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Abstract

Probabilistic phonotactic knowledge facilitates perception, but categorical phonotactic illegality
can cause misperceptions, especially of non-native phoneme combinations. If misperceptions
induced by first language (LI) knowledge filter second language input, access to second language
(L2) probabilistic phonotactics is potentially blocked for L2 acquisition. The facilitatory effects of
L2 probabilistic phonotactics and categorical filtering effects of L1 phonotactics were compared
and contrasted in a series of cross-modal priming experiments. Dutch native listeners and LI
Spanish and Japanese learners of Dutch had to perform a lexical decision task on Dutch words
that started with /sC/ clusters that were of different degrees of probabilistic wellformedness in
Dutch but illegal in Spanish and Japanese. Versions of target words with Spanish illegality resolving
epenthesis in the clusters primed the Spanish group, showing an L1 filter; a similar effect was not
found for the Japanese group. In addition, words with wellformed /sC/ clusters were recognised
faster, showing a positive effect on processing of probabilistic wellformedness. However,
Spanish learners with higher proficiency were facilitated to a greater extent by wellformed but
epenthesised clusters, showing that although probabilistic learning occurs in spite of the L1 filter,
the acquired probabilistic knowledge is still affected by LI categorical knowledge. Categorical
phonotactic and probabilistic knowledge are of a different nature and interact in acquisition.

Keywords
Speech perception, phonotactics, word recognition, cross-modal priming, second language
acquisition

Introduction

Second language (L2) learners have to face a ‘Catch-22’ situation that is potentially detrimental to
successful acquisition of L2 phonotactic knowledge. They acquire a language while already in
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2 Language and Speech

possession of knowledge of another, namely their first language (L1). Details of the input that are
not relevant to L1 phonological contrasts are filtered out (as will be explained below). This study
is an empirical investigation into the L2 acquisition of phonotactic features that are filtered out by
L1 knowledge. The first factor relevant to the question is the nature of the phonotactic filter on
perception; the second factor is the nature of phonotactic acquisition. These will be discussed in
this order below.

[.1 Phonotactic filters on perception

I.1.] How phonotactics affects perception. The existence of phonotactic filters on perception was
first proposed by Polivanov (1931), who reported anecdotical evidence of a Japanese native speak-
er’s misreproduction of the Russian word /tak/, pronounced by Polivanov himself. The Japanese
participant reproduced the word as [taku]; Polivanov claimed that the mismatch was not a mispro-
duction of /tak/ as [taku], but rather a misperception of his own [tak] as /taku/ followed by then
faithful production. The misperception is the result of the illegality of a /k/ in a coda position in
Japanese; a Japanese listener therefore perceives [tak] as its closest legal alternative /taku/ instead
of /tak/. In other words, the listener repairs the input to accommodate phonotactic constraints on
what is acceptable as a legal word form.

Phonotactic filtering effects on perception were further explored and confirmed in many experi-
ments under controlled conditions. Massaro and Cohen (1983) showed that perception is biased by
phonotactic context: an ambiguous sound that is phonetically between English /1/ and /r/ is more
likely to be perceived as the option that is phonotactically legal, as /1/ after /s/ and as /r/ after /t/.
This finding can be interpreted as the effect of a filter against the illegal combinations */st/ and
*/tl/. In another experiment by Massaro and Cohen (1983), English-speaking participants were
asked to identify a two-phone sequence as ‘dl’, ‘dr’, ‘bl’ or ‘br’. The first phone was ambiguous
between /b/ and /d/ and the second between /I/ and /r/. Participants were less likely to perceive the
sequence as the (illegal) cluster ‘dl’ than as one of the other (legal) clusters: the answer ‘dl” was
given less frequently than could be expected on the basis of the frequency of /d/ and /l/ answers
when participants were given the legal combinations ‘dr’ and “bl’. This bias against the ‘dl” answer
can be explained as application of knowledge that */dl/ is unlikely (or illegal).

Hall¢, Segui, Frauenfelder, and Meunier (1998) used a gating experiment to show that French
listeners’ perceptions of consonant combinations are biased towards phonotactic legality for [tI]
and [dl] stimuli. The first consonant is perceived faithfully when listeners hear the sound up to but
excluding the /I/, but the perception of this same first consonant changes to a velar sound when
given in fragments that include the /l/. The velar combinations /kl/ and /gl/ are legal in French,
while */tl/ and */dl/ are not.

I.1.2 Phonotactic perceptual effects can be language-specific. The above experiments address the
influence of phonotactics on speech perception, but they do not necessarily entail a problem for L2
acquisition. Though unlikely, the effects discussed above could have been caused by a general
(universal) difficulty to perceive certain combinations. Such a universal difficulty might be the
result of general or universal abstract phonotactic wellformedness differences that originate in an
innate part of the language faculty; universal phonotactic wellformedness was advocated for by
Berent, Steriade, Lennertz, and Vaknin (2007), who reported that both English and Russian native
listeners have more misperceptions of phoneme combinations that are universally more marked, as
compared to universally less marked combinations. All combinations were legal in Russian, but
illegal in English. In contrast, Peperkamp (2007) argued that such universal tendencies are caused
by phonetic difficulties in perceivability or producability of the phoneme transitions. For the
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present study, phonotactic effects that are universal are not relevant, because transfer of universal
knowledge from L1 to L2 cannot be detrimental to L2 acquisition, by virtue of the simple fact that
universal knowledge should also hold for the L2.

However, phonotactic effects on perception that are specific to the native language of the per-
ceiver do exist. Dupoux, Kakehi, Hirose, Pallier, and Mehler (1999) reported a double dissociation
that provides evidence for the language-specificity of phonotactic influences on perception. They
tested the perception of phoneme combinations that are absent from French but not from Japanese,
as well as the other way around, with Japanese and French participants. The difference between a
consonant cluster such as /bz/ in /ebzo/, which is illegal in Japanese but not in French, and a variant
with a vowel between the consonants such as /ebuzo/, which is legal in both languages, was harder
to distinguish for Japanese than for French participants. Vice versa, a vowel length contrast such as
that between /ebuzo/ and /ebu:zo/, phonemic in Japanese but absent from French, was easier to
distinguish for Japanese than French participants. This dissociation shows that phonotactically
induced perceptual illusions can be language-specific, reflecting phonological illegality and not
just phonetic properties of the misperceived phoneme combinations. Jacquemot, Pallier, LeBihan,
Dehaene, and Dupoux (2003) found a neurological correlation of the same language-specific per-
ceptual illusions: different brain regions are active in the processing of legal as opposed to illegal
structures (see also Moro et al., 2001). In addition, Dupoux, Pallier, Kakehi, and Mehler (2001)
showed that the process cannot be explained by a perceptual pull caused by lexical items (a Ganong
effect, see Ganong, 1980); even if a legal phonotactic combination is normally present in many
lexical items and an illegal combination in none, misperception of illegal phoneme combinations
does not always end up at the nearest lexical item. For example, [mikdo] was perceived by Japanese
listeners as the nearest legal non-word /mikudo/, not as the nearest word /mikado/. Hence, listeners
applied abstract knowledge of the illegality of /kd/, not lexical knowledge.

Summarising, language-specific knowledge of phonotactics affects perception. This influence
has the potential to cause misperceptions when applied to a language with different phonotactics.
The question this article addresses is whether L1 filtering affects L2 acquisition. It is important to
note that predicting L1 filters for every phoneme combination absent from an L1 will not be cor-
rect: some unattested combinations are perceived more successfully than others, depending on the
phonological property they violated; Kabak and Idsardi (2007) showed this for different consonant
clusters unattested in Korean — see also Berent et al. (2007), discussed above. In addition, as
pointed out by Albright (2009), the unattestedness of sequences, such as the absence from English
of the triphone /esp/ at the end of a word, is not a sufficient reason to consider such sequences as
phonologically marked or illegal; /esp/ is perfectly acceptable to English listeners and one would
not expect it to be filtered out by perceptual illusions resulting in triphones that are attested at word
offsets such as /1sp/ or /esk/ (as in ‘lisp’ and ‘desk’).

The absence of certain long phoneme sequences might not be salient, because the frequency of
longer sequences is generally lower than the frequency of shorter ones. A zero frequency for a long
sequence is therefore less surprising and possibly accidental (Pierrehumbert, 2001b), which means
more input is needed to determine if absence is accidental for longer sequences than for shorter
sequences. However, listeners sometimes show surprisingly specific phonotactic knowledge:
Kager and Pater (2012) showed that Dutch listeners have implicit knowledge of the relative pau-
city of sequences of a long vowel and two consonants of which the second is not a coronal. This
knowledge cannot be reduced to low wellformedness of the shorter component combinatons.

In short, phonotactic filters on perception exist, but not against all unattested phoneme combi-
nations of a language. Hence, filtering effects cannot be explained only by lack of practice with
perceiving unattested combinations; rather, filtering depends on the listener’s language-specific
phonotactic knowledge. Unfortunately, theoretical accounts of abstract phonotactic representations
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and phonotactic wellformedness are not conclusive. They diverge on the source of categorical and
gradience differences between unattested structures, as well as on the calculations or formalisa-
tions involved (for the ongoing discussion, see Coleman and Pierrehumbert, 1997; Berent et al.,
2007; Hayes and Wilson, 2008; Kabak and Idsardi, 2007; Coetzee, 2009; Albright, 2009; Berent,
Lennertz and Balaban, 2011). In conclusion, phonotactic filters cannot (yet) be predicted. In the
absence of a failsafe prediction, the existence of specific filters, while possibly suspected on theo-
retical grounds, needs to be corroborated by empirical data.

1.1.3 Acquisition of L2 phonotactic wellformedness. Theoretically, if L2 acquisition occurs on input
that has passed through the L1 phonotactic filter, the filter can be too effective to be overcome. As
an illustration, consider the L1 Japanese participants in the experiments by Dupoux et al. (1999).
Compared to French listeners, these listeners (who did not speak French) have problems perceiv-
ing consonant clusters such as /bz/ in [ebzo]; Japanese phonotactic knowledge changes consonant
clusters (by adding an illusionary epenthetic vowel in the middle, leading to /ebuzo/), deleting
them in the perceptual process. If an L1 Japanese listener tries to acquire French with input that
passed through the L1 filter, they might not learn any L2 probabilistic phonotactics on consonant
clusters.

However, the scenario sketched above is at odds with experimental evidence on L2 phonotactics
in perception. At least two studies show that successful acquisition of L2 wellformedness of L1
illegal clusters is possible. Trapman and Kager (2009) found that Spanish learners of Dutch can
acquire the higher wellformedness of biconsonantal onsets that are legal in Dutch, as compared to
onsets that are unattested in Dutch, even though all onsets were unattested in Spanish. Early-stage
learners did not assign significantly higher wordlikeness ratings to non-words with Dutch-legal
onsets, while advanced learners did, indicating that successful learning had taken place. The
advanced learners were also faster at rejecting non-words with Dutch-unattested onsets in a lexical
decision task, showing again that they noticed the mismatch with Dutch phonotactics and hence
that they had acquired Dutch wellformedness. Boll-Avetisyan (2011) looked at the L2 acquisition
of Dutch phonotactics by L1 Japanese and L1 Spanish learners. She used a short-term memory
recall task with non-words that were phonotactically legal in Dutch but differed in the complexity
of their syllable structure as well as in the probability (frequency) of the biphones of which they
were composed. The results suggested that Dutch gradient phonotactics differences made the lis-
teners faster at recalling words with high biphone frequencies, especially for words with complex
syllable structures (CVCC and CCVCC) that are legal in Dutch but unattested and probably illegal
in Japanese or Spanish. The results of both studies suggest that L1 unattestedness does not block
access to L2 gradient wellformedness. However, it is possible that the L1-unattested structures
were not subject to filtering out by L1 phonotactic knowledge.

Although it addresses the acquisition of L2 illegality instead of L2 wellformedness, a third rel-
evant study on L2 phonotactic acquisition in perception is that of Weber and Cutler (2006). They
showed that even advanced L1 German learners of L2 English are likely to assume a word bound-
ary between not only two consonants that do not legally combine in English but do in German
(e.g., /fl/), but also between consonants that do not legally combine in German but do in English
(e.g., /sl/). Hence, these learners acquired knowledge of L2 phonotactic illegality, but did not
‘unacquire’ L1 illegality and continued using L1 illegality knowledge in their L2 perception. These
results indicate that knowledge of L1 phonotactic illegality affects L2 perception for advanced
learners. Of course, using knowledge of illegality in detecting word boundaries does not imply that
the illegal phoneme combinations will always be filtered out, nor do these results rule out the pos-
sibility of unlearning L1 filters. They do suggest, however, that acquiring the L2 legality of com-
binations illegal in the L1 is not easy. German learners continued using L1 knowledge of German
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illegality in their English perception even when they had already acquired knowledge of English
(L2) illegality. In this case, unlearning of L1 knowledge (or learning of L2 legality for the L1 ille-
gal consonant clusters) is harder than acquiring L2 illegality. Note that the acquired English illegal-
ity was not at odds with the German phonotactic knowledge, but complementary; if there is a
German L1 filter, it would not have blocked acquisition of the English illegality because the com-
binations that were illegal in English are legal in German.

The three studies discussed above indicate that L1 filtering is not always a problem for L2 well-
formedness acquisition. L2 acquisition of illegality and of gradient phonotactic wellformedness is
possible. However, the studies do not answer the question about whether knowledge of L1 illegal-
ity, if it affects perception, also filters L2 input to such a degree that gradient phonotactic well-
formedness cannot be acquired. A related question is whether gradient wellformedness is of the
same nature as knowledge of categorical illegality. Gradient wellformedness typically has facilita-
tory effects such as faster processing, whereas illegality has negative effects such as filtering and
misperception. The discussion above on the L1 filter might suggest that illegality has categorical
effects on perception. Nevertheless, non-categorical phonotactics can also affect perception and
effects of phonotactics do not have to be negative, but can also be positive (facilitatory).

Phonotactic knowledge can facilitate perception, because highly frequent phoneme combina-
tions are more easily processed. Facilitating effects of high phoneme combination frequency have
been found for a number of speech perception tasks. High frequency can be seen as a correlate of
wellformedness (or vice versa; for a discussion, see Boersma, 1997; Coetzee, 2008, 2009). Vitevitch
and Luce (1998) found that in tasks involving the lexical level, such as word repetition, an increase
in phonotactic wellformedness of the stimuli occurs with a decrease in ease of processing. This
decrease is caused by a confound variable, namely lexical neighbourhood density, which correlates
positively with phonotactic probability but has a negative effect on word recognition due to com-
petition of neigbours with the actually produced word. However, when nonwords or non-lexical
tasks are used, this lexical effect is no longer decisive and phonotactic wellformedness emerges as
facilitating processing. Luce and Large (2001) found the same facilitation of phonotactic well-
formedness for words, when lexical neighbourhood density was controlled. Frisch, Large, and
Pisoni (2000) showed that phonotactic wellformedness (in various measures) positively affects
wordlikeness judgements. Bailey and Hahn (2001) confirmed this finding, but found that lexical
neighbourhood density was more decisive than phonotactic wellformedness. In summary, although
gradient phonotactic wellformedness is correlated with lexical neighbourhood density which can
sometimes obscure its facilitatory effects, it facilitates speech processing. Highly wellformed units
in the input are more likely to be perceived quickly and to be linked to lexical entries. In addition,
wellformed phoneme combinations are also more likely to be registered in short-term memory
(Gathercole, Frankish, Pickering, & Peaker, 1999; Boll-Avetisyan, 2011). Note that in the studies
discussed above, phoneme combinations are usually hypothesised to be wellformed based on their
high frequency. Even if this theoretical assumption is a simplification (Hayes and Wilson, 2008,
Albright, 2009), gradient facilitatory effects of phonotactic wellformedness have been empirically
confirmed. This positive effect of phonotactics on processing contrasts with the negative (filtering)
effect of categorical phonotactic illegality.

Phonotactic effects on perception do not have to be categorical even when they are negative,
that is, based on knowledge of illegality. The filtering of contrasts by phonotactic illegality is not
necessarily categorical. Berent et al. (2007) suggested that there are gradient differences in illegal-
ity and that the filtering effect is relative to the degree of illegality. In fact, closer scrutiny of the
experimental data on phonotactic filtering shows that participants are not categorically incapable
of attending to phonetic differences that are not phonological. The Japanese listeners of Dupoux
et al. (1999) could distinguish [ebzo] from [ebuzo] to some degree; even though they spotted /u/ in
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the /u/-free production [ebzo] more often than French participants did, they did not perceive a /u/
all of the time: the /u/ was perceived in slightly over 70% of the cases. This is important for L2
acquisition, because if these listeners were to start learning a language with consonant clusters,
they would on average perceive 30% of the consonant clusters faithfully as clusters.

Berent et al. (2011) showed that the nature of the experimental task matters for the ‘categorical-
ness’ of phonotactics-driven misperceptions, a finding that is potentially important to L2 acquisi-
tion. This study shows that in the case of phonotactic perceptual biases against illegal clusters,
distortions in perception at one level do not mean that faithful information is not available at a
lower level. The higher level is called ‘phonological’ by Berent et al. (2011) and the lower level
‘local phonetic’. In tasks assumed to be phonological, because they relate to the number of sylla-
bles, participants had more trouble distinguishing a less wellformed consonant cluster, namely
[md], from an epenthesised version of the same cluster, ([mad]), as compared to distinguishing a
more wellformed cluster from an epenthesised version, ([ml]-[mal]). This suggests that there is a
perceptive bias caused by universal phonotactic knowledge of the wellformedness of the sonority
profile of the clusters in question. In contrast, tasks assumed to be of a phonetic nature cause fewer
misperceptions. When participants were asked to detect the presence of a phoneme, such as a
schwa between two consonants that form an illegal cluster without this schwa, an effect of cluster
wellformedness was not observed. Although absence of evidence does not prove evidence of
absence, it is to be noted that mean error rates did not reach 50% in any condition. Thus, even if the
study failed to reveal an actually existing difference in ease of phonetic processing between illegal
phoneme combinations, a considerable amount of the information at the local phonetic level is
faithful to the input. The L1 filter therefore does not necessarily stop input-based learning of L2
wellformedness.

To return to the example of a Japanese learner of French, whose L1 knowledge filters out con-
sonant clusters, the question is whether such a learner can become better at processing those clus-
ters that are more frequent in French. The theoretical possibility of exemplar-based learning of L2
gradient phonotactics must also be considered. According to exemplar theory, word forms are not
necessarily completely normalised to a phonological (phonemic) representation (with L1 filtering
in the case of L2 words) and episodic information can also be retained (Goldinger, 2003). Most
exemplars in the learner’s mind are bound to be exemplars provided by native speakers, potentially
allowing correct unfiltered L2 acquisition. However, it remains to be seen whether episodic infor-
mation is indeed used for L2 acquisition. Although Goldinger (1998, 2003) argues that there are
episodic effects on (repeated) word recognition, he does not deny effects of normalisation — that is,
of representations containing abstractions. The same is argued by Pierrehumbert (2001a, p.139),
who also states that ‘(...) the correct model must describe the interaction of word-specific phonetic
detail with more general principles of phonological structure’. In brief, the fact that faithful input
might be available at the phonetic or acoustic level provides a potential source for L2 phonotactic
acquisition even if an L1 filter occurs at another level, but the question remains whether this poten-
tial source is indeed employed.

The existing evidence is not clear enough to decide whether knowledge of phonotactic illegality
and knowledge of gradient wellformedness are of the same nature, or whether the filtering effects
of illegality affect the input to all phonotactic learning. Both possibilities need to be considered,
therefore. Second language acquisition in fact provides an excellent situation in which to deter-
mine whether knowledge of phonotactic illegality and of probabilistic wellformedness are of the
same nature, because if they are it is impossible for a phonotactically illegal phoneme combination
also to be wellformed. Within a single language, knowledge of illegality cannot be in conflict with
knowledge of wellformedness, because one language cannot provide evidence for contradictory
knowledge of the type ‘combination /xy/ is illegal, hence unattested’ and ‘combination /xy/
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is wellformed, hence frequent/overrepresented’. However, this is not true for a combination of
languages. If phonotactic knowledge of a first language is transferred to the second language, ille-
gality knowledge applied to the L2 can be based on L1 experience, but gradient wellformedness on
L2 input, in principle allowing the representation of contradictory knowledge.!

If illegality knowledge is of a different nature to that of gradient wellformedness, and categori-
cal illegality does not block wellformednes acquisition, discrepant acquisition can occur. Equally,
if illegality knowledge is actually of the same nature as knowledge of gradient wellformedness,
acquisition of gradient wellformedness implies previous weakening and unlearning of phonotactic
filters at odds with the wellformed structures. If an L1 filter can be unlearned, caution is needed if
the L1 filtering effects are considered to be the result of strong, but gradient perception biases. If
what is called ‘illegality’ is in fact just extremely low wellformedness, ‘illegal’ combinations are
only highly likely to be misperceived, just as very wellformed phoneme combinations are extremely
easy to be perceived. Misperception is then highly likely for ‘illegal’ phoneme combinations, but
does not occur all the time, and acquisition of L2 phonotactic wellformedness is possible with
brute force. After enough L2 input of phoneme combinations not allowed in the L1, some of this
input must have survived the L1 bias. L2 learners then have a hold on the L1 phonotactic filter and
can unlearn it, after which they can also acquire L2 gradient wellformedness differences between
phoneme combinations that were first subject to the filter.

[.2 Summary and predictions

Summarising the scenarios for phonotactic learning and their predictions, two types of L2 pho-
neme combinations have to be considered. The types should differ on wellformedness in the L2, so
that there is L2 wellformedness to learn (namely the difference), but both types must be filtered out
by L1 knowledge. For these two types of L2 combinations, the following different acquisition
scenarios can be identified:

1. Full Blocking: The L1 filter blocks all acquisition on the L2 combinations, by removing
evidence for their legality and wellformedness/frequency from the L2 input before it
reaches the stage of learning. This removal also effectively makes unlearning of the L1
knowledge underlying the filter impossible. This scenario does not imply that knowledge
of illegality and probabilistic phonotactics are of the same nature, nor the opposite.

2. Leaky Filter: The L1 filter removes contrasts between the L2 structures and L1 repairs, but
this is not so relevant to acquisition of L2 input as to prohibit the acquisition of L2 well-
formedness. This scenario does imply that knowledge of illegality and probabilistic phono-
tactics are not of the same nature.

3. Bias Only: The L1 filter is in fact only a strong bias to perceive wellformed structures.
Sufficient input containing the L2 combinations will lead to adaptations of phonotactic
knowledge and hence make the filter disappear, allowing acquisition of L2 wellformed-
ness. This scenario implies that knowledge of illegality and probabilistic phonotactics are
of the same nature.

In the last two scenarios, the L1 filter is not so categorical that it blocks L2 wellformedness acquisi-
tion. If the filter only biases perception to the most likely forms, the least wellformed phoneme
combinations are the least likely to be perceived. Gradient filtering behaviour also allows learning
L2 phonotactics simply by attending to frequency of occurrence: a percentage of the L2 phoneme
combinations will be perceived faithfully, allowing to start learning L2 phonotactics knowledge.
The difference between the last two variants is thus that the L1 filter exists in scenario 2, but
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Table I. Predictions for different scenarios of phonotactic learning.

Scenario Relation filter and wellformedness acquisition
I. Full Blocking Filter — no acquisition

2. Leaky Filter No relation between filter and acquisition

3. Bias Only Acquisition — ‘filter’ disappears

separately from gradient wellformedness knowledge, while in Scenario 3, ‘Bias Only’, the filter
does not exist separately from gradient wellformedness and the effects attributed to it are not cat-
egorical. The predictions for L2 phonotactic acquisition in each scenario are those as shown in
Table 1 (arrows indicate ‘if-then’ implications). Note that if a filter or acquisition are observed,
scenario 1, resp. 3, make a falsifiable prediction; if both are observed, only Scenario 2 fits.

In the operationalisation of prediction testing developed below, the L1 of L2 learners will be
called Source Language and their L2 will be called Target Language, so that L1 and L2 listeners
of the Target Language can be identified without confusion. As mentioned above, both the exist-
ence of the L1 filter and the existence of L2 differences in wellformedness between the afore-
mentioned two types of phoneme combinations must be empirically established. For this purpose,
a class of combinations filtered out in one language needs to be found; this language is then the
Source Language. To find Target Language wellformedness at odds with the Source Language,
a language with different types of wellformedness for phoneme combinations in the class just
identified is also needed. The two types of wellformedness will be referred to as Neutral and
Good, indicating that both are legal in the Target Language, but note that both are illegal in the
Source Language.

Perceptual illusions caused by the Source Language filter reduce the contrast between these
combinations and their nearest Source Language repairs. Gradient wellformedness causes faster
lexical activation for words with Good phoneme combinations, in contrast to words with Neutral
combinations. If a Source Language filter is observed, the three scenarios make different predic-
tions about the acquisition of the Target Language wellformedness difference. In Scenario 1 ‘Full
Blocking’, the Neutral and Good combinations are not perceived and no acquisition takes place. In
Scenario 3 ‘Bias Only’, exposure to high numbers of Good clusters allows acquisition of their
higher wellformedness (compared to Neutral clusters), but this implies that legality of the clusters
in the Target Language is also acquired, because inconsistent knowledge of the Good clusters as
being illegal and wellformed is not possible in this scenario. Hence, the effects of the (apparent) L1
filter are then predicted to disappear.

If the L1 filter is found to disappear, but L2 wellformedness is not acquired, Scenario 3 ‘Bias
Only’ is the most likely to be correct, but not completely confirmed: one cannot be certain whether
L2 wellformedness is going to be acquired or, alternatively, that its acquisition is blocked by other
unknown factors. Because Scenario 2 ‘Leaky Filter’ does not predict a relation between the two
types of acquisition, it would also fit a disappearing L1 filter without L2 wellformedness acquisi-
tion, but this scenario would really only be confirmed by a filter that continues to be active when
L2 wellformedness is acquired.

Testing all of the above simultaneously requires using one set of experimental items and a com-
mon experimental methodology, to avoid the interpretation that any unexpected difference could
be caused by a task or item effect (again, see Berent et al., 2011). The phonotactic wellformedness
experiments and the perceptual illusions experiments mentioned above tapped into phonotactics at
a different locus, namely in speech processing and in metalinguistic judgements respectively.
Because speech processing ultimately maps input to actual words, looking at the effect of
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Table 2. Ranking of sC-clusters according to O/E.

Cluster Type Observed Expected OIE
[sp] good 5573 1783 3.12
[sx] good 10762 3596 2.99
[st] good 32173 15840 2.03
Total good 48508 21219 2.28
[sm] neutral 3548 3541 1.00
[s] neutral 3667 3304 I.11
[sn] neutral 3742 3136 I.19
[sk] neutral 2703 3241 0.83
Total neutral 13660 13222 1.03

Note. O/E (Observed over Expected) ratios are calculated using frequencies of the phonetically annotated part of the
Corpus of Spoken Dutch (CGN; Oostdijk, 2000). The values are based on the frequencies of the phonemes in conso-
nant biphones.

phonotactic wellformedness in word recognition is preferable. L1 filter effects can be observed by
the activation of a Target Language word by a Source Language version of the word, when this
repaired version is presented to L2 learners of the Target Language. The priming effect of the
repaired version can be compared to a baseline provided by L1 listeners of the Target Language.
L2 priming has already been successfully employed by Broersma and Cutler (2008), who used
priming to show that voicing in obstruents at the end of English words is not contrastive to L1
Dutch listeners.?

1.3 Case: Dutch IsC/ clusters

Dutch is the Target Language for the present study and the wellformedness contrast used is between
two sets of legal Dutch consonant clusters starting with an /s/, referred to as /sC/ clusters hereinaf-
ter. The rationale behind this choice, apart from the practicality of availability of native Dutch
participants and learners of Dutch, is that Dutch has a range of /sC/ clusters that can be hypothe-
sised to have different degrees of wellformedness, reflected by their corpus frequency. In addition,
/sC/ clusters are unattested in many languages, including Spanish and Japanese. Neither of these
latter languages allows /sC/-clusters and they can (on the basis of loanwords and misproductions)
be hypothesised to repair them as /esC/ and /suC/ respectively. These two languages are therefore
used as the Source Languages in the present study. When Source Langugage listeners to Dutch
suffer less from the epenthesis than native listeners, the hypothesised language-specific perceptual
illusion is indeed present.

Dutch /sC/ clusters were assessed on their frequency in spoken, continuous Dutch to obtain an
indication of gradient wellformedness differences.> Wellformedness is assessed with Observed
over Expected (O/E) ratios (Pierrehumbert, 2003), calculated over consonant clusters in the Corpus
of Spoken Dutch (CGN) (Oostdijk, 2000). O/E ratios are calculated by dividing the observed fre-
quency O by the estimated frequency E. E is calculated by multiplying the probability of both
components and the total number of tokens. This number (E) reflects how often two phonemes
would be observed next to each other if there was no preference at all for a combination; if indeed
there is no preference for a combination, O should equal E, yielding an O/F ratio of one. If the
frequency of combinations can be predicted from the frequency of the constituent phonemes, O/E
is equal to one, but this is not the case for many Dutch sC-clusters, as can be seen in Table 2 of all
Dutch /sC/ clusters that occur word-initially in non-marginal quantities. In the case the O/F ratio of
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some combination is higher than one, the combination is overrrepresented, which is an indication
of wellformedness. The group of clusters labelled Good contains clusters with a high O/E, while a
group called Neutral contains clusters that occur roughly as much as expected if consonants in
clusters were randomly combined; that is, that have an O/F of 1.

Method
2.1 Participants

Six groups of participants were recruited for all experiments reported in the present article. L2
participants were recruited using flyers, networks of previous participants and institutions that
teach Dutch as a foreign language. These participants were either all involved in Dutch society
(using the Dutch language regularly) or were still actively learning Dutch. Thirty-six participants,
the Spanish group, had Spanish as their L1. The Spanish participants had been in the Netherlands
for 7.6 years on average (SD 7.7, range 1-30) and rated their own listening proficiency in Dutch at
4.8 (SD 2.0) on a seven-point scale.

Thirty-three other participants, the Japanese group, had Japanese as their L1 and received a ver-
sion of the experiment in which the epenthesis was of the [suC] type. The Japanese participants had
on average been 10.3 years in the Netherlands (SD 8.5, range 1-24) and rated their listening profi-
ciency in Dutch at 3.7 on a seven-point scale (SD 1.2).

As a native perception baseline, 71 native speakers of Dutch were recruited from the Utrecht
Institute of Linguistics participant pool. Of these, 37 received the same version as the Spanish
group and are referred to as the Native-Es group; 34 received the Japanese version and are referred
to as the Native-Su group. Two control groups for L2 learners consisted of 31 participants with
Dutch as L2 but an L1 that allowed /sC/ clusters.* This group is called Other-L1. Members of this
group had on average been in the Netherlands for 2.2 years (SD 2.1, range 1-10) and rated their
listening proficiency in Dutch at 4.5 (SD 1.4). Of the Other-L1 group, 17 participants received the
es version and 14 the su version.

All participants reported not having problems with hearing stimuli over headphones nor with
reading from a computer screen. Participants were paid a modest amount for their participation,
which lasted up to one hour, because they also completed a questionnaire and a written language
proficiency test (C-test).

2.2 Materials

The experimental items were 60 words starting with /sC/. Two types of fillers were employed.
Word fillers, 60 words not starting with /sC/, prevented targets with /sC/ being the only words.
Non-word fillers, 60 non-words starting with /sC/ and 60 non-words not starting with /sC/ were
used to maintain the same balance in the trials where the correct answer was ‘no’. Thus, properties
of the prime did not give information about the correct answer to the trial over the total set of 240
trials. The experimental items were nested in the Phonotactic condition, with 30 words starting
with Good clusters and 30 with Neutral clusters. Most words were monosyllabic; none had more
than two syllables. All words were singular nouns or infinitives, selected from the most frequent
words starting with sC clusters. Word frequencies were estimated by the equally weighed average
of the frequency in the CGN Corpus of Spoken Dutch (Oostdijk, 2000) and the CELEX lexical
database (Baayen, Piepenbrock, & Gulikers, 1995). The weighted average frequency ensured both
databases had equal influence on the frequency measure, in spite of their different size. Because the
most frequent 30 words with Neutral clusters were less frequent than those with Good clusters,
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there was a word at the Good level for every word at the Neutral level that was picked to match its
frequency as close as possible. It was not possible to strictly control for lexical neighbourhood
density, but the average number of neighbours for the Good items was 13.24, while it was 11.30 for
the Neutral items. This difference was not significant in a Welch two-sample #-test, #(52.79) = 1.62,
p =0.1091. The 50/50 balance between Good and Neutral clusters in the experimental items was
also used for filler words and filler non-words starting with an /sC/ cluster. All non-words were
phonotactically legal in Dutch.

The experimental items were used as visual targets and preceded by auditory stimuli of three
Priming types: Unrelated, Epenthesised or Faithful. In the first case, the prime was a different
word, not related to the target (and hence not expected to actually prime the target). In the last case,
the stimulus was a correct pronunciation of the target word, expected to prime it. The crucial
Epenthesised condition allowed the perceptual illusions of L2 listeners caused by L1 filters to be
tested; the prime was manipulated with the insertion of an epenthetic vowel, hypothesised to cor-
respond to the L1 perceptual illusions of Spanish and Japanese. For Japanese, a cluster starting
with /s/ is assumed to be transformed by adding a /u/ after the /s/. This manipulation will be
referred to as the su manipulation. In Spanish, a short vowel [e] is commonly present before the
cluster (and inserted in loanwords in absence of another vowel). Because Dutch does not have a
short /e/, but a long /ei/ and a short /¢/, the latter was used; it is not contrastive with Spanish /e/
because Spanish has only the five vowels /a/, /i/, /e/, /o/ and /u/. This manipulation will be referred
to as the es manipulation.

The Unrelated and Faithful primes were recorded by a native speaker of Dutch who was una-
ware of the purpose of the study. Epenthesised primes were constructed using the Faithful record-
ings of the targets. The [s] of these recordings was deleted and the remainder was pasted after a
fragment of [es] or [su] carved out of other words pronounced by the speaker, in such a way that
the transition was as natural as possible. The manipulation was performed using PRAAT (Boersma,
2001), combining two fragments at zero-crossings of the amplitude wave, conserving the ampli-
tude gradient. For the Faithful primes, the same splicing was performed, now pasting a production
of [s] spliced from another word, so that these primes, as far as possible, matched the epenthesised
primes’ possible unnaturalness at the splice point. Three native speakers of Dutch, all linguists,
confirmed the naturalness of all items when taken as (fragments of) Dutch. The duration of the [¢]
was around 100 ms; the [u] was around 80 ms.

Visual word recognition entails having orthographic influences, normally mirroring the phono-
tactics (Bailey and Hahn, 2001). Dutch orthography does indeed closely follow the phonemes of
the clusters, except for /sx/, which is written ‘sch’.

The 60 experimental items were divided in three groups of 20 and each participant received a
version in which one of the groups was presented with Unrelated primes, one with Epenthesised
primes and one with Faithful primes; the group assignment was rotated in a Latin Square design.
The three groups of 60 filler items described above were each also divided in three groups of 20
that were assigned to Unrelated, Epenthesised or Faithful primes, which were fixed and not rotated.

2.3 Procedure

The test was administered in a sound-isolated cabin at the university laboratory, or in a quiet room
at the participant’s home, using a computer running Ubuntu LINUX 6 with Xenomai real-time
support. Participants were (individually) seated by the experimenter and received instructions
according to a fixed protocol. They were told that they would hear a Dutch word or non-word and
see a Dutch word or non-word on the screen, possibly different. They were instructed to decide
whether the word on the screen was a real Dutch word as quickly as possible. Responses were to
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be given by pressing the ‘yes’ or the ‘no’ button on a button box, which were marked with the cor-
responding Dutch words. The yes button was placed at the side of the dominant hand as reported
by the participant. Participants were told they would occasionally be asked to write down the last
auditory stimulus (this happened four times, after every 60 trials), in order to avoid them stopping
to pay attention to the auditory primes. The written stimuli provided for checking as to whether or
not they were listening to the auditory stimuli, but the results showed virtually no errors, only spell-
ing oddities, mainly in non-words. The process of writing down also allowed the participants to
take a brief, self-timed break. No information was given about the nature of words used in the
experiment. Three practice trials were presented and repeated if necessary until participants showed
understanding of the procedure.

Auditory stimuli were presented over Beyerdynamic DT250/80 headphones; visual targets on a
43cm computer screen. After the auditory stimulus finished playing, there was a 500 ms interval,
after which a fixation cross (+) was shown for 500 ms in a white background to announce the
appearance of the target. The target was shown for 750 ms; participants had 2500 ms from the start
of the target presentation in which to respond. The words were shown in lower case black letters
on a white background. The targets were always visible during the answer window. After every
trial, feedback was presented on screen (‘correct’, ‘wrong’, or ‘too late’ in Dutch).

The order of the 240 trials (60 experimental trials, 60 with filler words and 120 with filler non-
words as targets) was rerandomised anew for each participant. Epenthesised primes were either of
the form [esC] (es version) or [suC] (su version). In order not to confuse the type of epenthesis with
the native language of the participants, both the native language and the version of the experiment
were collapsed into one condition Group. Two Groups of Dutch native listeners received either the
Spanish or Japanese epenthesised primes; these groups are called Native-Es and Native-Su.
Participants with Dutch as a second language were given the epenthesis associated with their own
native language. These Groups are therefore simply called Spanish and Japanese. The control par-
ticipants with other first languages than Japanese and Spanish were randomly assigned to the
OtherL1-Es or OtherL1-Su groups, which received the indicated type of Epenthesised primes.

After the actual experiment, participants filled in a questionnaire about their language back-
grounds and took a C-test to assess their general proficiency level in Dutch (for a discussion on the
validity of C-tests, see Eckes and Grotjahn, 2006). The C-test, from Keijzer (2007, p. 359), con-
sisted of five Dutch texts, ranging from informal to formal. Participants had to complete twenty
words in each text, from which words were removed. Their proficiency was expressed in the num-
ber of correct answers they gave. Only words that were orthographically correct and morphologi-
cally and semantically possible in the context were scored as correct.

2.4 Analysis

Accuracy scores of more than 134 out of 240 good answers are less than 5% likely for participants
answering randomly. Participants scoring less than 134 correct answers could have responded
randomly or else knew too few Dutch words and were excluded. For the Japanese group, 30 partici-
pants were left (—3), for the Spanish group, 35 (—1). From the Other-L2 control group, 27 participants
were left (-4). No native Dutch speakers were removed. Only experimental items were used in the
following analyses; due to an implementation error, one item from the Good level of Phonotactics
had to be discarded. Of the remaining data, only those trials in which the word was recognised —
that is, the participant pressed the ‘yes’ button — were used for latency analyses.

The dependent variable, the reaction time in ms, was logarithmically transformed to improve
normality of the distribution. Responses were defined as outliers and removed when they were
more than three times the interquartile range away from the quartiles for each participant. There
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proved to be only outliers that were very fast (below 50 ms), not very slow ones (trials without
button presses after 2500 ms had been recorded as timed out). Outlier removal removed 0.7% of
the observations in the Japanese Group, 1.4% for the Spanish Group, 0.7% for the Native-Es
group, 0.6% for the Native-Su group and 0.4% for the Other-L1 group.

The sphericity assumption necessary to use repeated measures ANOVA is not to be expected to
be true in groups differing in L1 and L2. To avoid the incorrect sphericity assumption and allow
correcting for noise more strictly, the data were analysed in a mixed-effects linear model with
crossed random effects for participants and items (following Quené and Bergh, 2008; see also
Baayen, Davidson, & Bates, 2008).

Contrasts in the Group condition were planned: Native-Es vs. Native-Su, Native-Es vs. Spanish
and Native-Su vs. Japanese. Japanese and Spanish groups were not compared, because comparing
a different L1 (Japanese and Spanish) and a different type of epenthesis is not informative for the
purpose of this study and only three contrasts are possible between four levels. For the effect of
Priming, the Unrelated primes were taken as a baseline; both the estimate for Faithful and
Epenthesised Priming (if negative) indicate a priming effect.

The C-test score was used as a proficiency measure that may be assumed to predict learning of
illegality and/or wellformedness. Additional predictors added to the model were the length of stay
in the Netherlands, previous reaction time, correctness of previous answer, trial number and word
frequencies from the CGN Corpus of Spoken Dutch and CELEX; these nuisance predictors are
assumed to have the potential to contribute to noise elimination, leading to better estimates for the
predictors under scrutiny.

Collinearity between C-test Score and Group, caused by higher proficiency of Dutch partici-
pants, was removed by residualisation of C-test Score to Group, meaning that Group was used to
predict the C-test Score and that the divergence from the predicted value (group mean) was used.
Thus, the independent influence of proficiency after the influence of Group was modelled. The
average score for Dutch participants in the Native-Es group was 91.9 (SD 8.1, range 74-99) and in
the Native-Su group 90.2 (SD 9.8, range 81-97). The Spanish group scored on average 31.0 (SD
18.2, range 1-79) and the Japanese group 26.0 (SD 14.6, range 3—-66). For the same reason the
number of years spent in the Netherlands was also residualised to Group. CGN and CELEX lexical
frequencies were residualised to Phonotactic condition, allowing these predictors to correct for
frequency effects without disturbing the estimate for the Phonotactic condition.

Model fitting started with the most elaborate model, containing interactions of all experimental
predictors (Phonotactics, Priming, Group with planned contrasts, C-test Score), as well as nuisance
predictors and random effects for item and participant. Predictors with small influences were
removed, after which the old and the simplified model were compared. Nuisance predictors were
not removed. If the old model was not significantly better, the simplification was deemed to be
warranted, leading to a model that, if possible, corrects for confounding nuisance predictors (see
Baayen et al., 2008). With the model after simplification, p-values were conservatively estimated
for predictor estimates by assuming the degrees of freedom to be the lowest of either the number
of items or of participants, minus 1. For 95% Confidence Intervals, the memesamp function from
the languageR (1.4) package was used (see Baayen et al., 2008). This package also returns (less
conservative but possibly more accurate) p-values, but these were not used.’ The significance of
priming effects could be argued to be one-tailed, but the reported values are always two-tailed.

The interactions involving Group were removed, to see if the epenthesis types and participants
in the different groups could be collapsed into an L1-L2 difference, but this removal was not
licensed, ¥?(38) =219.12, p <0.001 *** The data were therefore analysed separately for the es and
su versions of the experiment; the factor Group thus only contrasts native and non-native listeners
and not the version of the experiment.® The Other-L1 group of the control experiments was divided
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Table 3. Latency model es version: predictor estimates.

Predictor Estimate SE Significance
t(58) p 95% ClI

Intercept (Unrelated/Native-Es) 6461 0.031 [ 6.40, 6.53]
Phonotactics -0.054 0.026 -2.09 0.046* [-0.10, —-0.00]
Priming: Epenthesised -0.196 0.016 -12.38 < 0.00]*** [-0.23, -0.16]
Priming: Faithful -0.227 0.016 -14.40 < 0.00]%** [-0.26, -0.20]
Spanish 0.282 0.063 4.46 <0.001%"* [0.17,0.39]
C-test -0.001  0.005 -0.19 0.390 [-0.01, 0.01]
Epenthesised M Spanish -0.055 0.023 -2.38 0.025% [-0.10, -0.01]
Epenthesised N Phonotactics x C-test 0.012 0.005 228 0.032* [ 0.00, 0.02]

Epenthesised N Phonotactics M Spanish x C-test —0.016  0.006 -2.78 0.010%* [-0.03, —0.00]

Note. Interactions between experimental predictors that are not shown were not near significance; that is, they had a
p-value above 0.10. All nuisance variables are omitted from the table. The intercept represents Group = Native-Es and
Priming = Unrelated. Intersection signs M mean the intersection of two levels of different conditions, i.e. all the trials
that conform to both parts of the intersection. The log of the likelihood was -519.5.

¥ p < 0.001, % p <0.0l,*p <0.05,.p<0.l.

up based on the version of the experiment and separately compared to the corresponding Native
group.

Accuracy models were made with the same predictors as the selected latency models, with logit
of correctness as the dependent variable (see Jaeger, 2008). These models were used to check for
speed/accuracy trade-offs; no hypothesis testing was based on the accuracy.

2.5 Results

2.5.1 Es version. For the es-groups, the four-way interaction Phonotactics x Group x Priming X
C-test-score cannot be removed ¥*(2) = 11.09, p = 0.004**, Thus, neither this interaction nor lower
interactions or main predictors were removed. In Table 3, the estimates of all main effects and
significant interactions are given (for latency). Figure 1 and Figure 2 show latency data for the two
groups.

Reactions of native listeners were significantly faster for Good items than for Neutral ones,
#(58) = —2.09, p = 0.046*; L1 Spanish listeners did not significantly differ from the Native-Es
group with respect to Phonotactics, i.e. the difference between Good and Neutral is not signifi-
cantly different between the groups. Both Epenthesised and Faithful primes cause a significant
faster reaction, compared to the baseline of Unrelated primes, #58) = 12.38 / #(58) = 14.40, p <
0.001*** for the Native-Es group. L1 Spanish participants were generally slower, #(58) = 4.46, p
< 0.001*** The priming effect of Epenthesised primes was larger for the Spanish group than for
the Native-Es group, #(58) = —2.38, p = 0.025%*.

For Epenthesised primes of Good items, higher proficiency correlated with slower recognition
(less priming) for the Native-Es group, #58) = 2.28, p = 0.032*, but for the Spanish group, the cor-
relation was in the other direction and significantly different from the Native-Es group, #(58) =
—2.78, p = 0.010**. Figure 3 shows the two correlations.

For all significant latency effects, the accuracy effect was in the other direction (faster process-
ing was associated with higher accuracy, or vice versa); hence, a speed/accuracy trade-off can be
ruled out: see Table 4 for the model estimates for accuracy.
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2.5.2 Su version. Simplification of the latency model of the su version was licensed for removal of the
four-way interaction and the three-way interaction Phonotactics x C-Test Score x Group. Table 5
shows all significant predictors and Figure 4 and Figure 5 show latencies for the two groups. Phono-
tactics did not reach significance for the Native-Su group. For this group, both Epenthesised and Faith-
ful primes lead to faster responses to the target, #58) =—5.55/#(58) =—12.44, p <0.001***, and higher
proficiency correlated with the priming effect of Faithful primes, #(58) =—2.86, p = 0.008**.

The L1 Japanese group was overall slower, #58) = 7.48, p < 0.001*** but this effect was attenu-
ated by a priming effect for both Epenthesised and Faithful primes that was larger than for the
Native-Su group, #(58) =—2.79, p = 0.010** / #(58) = -3.29, p = 0.003**. The effect that participants
with greater proficiency were primed more by Faithful primes was significantly smaller for the
Japanese group than for the Native-Su group, #(58) = 2.65, p = 0.013**. Given the estimated confi-
dence interval, the effect was probably absent from the Japanese group— that is, proficiency proba-
bly had no influence on the priming strength of Faithful primes in the Japanese group. Apart from
the above, the Japanese group’s latencies did not significantly differ from the Native-Su group.

For all significant main effects on latency, faster processing was accompanied by higher accu-
racy, or vice versa. However, for all interactions that had a significant effect on latency, a speed/
accuracy trade-off is possibly present (see Table 6). Of these possible trade-offs, only the increase
in speed for Faithful primes for Japanese participants as compared to Native listeners was accom-
panied by an almost significant drop in accuracy, z = —1.95, p = 0.051. The other interactions that
were significant for latency were not significant for accuracy.

2.5.3 Control groups. Separate models were fitted to compare the control group (learners of
Dutch with another L1) to the Dutch native speakers also included in the main analysis. The
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Table 4. Accuracy model es version: predictor estimates.

Predictor Estimate SE Significance

z p
Intercept (Unrelated/Native-Es) 3.128 0.262
Phonotactics 0.637 0.434 1.47 0.142
Priming: Epenthesised 1.256 0.409 3.07 0.002 *
Priming: Faithful 2418 0.654 3.69 <0.00] **
Group: Spanish —0.849 0.385 -2.20 0.028 *
Epenthesised M Spanish —0.065 0.463 -0.14 0.888
Epenthesised N Phonot. x C-test 0.007 0.164 0.04 0.967
Epenthesised N Phonot. M Spanish x C-test —-0.022 0.166 -0.14 0.893

Note. The estimates are linear components of the log-odds. Experimental predictors that are not shown were not near
significance; that is, they had a p-value above 0.10. Nuisance variables are all left out of the table. The log of the likeli-
hood was -310.

ik p <0.001,* p <0.0l,*p<0.05.p<0.l.

C-Test Score was not used as a predictor as it was not obtained for all participants with another
L1 than Dutch, Spanish or Japanese. In the same fashion as with the Spanish and Japanese
groups, the control participants that received the es or su versions of the experiment were com-
pared to the Native-Es and Native-Su participants, respectively. The relevant estimated values
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Table 5. Latency model su version: predictor estimates.

Predictor Estimate SE Significance
t(58) p 95% Cl

Intercept 6.387 0.038 [ 6.32, 6.45]
Phonotactics -0.022 0.026 -0.82 0.283 [-0.07, 0.03]
Priming: Epenthesised -0.079 1.433 -5.55 < 0.00 |#¥* [-0.11, -0.05]
Priming: Faithful -0.180 0.014 —-12.44 < 0.00 |#¥* [-0.21, -0.15]
Japanese 0.463 0.062 7.48 < 0.00 | ##* [ 0.36, 0.57]
C-test -0.013 0.007 -1.85 0.073. [-0.02, -0.01]
Faithful x C-Test -0.009 0.003 -2.86 0.008%* [-0.02, —0.00]
Epenthesised M Japanese —-0.060 0.021 -2.79 0.010%* [-0.10, —0.02]
Faithful N Japanese -0.071 0.022 -3.29 0.003%* [-0.11, -0.02]
Faithful N Japanese x C-test 0.009 0.003 2.65 0.013* [ 0.00, 0.02]

Note. Interactions between experimental predictors that are not shown were not near significance; that is, they had
a p-value above 0.10. All nuisance variables are left out of the table. The intercept represents Group = Native-Su and
Priming = Unrelated. Intersection signs M mean the intersection of two levels of different conditions, i.e. all the trials
that conform to both parts of the intersection. The log of the likelihood was —213.5.

P <0.001,*p <0.0l,*p<0.05.p<0.l.
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Figure 5. Latencies for Japanese group by Priming X Phonotactics. Error bars indicate +/- | standard error.

are shown in Tables 7 and 8. The non-native listeners were overall slower, es: #(42) = 5.56, p <
0.001***; su: #46) =5.92, p <0.001***_ No significant difference between native and control
group was found for the effect of Epenthesised primes of either version, although the su version
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Table 6. Accuracy model su version: predictor estimates.

Predictor Estimate SE Significance

z p
Intercept 3.449 0.276
Phonotactics 0.964 0.484 1.99 0.047*
Priming: Epenthesised 0.770 0411 1.87 0.061.
Priming: Faithful 1.361 0.421 3.23 0.001**
Japanese -0.726 0.370 -1.96 0.049*
C-test 0.012 0.048 0.25 0.806
Faithful x C-Test -0.062 0.096 -0.64 0.525
Epenthesised M Japanese —-0.248 0.472 -0.53 0.599
Faithful N Japanese -0.932 0.478 -1.95 0.051.
Faithful N Japanese x C-test 0.052 0.098 0.53 0.593

Note. The estimates are linear components of the log-odds. Interactions between experimental predictors that are not
shown were not near significance; that is, they had a p-value above 0.10. Nuisance variables are all left out of the table.
The intercept represents Group = Native-Su and Priming = Unrelated.

#kp < 0.001, ¥ p <0.0l,*p<0.05.p<0.l.

Table 7. Latency model for control experiment es: predictor estimates.

Predictor Estimate SE Significance

t(42) p 95% Cl
Intercept 6.437 0.030 [ 6.38, 6.49]
Group: OtherL|-Es 0.323 0.058 5.56 < 0.00 [¥* [0.22, 0.42]
Phonot. N OtherLI|-Es 0.095 0.044 2.18 0.039* [0.01,0.19]
Epenthesised N OtherLI-Es -0.038 0.029 -1.29 0.171 [-0.10, 0.02]
Phonot.n Epenthesised N -0.101 0.060 -1.69 0.096. [-0.21,0.01]
OtherLI-Es
Phonot.N Faithfu IN -0.110 0.060 -1.8l 0.079. [-0.11, -0.23]
OtherL|-Es
Phonot. N Epenthesised. N -0.001 0.005 -1.83 0.076. [-0.02, 0.00]

OtherLI-Es x C-test

Note. The predictors that were significant in the main models or have a p-value is below 0.10 in this model are shown,
except predictors that only refer to the baseline group Native-Es, already reported in Table 3. The model was equal to
the one used for the main experiment. The log of the likelihood was —213.9.

¥ p <0.001, ¥ p <0.0l,*p<0.05.p<0.l.

shows a trend, #(46) = 1.67, p = 0.010. The control group in the es experiment was slightly more
sensitive to Phonotactics than the Native-Es group, #42) = 2.18, p = 0.039*. Accuracy was
modelled in the same way as above for the main experiments; no significant speed/accuracy
trade-offs were found.

Discussion

3.1 Experiment validity

Faithful and Epenthesised primes activate the target, because reaction times were significantly
shorter than for Unrelated primes. For native listeners, words with Good clusters were recognised
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Table 8. Latency model for control experiment su: predictor estimates.

Predictor Estimate SE Significance

t(46) p 95% ClI
Intercept 6.415 0.030 [ 6.37, 6.47]
Group: OtherLI-Su 0.323 0.055 5.92 < 0.00 | #¥* [ 0.24, 0.42]
Epenthesised N OtherL|-Su -0.048 0.029 -1.67 0.100. [-0.10, 0.02]
Faithful N OtherLI-Su -0.009 0.029 -0.30 0.379 [-0.07, 0.04]
Faithful N OtherL|-Su x C-test 0.009 0.003 2.63 0.015% [ 0.00, 0.02]

Note. The predictors that were significant in the main experiments or have a p-value is below 0.10 in this experiment
are shown here, except predictors that only refer to the baseline group Native-Su, already reported in Table 5. The
model was equal to the one used for the main experiment. The log of the likelihood was —200.2.

¥ p <0.001, ¥ p <0.0l,*p <0.05 .p<0.l.

more quickly. This effect of wellformedness was only overall significant for the es group. The
reason for the lack of significance in the Native-Su group might be the visible tendency of the es-
epenthesis to make the Good targets suffer more than the Neutral ones, although the corresponding
interaction of Phonotactics and Priming did not reach significance. The possibility that Good items
suffer more from es epenthesis than Neutral items is consistent with the idea expressed by Vitevitch
and Luce (1999) that these clusters are represented sublexically. It is likely that the epenthetic
vowel breaking up the clusters in the es Epenthesised primes causes more damage to Good clusters
than to Neutral ones, because the Good clusters then no longer match their sublexical representa-
tions, while such representations do not exist for Neutral clusters.

Although it is possible that the group of words starting with Good clusters are intrinsically
easier to recognise than the words starting with Neutral clusters, by coincidence — that is, for non-
phonotactic reasons — such effects are likely to be corrected for by the item random effect and the
fixed effect for word frequency. Note that although the Native-Su group does respond significantly
more accurately to Good targets, no conclusion can be based on this finding, because accuracy data
were not collected for hypothesis testing and so drawing conclusions on accuracy would therefore
amount to capitalising on chance.

3.2 Phonotactic filters and acquisition

3.2.1 Spanish LI and es: filter. The Spanish group differed from the native listeners, because Epen-
thesised primes activated target words to a greater degree. The priming effect for Epenthesised
primes is very similar in size to the effect for Faithful prime, suggesting that the contrast between
the clusters and repaired versions is absent. In addition, the control experiment suggests the filters
are specific to Spanish as L1. Importantly, the es version of the experiment shows a partial Target
Language gradient effect and a Source Language filtering effect in the same context, /sC/ clusters,
in the form of a correlation between proficiency and facilitation of probabilistic phonotactics for
epenthesised clusters. First, the increase with proficiency of facilitation for Dutch phonotactics for
Epenthesised primes makes it unlikely that Spanish L1 learners of Dutch apply a priori knowledge
of (universal) wellformedness of the Good clusters. However, to determine whether transfer from
Spanish is at all possible, the O/F ratios of the /sC/ clusters were calculated for continuous Spanish,
using the CORLEC corpus (Moreno Sandoval, 2003). Table 9 shows Spanish O/E ratios for the
different clusters. The differences are far less pronounced in Spanish than in Dutch.

The perseverance of perceptual illusions for Epenthesised primes and the emergence of a facili-
tating role of L2 wellformedness suggests that a representation of wellformed clusters is emerging
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Table 9. Ranking of sC-clusters on O/E in Spanish.

Cluster Type 0] E Spanish O/E Dutch O/E
[sp] good 2645 1602 1.65 3.12
[sx] good 158 173 091 2.99
[st] good 8529 4732 1.80 2.03
Total good 11332 6507 1.74 2.28
[sm] neutral 1616 1095 1.48 1.00
[sl] neutral 1197 1703 0.70 I.11
[sn] neutral 731 504 1.45 I.19
[sk] neutral 4434 2473 1.79 0.83
Total neutral 7978 5775 1.38 1.03

Note. O/E (Observed over Expected) values are based on frequencies found in the CORLEC Corpus of conversational
Spanish; the conversational part has been used, comprising 196,917 words. Utterances were separated and otherwise
words were joined. The close relation between orthography and phonology in Spanish allowed obtaining a (poor man’s)
phonemic transcription, though any assimilations not annotated by the transcribers have been lost. The expected values
are again based on the frequencies of the phonemes in consonant biphones; using the frequency over the whole corpus
gives even more pronounced differences. For ease of comparison, Dutch O/E values from Table 2 are repeated here.

with growing proficiency. However, this representation does not stop misperceptions: the well-
formed clusters facilitate word recognition but are still subject to illusionary epenthesis.

If Spanish L1 learners of Dutch access the cluster representations ignoring the epenthetic
vowel, an increase with proficiency of the facilitation of Faithful primes should also have been
observed. Such a correlation has not been found, although this absence might be due to a similar
trend for Dutch native listeners obscuring a difference between groups. However, the more cau-
tious explanation is that the Spanish L1 listeners require the epenthetic vowel to benefit from
wellformedness.

3.2.2 Japanese LI and su:no filter. L1 Japanese listeners are primed more by Epenthesised primes
than native listeners but also by Faithful primes. In other words, the Japanese group benefits
more from priming, but cannot be concluded to be less sensitive to epenthesis than native lis-
teners. The absence of an effect of a Japanese L1 filter could mean that a pre-existing filter was
unlearned, but because no evidence for this explanation is available it remains tentative.
Because no learning of probabilistic phonotactics was observed either, the Japanese data cannot
be used to rule out any of the three scenarios.

The results do not follow predictions that one could make based on the findings of Dupoux et al.
(1999). In the latter study, Japanese participants had trouble discriminating between consonant
clusters and epenthesised versions of those clusters, unlike the Japanese group in the present study.
However, Dupoux et al. investigated non-lexical processing and their participants were unlikely to
have been aware of the relevance of consonant clusters or epenthesis for the task prior to testing.
In the present experiments, the task was to recognise Dutch words, something the participants face
in their everyday lives. Most, if not all, participants had received language teaching in Dutch or
English and are therefore likely to be aware of their unfaithful perception and/or production, pos-
sibly also for epenthesis in consonant clusters.

It is interesting that the Japanese group is significantly faster for Faithful primes compared to
the Native-Su group, but also less accurate. With increasing proficiency, the speed for the Faithful
primes drops significantly compared to the Native-Su group, but accuracy rises (almost signifi-
cantly). If there is indeed a possible speed/accuracy trade-off, one tentative explanation is that
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matching between spoken and written words is different for participants with a different writing
system such as Japanese.

The control experiment of the su version is not relevant due to the absence of a Japanese-
specific effect.

3.2.3 Comparison of su and es results. The es and su versions of the experiment cannot easily be
statistically compared, but it is interesting to note that the effect for the es version and the Spanish
group was not also found for the Japanese group and the su version. There are a number of explana-
tions for this difference.

Compared to Spanish, the expected Japanese perceptual illusion is more across-the-board,
because it is not restricted to sC clusters. Japanese has almost no consonant clusters at all, while
Spanish has quite a few, just not of the /sC/ type. In addition, Dutch has no word pairs that lose
their contrast with epenthesis to [esC] only (as the English pair /¢'stet/—/'stet/, ‘estate’ — ‘state”’).
It is therefore quite possible that the Spanish group was never required to focus explicitly on
the contrast to learn two words differing only in epenthesis, allowing the filter to persist,
whereas the Japanese listeners are likely to have had problems with contrast loss due to epen-
thesis, such as in the pair /ku'lant/—/'klant/, ‘lenient’ — ‘customer’. There is even a handful of
contrasts based on /sC/—/suC/, e.g. /su'peiwra/—/'speira/, ‘to have supper’ — ‘spears’, although
these never involve frequent words. Such pairs are relevant in the light of the findings of
Davidson, Shaw, and Adams (2007), who found that the contrast between a non-native CC
cluster and an epenthesised version of that cluster of the form CC is easier to learn if a minimal
pair is given. In short, a Japanese L1 filter, when present, would be more severe and its nefari-
ous effects more noticeable than those of the Spanish filter. The lack of L1 filter effects for
Japanese as compared to the presence of the Spanish filter might therefore be caused by unlearn-
ing at a very early stage of acquisition.

Another possible reason for the lack of a Japanese filter is that the epenthetic vowel /u/ was
contrastive with the illusionary vowel in the perceived ‘repaired’ /sC/ cluster. Japanese listen-
ers distinguish between different epenthetic vowels (Dupoux et al., 2001) and Japanese speak-
ers sometimes produce very reduced or devoiced vowels, crucially between voiceless
consonants as in the present study (Han, 1962). In contrast, Ogasawara (2013) reports that
voiced vowels, in contexts were devoiced vowels were expected to occur, do not reduce lexi-
cal access speed.

The su epenthesis might be acoustically more salient than the es one, because the es epenthesis
still contains the cluster as surface sequence. Fleischhacker (2001) concluded, on the basis of
cross-linguistic and experimental data, that anaptyxis (epenthesis within a cluster) is most damag-
ing to sibilant-stop clusters (such as /st/, /sp/, /sk/), sibilant-nasal clusters (/sm/, /sn/) and sibilant-
liquid clusters (/sl/), compared to prothetic epenthesis. The perceived difference to the faithful
version is large compared to the same epenthesis in other consonant clusters, so Fleischhacker
posits that the anaptyxis into sibilant-stop clusters as found in Japanese loanwords is a choice (over
prothetic epenthesis) forced by the highly ranked constraint that no consonants can occur in non-
prevocalic position (except in case of consonant doubling or nasals). Tentatively, one might extend
this theory to predict that the larger contrast between anaptyctic epenthesis and unepenthesised
clusters makes it easier to unlearn the L1 filter, when the Japanese constraint is disregarded; how-
ever, disregarding this constraint is probably tantamount to unlearning the L1 filter.

Whatever the reason why a perceptual illusion was not found for the participants in the Japanese
group, the null result means that this group cannot be used to test predictions of the unification of
categorical illegality and gradient wellformedness. The Japanese group did not differ significantly
from the native listeners with regard to wellformedness, but as the Native-Su group failed to show
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a significant effect of wellformedness, this does not imply that the Japanese listeners are sensitive
to Dutch wellformedness differences.

3.3 General discussion and conclusion

The three scenarios of Table 1 can be assessed for the es experiment. An L1 filter has been found
for learners of Dutch, as well as quicker recognition for the Good cluster words (not different from
native listeners). With increasing proficiency the learners significantly differ from native listeners:
they become faster for primes with epenthesised wellformed clusters. The most cautious interpre-
tation is that L2 wellformedness has been acquired through the L1 filter. In other words, a warped
version of Dutch gradient wellformedness is acquired.

Scenario 1 ‘Full Blocking’ has to be rejected because it predicts acquisition of probabilistic
wellformedness through the filter to be impossible. Wellformedness of sC clusters, while subject
to a filter, is not completely blocked for acquisition. Scenario 3 ‘L1 Bias Only’ is ruled out because
the filter did not become less strong with higher proficiency, even though the acquisition of the
probabilistic difference shows that enough input to acquire the legality of /sC/ clusters was avail-
able. This elimination leaves scenario 2 ‘Leaky Filter’, because partial acquisition is possible,
while an L1 filter actively reduces contrast. The scenario is also compatible with the su results,
albeit tenuously given that no filter was convincingly detected.

The metaphorical seeping of L2 gradient wellformedness through the filter reveals itself because
the wellformedness acquired by the Spanish group includes the illusionary epenthetic vowel,
meaning that there are no faithful representations of actual /sC/ clusters, only of illusionary /esC/
clusters. The question is how this is possible; Dutch input does not contain many [esC] or [esC]
clusters (and hardly any Dutch words have an /esC/ or /esC/ onset) and in any case it contains more
/sC/ clusters (including every occurrence of /esC/ or /esC/, unless syllabification intervenes). If the
limited amount of /esC/ clusters in Dutch input makes its wellformedness learnable, the well-
formedness of /sC/ is at least as learnable. Thus the observed /esC/ wellformedness cannot have
been learned from faithful perception of Dutch. L1 Spanish knowledge has to be invoked to explain
the shape of the ‘acquired’ knowledge.

The influence of L1 illegality of /sC/ clusters can be formalised as a constraint on phonological
structure. The general larger priming effect of epenthesised primes for the Spanish group shows
that this constraint operates on the perceptual input as used for lexical access. It might also affect
the input for probabilistic phonotactic acquisition if words that enter the lexicon are subject to the
L1 filter. The L2 representation of Dutch words would then differ from native representations of
these words, in line with conclusions drawn by Pallier, Colomé, and Sebastian-Gallés (2001, p.
448), who posit that ‘lexical representations consist of abstract language-specific phonological
representations’ and that ‘it seems that this abstract phonological code, once acquired, is hard to
modify’. Their conclusions were based on the finding that Spanish dominant Spanish-Catalan
bilinguals show priming for Catalan words that differ from the target words in only a vowel con-
trast that Spanish does not have. Spanish dominant bilinguals were primed by /neta/, ‘granddaugh-
ter’, for /neta/ ‘clean’, while Catalan dominant bilinguals were not. Citing Pallier et al. (2001, p.
448) again, ‘a lack of sensitivity to difficult L2 phonemic contrasts (...) extends to the way L2
words are represented in the mental lexicon’. It is possible that the same lack of sensitivity to con-
trast for the Spanish group in this experiment, not between two phonemes but between the phono-
tactic structures /esC/ and /sC/.

A Spanish-filtered L2 Dutch lexicon would contain many more epenthesised Good clusters than
epenthesised neutral clusters, explaining the acquisition of the wellformedness difference among
similar lines as for unepenthesised clusters in a native Dutch lexicon. The absence of acquisition of
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facilitation for unepenthesised primes with Good clusters has then to be explained, because after
the L1 filter, they should also contain the /esC/ clusters that the more advanced L2 learners con-
sider wellformed. It is possible that such acquisition took place but was not detected because of a
lack of statistical power.

If probabilistic phonotactic knowledge is not acquired from the lexicon, but rather from con-
tinuous speech (as suggested by Adriaans and Kager, 2010), this speech must be assumed to be
subject to L1 filtering before being passed on to the acquisition system. A third possibility is that
the categorical constraint applies to acquired representations. In any case, the persistence of the
categorical L1 filter is unexplained if categorical phonotactics would be a special case of probabil-
istic phonotactics: more evidence for the legality of /sC/ clusters is available than evidence for the
wellformedness of Good /sC/ clusters. Unlearning L1 constraints has to be assumed to be more
difficult than acquiring probabilistic phonotactic knowledge (which is more specific and based on
arguably less evidence). Onishi, Chambers and Fisher (2002) show that new constraints can be
acquired even after brief exposure to syllables and just one /sC/ cluster would strictly speaking
already disprove a categorical constraint against /sC/.

Apparently, the learner does not apply evidence against the L1 filter (in the form of sC clusters
in the input) as readily as using high frequencies of the (illusionary epenthesised) wellformed
clusters in the filtered input to allow these to facilitate word recognition, indicating that the rep-
resentations underlying the filter are of a different nature to those governing the gradient effects
of probabilistic phonotactics. The present results are therefore incompatible with a reduction of
categorical phonotactic (il)legality to probabilistic phonotactics: illegality (constraints) is not
simply (extremely) low wellformedness or probability. The filtering action of constraints pre-
cedes probabilistic acquisition: if the latter had taken place on more phonetically faithful repre-
sentations of the input or on exemplars, epenthesised /sC/ clusters would not have been acquired
as being wellformed.

The above formalisation implies that L1 illegality knowledge that is transferred to an L2 pro-
tects itself by filtering out L2 counterevidence against itself (such as lexical contrastiveness). This
prediction would be proved incorrect if an L1 filter was found that disappears with increasing
proficiency. The Japanese group of the present study does not show this to be the case. The persis-
tent use of knowledge of German phonotactic illegality in English by highly proficient German
learners of English reported by Weber and Cutler (2006) does not prove that L1 filtering cannot
disappear, but fits the prediction, while the results of Trapman and Kager (2009) and Boll-Avetisyan
(2011) are compatible with this view as well as the opposite.

If phonotactic knowledge is to be formalised as consisting of constraints on phonological repre-
sentations on the one hand and probabilistic knowledge on the other, the latter also needs formalis-
ing. Vitevitch and Luce (1999) propose that there are sublexical representations for clusters with
high probability of occurrence that behave as phonemes, mapping auditory input to higher level
chunks such as words. Under this formalisation, the sublexical representations of Good clusters that
the more proficient participants in the Spanish group have acquired must be assumed to contain the
epenthetic vowel. As discussed above, the effect of the constraints could be on the learning input
(lexicon or continuous speech), or on the representations. The latter is less likely to be correct if
wellformed clusters are represented similarly to phonemes, because such sublexical representations,
containing epenthetic vowels for L2 learners, are expected to be subject to perceptual learning when
they are similar to phonemes (see for an overview Kraljic, Brennan, & Samuel, 2008; Samuel and
Kraljic, 2009). Every time the cluster is encountered without the epenthesis and in a lexically unam-
biguous context, the listener uses the information from the lexicon to update his or her representa-
tion. Spanish learners exposed to native Dutch should often hear and recognise words containing an
/sC/ cluster produced without epenthesis, in contrast to their representation of that word, thus
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inciting perceptual learning that erodes the epenthetic vowel in the representation of the cluster.
However, erosion was not observed. Because perceptual learning has the power to adapt existing
representations, it must be assumed the L1 filter blocks perceptual learning as well as affecting rep-
resentations. A more cautious alternative is that the L1 filter simply applies to incoming speech
before it is passed on to lexical activation or acquisition processes. If indeed the Spanish learners do
not acquire the probabilistic difference between Good and Neutral clusters without epenthesis, the
sublexical representations must be assumed to apply to the input after the filter, allowing the epen-
thesised Good clusters to facilitate target word activation.

In summary, phonotactic illegality knowledge constraints straighten the input into native cate-
gories and structures, after which the more wellformed of these structures are easier to recognise
and/or process than the others. L1 filters transfer to the L2 and are then tenacious and can affect the
acquisition of L2 phonotactics. L2 learners are not excluded from some benefits of L2 wellformed-
ness, because they can build up representations which, while not necessarily native-like, capture
some of the wellformedness differences in the Target Language and allow for more efficient pro-
cessing of frequent phoneme combinations.
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Notes

1. The opposite possibility is less likely because unlearning illegality seems to be hard (Weber and Cutler,
2006). The results of the three studies on L2 phonotactics that were discussed above (Weber and Cutler,
2006; Trapman and Kager, 2009; Boll-Avetisyan, 2011) indicate that (categorical) L1 illegality is trans-
ferred to an L2 and that L2 probabilistic phonotactics can be acquired.

2. For these listeners, English words with voiced and voiceless unvoiced codas are primed by both a faith-
ful version of those words and by a version in which the coda voicing is changed. Dutch has no voicing
contrast in (word final) codas, because Dutch coda obstruents are always voiceless.

3. Continuous speech is expected to be the best bet for the source of successful L2 phonotactic acquisition,
as L2 lexicons might be incomplete and suffer from distortions due to misperceptions. Lexical statistics
show the same, but even more pronounced, differences in wellformedness,.

4. Thanks are due to Jacques Mehler for suggesting this control group.

5. A digital bundle containing data and models can be obtained from the authors and is accessible with R
version 2.15.3 (2013-03-01), with the packages Ime4 0.999999-0 and languageR 1.4 (and possibly with
similar versions).

6. Thanks are due to Arthur Samuel for suggesting that an analysis split by groups might be more insightful.
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