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ABSTRACT. The Possible-Word Constraint (PWC; Norris, McQueen, Cutlat, a
Butterfield 1997) suggests that segmentation of continuous speech spétate
universal constraint that feasible words should contain a vo8aigle
consonants, because they do not constitute syllables, are tesatezh-viable
residues. Two word-spotting experiments are reported that inaestighether
the PWC really is a language-universal principle. Accordingp¢éoPWC, Slovak
listeners should, just like Germans, be slower at spottiogdsvin single
consonant contexts (not feasible words) as compared to sydtaitiexts (feasible
words)—even if single consonants can be words in Slovak. Theasresufirm
the PWC in German but not in Slovak.

1 Introduction

How do listeners find and recognize words in a highly variablé continuous
speech signal? The signal does not consist of what we pel®idiscrete words,
as word boundaries are not marked by pauses.

Previous research has shown that the activation and competitiomorof
candidates are central processes of word recognition (e.g., Mec@land EIman
1986; Norris 1994; for reviews, see Mattys 1997; McQueen 200%er&e
acoustic cues to word boundaries have been identified thateffactively
modulate the activation of competing candidates and help segnwnhing
speech (see McQueen and Cutler 2001, for an overview). Thesesoohsas
allophonic details, metrical structure or phonotactic cairt#s depend on
language specific properties. Recent research on word reocogiitwever, also
suggests a universal segmentation principle based onesinfprmation about
whether a vowel is present or absent in the speech input.

This universal principle is called the ‘Possible-Word ConstréPWC) (Norris,
McQueen, Cutler, and Butterfield 1997; Norris, McQueen, CuBeitterfield,

and Kearns 2001). According to the PWC, the activation of a worddzdads
reduced if between possible word boundaries there is only conabnaaterial
encountered, since not consonants but syllables are viabdeieesif the input
across languages. The first evidence in favour of this clagme from
experiments that used the word-spotting task (Cutler and Norris 1988), which was
designed to study the segmentation of continuous speech. Ingkjdisteners

hear nonsense words over headphones and respond whenever they aetect a r
word embedded in these nonsense words. Response times (RTs)oandtes
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are used as dependent variables. With this task it is pps$sibbmpare detection
of the same word in different contexts (see McQueen 1996, for furtherpdiescri
of this paradigm). In Norris et al.’s (1997) study, listenersewequired to spot
English words embedded at the beginning or the end of nonsense. $tidngs

et al. found that the recognition of a word suclajpgle was significantly faster
when the preceding context (contexts underlined in examples)avwsadlable
(e.g.,vuffapple as compared to a single consonant (éagppld. None of these
contexts are existing English words, but omyff could be a word. Other
evidence comes from a study on Sesotho (Cutler, Demuth, and McQQ@2n
where a minimal stand-alone word must contain two syllafdlbs. listeners’
performance was significantly faster when a word (elgfa ‘to prescribe’) was
embedded in a mono- or a bhisyllabic context (ergalafa or pafcalafa) as
compared to a single consonant context (@ajafa). The crucial result was no
significant difference betweepafo andro, even though only the former is a
possible Sesotho word. This study provided strong evidence for the claimyhat a
syllable, but not a consonant is considered as an appropriate pargiagd that
the potential lexical status of words in a specific languageot relevant. The
PWC has been replicated in further languages such as JapdeQaeen,
Otake, and Cutler 2001), Dutch (McQueen and Cutler 1998) and Cantyiese (
2004), and has been successfully implemented in Shortlist (Norris ,1894)
simulation model of word recognition.

However, none of the languages tested so far allows singkowrants in its
lexical inventory. Berber or Slavic languages, for example, alkingle
consonants to be words. Such languages would provide a stresgef tthe
generality of the PWC. The present study thus investigatasithersality versus
language specificity of the PWC with German and Slovak. BEc&erman does
not have words consisting of single consonants, the PWC should fapply
German just like for English. Slovak, on the other hand, is wicSlanguage
where single consonants can be words and thus provides a direct testWwiChe P

Slovak has four prepositions consisting of single consonants sukht@s z
‘from’, s ‘with’, v ‘in’, each with a voiceless and a voiced positional allophone.
These prepositions are proclitic, but they are always sepacathographically

by a blank to avoid ambiguity. In order to understand the Slovak pRmsslal,

Ze_ v raneostal kisok ZelezgHe said that in the wounthere was left a piece of
iron’) the preposition should be segmented from the noun. Accotdiriye
PWC, however, a word candidate will be disfavoured if there isingle
consonant stranded between possible word boundaries. The word candidate
‘crow’ (+Dative inflection) would then win the competition. Thuse guestion is
whether and how the PWC determines the processing of Slovak cormssonant
during the segmentation of an utterance.

If the PWC is a universal segmentation effect, its preadistshould hold for both
languages alike. Both Slovak and German listeners should bersébgpotting
words in a consonant context as compared to a syllable contxdiffisrence
should be obtained between single consonants regardless oéxtieat status in
Slovak. However, if the PWC is language-specific, Slovaktists should treat
single consonants as viable residues depending on their Istdtas. Hence, the
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recognition of a word in a prepositional context and in a sglabhtext should
both be easier than in a non-prepositional consonant context.

2 Experiment 1

Experiment 1 tested whether German listeners follow the pieuscof the PWC
and spot a German word (e.Bose‘rose’) in a syllable context (e.csuckose
faster than in a single consonant context (&gse.

M ethods

Materials: Forty-eight bisyllabic German words (nouns andsjentere created.
Each word was embedded in three preceding contexts to yield a ress&mg.
the consonant /k/ (a preposition only in Slovak, &mse, consonants /p, S, t/
(non-prepositions and not possible words in either of the languagses, and a
CVC syllable (possible, but non-existent words in both languagése. Only
phonotactically legal consonant clusters with a similar frequelistyibution in
both languages were chosen. Further, 102 nonsense filler wordsreatedcand
embedded into the same three preceding contexts. None dfll¢hewords
contained real German words. The materials were recorded éyalef native
speaker of German. The first syllable of the whole strimgezhthe main stress.
Three experimental lists were then created with all §iliareach list. Each target
appeared only on one list with the type of context counterbalanezdisté. The
order of items was pseudo-randomized with the restriction thiag thees at least
one filler item between target-bearing items.

Procedure: Participants were tested individually in a qoiemnr They received
written instructions that they would hear nonsense stringshmagiphones. Their
task was on each trial to press a button whenever theytetbtacreal word
embedded at the end of a nonsense string. They were asked &athaloud the
word they had found. The main experiment started after a shaeticpraession.
The presentation of the stimuli and the RT measurements veereolled by
NESU (Nijmegen Experiment Set-Up), experimental software dpedl at the
Max Planck Institute for Psycholinguistics in Nijmegen.eThtimuli were
presented with an interval of 4 s. The RTs were recorded fromirtingst onset,
but prior to the analysis were adjusted so as to measure WWord offset by
subtracting the total sequence duration. Due to a technical probidnithe
NESU software, which on random trials failed to record paditis’ responses,
no analysis of error rates will be reported in Experimenthg. dvailable RTs are
a subset of the actual response data (approximately 80%).

Participants: Forty native German speakers, students fioam Humboldt
University in Berlin, volunteered or were paid for participati They were
recruited on the basis of written advertisements. All reported ndraaing.

Results

One subject did not follow the instructions and was excluded fhremanalysis.
One item YWeseih was missed by all but one subject in one condition and was
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also excluded. The mean RT data and mean error rates are reportbktih diad
Figure 1. Analyses of Variance (ANOVAS) for both subjeEts) @nd items 2)
were used to test for statistical significance.

Type of Context

C (preposition) C (non-preposition) CVC (syllable)

Example krose trose suckrose
Mean RT 843 859 638
Mean error 24 % 23 % 20 %

Table 1:Experiment 1; Mean RTs (in ms measured from word offset) and mea
error rates, C = Consonant, V = Vowel.

German Slovak
1000 + EE'Tror T 50% 1000 41 gRT - 50%
® Error
800 - 40% 800 - 40%
Can) o) w
g 600 - - 30% § g 600 - r 30%§
= 5| |2 2
400 - - 20% = . - 20% =
o 400 0% 5 r 400 20/°L|.|
200 r 10% 200 - 10%
0 - - 0% 0 - + 0%
prep non-prep syll prep non-prepsyllable
Type of Context Type of Context

Figure 1: Mean target detection RTs (ms) and mean eres &t a function of
type of context, for German and Slovak listeners. Error there standard errors.
Prep = prepositional consonat, non-prep = non-prepositional consonlant, sy
syllable.

The effect of context was significant in the RT analysis doth subjects and
items E1(2, 76) = 19.87, p < .001F2(2, 92) = 15.29, p < .001). Paired
comparisons between the contexts revealed that spotting a nviind syllabic
context was faster than in both the prepositional cont&d8) = 5.09, p < .001,;
t2(46) = 5.88, p < .001) and the non-prepositional contédx8g) = 6.08, p <
.001;t2(46) = 4.57, p < .001). There was no significant difference in respons
latencies between the prepositional condition and the non-prepadsit@rdition
(t1(38) = .40, p = .69t2(46) = .09, p = .93). To summarize, the results show that
spotting a word in the single consonant condition was slower andntbres
difficult than in the syllable condition, as predicted by the PWhis result
replicates previous studies and supports the PWC: single consarannot
viable residues of the speech input.
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3 Experiment 2

If the PWC is universal and Slovak listeners also follow ®#&C, this
experiment should replicate the German results. If the P@/Criven by
language-specific knowledge, spotting a word ig/acbntext (corresponding to
the voiced allophone of the Slovak wdkdto’) should be equally fast as in a
syllable context (possible but non-existent word), and both thesditions
should be faster than the non-prepositional context.

Method

Materials: Seventy-two Slovak bisyllabic words (nouns and vevbs} selected.
Similar to the German experiment, they were placed in fmeeeding contexts:
prepositionsd, f/ (e.g.,gruka), non-prepositions /t, S, p/ (e.¢ruka), and CVC
syllables (e.g.duguka). Note that /f/+nouns were not included in the German
study, because of the lack of comparable clusters. Althaydghdre real words,

in combination with verbs and uninflected nouns, the strings as a whele
nonsensical. Verbs were only embeddedgh dontexts, because /f/ is also a
verbal prefix and hence real words would have been formed. Furtheii|l&33
were constructedThe materials were recorded by a female native speatker
Slovak. Again, three experimental lists were created.

Procedure: The procedure was identical to that in Experiment 1.

Participants: Nine native speakers of Slovak, students froimugauniversities in
Berlin and two employees of the Slovak cultural institute @nliB, volunteered
or received a small payment for participation. All reported normalrgear

Results

The data of one subject were lost due to a technical daikive items were
missed by all subjects in one of the conditions and hence erc(thie effects

were however not altered by the omission of these items)miEa@ RTs and the
mean error rates for the remaining eight subjects and 88 iee summarised in
Table 2 and Figure 1.

There was a main effect of context in both the RT aimalf&(2, 14) = 60.13, p
<.001;F2(2, 132) = 16.49, p < .001) and in the error analysi$, 14) = 21.99,

p <.001;F2(2, 132) = 7.77, p = .001). Pairetests between the three conditions
showed that responses to strings tikeka were significantly fastet(7) = 9.97,

p <.001t2(66) = 3.70, p < .001) than tauka, but only marginally more accurate
(t1(7) = 1.82, p = .11t2(66) = 1.78, p = .08). Responses to a syllable context like
duguka were both slowert{(7) = 8.34, p < .001t2(66) = 5.97, p < .001) and
less accuratet(7) = 6.83, p < .001t2(66) = 3.94, p < .001) than tgruka.
Moreover,rukain trukawas detected fastetrdl(7) = 4.24, p = .0042(66) = 2.08,

p = .042) and more accuratelyl(7) = 4.63, p = .002t2(66) = 2.12, p = .038)
than induguka. None of the participants reported being aware of the presence of
prepositions. In summary, the segmentation of a word in the prepasiti
condition was easier than in the syllable and the non-prepositionaticondhis
result does not follow the PWC, because word detection shoutédier in the
syllable context and should be equally hard in both single consooatéxts.
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The results instead suggest that segmentation is driven byaigegpecific
knowledge.

Type of Context

C preposition C non-preposition CVC gyllable

Example gruka truka dugruka
Mean RT 563 767 880
Mean error 3% 7% 15%

Table 2:Experiment 2; Mean RTs (in ms measured from word offset) aath me
error rates, C = Consonant, V = Vowel.

4 General discussion

Previous studies have shown that words enter into an aativeid competition

process in such a way that consonants are disfavoured a$ pex&es regardless
of whether they constitute real words in a specific languBgis. study examined
the universality of this Possible-Word Constraint in German and Slovak.

German results replicate previous findings and support the. P¥@redicted,

German listeners found it easier to detect a word in abgyltzontext than in a
single consonant context. The Slovak results however are nostemnswvith the

predictions of the PWC. Target detection was significarilgter in both

consonant contexts as compared to a syllable. Moreover, @etgttion was

faster with a preceding preposition than a non-preposition. Thigsisgthat the
language-specific knowledge about lexical units modulates the dtiopet
process.

The relatively slow responses to a word in the Slovak lgllaontext also
challenge the PWC. Given the theoretical claim, this possilded context
should have been the easiest one. The slow responses in thisonoadét
especially striking, as syllables can be words in Slovakvé¥er, an alternative
account for this result might be the metrical structure. Slawalikke German, has
a fixed stress on the first syllable of a word, which could pi@w strong cue to
locate word boundaries. Thus, the missing canonical main stregee darget
(because the stress was on the nonsense syllable) coulditwaed slown the
word recognition as compared to the other conditions where thestness was
on the target. Since little is known about how this regulamitstress assignment
is used in Slovak segmentation, further investigation was segesn this issue
and was addressed in a follow-up study. Hanulikova, McQueen, anerelitt
(submitted) have shown that the missing canonical stresednctntributed to
slower reaction times. When the stress information was ldameer conditions,
the recognition of a word in the syllable condition was signifigafabter as
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compared to the single non-prepositional consonant context. Thisiseguline

with the PWC. However, in line with the present resultgeawords were again
detected significantly faster in the prepositional condition tharthé non-

prepositional and the syllable condition. A further lexical denigxperiment
showed that there were no artefacts in target realisat@tsvould explain the
obtained results. Slovak listeners thus appear to use langpagiéc knowledge
about the lexical status of prepositions when segmenting continuous speech.

Due to technical problems with the NESU experimental softwathe German
experiment, it was necessary to replicate this study tdolldw-up experiment
(Hanulikova, 2008) was conducted with a new set of participantsn@liestudy
showed the same pattern of results and again replicated the R\@€Errhan, just
like in many other languages, single consonants are not accesidiges of the
input. An additional control lexical decision experiment showed thatword-
spotting effects could not be attributed to different acousttisetions of the
targets over conditions.

In summary, the Slovak results support the conclusion that the PWC needs to take
language-specific properties into account. Slovak listenerstettegingle
consonants as possible residues of the input, but only when theydforme
meaningful units. The recognition of target words is most adifffiin single
consonant contexts that are not possible words in Slovak. dheréfie PWC
needs to be modified and should incorporate language-specific knovebdge
minimal meaningful units such as single consonantal words.
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