials. That is,
related primes can be related to the targets or they can be related
to the reference stimuli. If the related primes on “different” trials
are related to the targets (and, hence, not to the reference stimuli),
whenever the reference and the prime on a trial are related, the
correct response must be “same.” In such a situation, the referen-
ce�prime relationship could be used to predict the response. In
contrast, when the related primes on “different” trials are related to
the reference stimuli, the reference�prime relationship does not
predict the nature of the response. This latter situation is referred
to as the “zero-contingency” scenario, and it was the scenario used
in the present experiments. When a zero-contingency scenario is
used, there is an inhibition effect on “different” trials when the
prime is orthographically similar to the reference stimulus (Ki-
noshita & Norris, 2010; Perea, Moret-Tatay, & Carreiras, 2011).

Based on previous results using the masked prime same�
different task, Norris and colleagues (Norris & Kinoshita, 2008;
Kinoshita & Norris, 2009, 2010) have repeatedly argued that
reference�target matching in that task is done solely at the abstract
orthographic level. The implications of this argument are that priming
effects in the task are essentially due to the orthographic similarity of
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Figure 1. Standard display sequence in a masked prime same�different task in which a zero-contingency
scenario was used to create related “different” trials. RT � reaction time.

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

1282 LUPKER, NAKAYAMA, AND PEREA



the reference’s and prime’s orthographic codes, and, therefore, that
the task may be an ideal one for investigating the nature of the
orthographic code in reading. For example, they have claimed: “The
same�different task is based on a comparison of the target and
reference strings at a purely orthographic level” (Duñabeitia, Ki-
noshita, Carreiras, & Norris, 2011, p. 525), “the same�different task
holds considerable promise as a tool for examining the nature of
prelexical orthographic representations. The task appears to tap into
the same representations that support word recognition but not to be
influenced by the lexical retrieval processes” (Kinoshita & Norris,
2009, p. 13), and “This evolving prelexical orthographic representa-
tion is both input to the lexical access process and the representation
used in the same�different task” (Kinoshita & Norris, 2009, p. 14).

The empirical bases of these claims is that: (a) the size of the
priming effect appears to be independent of the lexical status of the
reference/target as well as the frequency of the reference/target if
it is a word (e.g., Kinoshita & Norris, 2009; Norris & Kinoshita,
2008) and (b) morphological relationships between the prime and
the reference/target (e.g., walker�WALK) do not produce priming
beyond that due to orthographic similarity (e.g., brothel�BROTH)
(Duñabeitia et al., 2011; Kinoshita, Norris, & Siegelman, 2012). A
further component of their argument, and the one that we inves-
tigated here, is that phonological priming effects do not appear to
emerge in this task.

Norris and colleagues’ core claim—that matching in the task is
done at the abstract orthographic level only—is not without chal-
lenges. Chambers and Forster (1975), for example, proposed that
reference and target stimuli are actually matched at three levels—
letter, letter cluster, and word levels, based on their data from a
simultaneous matching task (i.e., the reference and target stimuli
were presented simultaneously). Their basic idea is that codes at all
three levels are established for each letter string and matching
processes are carried out at all three levels simultaneously. Which-
ever level yields a “same” response most rapidly is the level that
drives the decision.

The main source of support for Chambers and Forster’s (1975)
claim was that high-frequency words were matched more rapidly
than low-frequency words, which were matched more rapidly than
legal nonwords, which were matched more rapidly than illegal
nonwords. Their argument is simply that matching would be
expected to be faster to the extent that a target and reference
stimulus can take advantage of more levels. Therefore, high-
frequency words, which can take advantage of all three levels and
do so quite efficiently at the word level, should produce the
shortest latencies, whereas illegal nonwords, which can only be
matched at the letter level, should produce the longest latencies.

As noted above, Norris and Kinoshita (2008) did not find
differential priming as a function of lexicality and/or frequency
when using sequential reference�target presentations. Nor did
they find, in contrast to Chambers and Forster (1975), any overall
effects of lexicality and/or frequency. However, their data did
trend in that direction, as noted by Kelly, van Heuven, Pitchford,
and Ledgeway (2013), who reported clear evidence of Chambers
and Forster’s pattern in their four experiments using the sequential
same�different task. As such, Kelly et al. proposed that matching
is often done on the basis of lexical, rather than orthographic,
codes when words are used as reference and target stimuli. What
such a proposal would not explain, however, is that, if words can
be matched at either the orthographic or lexical level whereas

nonwords can only be matched at the orthographic level, why are
the priming effects for word and nonword trials typically identical
in size, as Norris and Kinoshita (2008) have reported. Therefore, as
argued by Angiolillo-Bent and Rips (1982) and Marmurek (1989),
lexicality and/or frequency effects in the same�different task may
be better explained in terms of non-matching processes such as
ease of encoding.

There is, however, more recent evidence that, for words, match-
ing does take place at a level higher than the orthographic level
(Lupker, Perea, & Nakayama, 2015). Lupker et al. used a transla-
tion priming manipulation in their sequential same�different task.
Specifically, Japanese�English bilinguals were presented with an
English reference word followed by a masked Japanese (Kanji
script) prime that could be either a noncognate translation equiv-
alent of, or unrelated to, the reference stimulus. On same trials
(i.e., when the target matched the reference), a small (approxi-
mately 10 ms) facilitation effect was observed. On different trials,
a zero-contingency manipulation was used (see Figure 1). On those
trials, a small inhibition effect was observed from translation
primes, presumably due to the prime biasing participants toward a
“same” response, hence, slowing responding when the target did
not match the reference stimulus. Because Roman and Kanji
scripts have no orthographic similarity, these effects cannot be
orthographically based and, because the translation equivalents
were all noncognates, these effects cannot be phonologically
based. Therefore, they are most likely based on relationships that
exist at either the lexical or semantic level, implying that matching
does occur at these higher levels.

As mentioned, however, the priming effects Lupker et al. (2015)
observed were small (8–12 ms). The obvious implication is that
matching at the lexical or semantic level played only a minor role
in Lupker et al.’s experiments despite the strong lexical/semantic
relationships that exist between translation equivalents. Indeed, as
Norris and colleagues have reported, orthographically based prim-
ing effects are typically 5–10 times larger (e.g., ranging from
50�100 ms) than Lupker et al.’s effects. Hence, Lupker et al.’s
data are not inconsistent with the idea that orthographic codes play
virtually the entire role in this task, the only exception being those
few instances in which there is a very strong conceptual relation-
ship between the prime and target.

The purpose of the present research was to further examine the
idea that the masked prime same�different task is virtually en-
tirely orthographically based, but, this time, by asking whether
there are phonological contributions to the matching/priming pro-
cess. Specifically, by asking whether the same�different task
shows phonological priming effects, the goal was to determine
whether the matching task and the priming effects observed are
ever based on phonological codes.

Given the strong relationship between orthography and phonol-
ogy in languages using the Roman alphabet, disentangling the
impacts of phonology and orthography is quite difficult. Indeed, in
almost all the reported experiments that appear to demonstrate
orthographic priming effects, there is considerable phonological
similarity between the primes and the reference/target stimuli
because those experiments were conducted in Roman alphabet
languages. Therefore, if phonological priming were to be demon-
strated in the same�different task, one could argue that most of the
priming effects in masked prime same�different experiments cur-
rently in the literature may have been, at least in part, phonological
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effects. The further implication would be that this task would be a
less than ideal task for investigating the nature of the orthographic
code per se.

At present, there is little evidence with respect to the question of
whether the same�different task is affected by phonology. One
attempt to evaluate this issue was reported by Besner, Coltheart,
and Davelaar (1984). Those researchers used a sequential
same�different task (without a masked prime) in which the ref-
erence and target stimulus were to be classified as “same” only if
they matched both in terms of letter identity and case. The impor-
tant comparison involved the response latencies for “NO” (differ-
ent) responses for letter strings that were phonologically identical
(HILE�hyle) versus letter strings that mismatched at the same
number of letter positions (e.g., HILE�hule). The 7-ms difference
between these conditions (HILE�hyle trials were slower) was not
significant.

A second look at this issue comes from Kinoshita and Norris
(2009). Those researchers, using a masked prime same�different
task, compared latencies for trials involving pseudohomophone
primes (skore�SCORE) with latencies for trials involving non-
word primes matching their targets at the same number of letter
positions as the pseudohomophone primes did (e.g.,
smore�SCORE). No difference was observed, causing the authors
to conclude: “These results suggest that phonology plays no role in
priming in the cross-case same�different task and that priming is
purely orthographic” (p. 9).

Both Besner et al. (1984) and Kinoshita and Norris (2009) were
successful at unconfounding phonology and orthography in their
experiments. What needs to be noted, however, is that, in both
cases, their manipulations of phonology were fairly weak. The two
types of targets in Besner et al. (hyle and hule) and the two types
of primes in Kinoshita and Norris (skore and smore) differ in only
one phoneme. Therefore, it seems likely that, if phonology does
matter in the same�different task, evidence for such an effect
would be difficult to observe with those particular manipulations.
In fact, given the nature of Roman alphabet languages, it may not
be possible to design a manipulation strong enough to disentangle
the effects of phonology and orthography in those types of lan-
guage. Fortunately, such is not the case when one is examining
cross-script priming with Japanese�English bilinguals.

As reported by Nakayama, Sears, Hino, and Lupker (2012),
primes presented in Japanese Katakana script prime phonologi-
cally related English targets in a lexical-decision task (e.g., サイド
/sa.i.do/, side�GUIDE produces faster latencies than コール
/ko.R.ru/, call–GUIDE; see also Ando, Jared, Nakayama, & Hino,
2014, for a demonstration of similar effects using Kanji primes).
As Nakayama et al. also reported, Katakana-written cognate
primes (i.e., translation equivalents that are phonologically, but not
orthographically, similar to one another, e.g., ガイド/ga.i.do/
guide�GUIDE vs. コール /ko.R.ru/, call�GUIDE) do as well.
Importantly, as Nakayama, Sears, Hino, and Lupker (2013) re-
ported, Katakana-written cognate primes produce significantly
larger priming effects than Kanji-written noncognate primes (the
“cognate priming advantage”) for Japanese�English bilinguals
(see also Nakayama, Verdonschot, Sears, & Lupker, 2014). Cog-
nate priming advantages have been observed in a number of
languages (Duñabeitia, Perea, & Carreiras, 2010; Gollan, Forster,
& Frost, 1997; Voga & Grainger, 2007) and, at least for
different script bilinguals (i.e., bilinguals whose two languages

do not have any orthographic similarity), the clear implication
is that the advantage is due to the phonological similarity of the
prime and target. Therefore, these two sources of phonological
effects provide a good means of evaluating any impact of
phonology in the masked prime same�different task.

More specifically, in both experiments, the same set of English
reference words and targets were used. In Experiment 1, they were
primed by either unrelated words or Japanese cognate translation
equivalents. Priming effects in Experiment 1 that are noticeably larger
than the 8–12 ms effects produced by the Japanese noncognate
primes in Lupker et al. (2015) would provide evidence that phono-
logical codes are used in the same�different task, at least when
relevant phonological information is provided by a masked prime. In
Experiment 2, the related primes were phonologically similar Japa-
nese (Katakana) nonwords. Significant priming effects in Experiment
2 would provide further, more direct, evidence for a phonological
contribution to priming in the masked prime same�different task.

A further manipulation in these experiments involved the fre-
quency of the targets. As shown by Nakayama et al. (2012, 2013,
see also Ando et al., 2014) phonological priming effects in cross-
script priming tasks are unaffected by target frequency unless
target processing is very rapid (i.e., when the latency floor is being
approached). Therefore, one might expect that, if any priming
effects observed in Experiments 1 and 2 are indeed based on
phonology, no interaction with frequency will be observed.

Note that, in both of these experiments, the Japanese primes
were written in Katakana. Because syllabic Katakana is a shal-
lower script than logographic Kanji, the nature of the orthogra-
phy�phonology relationships for words written in Katakana
would be more similar to the relationships found in Roman alpha-
bet languages than would the relationships be for words written in
Kanji. Further, due to the straightforward relationship between
orthography and phonology, phonological information from a
masked Katakana prime would likely be available more rapidly
than from a masked Kanji prime (Okano, Grainger, & Holcomb,
2013). Although as Ando et al. (2014) have demonstrated, it is
possible to get phonological priming effects for Kanji primes and
English targets in lexical decision tasks, the effects are weaker than
when Katakana primes are used (Nakayama et al., 2012, 2013,
2014).1

Experiment 1: Priming With Cognate
Translation Equivalents

Method

Participants. Thirty-six proficient Japanese–English bilin-
guals from Waseda University (Tokyo, Japan) participated in this
experiment. Their mean age was 21.6 years and their age of first
exposure to English was 9.8 years (SD � 3.5). All participants had
TOEIC scores higher than 700, with their mean score being 834
(range: 700–990; test score range: 10–990).

1 An additional reason why Katakana was used for the primes in these
experiments is that virtually all Japanese�English cognates are normally
written in Katakana. Therefore, selecting a stimulus set for the cognate
priming manipulation in Experiment 1 would have been almost impossible
if Kanji prime words had been used.
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Materials. Detailed lexical characteristics of the stimuli used
in Experiment 1 are reported in Table 1. Critical stimuli for the
“same” trials consisted of 120 Japanese�English cognate transla-
tion equivalents, most of which (88%) were taken from Nakayama
et al. (2012). Half of the targets were low-frequency English words
(M � 4.6 letters long), with their mean frequency being 17.0
occurrences per million (see Brysbaert & New, 2009, for subtitle
frequency). The other half were high-frequency English words
(M � 4.6 letters long), with their mean frequency being 239.3
occurrences per million. For the “same” trials, these targets were
always used as the reference stimuli as well.

Each target was primed by either a Japanese Katakana cognate
translation equivalent (e.g., “south�サウス /sa.u.su/, south�
SOUTH”) or an unrelated Katakana word that also had a cognate
translation equivalent (e.g., “south�カーブ /ka.R.bu/,
curve�SOUTH”).2 That is, the unrelated primes were a different set
of Katakana cognate words, the vast majority of which (98%) were
also taken from Nakayama et al. (2012). The unrelated Katakana
primes were orthographically, phonologically, and semantically un-
related to their English targets/references. The unrelated primes were
3.7 characters in length and were generally low-frequency words
(M � 7.2 occurrences per million; Amano & Kondo, 2000). The
Katakana translation equivalent (i.e., related) primes were also 3.7
characters in length and their written word frequency was on average
9.4 occurrences per million.

For the “different” trials, as noted, we employed the zero-
contingency scenario, as was done in a number of previous exper-
iments using the same�different task (Kinoshita & Norris, 2010;
Perea et al., 2011). Targets in the “different” trials were another set
of 120 English words. Lexical characteristics of the targets were
matched to those for the targets used in the “same” trials. Thus,
half of the targets were low-frequency English words (M � 18.7)
and the other half were high-frequency English words (M �
241.5). The mean word lengths of low- and high-frequency targets
were both 4.6. These English targets also had Japanese cognate
translation equivalents, although those Japanese words were not
presented in the experiment. The nonpresented Japanese cognate
words had similar mean word frequencies and word lengths as the
cognate translation equivalents in the “same” trials.

The related condition on “different” trials was created by using
a new set of 120 Japanese�English cognate translation equiva-
lents. As noted, we adopted a zero-contingency scenario and thus
English words were used as reference stimuli and their Japanese
translation equivalents were used as critical primes (e.g., refer-
ence � “hand” and prime � “ハンド” /ha.N.do/, hand, with the
target being COOL). Here again, half of the reference words were
low-frequency English words (M � 18.6) and the other half were
high-frequency English words (M � 230.8). The two sets of
English reference words were matched on their average word
length (M � 4.6 in the two conditions). The reference word always
contained the same number of letters as the target word. The
Japanese cognate translation primes were not related to their target
words in any respect.

The unrelated condition was created by using an additional set
of 120 Japanese cognate words as primes. These primes were not
orthographically, phonologically, or semantically similar to their
reference words or their target words. The four types of primes had
equivalent mean word frequencies and word lengths as those used
in the “same” trials.

Thus, there were a total of 240 trials with 120 word triplets
requiring “same” responses and 120 word triplets requiring “dif-
ferent” responses. Within each condition, half of the stimuli in-
volved low-frequency English stimuli and the other half involved
high-frequency English stimuli. Two counterbalanced lists were
created so that, within the frequency and response conditions, each
target word was in the related condition in one list and in the
unrelated condition in the other.

Procedure. Participants were tested individually in a silent
room. The presentation of stimuli and measuring of response latencies
was controlled by DMDX software (Forster & Forster, 2003) installed
on a desktop PC with a CRT monitor. The sequence of each trial was
as follows (see Figure 2): the English reference word was presented in
lower case for 1,000 ms above a forward mask “#######”. The
reference stimulus was then removed and the mask was replaced by
the Japanese prime word, which remained on the screen for 53.3 ms.
(A 53.3-ms prime duration was selected [for both experiments],
because a goal in Experiment 1 was to compare our cognate priming
results with the noncognate priming results in Experiment 5 in Lupker
et al. [2015], in which a 53.3-ms prime duration had been used. Note
also that a 53.3-ms prime duration has been used in much of the
literature using the masked prime same�different task [e.g., Norris &
Kinoshita, 2008].) The upper-case English target then appeared in the
same position as the prime and remained on the screen until the
participant responded.

Participants were asked to decide whether the reference and the
target were the same word. Participants were told to respond using the
“same” button or the “different” button as quickly as possible, trying
to make as few errors as possible. The trials were presented in a
different random order for each participant. Prior to the experimental
session, participants received 20 practice trials. The practice stimuli
were chosen according to the same criteria used in the experimental
design and contained triplets not found in the experimental lists.

Results

Correct response latencies faster than 200 ms or slower than 800
ms were removed as outliers (1.0% and 1.3% of the “same” and
“different” trial data, respectively). The remainder of the correct
responses and the error rates were analyzed using 2 (Target Frequency
[high vs. low) � 2 (Prime Type [related vs. unrelated]) analyses of
variance separately for the “same” and “different” trial conditions. In
the subject analyses, target frequency and prime type were within-
subject factors, and, in the item analyses, target frequency was a
between-item factor and prime type was a within-item factor. Mean
response latencies and error rates for each condition in Experiment 1
are reported in Table 2.

“Same” trials. Responses to high-frequency targets (440 ms)
were 3 ms faster than to low-frequency targets (443 ms), however,
this small difference was not significant, Fs(1, 35) � 1.96, p � .15;

2 As has been done in previous studies testing Japanese�English trans-
lation equivalents (e.g., Nakayama et al., 2012; Nakayama et al., 2014), the
phonologically similar Japanese and English words were those that had a
small sound difference as noted by Japanese�English bilinguals, rather
than being selected by counting the number of shared phonemes in the two
words. Our approach seems more appropriate given that the phonological
properties of the two languages are relatively different (Japanese has a
mora or CV-based phonology, which does not allow consonant cluster
sounds, and English has a phoneme based phonology, etc.).
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Fi(1, 118) � 1.56, p � .15. Error rates also did not differ significantly
for high- versus low-frequency targets (5.9% vs. 6.6%) (both Fs � 1).
The main effect of prime type was highly significant, Fs(1, 35) �
148.55, p � .001, mean square error (MSE) � 322.7; Fi(1, 118) �
165.09, p � .001, MSE � 553.5. Participants responded to targets 37

ms faster when Japanese primes were cognate translation equivalents
of their reference words (and targets) than when the primes were
unrelated to their reference words (423 ms vs. 460 ms). Participants
also made significantly fewer errors in the translation condition than
in the unrelated condition (2.7% vs. 9.8%), Fs(1, 35) � 36.08 p �

Table 1
Stimulus Characteristics of English Reference and Target Stimuli for “Same” and “Different” Trials Used in Experiments 1 and 2,
and the Characteristics of the Japanese Cognate Translation Primes and Unrelated Cognate Primes Used in Experiment 2

Stimuli

High-frequency targets Low-frequency targets

Example Freq. Len. N Example Freq. Len. N

“Same” trials
Reference south 239.3 4.6 6.3 lease 17.0 4.6 6.1
Cognate primes サウス /sa.u.su/, south 9.1 3.4 — リース /ri.R.su/, lease 9.7 3.4 —
Unrelated primes カーブ /ka.R.bu/, curve 7.3 3.4 — ナイン /na.i.N/, nine 7.2 3.4 —
Target SOUTH 239.3 4.6 6.3 LEASE 17.0 4.6 6.1

“Different” trials
Reference hand 230.8 4.6 6.2 pitch 18.6 4.6 6.3
Cognate primes ハンド /ha.N.do/, hand 9.9 3.4 — ピッチ /pi.Q.cji/, pitch 9.5 3.3 —
Unrelated primes グレ ー /gu.re.R/, gray 7.6 3.4 — クルー /ku.ru.R/, crew 7.1 3.3 —
Target COOL 241.5 4.6 6.1 SHEET 18.7 4.6 6.0

Note. For English targets in the “different” trials, the mean word frequencies and word lengths of Japanese cognate translation equivalents (not presented
in the experiments) were 10.1 and 3.3 for low-frequency targets and 9.1 and 3.4 for high-frequency targets, respectively. Freq. � word frequency; Len. �
length; N � orthographic neighborhood size.
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Figure 2. Display sequence in Experiment 1 in which a zero-contingency scenario was used to create related
“different” trials. RT � reaction time.
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.001, MSE � 50.1; Fi(1, 118) � 99.26, p � .001, MSE � 30.3. There
was no Target Frequency � Prime Type interaction (both Fs � 1).
That is, priming effects were identical for low-frequency (38 ms and
7.0% effects) and high-frequency reference/target words (35 ms and
7.1% effects).

“Different” trials. Response latencies were again slightly faster
for high- than for low-frequency targets (458 ms vs. 462 ms), how-
ever, this 4-ms difference was only marginally significant, Fs(1, 35) �
3.34, p � .08, MSE � 183.1; Fi(1, 118) � 2.29, p � .10. Target
frequency also did not affect the error rates (Fs � 1). There was again
a significant main effect of prime type, Fs(1, 35) � 64.71, p � .001,
MSE � 294.3; Fi(1, 118) � 73.25, p � .001, MSE � 483.9. Partic-
ipants responded to targets 23 ms slower when the primes were
Japanese cognate translation equivalents of the reference words. Par-
ticipants also made significantly more errors in the translation condi-
tion than in the unrelated condition (4.2% vs. 2.0%), Fs(1, 35) � 9.49,
p � .01, MSE � 18.7; Fi(1, 118) � 15.96, p � .001, MSE � 18.6.
There was no Target Frequency � Prime Type interaction, Fs(1,
35) � 1.31, p � .20; Fi � 1, for response latencies, and both Fs � 1,
for errors.

Post hoc comparison between the cognate priming effects in
Experiment 1 and Lupker et al.’s (2015; see Experiment 5)
effects for noncognate translation equivalents. To examine the
potential cognate priming advantage in the present circumstances, we
statistically compared the cognate priming effects observed in Exper-
iment 1 with the noncognate priming effects observed previously in
Lupker et al. (2015). For the noncognate priming effects, the data in
their Experiment 5 were used for the comparator because the same
prime duration (53.3 ms) was used in that experiment as in the present
experiment.3 In the analyses, Cognate Status (cognate vs. noncognate)
was a between-subject/item factor, and Prime Type (translation vs.
unrelated) was a within-subject/item factor.

For the cognate priming effect (the present experiment), we used
the data from the high-frequency targets (Lupker et al., 2015, did not
manipulate target frequency and their target frequencies were, on
average, approximately 110 occurrences per million). Although the
present results clearly showed that target frequency does not modulate
the size of priming effects in same�different tasks, if target frequency
mattered even slightly, the difference between experiments would
work against finding a significant Cognate Status � Prime Type
interaction (i.e., a cognate priming advantage). We previously re-
ported that there are larger translation priming effects for low- than for

high-frequency targets in the lexical-decision task (e.g., Nakayama et
al., 2012, 2013) and the average frequency was slightly lower for the
stimuli in Lupker et al.’s Experiment 5 than for the high-frequency
targets in the present experiment.

We should also note that the bilinguals in Lupker et al.’s (2015)
Experiment 5 were slightly lower in English proficiency (mean
TOEIC score, 815) than those in the present experiment (mean
TOEIC score, 834). This proficiency difference would also appear to
work against finding a significant interaction, because lower L2
proficiency is associated with significantly larger priming in a lexical-
decision task (e.g., Nakayama et al., 2012, 2013).

“Same” trials. The main effect of Cognate Status was signifi-
cant, Fs(1, 72) � 8.17, p � .01, MSE � 4,676.6; Fi(1, 118) � 86.92,
p � .001, MSE � 660.2. The main effect of Prime Type was also
significant, Fs(1, 72) � 83.77, p � .001, MSE � 227.7; Fi(1, 118) �
80.43, p � .001, MSE � 402.5. Critically, there was a significant
Cognate Status � Prime Type interaction, Fs(1, 72) � 25.71, p �
.001, MSE � 227.7; Fi(1, 118) � 25.84, p � .001, MSE � 402.5. The
cognate priming effect (35 ms) was significantly larger than the
noncognate priming effect (10 ms).

“Different” trials. The main effect of Cognate Status was
significant, Fs(1, 72) � 7.80, p � .01, MSE � 5,367.6; Fi(1,
118) � 95.00, p � .001, MSE � 690.7. The main effect of Prime
Type was also significant, Fs(1, 72) � 38.57, p � .001, MSE �
212.4; Fi(1, 118) � 30.09, p � .001, MSE � 485.2. More impor-
tantly, there was a significant Cognate Status � Prime Type
interaction, Fs(1, 72) � 5.23, p � .05, MSE � 212.4; Fi(1, 118) �
6.08, p � .05, MSE � 485.2. The cognate priming effect (20 ms),
this time inhibitory, was significantly larger than the noncognate
priming effect (9 ms).4

3 Prior to the post hoc analyses, data from Lupker et al.’s (2015)
Experiment 5 went through the same data treatment applied in the present
experiments. The pattern of priming effects did not change, with a 10-ms
facilitation effect for “same” trials (ps � .001) and a 9-ms inhibition effect
for “different” trials (ps � .05).

4 As in Nakayama et al.’s (2013) experiments, cognate priming in the
present Experiment 1 involved Katakana primes while noncognate priming in
Lupker et al.’s (2015) Experiment 5 involved Kanji primes. As Nakayama et
al. explained, use of different scripts in the two situations is necessitated by the
nature of written Japanese. As noted in footnote 1, virtually all English
cognates are written in Katakana. In contrast, virtually all noncognates are
written in Kanji. Due to the fact that different script primes were used in the
two situations, an argument could, of course, be made that this difference may
have mattered. Specifically, as will be discussed further in the main text, the
argument would be that the larger priming effects in the present Experiment 1
were due to the Katakana primes being more similar to their targets at the
lexical/semantic level than the Kanji primes used in Lupker et al.’s Experiment
5, rather than being due to the phonological similarity of the primes and
reference stimuli in the present Experiment 1. Given the small contribution to
priming by lexical/semantic factors even when, as in Lupker et al.’s experi-
ments, the translation equivalents are quite similar in meaning, such an
argument would be difficult to substantiate. Equally importantly, as Nakayama
et al. noted, prior masked priming research in Japanese has indicated that Kanji
primes are no less effective at producing lexical/semantic priming than Kata-
kana primes when familiar Kanji words are used (Nakamura, Dehaene, Jobert,
Le Bihan, & Kouider, 2005; Nakamura, Dehaene, Jobert, Le Bihan, &
Kouider, 2007). Nakayama et al.’s analysis of this issue can be found in their
article on pages 954, 960, and 961.

Table 2
Response Latencies in Milliseconds (and Error Rates) for
“Same” and “Different” Responses to Low- and High-
Frequency English Targets as a Function of Prime Relatedness
in Experiment 1: Japanese Cognate Translation Primes

Relationship
Low-frequency

targets
High-frequency

targets

“Same” trials
Related 424 (3.1%) 422 (2.3%)
Unrelated 462 (10.1%) 457 (9.4%)
Priming effect �38 (�7.0%) �35 (�7.1%)

“Different” trials
Related 475 (4.5%) 468 (3.8%)
Unrelated 449 (1.9%) 448 (2.0%)
Priming effect �26 (�2.6%) �20 (�1.8%)
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Discussion

The pattern in Experiment 1 is clear. The priming effects from
the cognate translation equivalent primes, on both the “same” and
“different” trials, were highly significant. Because the primes and
reference stimuli were similar phonologically and semantically but
not orthographically, these effects cannot be attributed to similar-
ities in orthographic codes. Further, the effects in Experiment 1 (35
ms and 20 ms) were significantly larger than the noncognate
priming effects (10 ms and 9 ms) observed by Lupker et al. (2015).
As Nakayama et al. (2013) and Nakayama et al. (2014) have
argued, cognate priming advantages, at least for different-script
bilinguals for whom translation equivalents are completely differ-
ent orthographically, are most likely phonologically based priming
effects (also see Voga & Grainger, 2007). Thus, the results of
Experiment 1 provide good evidence that at least some portion of
the priming effect in the masked prime same�different task is
phonologically based.

Experiment 2: Priming With Phonologically
Similar Nonwords

As noted, Lupker et al. (2015) have demonstrated that noncog-
nate translation equivalent primes produce small but significant
priming effects for Japanese�English bilinguals in the masked
prime same�different task (8–12 ms). Therefore, the most rea-
sonable interpretation of the substantially larger priming effects for
cognate translation equivalents is that they are phonological
effects. One could, however, argue that the larger effects for
cognates may have been lexically/semantically (i.e., conceptually)
based because the translation equivalents used in Experiment 1
may have been much more closely related than the translation
equivalents used by Lupker et al. That is, the Japanese cognate
words used in Experiment 1 are loan words from English. There-
fore, one could argue that the concepts represented by the cognate
translation equivalents are virtually identical. In contrast, noncog-
nate translation equivalents are original Japanese words (or loan
words from Chinese) that may represent meanings that are some-
what different from those possessed by their (e.g., English) trans-
lation equivalents. Therefore, a smaller, conceptually based trans-
lation priming effect might be expected for noncognate translation
equivalents than for cognate translation equivalents (see Fink-
beiner, Forster, Nicol, & Nakamura, 2004).

For a couple of reasons, however, it would be difficult to sustain
an argument that the larger cognate priming effects were due to
differential degrees of conceptual similarities for cognates and
noncognates. First, Japanese�English cognate translation equiva-
lents do not necessarily share more conceptual senses than non-
cognate translation equivalents, as shown by Nakayama et al.
(2013) and, second, as shown by Allen and Conklin (2014),
Japanese�English cognate translation equivalents are rated no
more conceptually similar to each other than Japanese�English
noncognate translation equivalents are. Instead, as noted just
above, cognate priming advantages in lexical-decision tasks (e.g.,
Duñabeitia et al., 2010; Gollan et al., 1997; Nakayama et al., 2013;
Nakayama et al., 2014; Voga & Grainger, 2007), at least for
different script bilinguals (i.e., bilinguals whose two languages do
not have any orthographic similarity), appear to be due to the
phonological similarity between the prime and target. Therefore,

the cognate priming advantage in Experiment 1 is most likely to
have been a phonological effect due to similarities in the phono-
logical codes. If this argument is correct, it should be possible to
obtain phonological priming effects in the absence of any seman-
tic/lexical relationships. To examine this issue, in Experiment 2,
we used the same reference stimuli and targets. The primes,
however, were Katakana nonwords that were phonologically sim-
ilar to the English reference/target stimuli.

Method

Participants. Thirty-six proficient Japanese–English bilin-
guals from Waseda University (Tokyo, Japan) participated in this
experiment. None had participated in Experiment 1. Their mean
age was 22.1 years and their age of first exposure to English was
10.1 years (SD � 2.7). All participants had TOEIC scores higher
than 700, with their mean score being 831 (range: 710–980; test
score range: 10–990).

Materials. The same set of 240 English reference words and
targets used in Experiment 1 was used in Experiment 2. The critical
manipulation made was to the Japanese primes. Japanese primes were
Katakana nonword primes created by changing one phoneme of the
Japanese translation equivalents and unrelated words used in the
Experiment 1. For instance, for the triplet used in the related condition
of the “same” trials in Experiment 1, “south�サウス /sa.u.su/,
south�SOUTH,” the Japanese word prime was replaced by a pho-
nologically similar nonword “サオス /sa.o.su/.” Similarly, for the
triplets in the unrelated condition, “south�カーブ /ka.R.bu/,
curve�SOUTH”), the prime was replaced by “カエブ” /ka.e.bu/.
The same treatments were made to triplets for the “different” trials.
Across “same” and “different” trials, half of the nonword primes were
created by replacing vowels (e.g., pu.re.R.su ¡ pe.re.R.su) and the
other half were created by replacing consonants (e.g., to.ra.bu.ru ¡

no.ra.bu.ru). Note that, in the Japanese language, replacement of one
phoneme always results in a change of one Katakana character
whether the replaced phoneme is a vowel or a consonant (e.g., for the
examples used above, プレース ¡ ペレース [consonant change]
and トラブル ¡ノラブル [vowel change]). The phoneme replace-
ment was made equally frequently to initial character, middle char-
acter, and final character positions. Lastly, the replacement was done
in a pairwise manner; primes in the related and unrelated conditions
received the same treatment in terms of the type of phoneme replace-
ment (vowels vs. consonants) and the position of the replacement
within a word (initial, middle, and final).

In Experiment 2, there were a total of 240 trials with 120 word
triplets requiring “same” responses and 120 word triplets requiring
“different” responses. The only difference from Experiment 1 was
that the Japanese primes were phonologically similar Katakana
nonwords. Counterbalancing lists were created identically to those
in Experiment 1.

Procedure. The procedure was identical to that in Experiment
1. A schematic of the trial sequences in Experiment 2 is contained
in Figure 3.

Results

Correct response latencies faster than 200 ms or slower than 800
ms were removed as outliers (0.5% and 1.0% of the “same” and
“different” trial data, respectively). The remainder of the correct
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responses and the error rates were analyzed in the same way as in
Experiment 1. Mean response latencies and error rates for each
condition in Experiment 2 are reported in Table 3.

“Same” trials. Responses to high-frequency targets (425 ms)
were slightly faster than to low-frequency targets (431 ms). This
6-ms frequency effect was, unlike the parallel (3-ms) effect in
Experiment 1, significant in the subject analysis, Fs(1, 35) � 9.07,
p � .01, MSE � 140.7, although not in the item analysis, Fi(1,
118) � 1.03, p � .30. The main effect of Prime Type was highly
significant, Fs(1, 35) � 122.93, p � .001, MSE � 198.6; Fi(1,
118) � 67.87, p � .001, MSE � 661.5. Participants responded to
targets on average 26 ms faster when those (English) targets were
preceded by phonologically similar Japanese nonwords than by
unrelated Japanese nonwords. There was no hint of an interaction
(both Fs � 1) because the facilitation effects were identical in size
for low- and high-frequency targets (i.e., 26-ms effects).

Error rates did not significantly differ for high- and low-
frequency targets (4.7% vs. 5.1%) (Fs � 1). Mirroring the latency
data, participants made significantly fewer errors in the related
condition than in the unrelated condition, Fs(1, 35) � 24.27 p �
.001, MSE � 15.1; Fi(1, 118) � 21.12, p � .001, MSE � 29.0.
There was no Prime Type � Target Frequency interaction, Fs(1,
35) � 2.11, p � .15; Fi(1, 118) � 1.96, p � .15.

“Different” trials. Again, responses to high-frequency targets
were slightly faster than to low-frequency targets (447 ms vs. 453

ms). The 6-ms frequency effect was significant in the subject
analysis, Fs(1, 35) � 5.80, p � .05, MSE � 221.4, and was
marginally significant in the item analysis, Fi(1, 118) � 3.65, p �
.06, MSE � 509.1. More importantly, there was a significant Prime
Type effect, with responses being significantly slower when Japanese
nonword primes were phonologically similar to their English ref-
erence words, Fs(1, 35) � 68.04, p � .001, MSE � 184.2; Fi(1,
118) � 21.64, p � .001, MSE � 980.3. This inhibitory priming

Table 3
Response Latencies in Milliseconds (and Error Rates) for
“Same” and “Different” Responses to Low- and High-
Frequency English Targets as a Function of Prime Relatedness
in Experiment 2: Japanese Nonword Phonological Primes

Trials
Low-frequency

targets
High-frequency

targets

“Same”
Related 418 (3.6%) 412 (3.0%)
Unrelated 444 (5.8%) 438 (7.1%)
Priming effect �26 (�2.2%) �26 (�4.1%)

“Different”
Related 462 (2.8%) 456 (4.4%)
Unrelated 443 (2.7%) 438 (2.0%)
Priming effect �19 (�0.1%) �18 (�2.4%)
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Figure 3. Display sequence in Experiment 2 in which a zero-contingency scenario was used to create related
“different” trials. RT � reaction time.
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effect was virtually identical for high- and low-frequency targets
(�19 ms and �18 ms effects, respectively), as indicated by the
lack of Prime Type � Target Frequency interaction (Fs � 1).

Error rates did not differ for high- and low-frequency targets
(3.2% vs. 2.8%) (Fs � 1). Error rates were higher when Japanese
nonword primes were phonologically similar to their English ref-
erence words than when they were not, although the Prime Type
effect (3.6% vs. 2.4%) was only marginally significant in the
subject analysis, Fs(1, 35) � 3.80, p � .06, MSE � 13.7; Fi(1,
118) � 5.30, p � .01, MSE � 16.4. There was a significant Prime
Type � Target Frequency interaction, Fs(1, 35) � 4.00, p � .05,
MSE � 11.1; Fi(1, 118) � 4.51, p � .05, MSE � 16.4. A
significant effect was observed for high-frequency targets (�2.4%
effect), ts(35) � 2.50, p � .05, SEM � .93; ti(118) � 3.04, p �
.01, SEM � .76, but not for low-frequency targets (�0.1% effect)
(ts � 1.0).

Discussion

The critical experimental question in Experiment 2 was whether
one would observe a phonologically based priming effect using
Japanese (Katakana) nonword primes and English words as refer-
ences and targets in a same�different task. The answer is clearly
positive, with significant (and sizable) priming effects emerging on
both “same” and “different” trials.

The obvious implication of these results, coupled with those of
Experiment 1, is that phonological codes are involved in the
same�different task. That is, the task involves more than simply
evaluating/matching the reference and the target’s orthographic
codes. Presumably, the matching process also involves the pho-
nological level and, as a result, the phonology provided by the
prime and its relationship to the phonology of the reference stim-
ulus can provide evidence either for or against a reference�target
match. As a result, on related “same” trials (i.e., when the prime
and reference stimulus/target are phonologically similar), positive
latencies are faster than on unrelated trials, whereas on related
“different” trials (i.e., when the prime is phonologically similar to
the reference stimulus but not to the target), negative latencies are
slower than on unrelated trials.

What is also important to emphasize is that the existence of
priming on “different” trials in both experiments does indicate that,
as argued by Norris and colleagues (Kinoshita & Norris, 2009,
2010; Norris & Kinoshita, 2008; Norris et al., 2010), priming in
the same�different task is not due to the prime activating the
target. That is, when one uses a zero-contingency design on
“different” trials, the prime is not related to the target. Instead, the
prime is related to the reference stimulus. Therefore, if priming
were due to an interaction between the prime and the target, no
priming effect would be expected. The further implication is that
the effect must be a result of the interaction between the prime and
the reference stimulus. That is, in line with Norris and colleagues’
argument, the priming effects on both “same” and “different” trials
are most likely due a partial match between the code supplied by
reference stimulus and the code supplied by the prime, codes that,
as shown in the present experiments, apparently are, at least some
of the time, phonological in nature.

There appear to be two additional aspects of the data from
Experiment 2 that deserve mention. First, the priming effects were,
as in Experiment 1 and in Nakayama et al. (2013) and Nakayama

et al. (2014), independent of target frequency, being identical in
size for high- and low-frequency targets on “same” as well as
“different” trials. This pattern is supportive of the idea that the
priming is due to phonological codes that are prelexical rather than
lexical in nature.

Second, although it is not straightforward to compare across ex-
periments that were not initially designed for such a comparison, there
is an interesting relationship between the priming effects for cognate
primes in Experiment 1 (which are presumably due to both the
phonological similarity and the lexical/semantic similarity of transla-
tion equivalents) and the sum of (a) the effects observed by Lupker et
al. (2015) for noncognate translation equivalent primes and (b) the
effects reported in Experiment 2 for phonologically similar primes.
More specifically, in Experiment 1, the cognate priming effects were
37 ms on “same” trials and 23 ms on “different” trials. The noncog-
nate priming effects reported by Lupker et al. were approximately 10
ms on both “same” and “different” trials. The phonological priming
effects reported in Experiment 2 were 27 ms on “same” trials and 19
ms on “different” trials. These essentially additive patterns are also
consistent with the idea that the phonological priming observed here
is independent of higher level (e.g., lexical/semantic) information and,
therefore, independent of any priming that may be due to activation of
those higher level representations. That is, these patterns also support
the idea that the phonological priming in the same�different task is a
prelexical, rather than a lexical, phenomenon.

General Discussion

Norris and colleagues (Norris & Kinoshita, 2008; Kinoshita &
Norris, 2009, 2010) have proposed that reference�target matching in
the cross-case same�different task is done at the abstract ortho-
graphic level and that priming effects in the task are essentially due to
the orthographic similarity of the reference’s and prime’s ortho-
graphic codes. If this proposal is correct, an implication would be that
the task would be an extremely useful one for investigating the nature
of orthographic coding. As those researchers put it: “The same�dif-
ferent task is based on a comparison of the target and reference strings
at a purely orthographic level” (Duñabeitia et al., 2011, p. 525) and
“the same�different task holds considerable promise as a tool for
examining the nature of prelexical orthographic representations. The
task appears to tap into the same representations that support word
recognition but not to be influenced by the lexical retrieval processes”
(Kinoshita & Norris, 2009, p. 13). Recent results from Lupker et al.
(2015), which demonstrated a lexical/semantic contribution to prim-
ing effects in this task, indicate that this claim is a bit too strong. That
is, those results demonstrate that the same�different task is influ-
enced by codes other than prelexical orthographic codes. However,
the effects reported by Lupker et al. were small and, possibly, they
may only be evident when the strength of the lexical/semantic rela-
tionship is maximal (e.g., when using a translation priming manipu-
lation).

The goal of the present research was to examine the possibility that
a different factor—phonological similarity—also plays a role in this
task. In Roman-letter languages, letter strings with similar orthogra-
phies inevitably have similar phonologies. Therefore, many of the
orthographically based effects in the same�different task literature
could, in theory, have a phonological component. As noted, a couple
of results have suggested that phonology may not play a role in the
same�different task (Besner et al., 1984; Kinoshita & Norris, 2009).
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Both of those experiments involved a contrast between two types of
nonwords: (a) pseudohomophones (e.g., skore) and (b) letter strings
mismatching the homophone mate (e.g., SCORE) at the same number
of letter positions that the pseudohomophones do (i.e., smore). Al-
though no significant differences were observed between the two
nonword conditions in those experiments, the phonological manipu-
lations were quite weak because the pseudohomophones and their
control nonwords differed in only one phoneme.

In the present experiments, the manipulation of phonological sim-
ilarity was much stronger. In both experiments, participants were
Japanese�English bilinguals who were doing a same�different task
with English reference and target words. In Experiment 1, primes
were Japanese cognates of English reference words. A significant
priming effect was observed on both “same” and “different” trials.
These effects could, in theory, be due to phonological similarity or
lexical/semantic similarity because the primes and reference words
were cognate translation equivalents. However, the significant con-
trast between the 30� ms cognate priming in effects in Experiment 1
and the 10-ms noncognate priming effects in Lupker et al.’s (2015)
Experiment 5 suggests that the main source of the priming in Exper-
iment 1 was phonological rather than lexical/semantic.

In Experiment 2, primes were Katakana nonwords phonologically
similar to their reference words. Again, a significant priming effect
was observed on both “same” and “different” trials. These effects are
clearly due to phonological similarity because the Katakana nonwords
and the English reference words are not similar on any other dimen-
sion.

Regardless of whether one takes issue with the conclusion that the
priming effects in Experiment 1 were at least somewhat phonological
and argues instead that they were lexical/semantic, the main implica-
tion from the two experiments is that priming effects in the masked
prime same�different task are not inevitably based on orthographic
similarity. Therefore, at least a slightly altered conceptualization of
the matching process and how it is primed is needed.

What we take to be the most reasonable conceptualization is one
that aligns with Chambers and Forster’s (1975) original proposal.
That is, the reference and target stimuli are actually being matched at
a number of levels simultaneously, minimally, at the prelexical or-
thographic, the prelexical phonological, and the word level. The final
output could be thought of either as coming from a first-past-the-post
process (at least for “same” responses) or as being a weighted average
of outputs from all levels. What also may be true is that the lower the
level, the more likely it is to provide an output (or to provide the
largest contribution to the weighted average) because lower level
processing on the target would presumably finish prior to higher level
processing. As such, it would seem reasonable that the prelexical
orthographic level typically would tend to dominate the process.

Consistent with Norris and colleagues’ (Kinoshita & Norris, 2009,
2010; Norris & Kinoshita, 2008; Norris et al., 2010) claims, what the
prime does is to feed information into this system, apparently to all
levels, supporting either a “same” or a “different” judgment (i.e.,
depending on the identity of the reference stimulus). Because ortho-
graphic information from the prime would be available earlier than
other types of information, the impact of (i.e., priming due to) ortho-
graphic similarity may be the most potent and, hence, the easiest to
observe. Indeed, lexical/semantic priming, in particular, may only
emerge in rare situations (e.g., for translation equivalents) and, even
then, would be fairly small in size. In fact, if lexical/semantic infor-
mation did play a major role in this task, nonwords should not

normally show the same size priming effects as words do (e.g., Norris
& Kinoshita, 2008) because nonwords do not have lexical or semantic
representations. The more central question deriving from the present
research, however, is: What can one now say about the same�dif-
ferent task given the clear demonstration that phonological similarity
impacts processing in that task?

Phonological effects are pervasive in the word recognition litera-
ture (e.g., homophone effects: Ferrand & Grainger, 2003; Pexman,
Lupker, & Jared, 2001; Pexman, Lupker, & Reggin, 2002; Ruben-
stein, Lewis, & Rubenstein, 1971; phonological feedback effects:
Stone, Vanhoy, & Van Orden, 1997; Ziegler, Van Orden, & Jacobs,
1997; masked phonological priming effects: Ferrand & Grainger,
1992, 1994; Grainger & Ferrand, 1996) and arguments have been
made that phonology plays a primary role in low-level reading pro-
cesses (Frost, 1998). Therefore, it would seem possible that prelexical
phonology could be available early enough in processing to play
almost as important a role in same�different judgments as prelexical
orthographic information. If so, that would certainly call into question
Norris and colleagues’ (Norris & Kinoshita, 2008; Kinoshita & Nor-
ris, 2009, 2010) conclusions on the potential of the same�different
task to provide clear information about the nature of orthographic
coding.

What would also be called into question is the strength of support
provided by Kinoshita and Kaplan’s (2008) and Kinoshita and Nor-
ris’s (2009) results for the conclusion that letter matching and, hence,
priming in the cross-case letter-matching task, is mainly based on
abstract orthographic codes. The relevant task is one in which partic-
ipants had to indicate whether two sequentially presented letters
matched while disregarding the case of those letters. What those
researchers reported was that priming in the letter-match task was
independent of the case of the prime and target (i.e., when the
reference stimulus was “a,” the prime “a” primed the target “A” as
well as the prime “A” did) as well as being independent of the visual
similarity of the prime and target (i.e., when the reference stimulus
was “a,” the prime “a” primed the target “A” as well as the prime “c”
primed the target “C” when the reference stimulus was “c”). The
central point being made here is that were the decisions/priming
effects in that task based on either phonological codes or abstract
orthographic codes, the same patterns of results would be expected.
Although it is not clear at present which of these possibilities is
correct, the idea that the sequential letter-matching task is based on
phonological codes is not without precedence in the literature. Com-
menting specifically on the letter-matching task, Proctor (1981) stat-
ed: “All sequential matches are apparently based on name codes” (p.
302).

Nonetheless, what the present data do not do is to explicitly speak
to the issue of the balance between orthographic and phonological
effects in the same�different task or to any factors that might affect
that balance. That is, although the data unambiguously show that
phonological similarity can produce priming in the masked prime
same�different task, they do not indicate the potential pervasiveness
of phonological effects, particularly in experiments involving Roman
alphabet stimuli. It is possible, although seemingly unlikely, that
phonological priming may play a very large role in such tasks. It is
also possible that it plays virtually no role, with its effects only
manifesting themselves in special circumstances. For example, they
may only arise when there is no orthographic similarity between the
prime and reference and, hence, no possibility for orthographic prim-
ing, such as when the prime and reference are written in different
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scripts. In those types of circumstances, any similarity between the
prime’s and reference’s phonological codes (i.e., on related trials) may
cause rapid matching at the phonological level, allowing that level to
dominate processing. Or, the truth may be somewhere in between,
with phonology and orthography contributing more or less equally in
the same�different task. At present, all we can say with certainty is
that, until these issues are resolved, conclusions drawn about the
nature of orthographic coding based on data from the masked prime
same�different task will have to be regarded cautiously.

An Alternative Conceptualization of Priming in
Same�Different Matching

One thing to note about the phonological priming effects in Exper-
iments 1 and 2 is that they were independent of target frequency. A
similar pattern has been observed a number of times previously when
using Japanese�English bilinguals in English lexical-decision tasks
with Japanese primes (Nakayama et al., 2012, 2013). In the same�
different task, the interpretation of this pattern offered above is that the
prelexical phonological codes from the prime match the prelexical
phonological codes of the reference stimulus, which provides evi-
dence for a “same” decision. Therefore, the reason these effects are
independent of word frequency is because the task itself is divorced
from any lexical processing. The fact that nonword targets show as
much priming as word targets in the same�different task whereas
nonwords show virtually no priming from formally similar
primes in lexical decision tasks supports the idea that the
sources of the priming effects differ in the two tasks, with
lexical/semantic representations normally playing little role in
producing priming in the same�different task. Hence, the pho-
nological priming effects in that task would most likely be
localized at the prelexical level.

In contrast, a common interpretation of phonological priming
effects in lexical decision is that, although they are also due to
prelexical representations, their impact is on lexical (i.e., higher level)
representations. That is, prelexical phonological representations that
are activated by prime processing activate the lexical representations
of similarly pronounced words, allowing those representations to be
accessed faster once target processing begins.

There appears, therefore, to be a clear difference between the
lexical-decision and same�different tasks in terms of how
phonology would be presumed to impact processing. On the
other hand, based on a suggestion of Kinoshita and Norris
(2010), there would seem to be a way to reconceptualize the
same�different task that would allow for a stronger parallel to
be drawn between it and the lexical-decision task. In particular,
this reconceptualization would then allow for an account of
processing in the same�different task that is based on a single
matching process (as in lexical decision) rather than being
based on matching processes taking place at several levels
simultaneously, as proposed by Chambers and Forster (1975).

What Kinoshita and Norris (2010) suggested is that “The same�
different task is like lexical decision with only a single word in the
lexicon—the reference” (p. 195). The idea is that, on each trial in a
same�different task, whether the reference is a word or a nonword, a
representation of that reference is established in order to serve task
performance. Input from the target would then alter the activation
level of that representation. A “same” response in a same�different
task would be analogous to a “word” response in a lexical-decision

task in that it would occur once the representation of the reference had
been activated above a certain threshold after target presentation.
Similarly, a “different” response would be analogous to a “nonword”
response in that it would occur once a sufficient level of evidence had
been accumulated indicating that the target was not the reference
word (e.g., the activation level of the representation had reached some
lower threshold).

To make the parallel between tasks complete, one would merely
need to argue that the activation level of this task-based representation
is affected by orthographic and phonological (and possibly lexical/
semantic, as in Lupker et al.’s [2015] experiments) information from
the prime. Specifically, the impact of a related prime would be to
preactivate the reference’s representation (the single item in the lex-
icon) whereas the impact of an unrelated prime would be to decrease
the activation of that representation. Because there is no reason to
assume that these representations would necessarily reflect frequency
or lexicality information (having been created on the fly), one would
expect similar orthographic and phonological priming effects for
nonword and word reference stimuli, and, in addition, for words,
those effects would be independent of word frequency, as is typically
observed (e.g., Norris & Kinoshita, 2008).

Further, in line with the results typically reported (e.g., Norris &
Kinoshita, 2008; Perea et al., 2011), one would not expect priming in
the same�different task on “different” trials whenever a zero-
contingency manipulation was not used. That is, when related primes
were related to their targets (e.g., reference—judge, prime—canal,
target—CANAL vs. reference—judge, prime—thumb, target—
CANAL) rather than to their reference stimuli, no priming would be
expected because “related” (i.e., canal) and “unrelated” (i.e., thumb)
primes would have the same impact of the activation level of the
representation for the reference stimulus (i.e., judge). Therefore, if one
were to adopt this type of account, the claim would be that, although
the phonological information from primes that produces priming is
prelexical, the matching processing itself is not based on prelexical
representations. It is based on higher level representations just as it is
in the lexical-decision task.

This analysis would appear to be reasonably consistent with Norris
and colleagues’ core principle that priming is task dependent, being
based on an accumulation of evidence for a particular decision, and,
as noted, it allows one to maintain a more unitary conceptualization of
how priming itself works. However, it is somewhat different from the
proposal discussed above, based on Chambers and Forster’s (1975)
analysis, in which the matching process is assumed to involve a
number of different codes and to take place at multiple levels simul-
taneously. At present, the extant data do not, unfortunately, appear to
provide any obvious way of distinguishing between these two ideas,
leaving their resolution as an issue for future research.

Conclusion

The main goal of the present research was to determine whether
one would observe phonological priming in the same�different task
when one uses a strong phonological similarity manipulation. The
answer is clearly yes as sizable phonological priming effects were
observed in both experiments. Coupled with the fact that it is also
possible to obtain priming based on lexical/semantic information, one
is led to conclude that the masked prime same�different task may not
be providing as clear a view of the nature of the orthographic code, in
the words of Kinoshita and Norris (2009), the “evolving prelexical
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orthographic representation [that] is . . . input to the lexical access
process” (p. 14), as originally hoped. Nonetheless, as researchers,
psychologists have had to get used to the fact that our tools are not
perfect and that the only way to build firm conclusions about any
proposition is through converging evidence from multiple experimen-
tal paradigms. The masked prime same�different task seemingly
does have a reasonably strong orthographic basis. Therefore, together
with other similar experimental paradigms (e.g., Lupker & Davis,
2009, the sandwich priming paradigm), it should, nonetheless, be a
very useful tool in helping us gain a more complete picture of the
nature of the orthographic coding process.
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Appendix

Stimuli in the Present Experiments

English reference words, Japanese cognate primes, unrelated word primes, phonologically similar Japanese nonword primes, unrelated
nonword primes, and English target words used in the present experiments.

(Appendix continues)
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