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For native (L1) English readers, masked presentations of past-tense verb primes (e.g., fell
and looked) produce faster lexical decision latencies to their present-tense targets (e.g., FALL
and LOOK) than orthographically related (e.g., fill and loose) or unrelated (e.g., master and
bank) primes. This facilitation observed with morphologically related prime-target pairs
(morphological priming) is generally taken as evidence for strong connections based on
morphological relationships in the L1 lexicon. Itis unclear, however, if similar, morphologically
based, connections develop in non-native (L2) lexicons. Several earlier studies with L2 English
readers have reported mixed results. The present experiments examine whether past-tense
verb primes (both regular and irregular verbs) significantly facilitate target lexical decisions for
Japanese-English bilinguals beyond any facilitation provided by prime-target orthographic
similarity. Overall, past-tense verb primes facilitated lexical decisions to their present-tense
targets relative to both orthographically related and unrelated primes. Replicating previous
masked priming experiments with L2 readers, orthographically related primes also facilitated
target recognition relative to unrelated primes, confirming that orthographic similarity facilitates
L2 target recognition. The additional facilitation from past-tense verb primes beyond that
provided by orthographic primes suggests that, in the L2 English lexicon, connections based
on morphological relationships develop in a way that is similar to how they develop in the L1
English lexicon even though the connections and processing of lower level, lexical/orthographic
information may differ. Further analyses involving L2 proficiency revealed that as L2 proficiency
increased, orthographic facilitation was reduced, indicating that there is a decrease in the
fuzziness in orthographic representations in the L2 lexicon with increased proficiency.

Keywords: morphological priming, fuzzy lexicon, bilinguals, L2 English, proficiency

INTRODUCTION

Word recognition studies involving bilinguals have focused mainly on understanding the relationship
between first (L1) and second language (L2) representations. Some of this focus stems from the
debate on language selectiveness vs. non-selectiveness of lexical access (see Jiang, 2015 for a review),
which now seems to favor the language non-selective access hypothesis (see Dijkstra, 2005 for a
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review). Understanding the structure and inner workings of the
bilinguals 12 lexicon itself has now become another important
focus of bilingual visual word recognition studies (e.g., Bordag
et al, 2021). Relevant studies commonly address the question of
whether they are the same as or different from those of the L1
lexicon. Some studies have suggested that L2 representations are
fuzzy, meaning that lexical items in a second language may
be encoded in a less precise manner than in the first language
of a bilingual (Cook et al., 2016). This idea has been investigated
in some detail for form-meaning mappings (in the L2). In contrast,
there is, at this point, little information concerning whether the
same is true for morphological level representations.

With respect to visual word recognition, some studies have
reported that proficient L2 readers produce the same pattern
of results as L1 readers (e.g., Witzel et al, 2011, transposed
letter/character priming effects; Nakayama et al., 2013, frequency
attenuation of repetition priming effects), suggesting that certain
aspects of how L2 readers process and represent L2 words seem
similar to those of L1 readers. Other studies with proficient L2
readers, however, have shown different patterns of results from
those of L1 readers. For example, the word frequency effect has
been found to be greater in L2 than in L1 (e.g., Duyck et al,
2008). It has also been shown that near-homophones (ROCK
vs. LOCK) can produce an interference effect in a semantic
relatedness judgment task (i.e, are ROCK and KEY related?)
in L2 but not in L1 readers (Ota et al., 2009). This latter result
seems to indicate that certain phono-lexical representations (e.g.,
those having a non-native /l/ - /r/ contrast) might indeed be fuzzy
(ie., stored imprecisely) and are therefore hard to separate for
Japanese-English bilinguals. Furthermore, lexical competition, the
process during which orthographically similar words compete
with each other during the word recognition process (e.g., Segui
and Grainger, 1990; Davis and Lupker, 2006), appears to be absent,
or at least greatly diminished, for L2 readers (e.g., Qiao and
Forster, 2017; Nakayama and Lupker, 2018; Jiang, 2021). Weak
lateral inhibition in L2 learners has also been reported in the
auditory domain (Gor and Cook, 2020). Although different
behavioral results do not inevitably indicate that L1 and L2
lexicons are organized qualitatively differently (e.g., see Brysbaert
et al., 2017), it is certainly the case that understanding both
the similarities and differences between how words are processed
and represented in the L1 and L2 lexicons is critical to gaining
a clear picture of the bilingual language system.

In the present research, we explored a potential difference
between L2 and L1 English lexicons by examining the
representations of morphological relationships of L2 words for
Japanese-English bilinguals. As previous studies have shown that
representations for L2 word forms appear to differ from those
for L1 words (e.g., Qiao and Forster, 2017; Nakayama and Lupker,
2018),' the question of whether differences between L1 and L2
representations also exist for representations of morphological
relationships is clearly of interest. The type of morphological
relationship examined here was that between past and present

'Gor, K., Cook, S., Bordag, D., Chrabaszcz, A., and Opitz, A. (under review;
this issue). Fuzzy lexical representations in adult second language speakers.
Front. Psychol. 12.

tense verb forms. Because of the extensiveness of the literature
on this issue, we limit our discussion to masked priming visual
word recognition experiments that investigate L2 English processing.

We focused on this particular morphological relationship
because previous studies examining L1 (native) English readers
have reliably observed significant masked priming effects between
past-tense verb primes and their present-tense targets (fell-
FALL, boiled-BOIL). Such priming effects indicate that there
are special connections between the two types of words, due
to their morphological relationship in the L1 English reader’s
lexicon (e.g., Forster et al, 1987; Crepaldi et al, 2010). In
contrast to L1 studies, previous studies investigating L2 English
readers have reported mixed results: some studies reporting
that L2 readers produce priming patterns similar to those of
L1 readers (Feldman et al., 2010; Voga et al., 2014) and others
reporting that they do not (e.g., Silva and Clahsen, 2008;
Clahsen et al., 2013). The latter pattern suggests that non-native
readers of a language are not as sensitive to the morphological
structure, or to morphological exceptions, as native readers
are. Therefore, the L2 morphological makeup of particular
words may perhaps constitute another source of fuzziness in
the mental lexicon (similar to meaning-form mappings; Cook
and Gor, 2015). However, we should point out that the question
of whether L2 readers represent the relationship of past-tense
verbs and their present-tense forms similarly to L1 readers
does not have a clear answer at present.

In these masked priming lexical decision experiments,
researchers typically compare the speed at which targets are
responded to when the targets are preceded by a brief (40-60 ms)
presentation of a prime that is in some way related to its
target (e.g., orthographically, phonologically, semantically,
morphologically, etc.) versus a prime that is unrelated to its
target. When responses to targets are differentially affected by
related versus unrelated primes (i.e., faster or slower), the
latency difference is called a priming effect. This priming effect
is thought to occur due to primes that are in some way related
to their targets pre-activating their target’s representations based
on that relatedness. Significant priming effects, therefore, indicate
that representations of primes and targets share processing
structures as a result of their related property. Priming based
on morphological relationships, that is, a morphological priming
effect, is, therefore, thought to reflect some kind of connectedness
between the representations of prime and target words based
on morphology.

Forster et al. (1987) were among the first to demonstrate
masked priming effects of the sort being examined here, that
is, between irregular inflectional past-tense verbs and their
present-tense forms (e.g., kept-KEEP) for L1 English readers.
In their monolingual experiment using a 60 ms prime duration,
targets primed by their past-tense forms were responded to
significantly faster than the same targets primed by unrelated
primes (e.g., kept-KEEP vs. navy-KEEP). Past-tense primes,
in fact, facilitated target recognition as much as identity primes
did (e.g., keep-KEEP =kept-KEEP < navy-KEEP; 36 ms vs. 37 ms
effects), indicating that a past-tense verb has the ability to
access or pre-activate present-tense verb representations as
efficiently as the verb itself for native speakers. Using regular
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past-tense and present-tense form pairs (e.g., boiled-BOIL),
Silva and Clahsen (2008) also found significant priming effects
relative to unrelated primes (jump-BOIL—a 55 ms effect). Similar
to Forster et al. (1987), the size of the morphological priming
effect was not statistically different from the size of the parallel
identity priming effect (67ms). Crepaldi et al. (2010), using
a slightly shorter prime duration (42 ms), replicated the significant
priming effect for irregular past-tense and present-tense verb
pairs (e.g., fellFALL vs. hope-FALL, 25ms) with stringently
controlled stimuli. Importantly, they added a crucial control
condition, orthographic primes (e.g., fill-FALL). Specifically,
the orthographic similarity of their orthographic primes and
targets was matched to the orthographic similarity of their
morphological primes and targets. The inclusion of orthographic
primes thereby guarded against the possibility that any priming
observed for the fell-FALL pairs might have been orthographically
based. The morphological primes produced a significant (21 ms)
priming effect using the orthographic condition as a baseline.

Finally, Pastizzo and Feldman (2002) tested both regular
and irregular verbs in a single experiment and found significant
morphological priming effects, again using orthographic control
primes as baselines, for both irregular (e.g., fell-FALL vs. fill-
FALL; a 33 ms effect) and regular verbs (billed-BILL vs. billion-
BILL; a 44ms effect), although only a non-significant (15ms)
effect was observed for a different group of irregular verb
pairs, that is, pairs that had low form overlap and varied in
word length (taught-TEACH vs. taunts-TEACH). As such, for
L1 English readers, priming effects for past-tense and present-
tense verb pairs have been reliably observed, and such is the
case for both regular (Pastizzo and Feldman, 2002; Silva and
Clahsen, 2008; Feldman et al.,, 2010) and irregular verb pairs
(Forster et al, 1987; Crepaldi et al., 2010; Feldman et al,
2010). Reliable priming effects observed for past-tense and
present-tense word pairs by L1 English readers have been taken
to imply that representations of the two words are shared
and/or intimately connected in L1 lexicons due to their
morphological relationship.

What should be noted at this point is that there is some
disagreement among morphological processing models as to
how the representations of past- and present-tense forms are
shared and/or connected in the L1 lexicon. One point of
contention is whether past-tense forms are represented and,
hence, processed differently based on their inflectional regularity
or not. Some models have proposed that two different cognitive
mechanisms are employed for processing past-tense forms (see
Pinker and Ullman, 2002). In these models, regular past-tense
forms are decomposed via the application of morpho-syntactic
rules (i.e., verb stem +regular past-tense suffix). Only the verb
stem’s representation is stored in the lexicon, which is identical
to the representation of the present-tense form. For this reason,
and consistent with Silva and Clahsen’s (2008) results, regular
past-tense forms would be expected to prime their present-
tense forms just as efficiently as the present-tense forms
themselves in masked priming experiments. In contrast, irregular
past-tense forms cannot be decomposed by morpho-syntactic
rules. Therefore, they are stored in their full form in the lexicon.
Morphological priming for irregular past- and present-tense

forms is thus a result of the two forms being connected by
their formal and morphological/semantic relationship in the
lexicon. In contrast to this view of morphological processing,
other models require only one mechanism. Some of these
models posit explicit representations relating to the morphological
structure of words in the lexicon, while others do not (for a
review, see Feldman and Weber, 2012; Milin et al, 2018).
Despite differences among the models, past-tense forms are
assumed to be processed similarly regardless of their inflectional
regularity, and morphological priming is explained by shared
and/or connected lexical representations for past- and present-
tense forms.

In contrast to the consistent results for L1 readers, previous
studies produced inconsistent results for L2 readers (in line
with the idea that L2 readers might have inexact, or fuzzy,
morphological representations). Some experiments showed no
morphological priming effect for past-tense verb primes and
their present-tense targets in situations, in which an effect has
been observed for L1 English readers (e.g., Silva and Clahsen,
2008; Clahsen et al., 2013). Silva and Clahsen (2008), for
instance, had both Chinese-English and German-English
bilinguals make lexical decisions to regular verb targets (e.g.,
BOIL) that were preceded by past-tense primes (e.g., boiled),
identity primes (e.g., boil), or unrelated primes (e.g., jump).
Although their control group of L1 readers showed a significant
priming effect for morphologically related pairs (55ms), which
was statistically as strong as the identity priming effect (67 ms),
for the two groups of L2 readers, facilitation from past-tense
verb primes was absent. Despite the null morphological priming
effect, both L2 groups nevertheless showed significant identity
priming effects (84ms and 59ms for Chinese- and German-
English bilinguals, respectively), indicating that those individuals
were capable of processing masked L2 primes. The lack of a
morphological priming effect for L2 English readers was replicated
by Clahsen et al. (2013), in which the same stimulus set used
by Silva and Clahsen (2008) was tested with a group of Arabic-
English bilinguals. Past-tense primes again failed to facilitate
target recognition for bilinguals relative to unrelated primes
(e.g., boiled-BOIL = jump-BOIL), although a significant repetition
priming effect was again observed for the L2 readers (e.g.,
boil-BOIL <jump-BOIL). Lack of priming effects from past-
tense verb primes in these experiments suggests that at least
for regular verbs, there is no underlying connection or shared
representation between past-tense verbs and their present-tense
forms in the lexicons of L2 readers. In line with the view
that past-tense forms are processed differently depending on
their regularity, Silva and Clahsen (2008) and Clahsen et al.
(2013) have taken their results to suggest that morpho-syntactic
processing is less effective for L2 readers than for L1 readers.

Other studies using past- and present-tense pairs with L2
English readers, on the other hand, did find a significant pattern
of priming effects that was similar to the one typically observed
for L1 English readers (Feldman et al., 2010; Voga et al., 2014),
suggesting that the representations and processing of past-tense
forms for L2 and L1 readers could be similar. Voga et al.
(2014), for example, using the same set of stimuli used by
Silva and Clahsen (2008), but with a slightly shorter prime
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duration (50ms), found significant priming effects from regular
past-tense primes for their Greek-English bilinguals (e.g., boiled-
BOIL <jump-BOIL). Furthermore, the past-tense primes
facilitated their targets to a degree that was statistically equivalent
to that of the identity primes (66ms and 54ms effects,
respectively). This priming pattern is exactly the priming pattern
observed with L1 English readers by Silva and Clahsen (2008).

Some additional support for similar underlying connections
among morphologically related word pairs for L1 and L2 English
readers (i.e., past-tense inflectional morphological pairs) comes
from a study by Feldman et al. (2010), a study that is directly
relevant to the present experiments. Feldman et al. tested a
group of Serbian-English bilinguals with the same set of regular
verb pairs and the two types of irregular verb pairs (e.g.,
billed-BILL, fell-FALL, taught-TEACH) used with L1 readers
by Pastizzo and Feldman (2002). The data from the bilinguals
showed that, relative to orthographic control primes (billion-
BILL), a significant 23ms priming effect was observed for
regular verbs (billed-BILL) although not for the irregular verbs
irrespective of the degree of form overlap (fell-FALL =fill-FALL,
a 3ms difference, taught-TEACH =taunts-TEACH, an 11ms
difference). A re-analysis of Pastizzo and Feldman’s (2002) L1
data (i.e., 9 items that produced high error rates for Serbian-
English bilinguals were removed for a better and more direct
comparison of the L1 vs. L2 data), however, did show reliable
morphological priming effects for irregular verb types (20 and
19ms effects), although the effect for regular verbs (42ms)
was somewhat larger.

What is also important to note is that when Feldman et al.
(2010) examined priming effects measured against unrelated
primes, a somewhat different pattern emerged. Specifically, for
the L2 readers, past-tense primes produced significant priming
effects that were not statistically different across the three verb
types (23, 33, and 32ms effects for fell-FALL, taught-TEACH,
and billed-BILL type pairs, respectively). The same priming
pattern was also observed for L1 readers; past-tense primes
produced significantly faster responses to targets, and there
was no interaction with verb type (20, 22, and 30ms effects).
Therefore, in general, Feldman et al’s results indicate that L2
readers produce a similar result pattern to that of L1 readers.
Further, their results suggest that any behavioral difference
between L1 and L2 readers in these types of experiments may
be due to the differential impact of orthographic primes on
the word recognition process.

More specifically, for L2 readers, orthographic similarity
almost always facilitates target processing (Nakayama and
Lupker, 2018; Jiang, 2021; Kida et al, 2022; also see Qiao
and Forster, 2017). For example, Nakayama and Lupker (2018),
using a 67ms prime duration, reported that orthographically
related pairs such as time-TILE produced facilitation for
Japanese-English bilinguals, even though the same prime-target
pairs produced an inhibitory effect for L1 English readers.
For L1 readers, the inhibitory effect from orthographically
similar primes is assumed to occur through the process of
lexical competition among the representations activated by
the prime. That is, due to the precision of prime encoding,
the prime’s lexical representation successfully competes with

and inhibits the target’s representation (as well as all other
activated representations). This competition/inhibition process
delays the target’s lexical representation from reaching the
recognition threshold when it is presented for a lexical decision.
In contrast, for L2 readers, facilitation from orthographic
relationships can be explained as a consequence of fuzziness,
that is, that L2 word forms may be encoded in a less precise
manner than L1 forms (e.g., Cook and Gor, 2015). Essentially,
for L2 readers, representations of words with similar forms
are not easily distinguishable. As a result, many orthographically
similar candidates are activated by the masked prime and,
equally importantly, remain active at the point that the target
is presented because the prime does not prevail in the
competition process (see Footnote 1). The result is that
orthographically similar prime-target pairs virtually always
facilitate L2 word recognition. Consequently, when examining
morphological relationships in the L2 lexicon, it is critical
that the impact of facilitation due to orthographic similarity
be controlled because morphologically related word pairs are
typically orthographically similar. That is, for L2 readers, if
morphological priming effects are measured by using unrelated
primes as the baseline, those effects would be contaminated
by the effects of orthographic similarity.

Matching lexical and participant characteristics that could
also differentially affect response times between the relevant
conditions is also crucial. In studies that examine morphological
priming, controlled lexical characteristics typically include the
frequency of words, neighborhood density, and the degree of
prime-target orthographic overlap (e.g., Crepaldi et al., 2010;
Feldman et al., 2010). Further, a general assumption in designing
the stimuli for this type of experiment is that these characteristics
are similar across all participants. This assumption seems
reasonable for L1 readers tested in most studies, who are
typically college/university students, as their background in
acquiring their L1 is likely to be relatively homogeneous.
However, one would expect there to be more variability in
such characteristics among L2 readers. Factors such as a
participant’s age of acquisition of their L2 (e.g., Verissimo et al.,
2018) and L1 background (e.g., Nakayama and Lupker, 2018)
could affect how the participant processes words, or at least
which words the participant is familiar with and to what degree
(e.g., Brysbaert et al, 2017). Research with L1 readers has
also shown that certain language skills may be related to how
precisely words are represented in the lexicon (e.g., Andrews
and Lo, 2012), and it is possible that this conclusion may
hold true for L2 readers as well. At present, however, there
appears to be no agreed-upon method for gauging language
skills in L2 readers. Researchers typically use any one of a
number of different L2 proficiency tests to assess or control
the L2 language skills of participants, and these tests tend to
evaluate different types of language skills (e.g., vocabulary,
grammar, and comprehension) for different types of settings
(e.g., daily communication, business, and academia). It is, of
course, far from clear as to whether the scores from these
different tests are reflecting L2 proficiencies in a similar way,
making it somewhat difficult to compare the results from
morphological priming studies with L2 readers.
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Essentially, previous studies focused on the morphological
relationship of past-tense verbs and their present-tense forms
with L2 readers have not yielded fully consistent results. In
the present research, we conducted two masked priming lexical
decision experiments with Japanese-English bilinguals in order
to provide additional empirical evidence concerning the potential
development of a special underlying connection in those readers’
lexicons as a result of the morphological relationship between
the past- and present-tense forms. Experiment 1 was designed
based on Feldman et al’s (2010) experiment with Serbian-
English bilinguals. We followed Feldman et al’s design because
priming effects were assessed relative to both unrelated primes
and orthographic control primes in that experiment. Because
both bilinguals and L1 readers were tested using the same
procedure and stimuli in Feldman et al’s experiments, we wished
to determine how our bilingual results, obtained in a similar
experimental setting, would look in reference to their results.?

In summary, the purpose of the present research was to
investigate whether the representations of morphological
relationships found in L1 English readers’ lexicons are similar
to those found in L2 English readers’ lexicons. If a pattern
paralleling that shown by L1 English readers is found, then
morphological representations are likely encoded in a similar
fashion in the mental lexicon of L2 English readers. Specifically,
we examined the question of whether representations of
inflectional verbal morphology are present in the L2 English
lexicon of Japanese-English bilinguals by conducting two masked
priming experiments. The setup of the stimuli and the
experimental design followed largely those used by Feldman
et al. (2010), although a new set of stimuli was selected in
order to better suit the breadth of English vocabulary knowledge
of our particular bilingual groups. As the results of Experiment
1 were not entirely conclusive with respect to our research
question, Experiment 2 was conducted to test the replicability
of the main results found in Experiment 1.

EXPERIMENT 1

Method

Participants

A total of 93 Japanese-English bilinguals participated in
Experiment 1. Forty-five were recruited from Tohoku University
and 48 were recruited from Waseda University. Data collection
was conducted in each respective institution. The participants’
L1 language was Japanese, and they were reasonably proficient

*Some previous studies with L1 readers have subdivided irregular verbs into
those that are more irregular and less irregular, with results suggesting that
inflectional regularity may have gradable effects on the processing of past-tense
forms (e.g., Kielar et al., 2008; Kielar and Joanisse, 2010). We did not take
this approach, because it requires the use of a much larger number of verbs
(with greater variability in their orthographic similarity). We stuck to 2-3
categorization of verbs because we wanted to ensure that L2 readers are well
familiar with the past-tense forms of irregular verbs, and this restriction forced
us to select small sets of irregular verbs. There presentations of past-test verbs
being robust in L2 readers’ lexicons is critical because if they are not robust,
morphological facilitation would be confounded with orthographic facilitation.

in English (ie., they all obtained scores equal to or higher
than 610 on TOEIC or 530 on TOEFL ITP or Grade 2 on
EIKEN; Eiken Foundation of Japan, n.d.).? Fifty-one participants
were male and 42 were female. The mean age of participants
at the time of the experiment was 20.85 (SD=3.22). The age
they started learning English was, on average, 9.81 (SD=3.40).
The time they had spent in an English-speaking region was,
on average, 6.32months (SD=19.59). Each participant received
a 1,000-yen gift card (roughly equivalent to US$9.00) for
their participation.

Stimuli

A total of 81 verbs were selected as targets. Following Feldman
et al. (2010), there were three types of verb conditions, each
involving 27 targets: (1) Regular verbs (REG) were verbs that
take the “-ed” ending to form the past tense (e.g., look-looked;
dream-dreamed), (2) Irregular Length Preserved verbs (IRLP)
were verbs which do not take the “-ed” ending and, therefore,
their past tense is formed irregularly; however, their present-
and past-tense forms have the same letter length (e.g., fall-fell;
sell-sold), and (3) Irregular Length Varied verbs (IRLV) were
verbs which do not take the “-ed” ending, their past tense is
formed irregularly and their present- and past-tense forms
have different letter lengths (e.g., meet-met; pay-paid). Each
target verb was paired with three types of primes: a morphological
prime that was the past-tense form of its target (e.g., looked-
LOOK, fell-FALL, met-MEET), an orthographic prime that was
a word that was orthographically similar but was not
morphologically or semantically related to its target and was
similar in length to the morphological prime (e.g., loose-LOOK,
fill-FALL, and men-MEET), an unrelated prime that was a
word that was orthographically, morphologically, and semantically
unrelated to its target and was exactly the same length as the
morphological prime (e.g., master-LOOK, bank-FALL, and
lab-MEET). (See Table 1 for information concerning prime
and target characteristics.)

*The TOEIC and TOEFL are developed and administered by the Educational
Testing Service (ETS) and assess the English abilities of non-native English
speakers. The TOEIC test includes listening and reading comprehension questions
with content related to daily communication and business. Its test scores range
from 10 to 990. The TOEFL ITP is designed for administration at institutions,
such as universities. It also includes listening and reading comprehension
questions. The TOEFL test focuses on English used in academic settings, and
its test scores range from 310 to 677. The EIKEN is a test for English
communication administered by the Eiken Foundation of Japan and backed
by Japan’s Ministry of Education, Culture, Sports, Science, and Technology. It
tests general English reading, writing, listening, and speaking skills. It has
seven levels, with Grade 1 indicating the highest English proficiency. EIKEN,
unlike TOEIC and TOEFL, adapts a pass/fail system. An EIKEN Grade 2
certificate holder is assumed to have the English proficiency level of a high-
school graduate (6years of English learning in an academic setting) or higher.
In Experiment 1, of the 90 participants whose data were analyzed, 68 had
taken the TOEIC, and their mean score was 798.43 (SD=102.89, range: 485-970).
Thirty-five participants had taken the TOEFL ITP, and their mean score was
554.74 (SD=25.33, range: 520-647). Forty-five participants had taken the EIKEN
with grades ranging from grade 3 to grade 1. Many participants had scores
for multiple English proficiency tests. Individuals were invited to participate
in the experiments as long as they satisfied one of the test score criteria.
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TABLE 1 | Lexical characteristics and examples of prime-word target pairs used
in Experiment 1.

Prime type
Targets
MORPH ORTH UNREL
IRLP fell fill bank FALL
Frequency 91 (152.2) 69(138.3) 95(143.1) 512 (1131.7)
Length 4.3 (0.5) 4.3(0.5) 4.3(0.5) 4.3(0.5)
Neighbors 8.0 (4.9 7.6 (4.1) 7.0(6.7) 8.8 (4.5
% Overlap 60 (20.9) 56 (18.9) 8(11.4)
LD 0.39(0.19) 0.44(0.19) 0.92(0.12)
IRLV paid pair jump PAY
Frequency 139 (195.1) 63 (120.8) 104 (147.2) 444 (852.3)
Length 4.5(1.1) 4.4(1.1) 4.5(1.1) 4.3 (0.9
Neighbors 6.7 (4.7) 7.4 (5.9) 6.6 (4.6) 8.6 (5.2
% Overlap 54 (27.7) 50 (23.4) 6.0 (10.5)
LD 0.54 (0.43) 0.62 (0.41) 1.12(0.31)
REG looked loose master LOOK
Frequency 97 (141.5) 40 (73.8) 97 (165.1) 450 (613.6)
Length 6.2 (0.8) 5.9(1.0 6.2 (0.8 4.2 (0.8
Neighbors 4.4(2.4) 1.9 (2.3 4.1 (2.5 7.94.2)
% Overlap 67 (4.0) 52 (12.1) 5.0 (8.1)
LD 0.49 (0.09) 0.68(0.26) 1.36(0.15)

Values in word frequencies (per million words) and the number of neighbors were
according to the English Lexicon Project (Balota et al., 2007). LD refers to the
Levenshtein Distance (Levenshtein, 1966).

Because we expected that it would be important to calculate
our morphological priming effects based on using the
orthographic primes as a control, an effort was made to select
orthographic and morphological primes that were equally
orthographically similar to their targets. As was done by Feldman
et al. (2010), the proportion of letters repeated in the same
position between the prime and target was used as a measure
of orthographic similarity. We calculated this measure by dividing
the number of identical characters in the same letter position
between primes and targets by the letter length of the prime
and then multiplying it by 100. Therefore, a value of 100
means that the prime and target are exactly the same, whereas
a value of 0 means that not a single letter is shared in the
same position between the prime and its target. In Table 1,
we also report the Levenshtein distances (Levenshtein, 1966)
between prime-target pairs as an additional reference of
orthographic similarity. To take the differential letter lengths
into account (i.e., IRLV and REG conditions), we calculated
the normalized Levenshtein distance, where the distance between
the prime and target was divided by the number of letters in
the longer word stimulus. Hence, the value varies from 0 to
1 with smaller values indicating a higher degree of similarity.

REG, IRLP, and IRLV verb targets were matched in their
mean word frequencies, word lengths, and numbers of neighbors
(Coltheart et al., 1977), all Fs<1. For primes, strict matches
were difficult to achieve on some lexical characteristics in
certain conditions, mainly due to the fact that the number of
irregular verbs is relatively small in English. Further, because
late-bilinguals would know a smaller number of words in
English than L1 English readers, our stimulus selection had
to be even more restrictive. An effort was made, however, to
match the lexical characteristics of the primes as much as possible.

For the primes paired with REG targets, repeated measure
ANOVAs confirmed that the morphological, orthographic, and
unrelated primes were matched on their mean word frequencies
[Ms=97, 40, 97, respectively, F(2, 52)=1.75, p>0.18] and word
lengths [Ms=6.2., 5.9., and 6.2., F(2, 52) =2.75, p>0.07]. Despite
our best efforts, the prime-target orthographic similarities were
higher for morphological primes (M=67%, e.g., looked-LOOK)
than for orthographic primes [M=52%, e.g., loose-LOOK,
1(26)=6.06, p<0.001]. Unrelated primes had significantly lower
prime-target orthographic similarity than both morphological
and orthographic primes (M=5%, master-LOOK, ps<0.001).
Lastly, morphological and unrelated primes had a statistically
equivalent number of neighbors [Ns=4.4 and 4.1, #(26)=1.0,
p=0.33]; however, orthographic primes had a significantly lower
number of neighbors (N=1.9, ps<0.001), due to the fact that
matching on prime-target orthographic similarity was made a
priority over the primes neighborhood sizes.

For the primes paired with IRLP targets, morphological,
orthographic, and unrelated primes were statistically matched
on their mean word frequencies (Ms=91, 69, 95, F<1), word
lengths (Ms=all 4.3), and neighborhood sizes (Ms=8.0, 7.6,
7.0, F<1). The prime-target orthographic similarity was matched
between morphological primes (M=60%, e.g., fell-.FALL) and
orthographic primes (M=56%, e.g., fill-FALL), t (26)=1.28,
p>0.21. Unrelated primes had a significantly lower prime-target
orthographic similarity than both morphological and
orthographic primes (M=8%, e.g., bank-FALL, ps <0.001).

Finally, for the primes paired with IRLV targets, morphological,
orthographic, and unrelated primes were statistically matched
on their mean letter lengths [M=4.5, 4.4, 4.5, F(2, 52)=2.85,
p>0.06] and mean numbers of neighbors (M=6.7, 7.4, 6.6,
F<1). The prime-target orthographic similarity was matched
between morphological primes and their targets (M =54%, e.g.,
fell-FALL) and orthographic primes and those same targets
(M=50%, e.g., fill-FALL, t<1). Unrelated primes had significantly
lower prime-target orthographic similarity than both
morphological and orthographic primes (M=6%, ps <0.001).
A variable that we could not statistically match in this condition
was the mean word frequencies; morphological primes had
statistically higher mean word frequency (M=139) than both
orthographic primes (M=63) and unrelated primes (M=104),
ps<0.05, which were not statistically different, #26)=-1.55,
p>0.10. The fact that the orthographic primes were lower-
frequency was not likely problematic, as Nakayama and Lupker
(2018) showed that the facilitation effect from orthographically
similar primes for Japanese-English bilinguals is not affected
by whether they are words or non-words (non-words have a
frequency of 0). For word targets, three presentation lists (List
A, List B, and List C) were created in such a way that within
a list, a third of the word targets were primed by the
morphological primes, a third by the orthographic primes,
and a third by the unrelated primes. Across the lists, each
word target was primed by each of the three prime types
equally frequently.

A total of 81 non-word targets were also selected for “NO”
responses in a lexical decision task. The non-word targets
consisted of three sets of 27 non-words which served as
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TABLE 2 | Mean response latencies and (error rates) of targets primed by
morphological, orthographic, and unrelated primes for Experiment 1.

Verb type Prime type Priming effect
MORPH (M) ORTH (O) UNREL (U) O-M UR-O
IRLP 606 (9.6) 612 (11.4) 647 (10.9) 6(1.8) 35 (-0.5)
IRLV 596 (6.3) 600 (8.0) 622 (8.9) 4(1.7) 22 (0.2)
REG 590 (8.5) 604 (7.2) 633 (8.2) 14 (-1.4) 29 (1.0)

IRLP =lrregular Length Preserved Verbs; IRLV =Irregular Length Varied Verbs;
REG =Regular Verbs.

counterparts to the REG, IRLP, and IRLV verb targets. Within
each set of non-word targets, a third of the targets (n=9)
were primed by words that mimicked the relationship between
the morphological prime-target word pairs (e.g., father-FATH,
slam-SLOG, ticket-TIVE). A third of the targets were primed
by words that were orthographically similar to their targets
(e.g., carbon-CARN, box-BOP, and nag-NAGE). A third of
the targets were primed by words that were orthographically
and phonologically unrelated (e.g., corner-TOAK, carry-PONER,
and team-TATCH). As non-words do not have morphological
representations, the implication is that within the 81 non-words,
two-thirds of the targets were primed by orthographically (and
also phonologically) similar word primes, and one-third by
unrelated word primes. Lexical characteristics of the primes
(e.g., mean word frequencies, lengths, numbers of neighbors,
and orthographic similarity) were similar to their counterparts
in the word target conditions. The lexical characteristics for
the stimuli in the non-word target conditions are available in
the Supplementary Material. Prime Type was not manipulated
for non-words, and, therefore, there was only one presentation
list for non-word targets. None of the word primes preceding
non-word targets was used as a critical stimulus (ie., in the
word prime-target pairs).

Apparatus and Procedure

The presentations of the stimuli and the recording of responses
were controlled by DMDX (Forster and Forster, 2003). Participants
were tested individually in a quiet room. The presentation
sequence of a trial was identical to that of Feldman et al.
(2010) and was as follows: a fixation point (i.e., “+”) was first
presented for 450ms, which was followed by a 50ms blank
screen. Then, a string of number signs (ie., “#”), matching
the letter length of the prime, was presented for 500ms as a
forward mask. Immediately after the presentation of the forward
mask, a prime was presented for 50ms in lower-case letters,
which was immediately replaced by a target in upper-case
letters. Targets remained on the screen for 3,000ms or until
a response was made. The inter-trial interval was 1,000ms.
The stimuli were presented in 18pt. Courier New font at the
center of the display.

Participants were asked to decide whether each target stimulus
is a real English word or not and indicate their decision by
pressing the “YES” or “NO” button on a game pad (Tohoku
University) or on a response box (Waseda University) as fast
and accurately as possible. Prior to the presentation of the

experimental trials, 36 practice trials were presented in order to
familiarize participants with the task. Participants were asked to
repeat the practice session until they felt comfortable with the
task. The presentation lists were counterbalanced across participants
and the order of trials within each list was randomized for each
participant. Approval for the experiments was obtained from the
ethics review board of the Graduate School of International
Cultural Studies Tohoku University, and the ethics review committee
on research with human subjects of Waseda University.

Results
Data from two participants were removed because they made
more than 25% errors (one participant each from List A and
List C). To equate the numbers of participants between the
presentation lists, data from one additional participant (the
last participant from List B) were removed. As a result, data
from 90 participants were analyzed. Responses with latencies
greater than 1,500ms were considered to be outliers (0.32%
of word data) and were also removed from the entire analyses.
In the analysis of the response latencies, we analyzed the
data with linear mixed effect (LME) models (e.g., Baayen et al,
2008) using the Ime4 package (Version 1.1-27.1, Bates et al,
2015) available in R (Version 4.1.1, R Core Team, 2021). For
the response latency analyses, a reciprocal inverse transformation
was applied to the raw RTs (ie, —1,000/RT; hereafter, invRT)
to meet the assumption of normality. In order to calculate the
p-values with the degrees of freedom based on Satterthwaite’s
approximation, we used the anova function of the lmerTest
package (Version 3.1-3, Kuznetsova et al, 2017). The model
used was invRT~Verb Type*Prime Type+ (1|Participants)
+(1|Targets). In addition, post-hoc comparisons were carried out
using the emmeans package (Version 1.7.2, Lenth, 2022) with
Tukey’s HSD adjustments when necessary. The error analysis
was conducted with the same procedure except that we used a
generalized linear mixed-effect model, assuming a binomial
distribution, and the anova function in the car package (Version
3.0-12, Fox and Weisberg, 2019) was used to obtain the p values
for the fixed effects. The model used was Error ~ Verb Type*Prime
Type+ (1|Participants) + (1|Targets). Mean response latencies and
error rates of Experiment 1 are shown in Table 2.

Response Latencies

The main effect of Prime Type was significant, F(2, 6458.8)=91.29,
p< 0.001. The main effect of Verb Type was not significant,
F<1. The interaction between Verb Type and Prime Type was
not significant, F(4, 6458.9)=1.22, p=0.30, meaning that the
patterns of priming effects were not different for REG, IRLP,
and IRLV targets.

Follow-up analyses of the significant main effect of Prime
Type revealed that across Verb Type, targets primed by
morphological primes were responded to significantly faster than
the same targets primed by unrelated primes, estimated coef. =
—0.112, SE=0.00861, t=—13.03, p<0.001. Targets primed by
orthographic primes were also responded to significantly faster
than the same targets primed by unrelated primes, estimated
coef. = —0.083, SE=0.00863, t=—9.65, p<0.001. Critically, targets
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primed by morphological primes were responded to significantly
faster than targets primed by orthographic primes, estimated coef.
= —0.029, SE=0.00860, t=—3.36, p=0.02.

Error Rates
No effects were significant, all ps>0.25.

Discussion

In Experiment 1, targets primed by orthographic primes were
responded to significantly faster than targets primed by unrelated
primes. This effect replicated the results of Nakayama and
Lupker (2018), in which orthographically similar English word
primes significantly facilitated lexical decision latencies to English
targets for Japanese-English bilinguals and is also in line with
what may be expected when encoding of orthographic form
is fuzzy (e.g., time-TIDE < doll-TIDE). Although similar results
have been found in L2 morphological priming experiments
when the readers’ L1 was alphabetic (e.g., Diependaele et al,
2011), this result does contrast sharply with findings observed
in orthographic neighbor priming experiments for L1 readers,
where the direction of the effect is typically inhibitory (e.g.,
time-TIDE > doll-TIDE; Segui and Grainger, 1990; Davis and
Lupker, 2006; Nakayama et al., 2008).

In Experiment 1, targets were also responded to significantly
faster when they were primed by morphological primes than
by unrelated primes. This facilitation from morphological primes
can be orthographic, not necessarily morphological, in origin,
because as was observed, orthographic similarity can facilitate
bilinguals’ L2 lexical decision latencies. Nevertheless, in
Experiment 1, the post-hoc analysis showed that across target
verb types, the size of the priming effect was significantly
larger from morphological primes than from orthographic
primes, although the difference was numerically small (7 ms).
This additional facilitation for morphological prime-target pairs
over orthographic prime-target pairs seems to suggest that
representations reflecting morphological relationships do develop
in the L2 English lexicons of Japanese-English bilinguals. However,
we need to point out that although there was no Prime Type
by Verb Type interaction, suggesting that the priming advantage
for morphological over orthographic primes was not different
for REG, IRLP, and IRLV verbs, REG targets produced a larger
numerical advantage (14ms) than the other two verb types
(6ms and 4ms, respectively). This pattern is a bit difficult to
interpret because in the REG condition, prime-target orthographic
similarity was higher for morphological primes (67%) than
for orthographic primes (52%). Thus, in the REG condition,
the priming effect from morphological primes could involve
additional facilitation due to orthographic similarity, meaning
that the present experiment might overestimate the size of the
morphological priming effect in that condition.

On the other hand, prime-target orthographic similarity
between morphological and orthographic primes was matched
in the IRLP and IRLV conditions and, therefore, any priming
advantage for morphological primes in those conditions, would
make a strong case for the impact of morphology. When the
data in the IRLP and IRLV conditions were analyzed (removing

the data from the REG condition), however, the priming
advantage for morphological over orthographic primes was
not quite statistically significant, F(1, 2801.7)=3.66, p=0.056.
Although the morphological priming advantage over orthographic
priming was nevertheless significant when data in the REG
condition alone were analyzed, F(1, 1375.2)=9.35, p<0.01, as
noted above, this difference could partly be due to morphological
primes having orthographic similarity. Thus, although there
was an indication that morphological level representations in
L2 English lexicons may develop for Japanese-English bilinguals,
the evidence is not robust. Therefore, Experiment 2 was an
effort to investigate this issue further.

EXPERIMENT 2

One potential problem with the design of Experiment 1, which
may have led to the somewhat ambiguous results, was that
the number of the items selected was relatively small. In
Experiment 1, for each of the three verb type conditions, 27
items were primed by three types of primes. Therefore, there
were only 9 items per cell for any given participant. Although
we attempted to address this problem by testing a large number
of participants (N=90), our results may, unfortunately, not
have been as stable as we might have wished. Therefore, in
Experiment 2, we selected a larger set of items as critical
stimuli. In order to allow us to increase the item numbers,
we dropped the IRLV condition. There are not many IRLV
verbs that our bilinguals would be familiar with, and, thus,
the inclusion of this condition in Experiment 1 made it difficult
for us to have a large number of stimuli in the various conditions.
Because we were not directly interested in investigating the
effects of word length (varied or preserved) on the development
of morphologically-based connections between past-tense verbs
and their present-tense forms, removing the IRLV condition
does not impede our research goal. Thus, in Experiment 2,
only two verb type conditions were examined: regular verbs
(REG; n=48, e.g., look-LOOKED) and irregular verbs (IREG;
n=48, e.g., fel-FALL). We should acknowledge that, although
equating orthographic similarity between morphological prime-
target pairs and orthographic prime-target pairs was optimized,
it was still not possible to fully equate the values for regular
prime-target pairs given the limited vocabulary sizes of our
bilinguals. To compensate, we conducted a post-hoc regression
analysis to ascertain if greater orthographic overlap affected
priming effects from morphological primes in the REG condition.
In the IREG condition, orthographic similarity was fully matched
between the morphological and orthographic prime-target pairs.
Therefore, any priming effect observed relative to orthographic
primes in this condition can be attributed to the prime and
target’s morphological relationship.

Method

Participants

Participants were 84 Japanese-English bilinguals recruited at
Tohoku University (n=44) and Waseda University (n=40).
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They spoke Japanese as their first language and were reasonably
proficient in English (they all had a TOEIC score of 605 or
a TOEFL ITP score of 510 or higher).* Thirty-eight of the
participants were male and 46 were female. The age of participants
(excluding one who did not report his/her age) at the time
of the experiment was 21.65 (SD=3.20). The age they started
learning English was, on average, M=9.74, (SD=3.37). The
time they had spent in an English-speaking region was, on
average, 3.83months (SD=15.78). Participants each received a
1,000-yen gift card (roughly equivalent to US$9.00) for
their participation.

Stimuli

The targets consisted of two types of verbs (Verb Type): irregular
verbs (IREG) and regular verbs (REG). Irregular verbs (IREG,
n=48) were verbs which do not take the “-ed” ending in
their past tense (i.e., their past tense is formed irregularly)
and their past- and present-tense forms have the same letter
length (e.g., fell-FALL). Regular verbs (REG, n=48) were verbs
which take the “-ed” ending to form the past tense (e.g.,
looked-LOOK). Each target was paired with three types of
primes: morphological, orthographic, and unrelated primes.
Examples and the lexical characteristics of the word targets
are shown in Table 3.

Targets in the IREG and REG conditions were matched on
their mean word frequencies, word lengths, and numbers of
neighbors (all ts<1). For primes paired with IREG targets,
the morphological, orthographic, and unrelated primes were
matched on their mean word frequencies (M=105, 119, 97,
F<1), word lengths (Ms=all 4.2), and number of neighbors
(Ms=8.9, 9.2, 8.4, F<1). Prime-target orthographic overlap
was statistically equivalent for morphological primes and
orthographic primes (Ms=64 and 66%), t< 1. Unrelated primes
had no orthographic overlap with their targets (M=0%).

For the primes paired with REG targets, morphological,
orthographic, and unrelated primes were matched in their
mean word frequencies (Ms=76, 61, 73, F< 1) and word lengths
(Ms=all 6.2, as all primes for a given target had the same
length). As was the case in Experiment 1, prime-target
orthographic overlap was inevitably significantly higher for
morphological primes (M=67%) than for orthographic primes
(M=46%), t(47)=13.03, p<0.001, SEM =1.62. Unrelated primes
had no orthographic overlap with their targets (M=0%).
Morphological primes also had a statistically higher number
of neighbors (N=5.3) than orthographic (N=2.2, #(47)=6.92,
p<0.001, SEM=0.46) or unrelated primes (N=2.1, #(47)=6.44,
p<0.001, SEM=0.50), which did not differ from one another
(t<1).

A total of 96 non-word targets were also selected for “NO”
responses. More than half of the non-words were generated
with Wuggy (Keuleers and Brysbaert, 2010). The non-word
targets consisted of two sets of 48 non-words which served

*Of the 84 participants whose data were analyzed, 66 had taken the TOEIC. Their
TOEIC mean score was 790.76 (SD=93.33, range: 605-965). Thirty-six participants
had taken the TOEFL ITP. Their mean score was 552.00 (SD=35.60, range:
485-650).

TABLE 3 | Lexical characteristics and examples of prime-target pairs used in
Experiment 2.

Prime type
Targets
MORPH ORTH UNREL
IREG fell fill joke FALL
Frequency 105 (177.4) 120 (343.4) 97 (160.6) 371 (668.1)
Length 4.2(0.7) 4.2(0.7) 4.2(0.7) 4.2(0.7)
Neighbors 8.9 (5.3 9.2 (5.6) 8.4 (4.5) 8.9 (4.5
% Overlap 64 (18.8) 66 (11.7) 0.0 (0.0)
LD 0.35(0.17) 0.34(0.12) 1.0(0.00)
REG looked locker rather LOOK
Frequency 76 (112.2) 61(234.3) 73(102.3) 360 (545.7)
Length 6.2 (0.6) 6.2 (0.6) 6.2 (0.6) 4.2 (0.6)
Neighbors 5.3 (2.9 2.2(2.4) 2.2(21) 9.3(4.7)
% Overlap 67 (2.8) 46 (10.2) 0.0 (0.0)
LD 0.49 (0.06) 0.78(0.15) 1.47 (0.10)

Values in word frequencies (per million words) and the number of neighbors were
according to the English Lexicon Project (Balota et al., 2007). LD refers to the
Levenshtein Distance (Levenshtein, 1966).

as counterparts to the REG and the IREG verb targets. The
non-word targets had similar mean word lengths and numbers
of neighbors as those of the word targets. Non-words were
paired with word primes in the same way as in Experiment
1. Lexical characteristics of the primes (e.g., mean word
frequencies, lengths, numbers of neighbors, and orthographic
similarity) were similar to those of their counterparts in the
word target condition. The lexical characteristics for the non-word
target condition are available in the Supplementary Material.
None of the word primes preceding non-word targets were
used in the critical stimuli (e.g., word prime-target pairs).

Apparatus and Procedure
The apparatus and procedure of Experiment 2 were identical
to those in Experiment 1.

Results

Data from six participants were removed due to high error
rates (25% or more). Data from one additional participant
were removed due to noncompliance with the instructions.
Data for these participants were replaced by those from
additional participants while maintaining the counterbalancing
of the lists. Responses with latencies greater than 1,500 ms
were considered as outliers and were removed from the
analyses (0.69% of word data). Six items (4 REG verbs, “lick,
“jail,” “sail,” and “bust” and one IREG verb: “stink,” as well
as one verb in the IREG condition which also has a regular
ending: “lie” which has past-tense forms of both “lay” and
“lied” depending on which meaning of “lie” is intended) were
also excluded from the entire analyses because those words
produced more than 40% error rates. The remaining response
latencies and error rates were analyzed as in Experiment 1
with LME and GLM models, respectively, except that the
categorical factor Verb Type now only had two levels (REG,
IREG). Mean response latencies and error rates of Experiment
2 are shown in Table 4.
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TABLE 4 | Mean response latencies and (error rates) of targets primed by
morphological, orthographic, and unrelated primes for Experiment 2.

Verb type Prime type Priming effect
MORPH (M) ORTH (O) UNREL (U) O-M UR-O

IREG 634 (9.2) 655 (11.9) 676 (12.1) 21 (2.7) .

REG 627 (8.2) 656 (11.0) 675 (12.0) 29 (2.8 19(1.0)

IREG =Irregular verbs with the same character length between past and present forms;
REG =Regular verbs.

Response Latencies
The main effect of Prime Type was significant, F(2, 6525.7) =98.27,
p<0.001. The main effect of Verb Type was not significant,
F<1. The interaction between Verb Type and Prime Type was
also not significant, F(2, 6525.8)=1.35, p>0.25. Therefore, as
was the case in Experiment 1, patterns of priming effects were
not significantly different for regular and irregular targets.
Follow-up analyses of the significant main effect of Prime
Type revealed that across Verb Type, targets primed by
morphological primes were responded to significantly faster
than targets primed by unrelated primes, estimated coef. =
—0.114, SE=0.00815, t=-14.02, p<0.001. Targets primed by
orthographic primes were also responded to significantly faster
than targets primed by unrelated primes, estimated coef. =
—0.059, SE=0.00821, t=-7.14, p<0.001. Consistent with
Experiment 1, targets primed by morphological primes were
responded to significantly faster than targets primed by
orthographic primes, estimated coef. = —0.056, SE=0.00813,
t=—6.84, p<0.001. Although the interaction was not significant,
we further analyzed the patterns of morphological priming
effects separately for REG and IREG conditions. The results
showed that in the IREG condition, targets primed by
morphological primes were responded to 21ms faster than
targets primed by orthographic primes, and this advantage in
processing speed was statistically significant, F(1, 2154.8) =12.02,
p<0.001. In the REG condition, there was a significant 29 ms
processing advantage for targets primed by morphological
compared to orthographic primes, F(1, 2091.4) =39.10, p <0.001.

Error Rates

The only significant effect was the main effect of Prime Type,
X*>=8.10, p=0.017. As expected, across Verb Type, error rates
were significantly smaller for targets primed by morphological
primes (M=8.7%) than by unrelated primes (M=11.9%),
estimated coef. 0.419, SE=0.0985, z=—4.26, p<0.001. Error
rates were also significantly smaller for targets primed by
morphologically related primes than targets primed by
orthographic primes (M=11.4%), estimated coef. =— 0.343,
SE=0.0993, z=—3.45, p<0.01. Error rates were not statistically
different for targets primed by orthographic primes versus
unrelated primes, z<1. These patterns did not interact with
Verb Type, X*<1, p>0.75. Thus, paralleling the RT data, there
was a significant morphological priming effect relative to both
orthographic and unrelated primes. Separate analyses for the
IREG and REG conditions also confirmed that morphological
priming effects, measured against orthographic primes, were

significant in both the IREG condition, X*=5.99, p=0.014,
and the REG condition, X*=6.08, p<0.014.°

Discussion

In Experiment 2, morphological primes facilitated lexical decisions
to targets more than orthographic primes did. Importantly, this
pattern did not appear to vary by verb type as indicated by the
non-significant interaction. The results in Experiment 2, therefore,
successfully replicated those in Experiment 1.

In the stimulus selection of Experiment 2, our priority was
that our participants were reasonably familiar with English
stimuli, especially the masked primes. As a result of this
constraint, in the REG condition, morphological primes were
more orthographically similar to their targets than the
orthographic control primes were to their targets (67 and 46%,
respectively). We were able to equate prime-target orthographic
similarity between morphological and orthographic primes (64
and 66%, respectively) in the IREG condition, however. The
difference in the orthographic overlap in the REG condition
may be at least part of the reason why the morphological
priming effect was larger than the orthographic priming effect
in that condition. Thus, we decided to re-examine this issue.
For individual targets, the size of the morphological priming
effect (calculated from raw RTs) was regressed against the
difference in the orthographic overlap between M-UR vs. O-UR
pairs in the REG condition. Crucially, the size of the additional
orthographic overlap had no association with the size of
morphological priming effect observed in the REG condition
(t<1, p=0.12, n.s.). Together with the fact that Verb Type did
not significantly interact with the pattern of morphological
priming effects, it seems safe to conclude that the morphological
priming effect observed in the REG condition, when measured
against orthographic primes, reflected mainly the impact of
the primes’ and targets’ morphological similarity.

GENERAL DISCUSSION

In the present research, we investigated whether representations
of past-tense verbs and their present-tense forms in the lexicons
of L2 readers are organized in the same way as is assumed to
be the case in the lexicons of English L1 readers. The results
of the two experiments suggest that connections based on the
morphological relationships of past- and present-tense verbs in
the L2 English lexicon are similar to those of L1 English readers,
at least in the population of Japanese-English bilinguals examined
in the present research. Although the sensitivity of L2 readers
to the morphological structure of complex words might be prone
to fuzziness, our data seem to indicate that the morphological
representations in our participants’ lexicons were not organized
in an imprecise manner (at least with respect to the representations
of past-tense verbs and their present-tense forms). In Experiment
1, past-tense verb primes facilitated lexical decisions to their
present-tense targets compared to both an orthographic and an

*We removed the random intercept for subjects in the error analyses as the
model did not converge when it was included.
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unrelated baseline. The results of Experiment 1 were, however,
not entirely clear because it was difficult to dissociate the impact
of prime-target orthographic relationships from those of
morphological relationships. Nevertheless, the results of Experiment
2, which had a better controlled and larger set of stimuli, replicated
the general data pattern of Experiment 1. That is, past-tense
primes facilitated responses to their present-tense targets when
compared to an orthographic baseline and such was the case
for both regular and irregular verbs. Therefore, the way English
past-tense verbs and their present-tense forms are connected in
the lexicons of Japanese-English bilinguals appears to be reasonably
similar to the way they are connected in the lexicons of L1
English readers. Fuzziness in encoding L2 word forms, manifesting
itself as facilitory priming effects from orthographically related
primes, did not lead to differences in the way that past-tense
verbs and their present-tense forms were connected.

We should note, however, that the exact nature of such
connections in L1 readers, especially when considering the
representations of regular versus irregular verbs, is not yet
agreed upon. Some researchers believe that the past- and
present-tense forms of regular verbs and irregular verbs are
connected in qualitatively different ways. One common view
is that regular verbs share the same underlying representation
through the common root (ie., boiled - boil via the shared
root “boil”), while irregular verbs have separate underlying
representations with tight connections via semantic and formal
association (i.e., “fell” and “fall” have separate and independent
representations). Other researchers believe that there is no
qualitative difference in how regular and irregular verbs are
represented. One variant of the latter view further assumes
that both types of past-tense and present-tense verbs are
connected via their semantic and formal relationships with
some models not assuming the presence of explicit morphological
level representations. Another variant assumes that both types
of past-tense and present-tense verbs have shared representations
via the morphological root or lemma. Discussion of exactly
how past-tense and present-tense verbs are connected in English
L1 lexicons is beyond the scope of the present research (please
see Feldman and Weber, 2012; Milin et al.,, 2018, for reviews).
However, the main point here is that, whatever account of L1
connections is accurate, the similar patterns of morphological
priming observed for regular and irregular verb targets in our
experiments provide no evidence in support of a different
morpho-syntactic process for L2 readers than for L1 readers
(cf., Silva and Clahsen, 2008; Clahsen et al., 2013). In that
sense, our results are in line with the view that seems to
be more widely accepted in the current L1 literature, that the
two types of past-tense and present-tense verbs are represented
similarly, with their word forms being connected in a way
that goes beyond just a sum of form and semantic similarity
(e.g., Stockall and Marantz, 2006; Kielar et al., 2008; Crepaldi
et al., 2010; Morris and Stockall, 2012; Fruchter et al., 2013).

Effects of L2 Proficiency on Morphological
and Orthographic Priming Effects

According to the fuzzy lexicon hypothesis, L2 lexical
representations do not inevitably remain fuzzy but rather become

more robust with more experience with the L2 input (which
would lead to a higher lexical quality of words). In Experiment
2, we recruited a large number of participants who encountered
a larger set of stimuli per condition than in Experiment 1.
To gain some additional understanding of the development of
the L2 lexicon, we examined how L2 proficiency affected the
patterns of morphological priming effects for our Japanese-
English participants. In these post-hoc analyses of L2 proficiency,
TOEIC scores were used. The analyses were based on 66
participants who had their TOEIC scores available (79% of
the participants in Experiment 2). Their mean TOEIC score
was 790.76 (SD=93.33, range: 605-965).

In the L2 proficiency analyses, TOEIC scores were first converted
to z scores and entered as a factor. The model used was invRT ~ Verb
Type*Prime Type*zTOEIC score + (1[subject) + (1|target). The results
showed no main effect of L2 Proficiency (i.e., ZTOEIC score),
F(1, 64.1)=1.11, p=0.30, indicating that overall responding speed
to targets was not modulated by TOEIC scores. L2 proficiency,
however, significantly interacted with Prime Type, F(2, 5152.0)=3.02,
p=0.049. L2 Proficiency did not interact with Verb Type, F<1.
The three-way interaction between Proficiency, Verb Type, and
Prime type was also not significant, F<1. Figure 1 shows the
pattern of the two-way interaction observed in the L2 proficiency
analyses.

Because the main issue here is the impact of L2 proficiency
on morphological priming, we first investigated the difference
between the morphological and orthographic priming conditions.
L2 proficiency did not significantly interact with the pattern
of morphological priming, F(1, 3456.3) =1.64, p=0.20. However,
as can be seen in Figure 1, L2 proficiency appears to be affecting
morphological priming effects quite differently at the two
extreme levels of proficiency, with the effect being considerably
smaller for less proficient bilinguals. To further assess the
patterns of morphological priming effects, we statistically tested
the priming effects for the most and the least proficient bilinguals,
using the emmeans package (Version 1.7.2, Lenth, 2022). For
participants with the highest L2 proficiency (z=1.87; the raw
TOEIC score=965), the morphological priming effect defined
this way was significant, estimated coef. = —0.072, SE= 0.0207,
t=—3.46, p<0.001. For participants with the lowest L2 proficiency
(z=-2.01; the raw TOEIC score=605), however, there was no
clear sign of a morphological priming effect, t=—1.05, p=0.30.

Next, we considered the impact of L2 proficiency on the
orthographic priming effects (i.e., the difference between the
orthographic and unrelated conditions). L2 proficiency
significantly affected this priming pattern, F(1, 3376.9)=5.78,
p=0.016. The modulation emerged because orthographic priming
became smaller as L2 proficiency increased. When the priming
patterns for the most and least proficient bilinguals were

“We also analyzed the effects of the age of acquisition (AoA) and the time
they had spent in an English-speaking region (length of residence; LOR) using
the LME models. For AoA, there was a significant main effect of AoA, with
faster AoA leading to faster responses to targets, F(1, 82)=4.04, p=0.048.
However, importantly, AoA did not interact with any of the priming effects,
F(2, 6,522,1)=1.73, p=0.18. The three-way interaction between AoA, Prime
Type, and Verb Type was also not significant, F(2, 6522.2)=1.04, p=0.35. For
LOR, no effects relating to priming effects were significant, all Fs<1.
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FIGURE 1 | Response latencies to L2 targets primed by morphological, orthographic, and unrelated primes and priming effects as a function of L2 proficiency in
Experiment 2. Greater ZTOEIC score indicates higher proficiency, and smaller invRT indicates faster responses to L2 targets.
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separately analyzed, the most proficient bilinguals did not show
a significant orthographic priming effect, estimated coef. =
—0.026, SE= 0.0208, t=—1.27, p=0.20. For the least proficient
bilinguals, on the other hand, there was a significant orthographic
priming effect, estimated coef. = —0.118, SE= 0.0218, t=-541,
p<0.001.

With regard to the pattern of orthographic priming effects,
the observed interaction is a result that was different from that
of Nakayama and Lupker (2018) who found no modulation by
L2 proficiency (TOEIC score) on the magnitude of orthographic
priming effects. We are not entirely sure why L2 proficiency
differently affected the patterns of orthographic priming effects
here. We could, however, speculate that the presence of
morphologically related pairs, which were not presented in
Nakayama and Lupker (2018), may have somehow affected how
high proficient bilinguals deal with orthographic similarity.
Although inconsistent with the results of Nakayama and Lupker,
numerically, our data pattern does converge with Feldman et al’s
(2010) Serbian-English bilinguals’ data in that facilitation from
orthographic primes was smaller for their more proficient bilinguals
(12ms) than for their less proficient bilinguals (26ms). This
pattern could be accounted for by assuming that there is a
high degree of fuzziness in the low-proficient bilinguals
orthographic lexicon which might then lead to weaker competition
between lexical items in this group (thereby increasing facilitation
from orthographically similar word primes).

Finally, L2 proficiency did not significantly modulate
morphological priming effects relative to unrelated primes, F(1,
3444.8)=1.23, p=0.27. As shown in Figure 1, there was no
significant difference in the sizes of the morphological priming
effect between the most and least proficient bilinguals. Given
the fact that the orthographic priming effect was significant
only for the least proficient bilinguals, the apparent morphological
priming effect for less proficient bilinguals seems to be driven
mostly by the prime-target orthographic similarity.

As such, the overall picture is that, although L2 proficiency
did not modulate the patterns of morphological priming effects
when measured using an unrelated baseline, L2 proficiency
affected the pattern of orthographic priming effects and, hence,
the degree to which orthographic priming effects contribute
to the overall morphological priming effects. A reasonable
account of this difference is that for those with a higher level
of L2 visual word recognition skills, lexical competition starts
to operate in the recognition of L2 words (orthographic
representations become less fuzzy). Therefore, orthographic
similarity no longer is an effective source of facilitation from
word primes. The post-hoc analyses suggest that weak lexical
competition, a characteristic of the L2 lexicon, will likely
strengthen with greater L2 exposure, at least when an
experimental input is visual (as opposed to, for example, the
auditory domain, in which representations of some difficult-
to-distinguish phoneme contrasts may not inevitably become
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of high quality due to greater amount of exposure). In contrast,
with greater proficiency, the morphological relationships become
more stable in the L2 lexicon. As a result, priming based on
those relationships rather than orthographic relationships
becomes more potent.

Orthographic and Morphological Level
Representation in the L2 Lexicon

In the early stages of visual word recognition, activation in
the lower-level representations is assumed to flow to upper-
level representations via feed-forward connections. An obvious
implication of this assumption is that the correct activation
of a higher-level representation must, in some way, depend
on the correct activation of lower-level representations. Lexical
competition is one mechanism that would, presumably, prevent
the lexical system from erroneously activating semantic and
other upper-level representations of words not being presented
(by suppressing any competitors at the lexical level). Hence,
lexical competition would seem to be a mechanism that would
need to be developed somewhat early by L2 readers. Nonetheless,
L2 readers appear to have weak lexical competition operations
(Nakayama and Lupker, 2018). Therefore, for those individuals,
co-activation of orthographically related words is likely to occur
frequently, leading to incorrect activation of the upper-level
representations (e.g., lexical/semantic representations of
orthographically similar words to the target would
be co-activated). When there are only weak lexical competition
operations, as seems to be the case for many L2 readers, it
seems that it would be difficult for upper-level representations
to become firmly established unlike in the L1 lexicon. Indeed,
in the present experiments, our results suggest something of
this sort is occurring. That is, when L2 lexical representations
are weak (i.e., for the participants with lower TOEIC scores
and larger orthographic priming effects), it is difficult for
morphological representations to produce priming. However,
as L2 readers become more skilled, their orthographic
representations become less fuzzy, their orthographic priming
effects become smaller, and priming based on morphological
relationships alone becomes larger.

All this is not to say, however, that lower-level representations
need to be fully developed before higher-level representations
start to develop. Recently, Bordag et al. (2021) proposed the
Ontogenesis Model (OM) of L2 lexical representations, which
may provide further insight with respect to this issue. The
OM is a model that provides a blueprint of the nature of L2
lexical representations and their development at the differential
phases of L2 attainment. The OM posits that a central
characteristic of the L2 lexicon is fuzziness in how words are
represented and connected, and a weak form-based competition
is one result of this fuzziness in L2 orthographic representations.
Importantly, the OM also has the ability to explain how the
development of higher-level representations is not as strongly
affected by the development of lower-level representations in
the L2 lexicon as one might assume. Of particular relevance,
the OM acknowledges that L2 lexical acquisition is different
from L1 lexical acquisition in that, although lexical acquisition

in L1 involves the simultaneous development of both form
and semantic representations, “lexical acquisition in L2 often
involves the establishment of a new form representation and its
mapping onto an existing semantic representation” (p: 10). The
connection between form-level representations and upper-level
(semantic) representations is therefore somewhat weaker in
L2. The OM also posits that the weaker form to meaning link
in L2 makes it difficult for co-activated (i.e., incorrect)
orthographic representations to activate their upper-level
representations. However, a link between a given L2 word
form and its meaning is typically established differently than
would be the case in L1. That is, that link is established as
a result of mapping the existing semantic knowledge to the
word form. Under this view, co-activation of orthographically
similar words at the orthographic level does not substantially
hinder the correct semantic activation of a target word. The
OM in its current form does not yet incorporate representations
involving morphological relationships (see Footnote 4, Bordag
et al., 2021). However, it seems possible to apply the model’s
principles to the mappings between L2 forms and morphological/
lemma level representations. That is, the present-tense and
past-tense morphological relationship in the L1 language, which
has been established at the conceptual level (e.g., aruku-aruita,
utau-utatta; Japanese), can be directly mapped onto present-
and past-tense forms in L2 (e.g., walk-walked, sing-sang; English).

The Contrast Between Experiment 2 and
the Previous Studies Testing Past-Tense
Morphological Priming in L2

In the present experiments, we largely followed the design of
Feldman et al. (2010) by employing both an orthographic and
an unrelated baseline. In terms of priming effects relative to
unrelated primes, our results were largely consistent with what
Feldman et al. observed—priming effects were significant, and
they did not interact with verb type. However, our results
were different in terms of priming effects relative to orthographic
primes (particularly in Experiment 2); while we observed
significant morphological priming effects for both regular and
irregular verbs, Feldman et al. observed significant effects for
regular verbs only.

One possible reason for the discrepancy is that there may
have been insufficient power in Feldman et al’s (2010) design.
Although the number of participants in Feldman et als
experiment was large (N=90), the number of items for each
verb type was small (#=21), which meant that, with three
prime types for each target verb type, there were only seven
items per cell. Further, numerically, their morphological priming
effects when measured against orthographic primes were non-zero
(2-19ms). For irregular verbs, for example, the priming effect
was as large as 14ms. Our Experiment 1, using a similar
number of participants and number of items as used by Feldman
et al, also suffered from some ambiguity in its data pattern
as it produced only small priming effects that were not significant
when considered individually. It is possible that Feldman et al’s
experiment, as well as the present Experiment 1, did not have
enough power to detect small differences.
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Another possible explanation for the observed difference
between the results in our Experiment 2 and Feldman et al’s
(2010) is that there was a difference in the word frequencies
of targets used in the two experiments. In the present
experiments, we selected our stimuli in such a way that our
bilinguals would be quite familiar with the words (both
primes and targets). As a result, our targets were very high
frequency words (>350 occurrences per million), which
we assumed that bilinguals would have had abundant experience
with. On the other hand, target words in Feldman et al’s
experiments were of medium frequency (60-85 occurrences
per million). A reflection of this difference can be seen in
the speed of overall responses. In Feldman et al’s experiments,
the bilinguals’ mean RTs ranged from 725 to 800ms. In the
present experiments, they ranged from 591 to 676ms. In
fact, the RT ranges observed for our Japanese-English bilinguals
were quite similar to those observed for the L1 English
speakers in Feldman et al’s experiments (606-664 ms). Hence,
it is likely that the representations of words used in our
experiments had a higher overall level of entrenchment for
our bilinguals. If L1-like connections do become established
in the L2 lexicon with experience, such connections would
be more likely to exist for words bilinguals encounter and
process more often. The discrepancy between their experiments
and ours may be that our high-frequency English stimuli
allowed us to look at the connections that had become more
entrenched than the connections that Feldman et al’s stimuli
allowed them to examine. In effect, word familiarity would
be working in the same way as participant proficiency (see
Figure 1).

As noted, in terms of priming effects from morphological
primes relative to unrelated primes, our results were consistent
with Feldman et al. (2010): both regular and irregular past-
tense forms primed their present-tense targets. This result,
however, is inconsistent with the findings for L2 readers reported
by Silva and Clahsen (2008) and Clahsen et al. (2013), who
found no priming for regular past-tense forms relative to
unrelated primes. Although we do not know why Silva and
Clahsen and Clahsen et al. did not observe priming for L2
readers, some possible sources of the discrepancy may include
variables relating to list context such as the number of filler
trials and type of non-word targets in the stimuli, as well as
the frequency of word items in the experiment.

Participant variables such as the participants’ first language
background and L2 proficiency could also be at play with
respect to this discrepancy. First, we consider the possibility
of proficiency differences. Our results with Japanese-English
bilinguals suggest that the morphological condition should
facilitate target responses relative to unrelated controls for both
more proficient and less proficient bilinguals, albeit for slightly
different reasons. The facilitation is likely to be mainly driven
by prime-target orthographic overlap for less proficient
participants, whereas it is likely more due to the prime-target
morphological relationship for proficient participants. Therefore,
a lack of priming based on morphological relationships could
be explained if the participants of Silva and Clahsen (2008)
and Clahsen et al. (2013) were overall less proficient than ours.

Unfortunately, we cannot compare the proficiency measure used
in our post-hoc analysis (i.e., the TOEIC) to Silva and Clahsen
and Clahsen et al’s analysis (i.e., the Oxford Placement Test).

What is also puzzling is why the regular past-tense primes
in Silva and Clahsen (2008) and Clahsen et al. (2013) did
not facilitate recognition of present-tense targets based on
orthographic similarity, because the orthographic overlap between
prime-target pairs has consistently been observed to facilitate
target recognition for L2 readers (e.g., the present experiments;
Nakayama and Lupker, 2018; Jiang, 2021; Kida et al., 2022).
One possibility is that the nature of the bilinguals’ L1 versus
L2 script could have affected lexical competition, as discussed
by Nakayama and Lupker (2018): lexical competition operates
more readily for same-script bilinguals than different-script
bilinguals. Thus, in the case of same-script bilinguals, the
orthographic similarity of L2 words would inhibit (or facilitate
more weakly) target recognition. If those same-script bilinguals
are also less proficient in the L2 and do not (yet) possess
sufficient morphological processing skills, morphological primes
will not facilitate target recognition relative to unrelated primes.

CONCLUSION

Previous studies have shown that connections between past-
tense verbs and their present-tense forms exist in native (L1)
English readers’ lexicons. Our aim was to examine whether
such connections are established in L2 English readers’ lexicons.
The results of two masked priming lexical decision experiments
with Japanese-English bilinguals showed that morphologically
related primes facilitated lexical decisions to targets more than
orthographically related primes. This pattern suggests that
facilitation occurs due to the primes’ morphological relationship
with their targets. Hence, our results demonstrate that connections
in terms of past-tense morphology develop for L2 readers for
both regular and irregular verbs. This result also indicates that
at the morphological level, there is little imprecise (or fuzzy)
encoding with respect to representations of morphological
relationships. The present experiments also demonstrated that
orthographic similarity of word primes and their targets facilitates
target recognition for L2 readers, and thus underlines the
importance of using orthographic primes in order to correctly
gauge the impact of the underlying connections based on
morphological relationships.

We would, therefore, like to advocate that subsequent studies
should continue to use orthographic, in addition to, unrelated
primes when attempting to gauge the impact of morphological
priming effects in L2. With regard to the effects of orthographic
similarity for L2 readers, significant facilitation effects have
been observed with different-script bilinguals (Li et al., 2017a,b;
Nakayama and Lupker, 2018; Jiang, 2021). Interestingly, the
current models of bilingual visual word recognition (e.g.,
Bilingual Interactive Activation Model, Dijkstra et al., 1998;
Bilingual Interactive Activation Model+, Dijkstra and van
Heuven, 2002) do not assume that orthographically similar
primes produce facilitation effects for same-script bilinguals
(e.g., French-English bilinguals, Dutch-English bilinguals).
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Empirically, however, orthographic primes do appear to facilitate
L2 lexical decision latencies for same-script L2 readers based
on data from morphological priming experiments (e.g.,
Diependaele et al., 2011; Heyer and Clahsen, 2015). Therefore,
the models cannot be precisely correct. The notion of form-
prominence resulting from fuzziness in L2 encoding of
orthographic form, however, would offer an explanation for
these empirical findings (See Footnote 1). The presence and
degree of orthographic facilitation appears to be affected by
a number of factors, such as L1 orthography, L2 proficiency,
stimulus compositions, etc. Thus, until we have a clearer
understanding of orthographic priming effects on L2 visual
word recognition, it would be advisable to use an orthographic
baseline in addition to an unrelated baseline in order to make
sure that the effects of orthographic (form) and morphological
relationships are fully dissociated.

DATA AVAILABILITY STATEMENT

Readers interested in the data supporting the conclusions of
this article may contact the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Review Committee on Research with

REFERENCES

Andrews, S., and Lo, S. (2012). Not all skilled readers have cracked the code:
individual differences in masked form priming. J. Exp. Psychol. Learn. Mem.
Cogn. 38, 152-163. doi: 10.1037/a0024953

Baayen, R. H., Davidson, D. ], and Bates, D. M. (2008). Mixed-effects modeling
with crossed random effects for subjects and items. J. Mem. Lang. 59,
390-412. doi: 10.1016/j.jml.2007.12.005

Balota, D. A., Yap, M. J., Hutchison, K. A., Cortese, M. J., Kessler, B., Loftis, B.,
et al. (2007). The English lexicon project. Behav. Res. Methods 39, 445-459.
doi: 10.3758/BF03193014

Bates, D., Michler, M., Bolker, B., and Walker, S. (2015). Fitting linear mixed-
effects models using Ime4. J. Stat. Softw. 67, 1-48. doi: 10.18637/jss.v067.i01

Bordag, D., Gor, K, and Opitz, A. (2021). Ontogenesis model of the L2
lexical representation. Biling. Lang. Congn. 25, 185-201. doi: 10.1017/
$1366728921000250

Brysbaert, M., Lagrou, E., and Stevens, M. (2017). Visual word recognition in
a second language: A test of the lexical entrenchment hypothesis with lexical
decision times. Biling. Lang Congn. 20, 530-548. doi: 10.1017/
$1366728916000353

Clahsen, H., Balkhair, L., Schutter, J.-S., and Cunnings, I. (2013). The time
course of morphological processing in a second language. Second. Lang.
Res. 29, 7-31. doi: 10.1177/0267658312464970

Coltheart, M., Davelaar, E., Jonasson, T. J., and Besner, D. (1977). “Access to
the internal lexicon,” in Attention and Performance VI. ed. S. Dorni¢ (New
Jersey: Lawrence Erlbaum Associates), 535-555.

Cook, S., and Gor, K. (2015). Lexical access in L2: representational deficit or
processing constraint? The Mental Lexicon 10, 247-270. doi: 10.1075/
ml.10.2.04coo

Cook, S. V,, Pandza, N. B, Lancaster, A. K., and Gor, K. (2016). Fuzzy nonnative
Phonolexical representations Lead to fuzzy form-to-meaning mappings. Front.
Psychol. 7:1345. doi: 10.3389/fpsyg.2016.01345

Human Subjects, Waseda University and the Ethical Review
Board of the Graduate School of International Cultural Studies,
Tohoku University. The participants provided their written
informed consent to participate in these studies.

AUTHOR CONTRIBUTIONS

MN contributed to the conception and design of the study.
JW-K and MN prepared the experimental stimuli. JW-K and
MY collected data and prepared it for analysis. MN, MY, and
JW-K performed statistical analysis. JW-K wrote the initial
draft of the manuscript. MN, MY, SL, RV, and JW-K wrote
sections of the manuscript. All authors contributed to the
article and approved the submitted version.

FUNDING

This work was supported by JSPS KAKENHI Grant Number
JP19K14468.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyg.2022.742965/
full#supplementary-material

Crepaldi, D., Rastle, K., Coltheart, M., and Nickels, L. (2010). ‘Fell’ primes
‘fall, but does bell’ prime ‘ball'? Masked priming with irregularly-inflected
primes. J. Mem. Lang. 63, 83-99. doi: 10.1016/j.jml.2010.03.002

Davis, C. ], and Lupker, S. J. (2006). Masked inhibitory priming in English:
evidence for lexical inhibition. J. Exp. Psychol. Hum. Percept. Perform. 32,
668-687. doi: 10.1037/0096-1523.32.3.668

Diependaele, K., Dufiabeitia, J. A., Morris, J., and Keuleers, E. (2011). Fast
morphological effects in first and second language word recognition. J. Mem.
Lang. 64, 344-358. doi: 10.1016/j.jm1.2011.01.003

Dijkstra, T. (2005). “Bilingual visual word Recognition and lexical Access”
in Handbook of Bilingualism: Psycholinguistic Approaches. eds. J. E. Kroll
and A. M. B. De Groot (New York, NY, US: Oxford University Press),
179-201.

Dijkstra, T., and van Heuven, W. J. B. (2002). The architecture of the bilingual
word recognition system: From identification to decision. Biling. Lang. Congn.
5, 175-197. doi: 10.1017/S1366728902003012

Dijkstra, T., Van Heuven, W. J. B., and Grainger, J. (1998). Simulating cross-
language competition with the bilingual interactive activation model.
Psychologica Belgica 38, 177-196. doi: 10.5334/pb.933

Duyck, W,, Vanderelst, D., Desmet, T., and Hartsuiker, R. J. (2008). The frequency
effect in second-language visual word recognition. Psychon. Bull. Rev. 15,
850-855. doi: 10.3758/PBR.15.4.850

Eiken Foundation of Japan (n.d.). Overview of the EIKEN tests. Available at:
https://www.eiken.or.jp/eiken/en/eiken-tests/overview/ (Accessed June 27, 2022).

Feldman, L. B., Kosti¢, A., Basnight-Brown, D. M., Purdevi¢, D. E, and Pastizzo, M. J.
(2010). Morphological facilitation for regular and irregular verb formations
in native and non-native speakers: little evidence for two distinct mechanisms.
Biling. Lang. Congn. 13, 119-135. doi: 10.1017/51366728909990459

Feldman, L. B., and Weber, K. (2012). “Morphological Processing: A Comparison
of Graded and Categorical Accounts,” in Visual word Recognition: Meaning
and context, Individuals and Development. Vol. 2. ed. J. Adelman (New York, NY,
US: Psychology Press), 3-23.

Frontiers in Psychology | www.frontiersin.org

15

July 2022 | Volume 13 | Article 742965


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.742965/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.742965/full#supplementary-material
https://doi.org/10.1037/a0024953
https://doi.org/10.1016/j.jml.2007.12.005
https://doi.org/10.3758/BF03193014
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1017/S1366728921000250
https://doi.org/10.1017/S1366728921000250
https://doi.org/10.1017/S1366728916000353
https://doi.org/10.1017/S1366728916000353
https://doi.org/10.1177/0267658312464970
https://doi.org/10.1075/ml.10.2.04coo
https://doi.org/10.1075/ml.10.2.04coo
https://doi.org/10.3389/fpsyg.2016.01345
https://doi.org/10.1016/j.jml.2010.03.002
https://doi.org/10.1037/0096-1523.32.3.668
https://doi.org/10.1016/j.jml.2011.01.003
https://doi.org/10.1017/S1366728902003012
https://doi.org/10.5334/pb.933
https://doi.org/10.3758/PBR.15.4.850
https://www.eiken.or.jp/eiken/en/eiken-tests/overview/
https://doi.org/10.1017/S1366728909990459

Wanner-Kawahara et al.

Morphological Priming With L2 Readers

Forster, K. L., Davis, C., Schoknecht, C., and Carter, R. (1987). Masked priming
with graphemically related forms: repetition or partial activation? The Qua.
J. Experimental Psychol. Sec. A 39, 211-251. doi: 10.1080/14640748708401785

Forster, K. I, and Forster, J. C. (2003). DMDX: A windows display program
with millisecond accuracy. Behav. Res. Methods Instrum. Comput. 35, 116-124.
doi: 10.3758/BF03195503

Fox, J., and Weisberg, S. (2019). An R companion to applied regression. Thousand
Oaks: Sage publications.

Fruchter, J., Stockall, L., and Marantz, A. (2013). MEG masked priming evidence
for form-based decomposition of irregular verbs. Front. Hum. Neurosci.
7:798. doi: 10.3389/fnhum.2013.00798

Gor, K., and Cook, S. V. (2020). A mare in a pub? Nonnative facilitation in
phonological priming. Second. Lang. Res. 36, 123-140. doi: 10.1177/
0267658318769962

Heyer, V., and Clahsen, H. (2015). Late bilinguals see a scan in scanner AND
in scandal: dissecting formal overlap from morphological priming in the
processing of derived words. Biling. Lang. Congn. 18, 543-550. doi: 10.1017/
$1366728914000662

Jiang, N. (2015). “Six decades of research on lexical representation and processing
in bilinguals,” in The Cambridge Handbook of Bilingual Processing. ed. J. W.
Schwieter (Cambridge: Cambridge University Press), 29-84.

Jiang, N. (2021). Orthographic friends and lexical strangers in the L2 lexicon.
J. Second Lang. Stud. 4, 224-244. doi: 10.1075/jsls.21012.jia

Keuleers, E., and Brysbaert, M. (2010). Wuggy: A multilingual pseudoword
generator. Behav. Res. Methods 42, 627-633. doi: 10.3758/BRM.42.3.627

Kida, S., Barcroft, J., and Sommers, M. (2022). Word learning and lexicalization
in a second language: evidence from the prime lexicality effect in masked
form priming. Mem. Cogn., 1-18. doi: 10.3758/s13421-022-01274-6

Kielar, A., and Joanisse, M. E (2010). Graded effects of regularity in language
revealed by N400 indices of morphological priming. J. Cogn. Neurosci.. 22,
1373-1398. doi: 10.1162/jocn.2009.21353

Kielar, A., Joanisse, M. E, and Hare, M. L. (2008). Priming English past tense
verbs: rules or statistics? J. Mem. Lang. 58, 327-346. doi: 10.1016/j.
jml1.2007.10.002

Kuznetsova, A., Brockhoff, P. B., and Christensen, R. H. B. (2017). ImerTest
package: tests in linear mixed effects models. J. Stat. Softw. 82, 1-26. doi:
10.18637/jss.v082.i13

Lenth, V. R. (2022). emmeans: Estimated Marginal Means, aka Least-Squares
Means (Version 1.7.2) [Software]. Available at: https://CRAN.R-project.org/
package=emmeans

Levenshtein, V. I. (1966). Binary codes capable of correcting deletions, insertions,
and reversals. Soviet Physics Doklady 10, 707-710.

Li, M., Jiang, N., and Gor, K. (2017b). L1 and L2 processing of compound
words: evidence from masked priming experiments in English. Biling. Lang.
Congn. 20, 384-402. doi: 10.1017/S1366728915000681

Li, J, Taft, M., and Xu, J. (2017a). The processing of English derived words
by Chinese-English bilinguals. Lang. Learn. 67, 858-884. doi: 10.1111/
lang.12247

Milin, P, Smolka, E., and Feldman, L. B. (2018). “Models of lexical access
and morphological processing,” in The Handbook of Psycholinguistics. eds.
E. M. Fernindez and H. S. Cairns (Hoboken, NJ: John Wiley & Sons),
240-268.

Morris, J., and Stockall, L. (2012). Early, equivalent ERP masked priming effects
for regular and irregular morphology. Brain Lang. 123, 81-93. doi: 10.1016/j.
bandl.2012.07.001

Nakayama, M., and Lupker, S. J. (2018). Is there lexical competition in the
recognition of L2 words for different-script bilinguals? An examination using
masked priming with Japanese-English bilinguals. J. Exp. Psychol. Hum.
Percept. Perform. 44, 1168-1185. doi: 10.1037/xhp0000525

Nakayama, M., Sears, C. R., Hino, Y., and Lupker, S. J. (2013). Masked translation
priming with Japanese-English bilinguals: Interactions between cognate status,
target frequency and L2 proficiency. J. Cogn. Psychol. 25, 949-981. doi:
10.1080/20445911.2013.839560

Nakayama, M., Sears, C. R, and Lupker, S. J. (2008). Masked priming with
orthographic neighbors: A test of the lexical competition assumption. J. Exp.
Psychol. Hum. Percept. Perform. 34, 1236-1260. doi: 10.1037/0096-1523.34.5.1236

Ota, M., Hartsuiker, R. J., and Haywood, S. L. (2009). The KEY to the ROCK:
near-homophony in nonnative visual word recognition. Cognition 111,
263-269. doi: 10.1016/j.cognition.2008.12.007

Pastizzo, M. J., and Feldman, L. B. (2002). Discrepancies between orthographic
and unrelated baselines in masked priming undermine a decompositional
account of morphological facilitation. J. Exp. Psychol. Learn. Mem. Cogn.
28, 244-249. doi: 10.1037/0278-7393.28.1.244

Pinker, S., and Ullman, M. T. (2002). The past and future of the past tense.
Trends Cogn. Sci. 6, 456-463. doi: 10.1016/S1364-6613(02)01990-3

Qiao, X., and Forster, K. 1. (2017). Is the L2 lexicon different from the L1
lexicon? Evidence from novel word lexicalization. Cognition 158, 147-152.
doi: 10.1016/j.cognition.2016.10.026

R Core Team (2021). R: A language and environment for statistical computing
(Version 4.1.1) [Software]. Vienna, Austria: R Foundation for Statistical
Computing. Available at: https://www.R-project.org/

Segui, J., and Grainger, J. (1990). Priming word recognition with orthographic
neighbors: effects of relative prime-target frequency. J. Exp. Psychol. Hum.
Percept. Perform. 16, 65-76. doi: 10.1037/0096-1523.16.1.65

Silva, R., and Clahsen, H. (2008). Morphologically complex words in L1 and
L2 processing: evidence from masked priming experiments in English. Biling.
Lang. Congn. 11, 245-260. doi: 10.1017/S1366728908003404

Stockall, L., and Marantz, A. (2006). A single route, full decomposition model
of morphological complexity: MEG evidence. The Mental Lexicon 1, 85-123.
doi: 10.1075/ml.1.1.07sto

Verissimo, J., Heyer, V., Jacob, G., and Clahsen, H. (2018). Selective effects of
age of acquisition on morphological priming: evidence for a sensitive period.
Lang. Acquis. 25, 315-326. doi: 10.1080/10489223.2017.1346104

Voga, M., Anastassiadis-Syméonidis, A., and Giraudo, H. (2014). Does morphology
play a role in L2 processing?: two masked priming experiments with Greek
speakers of ESL. Lingvisticee Investigationes 37, 338-352. doi: 10.1075/
1i.37.2.10vog

Witzel, N., Qiao, X., and Forster, K. (2011). Transposed letter priming with
horizontal and vertical text in Japanese and English readers. J. Exp. Psychol.
Hum. Percept. Perform. 37, 914-920. doi: 10.1037/a0022194

Conflict of Interest: The authors declare that the research was conducted in
the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product that may
be evaluated in this article, or claim that may be made by its manufacturer, is
not guaranteed or endorsed by the publisher.

Copyright © 2022 Wanner-Kawahara, Yoshihara, Lupker, Verdonschot and Nakayama.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does
not comply with these terms.

Frontiers in Psychology | www.frontiersin.org

July 2022 | Volume 13 | Article 742965


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.1080/14640748708401785
https://doi.org/10.3758/BF03195503
https://doi.org/10.3389/fnhum.2013.00798
https://doi.org/10.1177/0267658318769962
https://doi.org/10.1177/0267658318769962
https://doi.org/10.1017/S1366728914000662
https://doi.org/10.1017/S1366728914000662
https://doi.org/10.1075/jsls.21012.jia
https://doi.org/10.3758/BRM.42.3.627
https://doi.org/10.3758/s13421-022-01274-6
https://doi.org/10.1162/jocn.2009.21353
https://doi.org/10.1016/j.jml.2007.10.002
https://doi.org/10.1016/j.jml.2007.10.002
https://doi.org/10.18637/jss.v082.i13
https://CRAN.R-project.org/package=emmeans
https://CRAN.R-project.org/package=emmeans
https://doi.org/10.1017/S1366728915000681
https://doi.org/10.1111/lang.12247
https://doi.org/10.1111/lang.12247
https://doi.org/10.1016/j.bandl.2012.07.001
https://doi.org/10.1016/j.bandl.2012.07.001
https://doi.org/10.1037/xhp0000525
https://doi.org/10.1080/20445911.2013.839560
https://doi.org/10.1037/0096-1523.34.5.1236
https://doi.org/10.1016/j.cognition.2008.12.007
https://doi.org/10.1037/0278-7393.28.1.244
https://doi.org/10.1016/S1364-6613(02)01990-3
https://doi.org/10.1016/j.cognition.2016.10.026
https://www.R-project.org/
https://doi.org/10.1037/0096-1523.16.1.65
https://doi.org/10.1017/S1366728908003404
https://doi.org/10.1075/ml.1.1.07sto
https://doi.org/10.1080/10489223.2017.1346104
https://doi.org/10.1075/li.37.2.10vog
https://doi.org/10.1075/li.37.2.10vog
https://doi.org/10.1037/a0022194
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Morphological Priming Effects in L2 English Verbs for Japanese-English Bilinguals
	Introduction
	Experiment 1
	Method
	Participants
	Stimuli
	Apparatus and Procedure
	Results
	Response Latencies
	Error Rates
	Discussion

	Experiment 2
	Method
	Participants
	Stimuli
	Apparatus and Procedure
	Results
	Response Latencies
	Error Rates
	Discussion

	General Discussion
	Effects of L2 Proficiency on Morphological and Orthographic Priming Effects
	Orthographic and Morphological Level Representation in the L2 Lexicon
	The Contrast Between Experiment 2 and the Previous Studies Testing Past-Tense Morphological Priming in L2

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material

	 References

