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Asymmetric lexical access and fuzzy lexical 
representations in second language learners

Isabelle Darcy, Danielle Daidone, and Chisato Kojima
Indiana University

For L2 learners, confusable phonemic categories lead to ambiguous lexical 
representations. Yet, learners can establish separate lexical representations for 
confusable categories, as shown by asymmetric patterns of lexical access, but 
the source of this asymmetry is not clear (Cutler, Weber, & Otake, 2006). Two 
hypotheses compete, situating its source either at the lexical coding level or 
at the phonetic categorization level. The lexical coding deficiency hypothesis 
suggests that learners’ encoding of an unfamiliar category is not target-like but 
makes reference to a familiar L1 category (encoded as a poor exemplar of that 
L1 category). Four experiments examined how learners lexically encode confus-
able phonemic categories. American English learners of Japanese and of Ger-
man were tested on phonetic categorization and lexical decision for geminate/
singleton contrasts and front/back rounded vowel contrasts. Results showed 
the same asymmetrical patterns as Cutler et al.’s (2006), indicating that learners 
encode a lexical distinction between difficult categories. Results also clarify that 
the source of the asymmetry is located at the lexical coding level and does not 
emerge during input categorization: the distinction is not target-like, and makes 
reference to L1 categories. We further provide new evidence that asymmetries 
can be resolved over time: advanced learners are establishing more native-like 
lexical representations.

Keywords: lexical representations in a second language, Japanese, German, 
phonetic categorization, lexical encoding 

In recent years, there has been a growing interest in understanding the way spo-
ken words are stored and accessed in the mental lexicon of bilingual language 
users (e.g. Broersma, 2012; Cutler, Weber, & Otake, 2006; Darcy, Dekydtspotter, 
Sprouse, et al., 2012; Dupoux, Sebastián-Gallés, Navarrete, & Peperkamp, 2008; 
Ju & Luce, 2004; Marian & Spivey, 2003; Ota, Hartsuiker, & Haywood, 2009;  
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Pallier, Colomé, & Sebastián-Gallés, 2001; Sebastián-Gallés, Rodríguez-Fornells, 
de Diego- Balaguer, & Díaz, 2006; Spivey & Marian, 1999; Weber & Cutler, 2004).

When recognizing words spoken in their native language, adult listeners acti-
vate multiple word candidates (i.e. a cohort) that match at least part of the acous-
tic input. As the input unfolds, the candidate that offers the best match wins the 
competition (Marslen-Wilson, 1987) and is selected. This process is usually fast 
and largely error-free. Under normal circumstances, native listeners’ perception of 
the acoustic input is rather faithful, and activation of candidates is straightforward 
because lexical representations are accurate. Native listeners are also able to exploit 
phonetic detail bottom-up during on-line word recognition to reduce the number 
of activated competitors, and make the competition process more selective (Ju & 
Luce, 2006; McMurray, Tanenhaus & Aslin, 2002; Sumner & Samuel, 2009). Con-
versely, ambiguous input will lead to a larger number of activated competitors (e.g. 
Gaskell & Marslen-Wilson, 2001), and slow down recognition.

Recognizing words in a second language (L2) is a much more complicated 
affair because lexical items from both languages can enter lexical competition 
under certain conditions. There is strong evidence that bilinguals experience 
parallel competition from both their languages even in a monolingual mode, 
both in the auditory modality (Ju & Luce, 2004; Marian & Spivey, 2003; Spivey & 
Marian, 1999; Weber & Cutler, 2004) and in the visual modality (Dijkstra & van 
Heuven, 1998; Jared & Szucs, 2002). For instance, in an eye-tracking paradigm, 
when instructed to click on the picture of a marker, Russian-English bilinguals 
often looked briefly at the picture of a stamp as well, because its Russian name 
‘marka’ phonologically overlaps with the English word marker (Spivey & Marian, 
1999; Marian & Spivey, 2003). This effect indicates that the Russian word was at 
least temporarily part of the cohort. To complicate matters further, not only is the 
number of competitors to choose from larger, but L2 listeners’ perception of the 
spoken input is often unreliable (see Strange & Shafer, 2008, and Sebastián-Gallés, 
2005, for reviews). If the input is less reliable, it is also less efficient in constraining 
the number of competitors activated (Broersma, 2012; Broersma & Cutler, 2011; 
Dupoux et al., 2008; Weber & Cutler, 2004). For example, Broersma and Cutler 
(2011) found in a cross-modal priming study that Dutch listeners’ difficulty with 
the English /ε-æ/ contrast led them to activate real words like deaf [dεf] and lamp 
[læmp] more often than native English listeners upon hearing near-word frag-
ments such as [dæf] and [lεmp] extracted from the words DAFfodil and eviL 
EMPire.

A further problem is that non-native listeners cannot always rely on fully ac-
curate lexical representations in the first place. The goal of this study is to evaluate 
whether the less efficient word recognition often observed in L2 learners is due to 
inaccurate input perception or to fuzzy lexical representations. We now turn to 
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the previous studies more specifically examining the form of lexical representa-
tions as the basis for our study.

Background

One of the potential reasons for L2 learners’ less efficient word recognition is 
that L2 learners do not always encode new, L2-specific contrasts accurately for 
lexical processing (Darcy et al., 2012; Dupoux et al., 2008; Ota, Hartsuiker, & 
Haywood, 2009; Pallier, Colomé, & Sebastián-Gallés, 2001; Sebastián-Gallés, 
Rodríguez-Fornells, de Diego-Balaguer, & Díaz, 2006). One possible explana-
tion for less accurate encoding is that confusable L2 phonemic categories lead to 
imprecise, or fuzzy, lexical representations, and/or less effective mismatch from 
competitors during on-line lexical access (Broersma, 2012; Ota et al., 2009). For 
example, it is not rare for Japanese learners of English to confuse words such 
as rock and lock, an observation explained by the difficulty that Japanese native 
speakers have in distinguishing the two English sounds /l/ vs. /r/. As a result, 
these two words might be either perceived as one another, or encoded in long-
term representations as homophones, or both.

Previous studies have shown that L2 learners exhibit repetition priming for 
minimal pairs in lexical decision, where no such priming was found for native 
listeners (Darcy et al., 2012; Pallier et al., 2001). Similarly, L2 learners experi-
enced false-alarm recognition of non-words as words (Broersma & Cutler, 2008;  
Sebastián-Gallés, Echeverría, & Bosch, 2005). In online tasks, abstract encod-
ing of certain non-native dimensions “can remain unavailable even to advanced 
learners of a second language” (Dupoux et al., 2008, p. 699). These data (see also 
Trofimovich & John, 2011) suggest that learners might have conflated, fragmen-
tary and imprecise lexical representations for words of their second language. 
Taken together, these findings suggest that L2 learners’ lexical encoding and/or 
lexical access does not always make use of the necessary linguistic dimensions, 
and is therefore less efficient than for native listeners.

For instance, Pallier, Bosch, and Sebastián-Gallés (1997), observing unre-
liable discrimination of Catalan items containing /ε/ from minimally different 
items containing /e/ in Spanish-dominant early bilinguals, argue that these bilin-
guals did not generally establish a new category for Catalan /ε/, despite exposure 
from an early age. Pallier et al. (2001) then observed repetition priming for Cata-
lan /e/-/ε/ minimal pairs, which they interpreted as evidence that Spanish-dom-
inant bilinguals treated such word pairs as homophones (that is, lexical entries 
are merged), unlike Catalan native speakers. Even though the lexical homophony 
interpretation is not the only one possible (the same results could be due to the 
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listeners’ inability to auditorily distinguish the minimal pairs in the first place), 
these authors attribute the lack of lexical distinction to the bilinguals not having 
established a distinct phonological category for the Catalan-specific vowel. 

However, other researchers have also found cases where L2 learners seem to 
have separate lexical entries for minimal pairs despite “inadequacies in phonetic 
perception” (Cutler, Weber, & Otake, 2006, p. 280; see also Escudero, Hayes-Harb, 
& Mitterer, 2008; Hayes-Harb & Masuda, 2008; Weber & Cutler, 2004). Weber 
and Cutler (2004) and Cutler et al. (2006) examined pairs of L2 sounds that are 
both mapped onto one L1 category (and are therefore confusable). They suggest 
that perceptual mappings, based on acoustic phonetic similarity between the L2 
sounds and the corresponding L1 category, establish the most similar one as the 
dominant category. In the case of English /ε/ and /æ/, both mapping onto Dutch 
/ε/, the dominant category is English /ε/ because it exhibits a greater acoustic 
phonetic similarity to Dutch /ε/ than English /æ/. In Weber and Cutler’s (2004) 
eye-tracking study, they asked native English listeners and Dutch-English bilin-
guals to click on pictures of words that they heard, while their eye movements 
were recorded (visual world paradigm). For example, participants were instructed 
to click on the picture of a target word (e.g. panda, /pænda/), while a phonetically 
confusable competitor (e.g. pencil, /pεnsɪl/) was also displayed on the screen. For 
Dutch listeners, /ε/ and /æ/ being confusable categories, the first syllable of the 
auditory target was ambiguous with the first syllable of the competitor (both per-
ceived as [pεn…]). For native listeners, looks to the competitor were suppressed 
very early upon hearing the first vowel as the auditory input unfolded. By con-
trast, Dutch listeners looked longer at the “pencil” during the first syllable, before 
selecting “panda” upon hearing the second syllable. This finding indicates that for 
the Dutch, the initial syllable was ambiguous and not as efficient in constraining 
lexical activation as it was for the native listeners. However, this ambiguity was 
not visible in Dutch listeners when the target was “pencil” and the competitor 
“panda”. Hence, fixations for targets containing the dominant (e.g. more similar) 
L2 category /ε/ (/pεnsɪl/) were more selective (earlier rejection1 of a competitor 
syllable with the new L2 category /æ/, [pæn]) than fixations for targets containing 
the new category (/pænda/, which induced later rejection of a competitor syllable 
with the dominant category, [pεn]). 

In a study using a task similar to Weber and Cutler’s, Cutler et al. (2006) ex-
amined the categories /l-r/, which are famously difficult for Japanese-English bi-
linguals. Participants were instructed auditorily to click on the picture of a target 
word (e.g. a “rocket”), while a phonetically confusable competitor (e.g. “locker”) 
was also displayed on the screen. Just as in Weber and Cutler’s findings, results 
showed that a target with a new, non-dominant category /r/ (“rocket”) induced 
looks to a picture of a “locker” in the bilingual group, but not in the native listeners. 
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However, when the target contained the dominant category /l/ (“locker”), it did not 
induce Japanese-English bilinguals to look at the competitor picture of a “rocket”. 

This effect parallels the findings for Dutch-English bilinguals (for whom /ε/ 
is dominant). When the target was “panda” (non-dominant category /æ/), they 
looked at the “pencil”, but not vice versa. 

So in sum, hearing a non-dominant category produces a less selective lexical 
activation pattern than hearing a dominant category. This finding is important in 
showing that the two categories in question are not fully merged in lexical repre-
sentations, and that the contrast is somehow preserved. If the contrasts had been 
fully merged in lexical representations of their participants, fixations would have 
been symmetrically (non)selective. 

An additional question arises from these reports that L2 learners maintain a 
distinction at the lexical level between lexical representations containing difficult 
contrasts. While having separate lexical entries and demonstrating lexical compe-
tence is crucial for learners to avoid confusion of minimally different word pairs 
such as rock and lock, this does not automatically imply that the coding of this dif-
ference in lexical representations is accurate and target-like. To take an example, 
Darcy et al. (2012) report that L2 French learners did not show repetition priming 
for minimal pairs differing in vowels that are difficult to discriminate (/ɔ-œ/). The 
finding has been interpreted as evidence that L2 French learners have achieved 
separate lexical representations for words containing these categories. Yet, these 
findings do not tease apart whether L2 learners have established a target-like pho-
nological encoding in the lexical representation for each, or whether the phono-
logical forms are lexically separated but not (yet) target-like. Repetition priming 
does not allow us to distinguish between these hypotheses. Findings of asymme-
tries in lexical processing are very important because they suggest that lexical rep-
resentations might be separated and yet still not target-like. Such a possibility is 
explicitly mentioned by Cutler et al. (2006) and Hayes-Harb and Masuda (2008). 
In fact, native speakers of English, for whom representations are expected to be 
target-like, did not show the asymmetry observed in the L2 learners in Cutler et 
al. or in Weber and Cutler (2004). 

Cutler et al. leave open the question of how the phonological distinction is 
coded in the lexical representation. While the dominant category is accurately 
represented at the lexical level, the representation of the non-dominant category 
is uncertain and compatible with two possible scenarios.

According to the first, the L2 distinction may be accurately represented lexi-
cally, that is, in some distinct form for /l/ and /r/ (perhaps due to explicit instruc-
tion), but the phonetic input is always misinterpreted as the dominant category 
(/l/). That this scenario is possible has been shown many times: L2 learners do not 
always perceive the input faithfully (Sebastián-Gallés, 2005). In this case, even 
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though learners’ lexical representations correctly contain the non-dominant cat-
egory (e.g. /r/), these would not receive positive activation from that stretch of  
spoken input because the percept would always be [l] (hence the asymmetry, due 
to temporary ambiguity of the spoken input). Even though listeners misperceive 
the input and temporarily activate inappropriate lexical representations, this 
is usually resolved as soon as more input becomes available (e.g. Frauenfelder, 
Scholten, & Content, 2001) — it would only be a problem in the case of minimal 
pairs such as lock and rock, where both pairs might in fact be simultaneously ac-
tivated (see Gaskell & Marslen-Wilson, 2001, for supporting evidence that this is 
the case even in native speakers, in case of acoustic/phonetic ambiguity). 

According to the second scenario, phonetic perception of the spoken input is 
accurate, but it is the coding of the phonological distinction in the lexical repre-
sentation itself that is not target-like and makes reference to the L1 category (for 
instance /l/ vs. /poor l/). The asymmetry then could arise from this difference in 
coding: although dominant and non-dominant categories are encoded separate-
ly (hence, lexical separation is achieved), the non-dominant category is perhaps 
represented as a poor match of the dominant category. Accordingly, hearing the 
non-dominant category in the input would activate both /l/ and /poor l/, whereas 
hearing a familiar (dominant) category /l/ would only specifically activate /l/-con-
taining representations. Just as we explained above, hearing a non-dominant cat-
egory like /poor l/ produces a less selective lexical activation pattern (activating 
both) than hearing the dominant category.

It thus appears that the distinction between these two possibilities hinges on 
the level of processing at which L2 learners are able to successfully represent the 
contrast. We developed the following predictions which form the basis of our 
approach. If the contrast is discriminated correctly during phonetic processing, 
the asymmetry would arise from a difficulty that is therefore likely located at the 
lexical coding level (which we term the lexical coding deficiency hypothesis). If 
however phonetic processing indicates that the input containing both categories is 
interpreted as the dominant category (which we term the phonetic coding deficien-
cy hypothesis), then it is possible that lexical representations are accurate, but the 
ones containing the non-dominant category do not receive (sufficient) activation 
from auditory input. We develop more specific predictions in the next sections.

Preliminary Experimental Considerations

The two hypotheses described above (the phonetic coding deficiency vs. the lexi-
cal coding deficiency) allow mapping out the patterns of lexical decision (see Fig-
ures 1a and 1b). The basis for auditory lexical decision is to compare the incoming 
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input (stimulus) to stored phonological representations for words. To take a con-
crete example from German, the only way to correctly reject a non-word which is 
a potential word (König [kønɪç] ‘king’ is a word, whereas *Hönig [hønɪç] is not; it 
is derived from Honig [honɪç] ‘honey’) is to have an accurate phonological repre-
sentation of existing words at the lexical level. Therefore, lexical decision patterns 
will reveal the accuracy of lexical representations. We use the example of two 
German words Honig /honɪç/ ‘honey’ and König /kønɪç/ ‘king’, and only consider 
the case where a lexical contrast is present,2 through explicit instruction or other 
ways. This is likely to be the case for our learners, who all have been exposed to 
classroom instruction and orthographic forms (see Escudero et al., 2008). 

In parallel to the reaction time advantage for words over non-words com-
monly observed in native language lexical decision performance (e.g. Forster & 
Chambers, 1973), it is expected that accuracy will generally be higher for words 
than for non-words, given that it is easier to accept a form as a word than to reject 
it as a non-word (all non-words used in this study are well-formed and possible 
words). Participants will tend to respond “yes” more easily than to respond “no”. 

According to the phonetic coding deficiency hypothesis (see Figure 1a), we 
assume that listeners have difficulty correctly perceiving the input. Therefore, in 
the case of German /o/ and /ø/ or /u/ and /y/, both back and front rounded vowels 
are perceived as back vowels (/o/, /u/). The lexical representations, by contrast, 
accurately encode the distinction, even though it is not necessarily the case that 
the phonological form is target-like. It can simply be different from the dominant 
category (e.g. “not /o/”), without making reference to it. We represent this in Fig-
ure 1a as /X/. 

Lexical
representation  

/honiç/ /kXniç/

Percept [honiç] [koniç] *[koniç]
Input [honiç] *[høniç] [køniç] *[koniç]

Expected response yes
easy to
accept

Prediction difficult to
reject 

no yes
difficult to
accept

no
easy to
reject 

Ordinal accuracy 1 4 3 2
Note: * indicates a non-word. 

mismatchmatch mismatchmatch

*[honiç]

Figure 1a. Predictions for lexical decision behavior according to the phonetic coding 
deficiency hypothesis.
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In the case shown in Figure 1a, the word/non-word pairs present in the input 
will not be perceived as different: both inputs [honɪç] and *[hønɪç] are perceived 
as [honɪç] (as shown in Figure 1a where the percept sometimes differs from the 
input). Both members of a pair will thus be compared to existent lexical represen-
tations in the same way. Lexical representations containing the dominant (“old”) 
category will be contacted by both words and non-words equally because the 
percept matches the lexical representation. In the case of lexical representations 
containing the non-dominant (“new”) category (e.g. /kXnɪç/), the percepts will 
in each case be a mismatch, and will not contact the lexical representation that 
contains the non-dominant category, as suggested by Cutler et al. (2006).

In the context of a lexical decision task, this scenario makes the following 
predictions. Words containing the old category such as [honɪç] in the input will 
be easy to accept (ordinal accuracy 1), and non-words containing the old category 
(*[konɪç], ordinal accuracy 2) will also be easy to reject, because they mismatch 
the lexical representation and therefore do not contact it. Conversely, the words 
containing the new category in the input but perceived as containing the old cat-
egory ([konɪç]) will also mismatch the lexical representation and be difficult to 
accept (ordinal accuracy 3). Similarly, non-words containing the new category, 
but perceived as containing the old category (*[honɪç]), will be very difficult to re-
ject (ordinal accuracy 4), because the percept matches the lexical representation. 

This pattern of decisions would result in higher accuracy for both words and 
non-words containing old categories ([honɪç] and *[konɪç]) than for words and 
non-words containing new categories (*[hønɪç] and [kønɪç]). This pattern is not 

Lexical
representation  

/honiç/ /ko?niç/

Percept [honiç] [køniç] *[koniç]
Input [honiç] *[høniç] [køniç] *[koniç]

Expected response
Prediction

yes
easy to
accept 

yes
easy to
reject

yes no

less easy to
accept

difficult to
reject

Ordinal accuracy 1 3 2 4
Note: * indicates a non-word. 

match

no
 m

ism
at

ch

no m
ism

atch

mismatch

*[høniç]

Figure 1b. Predictions for lexical decision behavior according to the lexical coding 
deficiency hypothesis.
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expected to yield an interaction between lexical status (word vs. non-word) and 
category type (old vs. new). 

According to the lexical coding deficiency hypothesis, shown in Figure 1b, 
we assume that listeners can correctly perceive the input (so percept and input 
are the same), and the difficulty is located at the lexical coding level, where lexical 
representations encode the contrast separately but in a fuzzy way (e.g. /o/ vs. /o?/). 

As discussed above, if the L1 does not make use of a certain phonetic category 
(or acoustic dimension) such as “front rounded vowels” or “long consonants”, L2 
lexical encoding of this category might be inaccurate or fragmentary compared 
to native speakers (at first). We therefore predict in this case that lexical represen-
tation containing the new (non-dominant) category might be inaccurate. How-
ever, this does not necessarily mean that the dominant category is used in place 
of the new category. As suggested by Cutler et al. (2006) and Hayes-Harb and 
Masuda (2008), it is possible that the new category is encoded as a poor match to 
the dominant L1 category. What is important for this hypothesis is that the new 
category makes reference to the dominant L1 category. For the L2 front-rounded 
/ø/ category for instance, this might be represented as a /poor o/, or /o?/ (hence-
forth we use /?/ to indicate that a category is represented imprecisely in lexical 
representations), whereas L2 /o/ itself will be represented clearly as the dominant, 
similar /o/ category in L1. 

This scenario makes the following predictions. First, real words containing 
the old category will likely be most easily recognized as words (ordinal accu-
racy  1) since the input exactly matches the lexical representation, e.g. [honɪç] 
matches /honɪç/ ‘honey’. Second, real words containing the new category (e.g. 
[kønɪç] ‘king’) might be recognized slightly less accurately if they are encoded as 
a poor match, perhaps as /ko?nɪç/. The input [kønɪç] does not exactly match the 
representation /ko?nɪç/, but does not clearly mismatch it either. Rejection pat-
terns for non-words will also be asymmetrical: non-words containing the new 
category (e.g. *[hønɪç]) have to be compared to their real-word counterparts con-
taining the old category (/honɪç/) in order to be recognized as fake and rejected. 
It is easy to reject the non-word with the new category (ordinal accuracy 3) since 
the lexical representation with the old category is clear. The percept *[hønɪç] is 
clearly a mismatch to /honɪç/. Conversely, non-words with an old category (e.g. 
*[konɪç]) have to be compared to fuzzy lexical representations that contain the 
new category (e.g. /ko?nɪç/) before they can be rejected as fake. It becomes clear 
that in this latter case, the rejection will be more difficult if the real word lexi-
cal representation is fuzzy (ordinal accuracy 4). Such an asymmetry in accuracy 
would indicate that there is lexical separation between the old and the new cate-
gory, but that this separation is not yet target-like (e.g. /o/ vs. /o?/ instead of /o/ 
vs. /ø/) and still makes reference to the L1 or dominant category.
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This pattern of results would mirror the asymmetry obtained with eye-track-
ing reported by Cutler et al. (2006) and Weber and Cutler (2004), and should  
produce an interaction between lexical status (word vs. non-word) and category 
type (old vs. new). If old and new categories are encoded equally well, no inter-
action is expected, as in the case of native speakers. Such findings combined with 
very good categorization at the phonetic level would offer support for the lexical 
coding deficiency hypothesis according to which learners’ encoding of phonolog-
ical contrasts in lexical representations is not target-like and makes reference to 
the dominant category.

We turn now to the description of our study, designed to examine both hy-
potheses.

The Current Study

The goal of this study is to expand on these early findings of asymmetries in lex-
ical access and to explicitly investigate whether lexical representations are tar-
get-like or not, even if they are separate. We examine the degree to which a novel 
contrast is target-like in learners’ lexical representations by looking at asymme-
tries in lexical decision patterns, combined with phonetic categorization tasks. By 
establishing categorization performance in the same participants, we will be able 
to tease apart whether the contrast is misperceived during input categorization or 
whether the difficulty is located at the lexical coding level.

We also add to the current understanding of L2 lexical encoding by examin-
ing developmental patterns in groups of L2 learners who differ in L2 proficiency 
and experience, in order to see if lexical processing difficulties can be resolved 
over time.

Two sets of phonemic contrasts, a consonantal and a vocalic contrast in two 
languages, were used for this study. American English learners of L2 Japanese 
have difficulties acquiring the durational contrast between long and short conso-
nants (i.e. geminates: katta ‘bought’ vs. singletons: kata ‘shoulder’). Both are ini-
tially mapped onto L1 categories, which in English have only one default duration 
equivalent to a singleton (Han, 1992; Tajima, Kato, Rothwell, Akahane-Yamada, 
& Munhall, 2008). Similarly, the German front rounded vowels /y, ø/ (written as 
<ü, ö>) are confusable with, and thus assimilated to, back rounded vowels /u, o/ 
for American English listeners (Strange, Weber, Levy, Shafiro, Hisagi et al., 2007). 
For each language, two experiments were conducted. We tested learners of Ger-
man and learners of Japanese, and investigated (i) learners’ phonetic categoriza-
tion accuracy by examining their response patterns in an ABX task, and (ii) the 
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degree to which a novel contrast was target-like in learners’ lexical representa-
tions by observing any potential asymmetries in their lexical decision patterns. 

The vowel and consonant categories used for the experiments reported here 
are divided in two types: “old” (that is, the dominant category according to Cutler 
et al., 2006) vs. “new” (the non-dominant category). For the German stimuli, the 
front-rounded vowels (/y/, /ʏ/, /ø/, /œ/) are “new”. For the Japanese stimuli, the 
geminate phonemes (/pː/, /tː/, /kː/) are “new”. 

Experiments 1 and 2: Japanese

In this section, we report the results of two experiments designed to test partic-
ipants’ ability to categorically discriminate between the Japanese long and short 
phonemes, and to lexically encode this phonemic difference in their lexical repre-
sentations for Japanese words.

Experiment 1: Categorical Discrimination with ABX

Methods and Procedure
Stimuli were pairs of disyllabic non-words in Japanese and English. Test item pairs 
had the structure CVQV or CVCV, where Q represents a geminate consonant, 
and C a singleton consonant. An example test pair is [mette] – [mete], where the 
letter doublet represents a geminate [tː]. Types of consonants used were bilabial, 
coronal, or velar obstruents, as well as the coronal fricative [s]. Control items only 
contained singleton consonants (CVCV), and differed in the quality of the last V. 
An example pair is [moke] – [moki]. There were 12 pairs of test items and 4 pairs 
of control items. Each pair was then arranged into a triplet (A – B – X) where X is 
either similar to A or to B. (e.g. A-[mette] B-[mete] X-[mete] (X = B); A-[moke] 
B-[moki] X-[moke] (X = A)). Four counterbalanced orderings for the triplets 
were used (ABA, ABB, BAA, BAB), which resulted in a total of 64 test triplets.

These 64 trials were presented in four randomized blocks separated by short 
breaks through the experimental software DMDX (Forster & Forster, 2003). Par-
ticipants were instructed to decide whether the third non-word (X) matched the 
first (A) or the second (B) non-word, and indicate their response as fast as possi-
ble. Inter-stimulus interval was set to 500 ms. Participants had 2000 ms to make 
their response, before the next trial was initiated. Reaction time (RT) was mea-
sured from the onset of the third (X) item. 

Stimuli were recorded several times by one female Japanese native speaker of 
the Tokyo dialect. Two renditions were obtained for each non-word, so that the 
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audio stimulus for A, for example in a triplet ABA, would actually be instantiated 
by two acoustically different tokens. The speaker in this experiment also recorded 
the lexical decision items (see Experiment 2). The same speaker was used because 
we were interested in ascertaining that learners were able to perceptually discrim-
inate short from long consonants in the speaker who also produced the lexical 
decision tokens. 

Both experiments were conducted in one single testing session. A demo-
graphic and language background questionnaire was given at the beginning of 
the testing session. Participants were first tested on the discrimination task and 
then on the lexical decision task.

Participants
Three groups of participants were tested: two groups of English learners of Japa-
nese (advanced learners: n = 14, 7 males and 7 females, mean age = 21; intermedi-
ate learners: n = 9, 3 males and 6 females, mean age = 21), and one native speaker 
group (n = 11, 4 males and 7 females, mean age = 31). 

Advanced learners were native speakers of American English, and enrolled 
either in the second semester of a third-year or fourth-year Japanese class at a 
large university in the United States, or were teaching Japanese as associate in-
structors at the same university at the time of recruitment. Average length of time 
spent living in Japan was 17.8 months. Beginning-Intermediate (henceforth only 
“intermediate”) learners were native speakers of American English and enrolled 
in the second semester of a first-year Japanese class. None of them had lived in 
Japan. Native speakers were all enrolled students at the same university in the 
United States at the time of testing. They all spoke English as a second language 
with high proficiency, and most of them were also instructors of Japanese at that 
university. No participant reported any hearing or speech impairment. Partici-
pants received a small payment for their participation in the study.

Results
One native speaker (NS) participant and one advanced learner were considered 
outliers given low accuracy on the control condition (below 2 SD from the group 
mean), and their data excluded from analysis. For each subject, the proportion of 
accurate answers (%) and mean RT were computed across the four trials for each 
item, and each condition (test vs. control), resulting in 16 aggregate measures 
per subject (for 12 test items and four control items). Table 1 presents the mean 
accuracy and RT in each condition for each group.

Preliminary analysis indicated that the accuracy proportions were not nor-
mally distributed, and there was compression towards the upper accuracy range, 
unsurprisingly given the high and similar scores of all groups. We therefore used 
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an arcsine transform to expand the top of the scale and increase differences in 
high accuracy ranges. 

A linear mixed effects model was conducted in SPSS 20 on the arcsine-trans-
formed accuracy means. It declared the factors condition (test, control) and group 
(intermediate, advanced, NS) as fixed effects, and the factors condition and item 
as repeated effects within subjects.3 The significance threshold was set at p = 0.05 
for this and all following analyses. The visual analysis of residuals confirmed that 
the model was a satisfactory fit for the data structure. The parameter estimates are 
presented in Table 2. 

When looking at the type III tests of fixed effects, the F-tests showed a 
main effect of condition (F(1, 477) = 4.74, p < 0.05), a marginal effect of group 
(F(2, 40.9) = 2.73, p = 0.08), and no significant interaction between the two fac-
tors (F < 1). The control condition yielded more accurate performance than the 
test condition, and the NS group showed the highest accuracy followed by the 
advanced learners.

Analysis of RTs was performed similarly; the data were normally distributed. 
Mean RTs were computed over correct responses and entered into a linear mixed 
effects model declaring the factors condition (test, control) and group (intermedi-
ate, advanced, NS) as fixed effects, and the factors condition and item as repeated 
effects within subjects. The parameter estimates are presented in Table 3.

When looking at the type III tests of fixed effects, the F-tests showed that 
there was a marginal effect of condition (F(1, 477) = 3.08, p = 0.08), no effect of 
group (F < 1), and no significant interaction between the two factors (F(2, 477) = 
1.75, p > 0.1). RTs in the control condition were slightly faster overall than in the 
test condition (955 ms vs. 974 ms).

These data suggest that discrimination of the contrasts between geminate and 
singleton consonants does not appear to be problematic even in early stages of 
acquisition. We now turn to Experiment 2, where we examine lexical encoding 
of this contrast among the same participants, with stimuli produced by the same 
speaker.

Table 1. Mean accuracy (%), mean RT (ms) and standard error (SE) for each group  
and each condition.

Condition Test Control 

Group Accuracy SE RT SE Accuracy SE RT SE

Intermediate 93 1.3 1013 36.9 94 1.7 970 38.5
Advanced 94 1.1  951 29.6 98 1.4 925 30.9
NS 96 1.3  958 35.0 99 1.6 970 36.5

Note: mean RT is computed over correct responses only, NS = native speakers.
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Experiment 2: Lexical Decision

Method and Procedure
Forty-two common Japanese words were selected from the textbook used by the 
first-year and second-year students called Genki I and II (Banno et al., 1999), 
to increase familiarity for all learners. More singleton words were available than 
geminate words (26 vs. 16). Furthermore, 84 additional words were selected as 
fillers. Forty-two corresponding test non-words were created from the test words 
by exchanging a singleton consonant for its geminate counterpart (akeru ‘to open’ 
vs. *akkeru) or vice-versa (kippu ‘ticket’ vs. *kipu). Filler non-words were created 
by exchanging a feature other than length or by changing or inserting a segment 
(tenki ‘weather’ vs. *tengi). There were 84 test items (42 singleton and 42 gemi-
nate), and 168 fillers, resulting in a total of 252 items, which were randomized. 

Stimuli were divided into two blocks, so that participants heard both the 
word and the non-word of a word/non-word pair, but never in the same block. 
After a short practice, participants were instructed to decide whether each token 
they heard was a real word or a fake word of Japanese by pressing buttons labeled 
“yes” or “no” as fast as possible. Participants had 2200 ms to make their response, 
before the next trial was initiated. RTs were measured from the onset of the word 
presentation.

Participants
Three groups participated in this experiment: Japanese native speakers, advanced 
learners, and intermediate learners of Japanese. Participants in each of these 
groups were the same as in Experiment 1.

Results
Accuracy on all items was screened to determine if some non-words were ac-
cepted as words by a majority of native speakers or vice-versa. Those items for 
which accuracy was below 2 SD of the mean for the native speaker group were 
excluded, separately for words and non-words. Six words and four non-words 
were excluded. The resulting mean accuracy of native speakers in this task was 
91% (SD = 7.7). Two participants (1 native speaker and 1 intermediate) were ex-
cluded because their accuracy on the control condition was below 2 SD from their 
group mean. The total number of participants analyzed was 10 native speakers, 14 
advanced, and 8 intermediate learners.

The proportion of accurate answers (%) and mean RT for each subject were 
computed across items for each condition (test vs. control), within the combi-
nation of lexical status (word vs. non-word), and consonant (old vs. new). Mean 
accuracy and RT in each condition for each group are displayed in Table 4. 
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A linear mixed effects model was run in SPSS 20 on the accuracy scores. The 
factors group (native speakers, advanced, intermediates), lexical status (word vs. 
non-word), and condition (control vs. test) were declared as fixed effects. The fac-
tors condition, lexical status, as well as consonant (old vs. new) were also entered 
as repeated effects within subjects. Tables 5 and 6 display the parameter estimates 
for each model (accuracy and RT).

When looking at the type III tests of fixed effects, the F-tests revealed that 
there was a main effect of group on accuracy (native speakers, 95%, advanced, 
80%, intermediates, 68%, F(2, 31.2) = 20.4, p < 0.01). Performance for words 
was more accurate than for non-words (lexical status: F(1, 157) = 60.8, p < 0.01). 
Accuracy was also higher in the control condition compared to the test condi-
tion (condition: F(1, 157) = 24.1, p < 0.01). All interactions were significant (all 
p < .01), including the triple interaction between group, lexical status, and con-
dition (F(2, 151) = 4.4, p = 0.013). Condition had no effect on the native speaker 
performance only (p > 0.1), whereas both learner groups were significantly more 
accurate in the control over the test condition (both p < 0.001). Similarly, lex-
ical status only marginally influenced native speakers’ performance (p = 0.07), 
but learners were significantly more accurate for words than non-words (both 
p < 0.001). 

Of particular interest is the interaction between lexical status and condition 
(F(1, 157) = 9.8, p < 0.01), for which pairwise comparisons indicated that ac-
curacy for words was similar in the test (88%) and the control (92%) condition 
(p  > 0.1), but for non-words, accuracy was much higher in the control condi-
tion (82%) compared to the test (65%) condition (p < 0.001), suggesting that the  

Table 4. Mean accuracy (%), mean RT (ms) and standard error (SE) in the control vs. 
test conditions in lexical decision for Japanese words and non-words, for each group.

Lexical status Condition NS Advanced Interm.

mean SE mean SE mean SE

A
cc

ur
ac

y

word control   98  4.4   95  3.7   79  4.9

non-word control   91  4.4   81  3.7   72  4.9

word test   98  3.5   91  3.0   71  3.9

non-word test   93  3.5   53  3.0   51  3.9

RT

word control 1101 47.3 1214 40.0 1340 52.9
non-word control 1232 47.3 1345 40.0 1415 52.9

word test 1177 42.5 1301 35.9 1408 47.5

non-word test 1288 42.5 1513 35.9 1523 47.5

Note: mean RT is computed over correct responses only, NS = native speakers.
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difficulty in rejecting non-words was not generalized to all non-words in the ex-
periment. That this effect is mostly due to the learners is confirmed in the triple 
interaction: for both learner groups, accuracy for non-words was much higher 
on the control than on the test condition (p < 0.001 for both groups). For words, 
accuracy was similar in the two conditions (p > 0.1 for both groups). For native 
speakers, neither condition nor lexical status influenced their performance (all 
p > 0.1). The analysis of RTs was conducted similarly. 

When looking at the type III tests of fixed effects, the F-tests showed that 
there was a main effect of group (mean RT, native speakers = 1199 ms; advanced = 
1343 ms; intermediate = 1421 ms, F(2, 29.7) = 7.6, p < 0.01), lexical status (mean 
RT, words = 1256 ms; non-words = 1386 ms, F(1, 151) = 78.6, p < 0.01), and of 
condition (mean RT, control = 1274 ms; test = 1368 ms, F(1, 151) = 41.2, p < 0.01).

There was a marginal interaction between group and lexical status (F(2, 151) = 
2.6, p = 0.08): For non-words, native speakers were significantly faster than both 
other groups (both p < 0.01), whereas for words, native speakers significantly out-
performed only the intermediates (p < 0.01), not the advanced (p > 0.1). No other 
interaction reached significance. Globally, participants responded to words faster 
than to non-words, and this difference was visible across both test and control 
conditions in all three groups.

We now examine whether asymmetrical patterns are visible in the accuracy 
rates of each group separately. For the test condition only, the mean accuracy for 
words vs. non-words for each consonant type (new vs. old) is displayed in Fig-
ure 2. Average accuracy was low for both learner groups, a finding that contrasts 
with their performance in the ABX task. 

For each group in turn, a linear mixed effects model declared the mean ac-
curacy as the dependent variable. Fixed factors were consonant (old vs. new) and 
lexical status (word vs. non-word). The factors consonant and lexical status were 
also entered as repeated effects within subjects. Tables 7, 8, and 9 display the pa-
rameter estimates for each group. 

For intermediate learners, accuracy was higher for words than for non-words 
(71% vs. 51%, lexical status: F(1, 21) = 21.6, p < 0.01), but there was no effect of 
consonant (F(1, 21) = 0.3, p > 0.1). The interaction was significant (F(1, 21) = 
4.9, p < 0.05): Intermediate learners were marginally more accurate for words 
containing the old category (77%) than the new (65%) category (p = 0.06). Con-
versely, there was a (non-significant) trend for non-words containing a new cate-
gory to be more accurately rejected (55%) than those with an old (48%) category 
(p = 0.2). This pattern conforms to the predicted ordinal accuracy and suggests 
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that there is an asymmetrical pattern in intermediate learners’ lexical representa-
tions for these old vs. new consonants. 

Advanced learners also show a similar pattern of accuracy even though over-
all accuracy is higher. Type III tests of fixed effects revealed that there was a main 
effect of lexical status (F(1, 39) = 75.9, p < 0.01): accuracy was much higher for 
words (91%) over non-words (53%). Again, the factor consonant had no effect 
(F(1, 39) = 1.5, p > 0.1). The interaction was significant (F(1, 39) = 6.3, p < 0.05). 
Words containing the old category (94%) were more accurately recognized than 
those with a new (88%) category, a non-significant trend (p = 0.3). Converse-
ly, non-words containing a new category were more accurately rejected (61%) 
than those with an old (45%) category (p < 0.01). This suggests that the advanced 
learners of Japanese resemble the intermediate learners with respect to non tar-
get-like lexical representations.

Native speakers show a clearly different pattern. Type III tests of fixed effects 
revealed that there was a main effect of lexical status (mean accuracy, words = 
98%, non-words = 93%, F(1, 27) = 7.5, p < 0.05), no effect of consonant (F < 1) 
and importantly, there was no interaction (F < 1). This pattern suggests that there 
is no asymmetry in native speakers’ lexical representations for each type of con-
sonants, an expected effect. 

Intermediate

M
ea

n 
ac

cu
ra

cy

nonword word nonword word nonword word

1.0

.9

.8

.7

.6

.5

.4

Advanced Native speakers

.3

Consonant
Geminate [new]
Singleton [old]

Figure 2. Mean accuracy in lexical decision as a function of consonant type and lexical 
status for each group. Error bars represent +/– 1 SE.
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Discussion: Experiments 1 and 2

The results of Experiment 1 clearly show that learners can discriminate the gemi-
nate and non-geminate contrast, even at the intermediate level, with high accura-
cy, closely resembling native speakers’ performance. 

Experiment 2 looked at how learners lexically encode a new contrast that is 
not in their L1 (i.e., geminate) in comparison with native speakers’ performance. 
Learners, but not native speakers, exhibited a significant interaction of consonant 
type with lexical status, triggered by the asymmetrical pattern predicted by the 
lexical coding deficiency hypothesis. In both learner groups, the lowest accuracy 
was observed for non-words with singletons, the dominant category. This was not 
the case for native speakers. The order of accuracy and the interactions between 
consonant type and lexical status observed in the data mirror the asymmetry re-
ported by Cutler et al. (2006) and Weber and Cutler (2004). In addition, we also 
showed that this asymmetry persists across learner groups that differ in measur-
able ways in terms of exposure to Japanese. Despite low accuracy overall on the 
lexical decision task, even intermediate learners were able to maintain a distinc-
tion at the lexical level between lexical representations containing the singleton 
and the geminate categories. 

To answer the question whether the lexical encoding of the contrast is tar-
get-like however, it is necessary to consider both experiments together. In the 
ABX task, learners could discriminate geminate from non-geminate very accu-
rately even in early stages of acquisition. This result corroborates previous find-
ings that learners at low-intermediate and advanced levels can discriminate and 
identify the contrasts in isolated forms (Hardison & Motohashi-Saigo, 2010). For 
our purpose, the combined results from Experiments 1 and 2 offered evidence 
that the L2 learners were able to represent the contrast between geminates and 
singleton at the phonetic level, and that the difficulty was located at the lexical 
processing level. Consequently, the observed interaction between category type 
(old vs. new) and lexical status (word vs. non-word) suggests that the contrast 
between geminate and singleton was encoded phonologically at the lexical level, 
but not in a target-like manner. Indeed, it appears that the way this distinction 
was encoded is dependent on the L1 category, that is, makes reference to the dom-
inant category: the geminate category appears to be encoded as a poor match to 
the singleton (dominant) category. When lexical representations were target-like, 
as was the case for native speakers, no interaction was observed. 

It is however possible to object that our categorization task was not sensitive 
enough to truly establish excellent phonetic categorization. It is worth emphasiz-
ing that the cognitive load in this task was low given the limited phonetic vari-
ability in stimuli induced by the use of only one voice. The results are comparable 
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to those obtained by Polka (1995) for example. While these findings might not 
be generalizable to all learners, they served our purpose of examining whether 
these specific participants were able to discern the singleton-geminate contrast as 
produced by that particular speaker. However, it would be more compelling to use 
a more demanding task to establish categorization performance. In Experiment 
3, therefore, the design has been slightly modified accordingly. There were more 
contrasts and two different voices. 

Experiments 3 and 4: German

In this section, we report the results of two experiments designed to test partic-
ipants’ ability to categorically discriminate between German front-rounded and 
back-rounded vowel phonemes, and to lexically encode this phonemic difference 
in their lexical representations for German words. 

Experiment 3: Categorical Discrimination with ABX

Methods and Procedure
Stimuli were CVC monosyllables which were non-words in German as well as in 
English. The vowels were surrounded by two consonantal contexts: bilabial (e.g. 
pVm) or coronal (e.g. sVl). Stimuli included the ten contrasts shown in Table 10.

The front-front contrasts are expected to be easier than front-back according 
to the Perceptual Assimilation Model for Language Learners (PAM-L2, Best & 
Tyler, 2007), and constitute the control condition. The front-back comparisons 
are analyzed as the test condition, and the remaining vowel contrasts (/i-a/, /i-o/) 
are distractors. 

There were two pairs of items in each context for each of the 10 contrasts, 
hence a total of forty pairs of non-words. Each pair was then arranged into a 
triplet (A – B – X) where X is either similar to A or to B. (e.g. A-[pom] B-[pøm] 
X-[pøm] (X = B); A-[pem] B-[pøm] X-[pe:m] (X = A)). Four counterbalanced 
orderings for the triplets were used (ABA, ABB, BAA, BAB), which resulted in a 

Table 10. Contrasts used in the German study.

Front-back (test) Front-front (control) High-non high

high /u y/ /i y/ /i a/, /i o/
  /ʏ ʊ/ /ɪ ʏ/
mid /o ø/ /e ø/
  /ɔ œ/ /ε œ/
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total of 160 triplets. These trials were presented in a block with 3 breaks through 
the experimental software DMDX (Forster & Forster, 2003). Participants were 
instructed to decide whether the third non-word (X) matched the first (A) or the 
second (B) non-word, and indicate their response as fast as possible. Each trial 
started with a fixation cross at the center of the screen for 250 ms. Interstimulus 
interval was set at 500 ms. Participants had 2000 ms to make their response, be-
fore the next trial was initiated. RT was measured from the onset of the third (X) 
item in a trial. 

To increase task difficulty, contrasts were not blocked: all 10 contrasts could 
occur in the same block. In addition, two different voices were used. Stimuli were 
recorded several times by two female German native speakers, and normalized 
for amplitude. One voice was used for the X token, whereas the other was used for 
the two different A and B tokens.

Both experiments were conducted in one single testing session. A demo-
graphic and language background questionnaire was given at the beginning of 
the testing session. Participants completed the lexical decision task first, followed 
by the ABX task. At the end, participants rated their familiarity with the words in 
the lexical decision task.

Participants
Four groups of participants were tested: two groups of late English learners of 
German (intermediate, n = 103, vs. advanced, n = 21), one group of American 
English native speakers without experience with German (“monolingual”, n = 31), 
and one group of German native speakers (n = 18).

Based on demographic and background information recorded in the ques-
tionnaire, participants were excluded from further analysis if one or several of 
the following criteria applied: Father’s or Mother’s L1 non English; Subject’s L1 
non English; Residential history too complex or including parts in Germany [for 
intermediate learners and monolingual English native speakers only]; Exposure 
to German, French or other languages that contain front rounded vowels at home; 
Exposure to German, French or other languages that contain front rounded vow-
els in childhood; Speech or hearing disorder; Having had instruction in French/
Turkish/Danish/Mandarin or other languages that may contain front rounded 
vowels under examination; Missing data/subject questionnaire. In total, 39 in-
termediate participants were excluded, leaving 64 for analysis; six monolingual 
English native speakers were also excluded, leaving 25 for analysis. No advanced 
learner or native speaker of German was excluded. 

In addition, nine intermediate learners were further excluded because of low 
familiarity ratings with the words used in Experiment 4 (see below). A total of 55 
intermediate participants were retained for the analysis for Experiments 3 and 4.
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Intermediate learners (n = 55; 20 females) were enrolled in third-year classes 
at a large university in the United States, and had taken a maximum of six semes-
ters of German. None of them had spent any time in a German-speaking country. 
Their mean age was 20.7 years (SD = 1.7, range: 19–30). 

Advanced learners (n = 21, 7 females) were graduate students and instructors, 
who had taken at least 8 semesters of German. Except for three of them, they 
had spent between 4 and 36 months in a German-speaking country (M = 15.1 
months, SD = 11.1, range: 0–36). Their mean age was 27.2 years (SD = 4.73, range: 
21–38). 

German native speakers (n = 18; 12 females) served as a control group. All 
were living in the USA at the time of testing, and so had knowledge of English. 
Their mean age was 26.6 years (SD = 5.0, range: 18–33).

Naïve American English native speakers (n = 25; 24 females) with no knowl-
edge of German and no experience with any language containing the target pho-
nemes were also tested as a second control. Their mean age was 20 years (SD = 
0.85, range 18–22). 

None of these participants reported any hearing or speech impairment. They 
received either course credit or a small monetary compensation for participating.

Results
Two participants were considered outliers (one intermediate, and one German 
native speaker) given very low accuracy on the control and distractor conditions, 
and were removed from further analysis. Data for one additional intermediate 
subject were missing, bringing the total number of intermediate learners to 53, 
and the German native speakers to 17. For each subject, proportions of accurate 
answers (%) and RT means were computed across items in each condition, within 
the combination of height (mid vs. high), tenseness (tense vs. lax), context (bila-
bial, coronal), and contrast. Thus, there were 18 aggregate measures per subject, 

Table 11. Mean accuracy (%), mean RT (ms) and standard error (SE) for each group  
and each condition.

Condition Test (back-front) Control (front-front) Distractor

Group Acc. SE RT SE Acc. SE RT SE Acc. SE RT SE

Intermediate 87 0.9  942 21.4 92 0.9 896 21.4 95 1.3 846 23.2

Advanced 90 1.5  945 34.0 94 1.5 893 34.0 97 2.1 857 36.8

Native Sp. 96 1.6  840 37.8 95 1.6 845 37.8 95 2.3 791 40.9

Monolingual 83 1.4 1021 31.2 87 1.4 981 31.2 93 1.9 939 33.7

Note: mean RT is computed over correct responses only.
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aggregated over two items (and four trials per item). Table 11 presents the mean 
accuracy and RT in each condition for each group.

An arcsine transform was used for these data for the same reason as in Exper-
iment 1. To compare the performance of the groups, a linear mixed effects model 
was conducted in SPSS 20 on the arcsine-transformed accuracy means of the four 
groups. The factors group (intermediate, advanced, NS, and monolingual), and 
condition (test, control, and distractor) were entered as fixed effects. The variables 
of height (mid vs. high), tenseness (tense vs. lax), and context (bilabial, coronal) 
were declared as repeated effects within subjects. Table 12 displays the parameter 
estimates for this model.

The main effect of condition was significant: accuracy was highest in the dis-
tractor condition (95%), followed by the control (92%), and the test (89%) condi-
tions (F(2, 1964) = 22.5, p < 0.01). Performance also varied by group (F(3, 135.1) = 
6.8, p < 0.01). Pairwise comparisons (with Sidak correction) revealed that only the 
monolingual group performed significantly less accurately than the other three 
groups (all p < 0.05). No other comparison was significant. There was a significant 
interaction between the two factors (F(6, 1964) = 4.6, p < 0.01). Univariate tests 
indicated that performance of all non-native groups was influenced by condition 
(simple effect of condition significant for all three groups at p < 0.01), whereas 
for the native speaker group, condition had no effect (F < 1). More specifically, 
pairwise comparisons (with Sidak correction) show that in all non-native groups, 
this significance is driven by performance in the test condition, significantly less 
accurate than in both other conditions (all p < 0.01). Performance in the dis-
tractor and the control condition was equally accurate in all non-native groups 
(intermediates and advanced: p > 0.1; monolinguals: p = 0.09).

Analysis of RTs was performed similarly; the data were normally distribut-
ed. Parameter estimates are displayed in Table 13. Type III tests of fixed effects 
revealed that there was a main effect of condition (F(2, 1964) = 48.3, p < 0.01), 
and of group (F(3, 115.0) = 3.6, p < 0.05). Pairwise comparisons (with Sidak cor-
rection) indicated that RTs were slowest in the test condition (936 ms), faster in 
the control (903 ms) and fastest in the distractor condition (858 ms, all p < 0.01). 
Latency differences among the groups were less pronounced: pairwise compari-
sons showed that only the monolinguals were significantly slower than the native 
speakers (p = 0.01). No other comparison reached significance. There was a sig-
nificant interaction between the two factors (F(6, 1964) = 2.5, p < 0.05). Univari-
ate tests showed that the simple effect of group was significant in each condition 
(test: F(3, 119.6) = 4.6, p < 0.01;  control: F(3, 119.6) = 2.9, p < 0.05; distractor: 
F(3, 164.3) = 2.9, p < 0.05), and was mainly driven by the significantly slower RT 
of the monolingual compared to the native speaker group (test: p < 0.01; both 
other conditions: p < 0.05). No other pairwise comparison reached significance. 
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Within each group however, latencies were also influenced by condition: no-
tably, pairwise comparisons indicated that all non-native groups, but not the na-
tive speakers, were slower in the test condition compared to both other conditions 
(all p < 0.01). In addition, for both intermediates and monolinguals, all other 
comparisons were also significant (p < 0.01). For advanced, RT on the control 
and distractor conditions did not differ (p > 0.1). The native speakers were faster 
on the distractor condition compared to both others (both p < 0.05), but did not 
differ in the test vs. control condition (p > 0.1). 

After excluding the monolingual group, both analyses (arcsine-transformed 
accuracy, and RT) showed a marginal main effect of group (accuracy: F(2, 105.8) = 
2.7, p = 0.07; RT: F(2, 90.3) = 1.5, p > 0.1). The main effect of condition (accuracy: 
F(2, 1541) = 14.2, p < 0.01; RT: F(2, 1541) = 35.0, p < 0.01) and the interaction 
remained significant in both models (accuracy: F(4, 1541) = 7.2, p < 0.01; RT: 
F(4, 1541) = 3.8, p < 0.01). Pairwise comparisons between the conditions indicat-
ed that accuracy on the test condition was significantly lower (91%), and RTs were 
slower (908 ms), than on both other conditions (control: 93%, 878 ms; distractor: 
96%, 831 ms), which did not differ from each other (p > 0.1). 

The interaction pattern was further explored for both dependent variables. 
For the arcsine, univariate tests showed that the simple effect of group was sig-
nificant for the test condition (F(2, 135.3) = 13.0, p < 0.01), but not for the two 
other conditions (p > 0.1). In that condition only, native speakers outperformed 
both other groups (both p < 0.01), who did not differ from each other (p > 0.1). 
For the control and distractor conditions, no comparison reached significance. 
For the RT, the simple main effect of group was marginal for the test condition 
(F(2, 93.9) = 3.1, p = 0.052), and not significant in the two other conditions (F < 1). 
Native speakers were marginally faster than the intermediate group (p = 0.06) on 
the test condition only. No other comparison was significant.

The persistent significant interactions in terms of accuracy suggest that the 
test condition, despite overall high accuracy levels, triggered more errors in the 
learner groups compared to the native speakers. We now explore this condition 
in more detail. Mean accuracy rates for these three groups for the test items are 
presented in Figure 3. 

As above, a linear mixed effects model was conducted on the arcsine-trans-
formed accuracy scores. The factors group (intermediate, advanced, NS), height 
(high vs. mid) and context (coronal, bilabial) were entered as fixed effects. Height 
and context were also entered as repeated effects within subjects. Parameter esti-
mates are shown in Table 14.

Type III tests of fixed effects showed that there was a significant interaction 
between height and group (F(2, 264) = 3.8, p < 0.05). Mid vowels yielded higher 
accuracy (on average 94% correct) than high vowels (87% correct), a significant 
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difference for both learner groups (p < 0.01), but only marginal for the native 
speakers (p = 0.067). 

There was also a significant interaction between height and context (F(1, 264) = 
10.8, p < 0.01). Accuracy was higher in the bilabial context than in the coronal con-
text, but for high vowels only (91% vs. 83%, p < 0.01), not for mid vowels (95% vs. 
94%, p > 0.1). There was no interaction between group and context (F(2, 264) = 
1.8, p > 0.1), nor a significant triple interaction (F < 1). 

To sum up, this pattern of results indicates that learners displayed lower accu-
racies in very specific conditions only, such as for high vowels in the coronal con-
text (see Figure 3). In addition, the lack of triple interaction indicated that overall, 
learners’ behavior was not fundamentally different from native speakers’ across 
conditions. Binomial tests confirmed that the scores of the learners in every sub-
condition (high vs. mid vowels in bilabial vs. coronal contexts) were significantly 
different from chance (all p < 0.01).

Taken together, and despite lower accuracy levels in one specific comparison, 
the overall high accuracy levels in these data allows us to conclude that learners 
in our experiment did not have truly serious difficulties in differentiating back 
from front rounded vowels. We now turn to the examination of lexical encoding 
of these contrasts among the same learners.

Experiment 4: Lexical Decision

Method and Procedure
Eighty common German words were selected and matched for frequency and fa-
miliarity. They were either mono- or disyllabic words containing one of the vowels 

0.88

0.77
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0.900.88

0.81

0.94 0.95
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M
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Figure 3. Mean accuracy on the test condition as a function of vowel height and context, 
for each group. Error bars represent +/– 1 SE.
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under scrutiny. Eighty corresponding non-words were created by exchanging e.g. 
a back vowel for its front-rounded counterpart (Honig /honɪç/ ‘honey’ vs. *Hönig 
/hønɪç/) or vice-versa (König /kønɪç/ ‘king’ vs. *Konig /konɪç/). There were 160 
test items, and 128 filler items (64 words and 64 similar non-words, e.g. Kanne  
/kanə/ ‘teapot’, *Blanne /blanə/, Pflaume /pflaʊmə/ ‘plum’, *Pfeude /pfɔʏdə/). This 
resulted in a total number of 288 trials, which were randomized. 

Stimuli were divided into two blocks, so that participants heard both the 
word and the non-word of a word/non-word pair, but never in the same block. 
Participants listened to stimuli and had to decide whether each token was a real 
word or a fake word of German by pressing buttons labeled “yes” or “no” as fast as 
possible. The “yes” button was always the dominant hand of the participant. Par-
ticipants had 2500 ms to make their response, before the next trial was initiated.

In selecting the target words, we tried as much as possible to match the fre-
quency among words containing the same vowel, and across vowel types (old and 
new). Therefore, we avoided potential items with extreme frequency values (ei-
ther very high or very low) that would stand out from the rest of the items. For 
all the selected word forms (that is, all words including all their homophones), 
the spoken and written frequency was looked up in the Celex Database (Baayen,  
Piepenbrock, & Gulikers, 1995), and their average (over spoken and written val-
ues) and additive frequency was calculated. In addition to frequency measure-
ments, we also obtained familiarity ratings for these German words from our 
participants at the end of the experiment in order to verify that the items were 
known words to them. These averaged measures are included in Table 15 below. 
A series of two-tailed t-tests revealed that the various measures were very similar 
for words containing old vs. new vowels. 

Stimuli were recorded by a female native speaker of German (who also re-
corded tokens for the ABX task) in a sound-isolated recording booth. In order to 
further ensure that L2 learners even at intermediate levels would have established 
some lexical representations for the words used in the task, we developed a 917-
word long “Märchenkrimi” (a detective fairy tale) called “Der schlaue Heinrich” 
(‘the smart Henry’). All the words selected for the experiment were embedded 

Table 15. Average frequency and familiarity by contrast for the German words used  
in lexical decision.

Frequencies Familiarity

spoken written mean sum (S + W) average

Old 36.1 45.1 40.6 81.2 4.52
New 33.9 35.8 34.9 69.8 3.68
t(78) = 0.15, p > 0.1 0.72, p > 0.1 0.45, p > 0.1 0.45, p > 0.1 1.99, p = 0.05
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in the story. Students in German classes from which recruitment would later be 
made for this study were presented with the text during their regular classes and 
worked with it for a few weeks before recruitment began. Students did not know 
about the upcoming study while they worked with the text. Vocabulary items 
were explained by teachers, and also used in other exercises. No attention was 
specifically drawn to the items used as stimuli.

Participants
Three groups participated in this experiment: German native speakers, advanced 
learners and intermediate learners of German. Participants in each of these 
groups were the same as in Experiment 3.

Results
Accuracy on all items was screened to determine if some non-words were accept-
ed as words by a majority of native speakers or vice-versa. Those items for which 
accuracy was below 2 SD of the mean for this group were excluded, separately for 
words and non-words. Four words and three non-words were excluded. These 
items did not yield high enough convergence in lexical decision responses among 
the native speakers for various reasons (e.g. indistinct pronunciation or dialectal 
differences in lexical status). The resulting mean accuracy of native speakers in 
this task was 95%. For participants, no further outlier was excluded.

The proportion of accurate answers (%) and mean RT for each subject were 
computed across items for each condition within the combination of lexical status 
(word vs. non-word), and vowel (old vs. new). They are presented in Table 16. 

Table 16. Mean accuracy (%), mean RT (ms) and standard error (SE) in the control vs. 
test conditions in lexical decision for German words and non-words, for each group.

Lexical status Condition NS Advanced Interm.

mean SE mean SE mean SE

A
cc

ur
ac

y word control   96  1.4   90  1.7   67  1.4
non-word control   95  1.4   87  1.7   72  1.4
word test   96  1.4   89  1.7   70  1.4
non-word test   91  1.4   72  1.7   45  1.4

RT

word control  943 36.2 1092 33.6 1096 20.7
non-word control 1051 36.2 1267 33.6 1247 20.7
word test  918 36.2 1131 33.6 1105 20.7
non-word test 1062 36.2 1353 33.6 1283 20.7

Note: mean RT is computed over correct responses only, NS = native speakers.
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A linear mixed effects model was conducted in SPSS 20 on the accuracy 
means. It declared the factor group (native speakers, advanced, intermediates), 
condition (control vs. test) and lexical status (word vs. non-word) as fixed effects. 
The factors condition, lexical status, as well as vowel (old vs. new) were entered as 
repeated effects within subjects. Parameter estimates are presented in Table 17.

Type III tests of fixed effects indicate that there was a main effect of group on 
accuracy (native speakers, 95%, advanced, 85%, intermediates, 64%, F(2, 107.9) = 
317, p < 0.01). Performance for words (85%) was more accurate than for non-
words (77%, lexical status: F(1, 461) = 55.2, p < 0.01). Accuracy was also higher 
in the control condition (85%) compared to the test (77%) condition (condition: 
F(1, 461) = 53.0, p < 0.01). All interactions were significant (all p < 0.01), includ-
ing the triple interaction between group, lexical status, and condition (F(2, 461) = 
18.4, p < 0.01). Condition had no effect on the native speaker performance only 
(p > 0.1), whereas both learner groups were significantly more accurate in the 
control over the test condition (both p < 0.01). Similarly, lexical status did not 
influence native speakers’ performance (p > 0.1), but learners were more accurate 
for words than non-words (both p < 0.01). 

Of particular interest is the interaction between lexical status and condition 
(F(1, 461) = 62.0, p < 0.01), for which pairwise comparisons indicated that ac-
curacy for words was similar in the test (85%) and the control (84%) condition 
(p > 0.1), but for non-words, accuracy was much higher in the control condition 
(85%) compared to the test (70%) condition (p < 0.01), suggesting that the diffi-
culty in rejecting non-words was not generalized to all non-words in the experi-
ment but rather specific to the test non-words.

That this effect is mostly due to the learners (see Table 16), is confirmed in 
the triple interaction: for both learner groups, accuracy for non-words was higher 
on the control than on the test condition (p < 0.01 for both groups). For words, 
accuracy was similar in the two conditions (p > 0.1 for the advanced, p = 0.045 
for the intermediates). For native speakers, neither condition nor lexical status 
influenced their performance (all p > 0.1).

The analysis of RTs was conducted similarly (Table 18). A linear mixed effects 
model was conducted on mean RT scores as the dependent variable. The factors 
group, condition, and lexical status were entered as fixed effects, and lexical status, 
condition, and vowel were declared as repeated factors within subjects. 

According to the type III tests of fixed effects, there was a main effect of 
group (mean RT, native speakers = 993 ms; advanced = 1210 ms; intermediate = 
1183 ms, F(2, 92.0) = 13.7, p < 0.01), of lexical status (mean RT, words = 1047 ms; 
non-words = 1210 ms, F(1, 461) = 478.3, p < 0.01), and of condition (mean RT, 
control = 1116 ms; test = 1142 ms, F(1, 461) = 12.5, p < 0.01). All interactions 
were significant (all p < 0.05), except the triple interaction between group, lexical 
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status, and condition (F < 1). Condition had no effect on the native speaker RTs 
only (p > 0.1), whereas both learner groups were significantly faster in the control 
over the test condition (both p < 0.01). Lexical status influenced performance as 
well: all groups responded faster to words over non-words (all p < 0.01). Of par-
ticular interest is the interaction between lexical status and condition (F(1, 461) = 
6.1, p < 0.05), for which pairwise comparisons indicated that RTs for words were 
similar in the test (1051 ms) and the control (1043 ms) condition (p > 0.1), but 
for non-words, RTs were faster in the control condition (1188 ms) compared to 
the test (1233 ms) condition (p < 0.01), suggesting that in parallel to the accu-
racy data, the difficulty in rejecting non-words was particularly pronounced for 
the test non-words. The same trends as for the accuracy data are observed again 
here, even though the triple interaction is not significant: native speakers’ RTs are 
not influenced by condition or lexical status, whereas both factors clearly impact 
learners’ performance. As can be seen in Table 16, the learners have slower RTs 
mainly on the test non-words.

We turn now to the asymmetries in mean accuracy rates as a function of 
vowel and lexical status. For the test condition only, the mean accuracy for words 
vs. non-words as a function of vowel type (new vs. old) is displayed in Figure 4. 
Average accuracy was low for both learner groups, a finding that contrasts with 
their performance in the ABX task. 

For each group separately, a linear mixed effects model was conducted on the 
accuracy scores. The factors vowel (old vs. new) and lexical status (word vs. non-
word) were declared as fixed effects. The factors vowel and lexical status were also 
entered as repeated effects within subjects. Parameter estimates are displayed in 
Tables 19, 20, and 21. 

For intermediate learners, accuracy was higher for words than for non-words 
(71% vs. 45%, lexical status: (F(1, 162) = 240.6, p < 0.01), but there was no effect 
of vowel (F < 1). The interaction was significant (F(1, 162) = 15.4, p < 0.01): Inter-
mediate learners were more accurate for words containing the old category (74%) 
than the new (68%) category (p = 0.004). Conversely, non-words containing a 
new category were more accurately rejected (49%) than those with an old (42%) 
category (p = 0.009). This pattern conforms to the predicted ordinal accuracy and 
suggests that there is an asymmetrical pattern in intermediate learners’ lexical 
representations for these old vs. new vowels. 

The pattern shown in Figure 4 for the advanced learners is comparable to 
that of the intermediate learners, but accuracy is overall higher. There was a main 
effect of lexical status (F(1, 60) = 74.7, p < 0.01): accuracy was higher for words 
(89%) over non-words (72%). There was again no effect of vowel (F < 1) but the 
interaction, this time, was not significant (F(1, 60) = 1.9, p > 0.1). Words contain-
ing the old category (90%) were more accurately recognized than those with a new 
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(88%) category, a non-significant trend (p > 0.1). Conversely, non-words contain-
ing a new category were more accurately rejected (74%) than those with an old 
category (70%), again a non-significant trend (p > 0.1). This pattern indicates that 
advanced learners have perhaps resolved a former asymmetry, which is suggested 
by the accuracy pattern which trends towards the order of accuracy observed in 
the intermediate learners group. 

Native speakers show a different pattern. Again, accuracy was higher for 
words (96%) than for non-words (91%, F(1, 51) = 12.4, p < 0.01), and there was no 
effect of vowel (F(1, 51) = 1.5, p > 0.1). The interaction was marginal (F(1, 51) = 
3.4, p = 0.07), but not due to the same pattern of accuracy found in the learner 
groups. Rather, as shown in Figure 4, non-words containing a new category were 
less accurately rejected (89%) than those with an old category (93%, p = 0.04), 
the opposite pattern than the one observed for learners. For words, there was no 
difference. While the difference found for non-words clearly drives the margin-
al interaction, the fact that it is against the predicted accuracy pattern does not 
make the presence of this interaction problematic for our hypothesis. This pattern  
suggests that there is no such asymmetry in native speakers’ lexical representa-
tions for each type of vowels as the one found for intermediate learners. 

Intermediate

M
ea

n 
ac

cu
ra

cy

nonword word nonword word nonword word

1.0

.9

.8

.7

.6

.5

.4

Advanced Native speakers

.3

Vowel:
/y/ /ø/ [new]
/u/ /o/ [old]

Figure 4. Mean accuracy in lexical decision as a function of vowel type and lexical status 
for each group. Error bars represent +/– 1 SE.
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Discussion: Experiments 3 and 4

The results of Experiment 3 demonstrated the overall highly accurate perfor-
mance of both learner groups in the ABX categorization task, and indicate that 
the learners in this experiment were able to clearly perceive a difference between 
back and front rounded German vowels. 

In Experiment 4, where the same learners were asked to recognize real Ger-
man words, we observed a very high error rate on non-words that contain diffi-
cult phonemes: just as was the case for the long obstruent consonants [pː, tː, kː] 
in Japanese, this was observed again for the front rounded vowels (e.g., [y, ø]) in 
German. This high error rate could be due to a generalized bias to say “yes” in this 
lexical decision experiment, but this is ruled out by the performance on control 
items, for which accuracy was much more similar for the word and non-word 
conditions than for test items. Another possible explanation is based on the fact 
that the test items contain difficult contrasts whereas the control items do not, 
perhaps implying that listeners did not actually perceive the non-words contain-
ing the difficult contrasts accurately. However, the fact that phonetic perception 
was rather accurate in most conditions in these same listeners (Experiments 1 
and 3) makes the possibility that these non-words were not perceived accurately 
very remote. Therefore, a more likely explanation for the high error rate in reject-
ing these non-words is that the lexical representations which are being contacted 
by the stimuli do not allow their rejection as easily in the case of non-words. The 
results of Experiment 4 again reproduced the asymmetry of Experiment 2, sug-
gesting that learners are able to maintain a contrast, at the lexical level, between 
lexical representations containing the German categories under scrutiny. 

Combined results from Experiments 3 and 4 reveal a striking picture: given 
accurate phonetic discrimination between both back and front rounded vowels 
in German, the asymmetric pattern we found in lexical decision suggests that the 
lexical encoding of new vowels categories is not target-like. The asymmetry itself 
shows that, early on, learners are able to establish a contrast at the lexical level, but 
their specific encoding of the phonological contrast in these lexical representa-
tions is not fully target-like and most likely references L1 categories, as suggested 
by Cutler et al. (2006). 

Interestingly, the interaction was not significant for advanced learners, even 
though there was a trend for accuracy rates to conform to the asymmetrical pat-
tern. This suggests that perhaps advanced learners have recovered from asym-
metric lexical access because their representations for each category are now less 
dependent on L1/dominant categories.
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General Discussion

The goal of this study was to expand on recent reports of asymmetries in lexical 
access for L2 learners, and to explicitly investigate whether lexical representations 
are target-like or not, even if they are separate. We examined the degree to which 
a novel contrast is target-like in learners’ lexical representations by looking at 
asymmetries in lexical decision patterns, combined with phonetic categorization 
tasks, in two different languages and different groups of L2 learners. This study 
is the first to examine both perceptual categorization ability and asymmetries in 
lexical access within the same listeners. By establishing categorization and lexical 
decision patterns in the same participants, our experiments allowed us to tease 
apart the level at which the contrast is not adequately represented: phonetic or 
lexical. The findings are very clear and consistent in two very different learner 
populations. Asymmetric lexical decision patterns, coupled with highly accurate 
categorization performance, suggest that L2 learners’ lexical encoding of difficult 
phonological contrasts remains imprecise for some time, and offers rather clear 
support for the lexical coding deficiency hypothesis. 

We were able to replicate and strengthen previously reported findings of 
asymmetric mapping from phonetic to lexical representations (Weber & Cutler, 
2004; and Cutler et al., 2006) during lexical processing, and we also expand these 
findings to two different languages, German and Japanese, and with two different 
sets of contrasts: vowels and consonants. We also used a different method, lexical 
decision, which strengthens the robustness of the findings. 

Our findings indicate that L2 learners’ lexical representations are, in fact, 
quite detailed, even if their lexical encoding of difficult contrasts still makes ref-
erence to dominant categories due to L1 influence. This conclusion contrasts 
with findings of homophonous lexical representations, for instance with those of  
Pallier et al. (2001), or with some findings reported in Darcy et al. (2012). While 
it is possible that these studies were unable to uncover asymmetries because of 
their specific experimental design, it is also possible that such cases where lexical 
representations fail to clearly separate contrasts exist (see also Ota et al., 2009, for 
further evidence). The question then arises whether it is more difficult to estab-
lish separate lexical representations for certain contrasts than for others, perhaps 
because of how well they map onto L1 categories. In other words, if a contrast 
cannot be mapped as a dominant vs. non-dominant category in a given L1 (per-
haps because both phones are allophones or equally good exemplars of the L1 
category, as is likely the case for the Catalan /e/-/ε/ contrast for Spanish listeners; 
Bosch, Costa, & Sebastián-Gallés, 2000), it is possible that establishing a lexical 
contrast in any form will be more difficult. Purely phonetic mapping explanations 
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aside, it is also possible that the degree to which explicit instruction, metalinguis-
tic representations, and/or orthographic support are available for a given contrast 
or linguistic dimension will influence the difficulty with which a lexical contrast 
can initially be established.

In addition, this study is also the first to provide new evidence that such 
asymmetries can be resolved with more experience in an L2. In the case of learn-
ers of Japanese (Experiments 1 and 2), both intermediate and advanced learners 
displayed asymmetric mapping, suggesting that the phonological geminate/sin-
gleton contrast is not fully accurately encoded lexically, even though contrast is 
maintained between the two. In the case of learners of German, however (Experi-
ments 3 and 4), advanced learners did not show any significant interaction, which 
we interpreted as the absence of asymmetry in lexical processing, suggesting that 
they were in the process of establishing a more efficient, native-like lexical access, 
and that their lexical representations were gradually encoding all phonological 
contrasts accurately. 

This difference between Japanese and German learners can be due to a num-
ber of factors, such as the contrast examined: a consonantal contrast involving 
duration, and a vocalic contrast involving mainly spectral differences. As men-
tioned above, it is possible that different contrasts lead to different acquisition 
speeds. Another possibility is that the learner groups are different. They cannot 
be directly compared, even though all the learners recruited for these studies 
were from very similar populations, mainly young college-educated adults. The 
advanced learners of Japanese might be slightly less advanced than the advanced 
learners of German. Their overall intensity of exposure to the language might 
differ, and class-level is obviously not a sufficiently objective basis for comparison. 
Interestingly, the advanced learners of Japanese and of German in our study had 
spent overall a similar amount of time abroad (17.8 vs. 15.1 months) on average. 
It is striking that the advanced learners of German appeared to resolve the asym-
metry, while the advanced learners of Japanese in our study (or the advanced 
learners of English in Weber & Cutler, 2004) did not. Nevertheless, it is possible 
that the length of time spent abroad is an important factor in acquisition.

Finally, while phonetic accuracy during perception is ultimately important 
for efficient word recognition in an L2, it is clear from our data and others that 
even a high accuracy in phonetic categorization will not guarantee accurate lexical 
encoding of a difficult contrast. The exact mechanisms L2 learners used to resolve 
initial asymmetries, as well as the factors that facilitate this acquisition, remain 
mysterious. Our experiments do not allow us to make strong claims about this 
point yet. A logical possibility is that length or intensity of exposure and perhaps 
vocabulary size in the L2 eventually promote accuracy, including the ability to 
lexically encode the new category in a target-like fashion. Similarly, orthography 
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and explicit instruction might provide first indications to learners to bootstrap 
the contrast separation lexically — but we still need to understand how phono-
logical representations at the lexical level are updated. Indeed, a consequence of 
such lexical “fuzziness” is to increase lexical competition during spoken word rec-
ognition in L2 learners (Broersma, 2012; Broersma & Cutler, 2011). Thus, further 
studies should investigate what triggers phonological update at the lexical level 
in the course of second language learning, in order to understand when and how 
unwelcome lexical competition can be reduced, that is, when and how the input 
[konɪç] stops being an acceptable rendition of the word König.

Acknowledgements 

We thank John H. G. Scott for creating the Märchenkrimi and for substantial help 
with data collection and coding, as well as Christiane Kaden, Franziska Krüger 
and Justin Glover for help with running participants, Laurent Dekydtspotter, Rex 
Sprouse and Jeffrey Holliday for discussion and feedback, Stephanie Dickinson 
and Pan Yi from the IU Statistical Consulting Center for their invaluable help 
with statistical analysis, the Department of Germanic Studies and the Depart-
ment of Second Language Studies at Indiana University, and the Second Language 
Psycholinguistics Lab members for comments, help and support. We also thank 
audiences at the 18th Germanic Linguistics Annual Conference (2012), the 8th 
International Conference on the Mental Lexicon (2012), the Second Language Re-
search Forum (2012), as well as the Princeton Japanese Pedagogy Forum (2012).

Notes

1. The use of the word “rejection” here only refers to the fact that participants look away from 
the competitor earlier when the competitor contains the new category — while the ambiguity 
persists longer when the competitor contains a similar category.

2. The full range of possibilities would be four combinations of perceptual categorization and 
lexical contrast: absence of lexical contrast, with or without accurate perceptual distinction, vs. 
presence of lexical contrast, with or without accurate perceptual distinction. However, we only 
consider the case when a lexical contrast is present because the two hypotheses do not apply to 
the case when a lexical contrast is absent. In addition, the stimuli used in the lexical decision 
experiments reported here do not use lexical minimal pairs with which the absence of lexical 
contrast could reliably be tested, but only pairs of word/non-word.

3. In SPSS 20, this model uses repeated effects within each subject (with compound symmetry 
correlation structure within subject) in a way that is equivalent to declaring subjects as random 
effects.
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