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1 Introduction 

 

 

This thesis will focus on the second language acquisition of phonotactic knowledge from a 

cross-linguistic perspective. Native speakers of languages that allow either a subset or 

superset of the consonant clusters of Dutch will take part in two experiments that test 

speakers’ (implicit) knowledge of onset and coda cluster phonotactics. 

The general assumption that the hypothesis in this thesis builds on, is that the initial 

state of the foreign language grammar is identical to the final state of the grammar of the 

mother tongue. Thus, in the Optimality Theory viewpoint, learners of a second language start 

with a constraint ranking which is similar to the final state constraint ranking of the native 

language. This initial ranking will be adapted as a consequence of positive evidence a learner 

encounters. Under this assumption second language learners whose L1 is in a superset 

relationship with respect to the L2 will not achieve the L2 ranking in which markedness 

constraints dominate faithfulness constraints, because they do not encounter positive evidence 

that the F » M ranking is incorrect. However, learners whose L1 allows only a subset of the 

clusters are hypothesised to achieve the correct L2 ranking, because the positive evidence 

triggers them to rerank the relevant constraints. 

In this thesis, the phonotactic knowledge of second language learners will be 

compared with native speakers’ phonotactic knowledge. Research on phonotactic intuitions 

by native speakers shows that nonce words are not graded simply as either good or bad, but 

that native speakers have gradient intuitions about phonotactics (e.g., Coleman and 

Pierrehumbert, 1997; Hammond, 2004; Hayes, 2000). Therefore, speakers’ linguistic 

knowledge appears to allow more gradations than either accepting or rejecting a specific 

utterance as grammatical. 

There is less literature on phonotactic intuitions by second language learners. Most L2 

phonotactic research is based on production rather than perception. Since production is 

affected by articulatory difficulties, results of such experiments might not be indicative for the 

L2 grammar. However, results of studies into native speakers’ phonotactic knowledge (which 

is investigated by production and perception experiments) suggest that some L1-illegal 

clusters will pose more problems to second language learners than other clusters (e.g., 

Davidson, 2003).  
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The experiments that are conducted for this study are listening tasks rather than 

production tasks. These tasks are designed to gather more insight in the phonotactic 

knowledge of second language learners. The tasks are a word-likeness judgment task and a 

lexical decision task. These tasks focus on (implicit) knowledge about different consonant 

clusters. The advantage is that articulatory difficulties do not confound the data and hence we 

come closer to characterizing the tacit knowledge system underlying both perception and 

possibly production. The participants were second language learners, henceforth L2ers, of 

Dutch (native speakers of Spanish and native speakers of Russian) and a Dutch control group. 

Both groups of L2ers consisted of two subgroups, of early and advanced learners of Dutch.  

In the experiments, phonotactically legal and illegal consonant clusters (of Dutch) 

were presented in nonce words to the participants in order to elicit representations of 

participants’ phonotactic knowledge. The scores on the word-likeness task and the reaction 

times and accuracy scores in the lexical decision task were the dependent measures. The 

results suggest that both Spanish and Russian learners of Dutch distinguish between Dutch-

legal and illegal consonant clusters, although the Dutch-illegal clusters in the experiment are 

legal consonant clusters of Russian. This suggests that the hypothesis about the role of subset 

and superset systems should be rejected for L2 acquisition of (gradient) phonotactics. 

Moreover, there is an effect of the L2ers’ amount of exposure to Dutch, i.e. competence level. 

That is, more advanced learners come closer to native responses than less advanced learners. 

The structure of this thesis is as follows. In Chapter 2, onset and coda clusters of 

Dutch, Russian and Spanish will be discussed. Dutch consonant clusters are a subset of the 

consonant clusters of Russian, but a superset of Spanish consonant clusters. In addition, the 

relevant constraints will be discussed. In Chapter 3, a brief overview of the experimental 

literature on phonotactics will be presented. Chapter 4 deals with the hypotheses and 

predictions of the experiments that will be further described in Chapters 5 and 6, namely the 

word-likeness judgment task and the lexical decision task. An analysis of these results will be 

given as well as possible explanations for the findings in Chapter 7. The final chapter includes 

a short summary of the findings and a number of suggestions for further research. 

 



 6 

2 Onset and Coda Clusters Cross-Linguistically 

 

 

In this chapter, a general overview of Optimality Theory, language acquisition in Optimality 

Theory and cross-linguistic data on onset and coda clusters will be presented. This thesis 

focuses on second language speakers’ (implicit) knowledge of onset and coda phonotactics in 

the target language. In order to increase our insight in L2ers’ knowledge, two listening 

experiments were conducted. Two groups of second language learners of Dutch took part in 

these listening experiments. The native languages of these learners, Russian and Spanish, 

differ with respect to the phonotactic restrictions on onset and coda clusters. Russian allows 

more consonant clusters than Dutch in both the onset and the coda. Spanish on the other hand 

is more restricted: it only allows a subset of the clusters that are present in Dutch in onsets and 

codas. Optimality Theory (Prince and Smolensky, 1993) attributes these differences between 

the three languages to the different constraint rankings of these languages. Optimality Theory 

is the theoretical framework that will be used in this thesis. It will be presented in Section 2.1. 

Superset relationships between languages are discussed in Section 2.2. Language acquisition 

in the Optimality Theoretic framework will be discussed after this, in section 2.3. Dutch onset 

and coda clusters are a subset of the set of Russian onsets and codas. Learners who are 

acquiring a language that is in a subset relation to the native language are hypothesised not to 

achieve the correct L2 grammar. This subset problem is addressed in Section 2.4. After this, 

different syllabic structures and some relevant OT-constraints will be discussed and 

subsequently, consonant clusters in the three languages will be considered.  

  

2.1 Optimality Theory 

 

According to Optimality Theory, a grammar consists of a ranking of constraints. These 

constraints are structural requirements on surface forms. The constraints are universal, but the 

ranking of these constraints is language-specific. There are basically two types of constraints, 

namely faithfulness constraints and markedness constraints. Markedness constraints are 

requirements on the structural well-formedness of a linguistic expression, a surface form. 

Faithfulness constraints require similarity between surface output forms and the underlying 

input form. Constraints are violable. Violations of high-ranked constraints are more serious 



 7 

than violations of lower-ranked constraints. A particular constraint can be violated in order to 

satisfy some higher ranked constraint.  

Linguistic surface forms are selected from a set of candidate output forms that can be 

associated to an underlying input form. This input form is not restricted by any constraints. 

This principle is called Richness of the Base. The different candidates are generated by a 

Generator (Gen). The optimal candidate is the candidate that best satisfies the constraint 

hierarchy, so the output that incurs the least serious violations of the constraints. The optimal 

candidate is selected by the Evaluator. 

 

 C2 C1

candidate a *!

candidate b� *

 

    Tableau 1: selection of a candidate 

 

In the tableau 1 above candidate b is selected because candidate a violates constraint C2 

which is higher ranked than the constraint that is violated by candidate b. 

 Gradient judgments, such as those that will be discussed in Chapter 3, can also be 

accounted for within the Optimality Theory framework. In a number of studies, native 

speakers’ judgments on phoneme sequences have been shown to be gradient, that is, nonce 

words are not either well-formed or ill-formed, but there are intermediate levels of well-

formedness for native speakers. Gradient judgments can be accounted for in Optimality 

Theory in various ways. Boersma and Hayes (2001) propose a stochastic OT-model in which 

gradient well-formedness has been incorporated. According to this model constraints do not 

have a single ranking point, but rather occupy a position on a range of ranking values. A 

constraint’s position on the range of values is the selection point of a constraint. The centre of 

the value range is called the ranking value. In (1) the ranking value of one constraint is 

outranked by ranking value of the other constraint. 

  

(1) strict 

 

lax 

CONSTRAINT A:  

 

  

CONSTRAINT B:   
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The value ranges of two constraints always overlap to some extent in the stochastic 

OT-model. When the value ranges of two constraints overlap, then both rankings of the two 

constraints are possible for the optimal output candidate. One output form is more probable 

than the competing surface form, but the competing one is not ungrammatical.  

  

(2) strict 

 

lax 

CONSTRAINT A:  

 

  

CONSTRAINT B:   
 

 

 

Boersma and Hayes state that the constraint ranges are in fact probability distributions. 

This enables us to make predictions about the relative frequencies of competing candidates 

when constraints overlap. In their model, each constraint is assumed to have the same 

standard deviation. If the ranking values of two constraints are close to each other, overlap is 

possible, and therefore the reverse ranking might arise in a number of cases. However, when 

the distance between the ranking values of two constraints is larger (e.g., four times the 

standard deviation), there will be hardly any case in which the reverse ranking arises. 

 

(3) 

 

 

For example, in (1), (2) and (3) it is more likely that the higher ranked constraint outranks the 

other constraint, but in a minority of cases it is the other way around. Then the selection point 

of the lower ranked constraint is higher ranked than the selection point of the higher ranked 

constraint. Constraint overlap is visible in the lexicon in variability of output forms (which is 

the case in free variation, when different output forms of an input form can be used by native 

speakers of the same language) and in relative frequencies of fixed output forms that have 

different constraint rankings. Gradient grammaticality judgments are the result of different 

rankings of markedness constraints with respect to the faithfulness constraints (Hammond, 
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2004). However, the stochastic OT-model does not differentiate between variation and 

exceptionality (Pater and Coetzee, 2005). 

In natural languages, exceptions occur that cannot be accounted for by the ‘normal’ 

constraint ranking of a language sometimes. For example, in Spanish, a small number of 

lexical items end in an obstruent-/s/ coda, although Spanish codas seem to be limited to 

single-consonant codas and a small number of sonorant-/s/ coda clusters. In recent literature 

different ways are shown to deal with such irregularities. Hammond (2000) and Pater and 

Coetzee (2005) for example propose that the exceptions are subject to lexically specific 

constraints which are ranked above the general constraints. Lexically specific constraints are 

similar to the general constraints but they only apply to a limited set of lexical items. These 

lexically specific constraints only affect those words that bear an index that corresponds to the 

constraint’s index, so other words are not affected by these lexically specific constraints. 

Linguistic structures that never surface faithfully are ungrammatical or ill-formed in this 

model. On the other hand, structures that always surface faithfully are grammatical or well-

formed. Some forms surface faithfully in a minority of cases and other forms surface 

faithfully more often but not always, due to the relative ranking of the lexically specific 

markedness constraints (Pater and Coetzee, 2005). This is reflected by relative well-

formedness judgments of native speakers. In fact, Pater and Coetzee’s proposal implies that 

relative well-formedness judgments are due to relative frequency of faithful (marked) output 

forms.  

In the current study, the gradient judgments are assigned to phonotactically well-

formed sequences but also to output forms that are not attested in the native language and that 

are presented to speakers, as in the study of Berent, Steriade, Lennertz and Vaknin (2007) that 

will be discussed in the next chapter. Although these output forms do not surface faithfully in 

the native language of the participatns, these forms still receive gradient well-formedness 

judgments. 

 

2.2 Subset/superset relationships between grammars 

 

Some languages only allow unmarked structures to occur in the output forms and other 

languages also marked structures (e.g., syllables that have complex onsets and codas). A 

language that allows marked structures also allows unmarked structures and is, therefore, in a 

superset relation to the more restricted language.  
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Languages that allow more marked structures to occur at the surface have a constraint 

ranking in which faithfulness constraints dominate markedness constraints (F » M). The 

relatively marked output forms are identical to the input forms. These marked structures can 

surface because the input forms do not violate high ranked constraints, since the faithfulness 

constraints that are obeyed by faithful outputs are higher ranked than the markedness 

constraints. Therefore, a violation of (lower ranked) markedness constraints is less serious 

than a violation of a faithfulness constraint.  

Marked structures are generally disallowed in languages in which markedness 

constraints outrank faithfulness constraints (M » F). The Evaluator selects output forms that 

do not violate the high-ranked markedness constraints. Languages that have an M » F 

constraint ranking only have less marked structures, whereas languages that have F » M allow 

both less marked and more marked structures. So an M » F language allows less structures to 

occur than those that are allowed in a language that has an F » M ranking. 

  

2.3 Language Acquisition in Optimality Theory 

 

In Optimality Theory, acquiring a language’s grammar is setting the ranking of the universal 

constraints that are available to the learner. This (re)ranking of constraints is based on the 

input, or positive evidence, a learner receives (Boersma and Hayes, 2001; Tesar and 

Smolensky, 2000). The Constraint Demotion Algorithm (Tesar and Smolensky, 2000) is one 

of the algorithms that models language learning in Optimality Theory. According to this 

algorithm, information about the constraint ranking can be extracted from mark-data pairs.  

 

[pl * COMPLEX CODA FAITH 

(winner)  [pl *  

(loser)    [p  * 

     Tableau 2: violations by winning and losing candidate 

 

In an OT-tableau violations of the loser and the winner candidate are indicated. The candidate 

that surfaces is the winner and constraints that violate this winner receive winner marks. In 

tableau 2 the constraints that are violated by the loser and the winner candidate of the input 

onset [pl] are indicated. A mark data pair lists the constraints that are violated by the different 

candidates. 
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 (4) Mark-data pair 

 

loser < winner marks (loser) marks (winner) 

   

p <  pl FAITH * COMPLEX ONSET 

 

The information that can be extracted from a mark-data pair is used to construct the constraint 

ranking of a language. The Constraint Demotion Algorithm (Tesar and Smolensky, 2000) is 

one algorithm that models constraint (re)ranking. How constraint ranking works in this 

algorithm is described by the Principle of Constraint Demotion in (5).  

 

(5) Principle of Constraint Demotion (Tesar and Smolensky, 2000: 36) 

 

For any constraint  assessing an uncanceled winner mark, if  is not dominated by a 

constraint assessing an uncanceled loser mark, demote  to immediately below the 

highest-ranked constraint assessing an uncanceled loser mark. 

 

This principle says that a constraint that is violated by the winner is demoted below the 

constraint that is violated by the loser. When this principle is applied again and again for a 

number of loser-winner pairs, the correct constraint ranking will be the final result. Demotion 

to the stratum immediately below the stratum in which the loser mark constraint occurs is the 

most conservative way of Constraint Demotion. It prevents constraints from being put too low 

in the hierarchy. This can be exemplified by the ranking that is based on complex onsets in a 

learner’s input. Suppose that the two constraints *COMPLEX ONSET and FAITH are not ranked 

yet, so they are in the same stratum. When a learner hears a word that has a complex onset 

(e.g., the Dutch word /plεk/ ‘place’), the algorithm ranks *COMPLEX ONSET below FAITH 

because it appears that a violation of *COMPLEX ONSET is not serious enough to select an 

unfaithful surface form as the optimal candidate. 

The initial state of the constraint ranking of a first language learner is a topic of debate. 

Some argue that initially the constraints are unranked. Others favour the view that the initial 

state is M » F (Gnanadesikan, 1995; 2004; Smolensky, Davidson and Jusczyk, 2004) based on 

the limited set of marked structures in child speech and on the learnability of a grammar. The 

learnability of a given grammar is discussed in the subsection below.  

The initial state of a second language learner is hypothesised to be identical to the final 

state of the first language grammar (Broselow, Chen and Wang, 1998; Escudero, 2005). 
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Experimental data that seem to support this hypothesis come from production experiments in 

which early learners who are native speakers of a language that prohibits specific marked 

structures do not utter these structures in their second language. The markedness constraints 

that are high ranked in the native language are therefore supposed to be high ranked in the 

interlanguage grammar. Moreover, emergence-of-the-unmarked effects suggest that 

markedness constraints that are not active in the L1 are nevertheless high ranked in the L2 

hierarchy for learners whose L1 has M » F (Broselow et al, 1998). For example, Mandarin 

Chinese has no obstruent codas at all. Yet, native speakers of Mandarin learning English have 

fewer difficulties with unmarked voiceless codas in the target language than with marked 

voiced L2-codas. However, no data are available to support the hypothesis of an L1-ranking 

for the L2-initial state ranking for native speakers of languages that are in a superset 

relationship to the second language1. 

 

2.4 The subset problem 

 

Prince and Tesar (2004) point out that if learning a grammar is based on positive evidence 

alone, it is possible that the grammar that a learner ends up with is the incorrect one, even if 

the learner’s grammar is consistent with all the observed data. Prince and Tesar focus 

especially on subset/superset relationships between possible grammars. Data that support a 

restricted grammar also support a broader grammar, because there are no data from the less-

inclusive grammar that contradict the more-inclusive grammar. 

 

(6) “All data that support the less-inclusive grammar also support the broader grammar. 

More precisely, no fact consistent with narrower grammar can ever be inconsistent 

with the predictions of its more-inclusive competitor, even though the broader 

grammar also allows forms not generable – ruled out (negative evidence) – by the less 

inclusive grammar. […] If a learner mistakenly adopts the superset grammar when the 

subset grammar is correct, no possible evidence can contradict the learner’s adopted 

but incorrect hypothesis. The misstep of choosing a superset grammar makes the 

subset grammar unlearnable (from positive evidence). By contrast, if on the basis of 

the same ambiguous evidence, the subset grammar is chosen, positive evidence – 

observable forms licensed by one grammar but not the other – will exist to move the 

                                                
 
1 Escudero (2005) discusses a case where the target language has a smaller phoneme inventory of the 
L1, see Section 3.3. 



 13 

learner along when the superset grammar is the actual target.” (Prince and Tesar, 

2004:246) 

 

 The subset problem has been pointed out earlier by several authors (Angluin, 1980; Baker, 

1979). A response to the subset problem is the subset principle of Berwick (1982). 

 

(7)  Whenever more than one language is consistent with the data, and there is a subset 

relation between the languages, always select the grammar for the subset language 

(Berwick, 1982). 

 

So the goal for the learning of phonotactic distributions is to select the most restrictive 

grammar that is consistent with the data. The most restrictive ranking refers to the most 

limited grammar. In general, domination of markedness constraints over faithfulness 

constraints leads to a reduced language consisting of relatively unmarked forms (Hayes, 2004; 

Prince and Tesar, 2004; Smolensky, 1996). Faithful output forms that are marked will not 

surface because they violate the relatively high-ranked markedness constraints. Therefore, the 

Evaluator selects an unfaithful output candidate which is less marked than the input form. 

As described later in this chapter, Russian is a superset of Dutch with respect to legal 

onset and coda clusters. The prediction from Prince and Tesar (2004) is that first language 

learners of Dutch will not select the (superset) Russian grammar, because they start with the 

ranking M » F. However, the initial state of native speakers of Russian learning Dutch is 

assumed to be F » M. All differences between Russian and Dutch phonotactics support the 

assumption that certain markedness constraints that are active in Dutch are dominated by 

faithfulness constraints in Russian. The subset problem then seems to be unsolvable for the 

L1-Russian learners of Dutch, since they will not encounter counterevidence for this initial F 

» M ranking. Therefore, the need to rerank the constraints is absent for these learners of 

Dutch. 

 

2.5  Syllable types 

 

In the world’s languages different types of syllables occur. The most unmarked syllable type 

is the CV-syllable. This syllable type occurs in every language. Examples of languages that 

only allow CV-syllables are Senufo and Hua (Blevins, 1995). In these languages, constraints 

that ban more complex syllables, NOCODA and ONSET, are highly ranked. However, many 

languages also allow more complex syllable structures. In these languages, constraints that 
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ban complex syllables are lower ranked than the faithfulness constraints that allow these 

syllables to occur. Slightly more complex syllable structures are the structures CVC and V. 

There are languages that allow only CV- and V-syllables (e.g., Maori), and there are 

languages that allow only CV- and CVC syllables (e.g., Thargari). Still more complex is the 

syllable type VC. Languages that allow this syllable type also allow the simpler types CV, V 

and CVC. An example of such a language is Mokilese. In fact, there is an implicational 

hierarchy, which implies that languages that allow complex (more marked) syllable structures, 

also allow simpler (less marked) syllable structures. 

Thus far, we only considered syllable types with single onset and coda consonants. 

However, in many languages, syllables’ onsets and codas can consist of multiple consonants, 

a so-called consonant cluster. In some languages only the onset is allowed to contain a cluster. 

That is, syllables of the type CCVC are allowed, but syllables of the type CVCC are 

disallowed. An example of such a language is Modern Hebrew. An example of a Hebrew 

CCVC word is the word /kfar/ (‘village’). Other languages allow complex codas but prohibit 

complex onsets (e.g., Farsi). Thus, in these languages CVCC syllables are allowed, as in the 

Farsi word /ketf/ (‘shoulder’), but CCVC syllables are disallowed. Finally, there are languages 

that allow both complex onsets and complex codas. Syllables of the type CCVCC are present 

in these languages. In Dutch, this syllable type is allowed. An example of a CCVCC word in 

Dutch is the word krant (‘newspaper’). 

Thus far clusters of two consonants have been dealt with. However, there are 

languages that allow more than two consonants in a cluster. In Slavic languages, clusters up to 

six consonants are reported, while clusters of four or less consonants are common. In Dutch, 

there are also some coda clusters of four consonants e.g., herfst (‘autumn’), but these clusters 

are rare. More common in Dutch are two-consonantal and three-consonantal clusters. In the 

sections below, constraints on consonant clusters and possible consonant clusters in Dutch, 

Russian and Spanish will be documented and discussed. 

 

2.6 Constraints on onset and coda clusters 

 

Consonant clusters in onset and coda position are subject to phonotactic constraints. Not 

every phonotactic constraint is active in a specific language due to a higher ranking of 

faithfulness constraints in this language. Dutch, Russian and Spanish allow different sets of 

consonant clusters and therefore have different constraint rankings. A number of important 
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markedness constraints that are relevant to the set of consonant clusters in these languages 

will be described below. 

Cross-linguistically, onset clusters and coda clusters are more marked than single-

consonant onsets and codas. The constraints that ban these clusters are *COMPLEX ONSET and 

*COMPLEX CODA (Prince and Smolensky, 1993). Syllables without codas are less marked than 

syllables that have a coda due to the violation of a constraint prohibiting complex onsets and 

codas. The number of consonants in a cluster is limited by the constraint *CCC. Spanish, for 

example, is a language in which *CCC is higher ranked than the relevant faithfulness 

constraint. This language does not allow complex clusters of three consonants. 

Not only the number of consonants in a cluster is limited by a constraint, but also the 

order of consonants is subject to markedness constraints. An important constraint is the 

SONORITY SEQUENCING PRINCIPLE. According to the SONORITY SEQUENCING PRINCIPLE the 

most sonorous segment in a syllable must be in the syllable’s nucleus. The sonority of 

consonants in onsets must increase from margin to peak, whereas the sonority in codas must 

decrease from peak to margin. Clements’ (1990) sonority scale consists of the four major 

classes, ranked from least to most sonorous: 

 

(8) 1 Obstruents < 2 Nasals < 3 Liquids < 4 Glides 

 

Other authors (e.g., Selkirk, 1984) assume further distinctions among the obstruents. She 

argues that plosives are less sonorous than fricatives.  This scale consists of five levels. 

 

 (9) 1 Plosives < 2 Fricatives < 3 Nasals < 4 Liquids < 5 Glides 

 

Morelli (1999) proposes to split up the SONORITY SEQUENCING PRINCIPLE constraint 

into two constraints, namely, *REVERSAL and *PLATEAU. *REVERSAL disallows sonority 

revearsals (like /rt/ in onset position or /pl/ in coda position), whereas *PLATEAU rules out 

sonority plateaus, that is, an onset or coda cluster that consists of consonants that are at the 

same position on the sonority scale (like /sf/ and /pt/).  

The MINIMAL SONORITY DISTANCE (Greenberg, 1978) further constrains consonant 

sequences. It says that adjacent segments must have a certain distance from each other on the 

sonority scale. The minimal sonority distance is language-specific. If a language requires a 

minimal distance of three on Clements’ four-level scale, only obstruent-glide onset clusters 

are allowed. If this distance is two, obstruent-liquid and obstruent-glide onset clusters are 
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allowed. In Spanish onsets for example, obstruent-nasal clusters, which have a sonority 

distance of one, are disallowed, whereas obstruent-liquid and obstruent-glide onset clusters 

are legal. The sonority distance between fricatives and nasals is apparently smaller than the 

minimal sonority distance for adjacent segments in Spanish. 

The OCP CORONAL constraint is the final constraint that will be addressed in this 

section. The Obligatory Contour Principle (Goldsmith, 1976; Leben, 1973; McCarthy, 1988) 

states that two adjacent phonemes should not carry identical feature specifications. The OCP 

CORONAL constraint, for example, prohibits two coronals to occur adjacently. The onset 

clusters /zr/, /dl/ and /tn/ are examples of consonant clusters that violate this constraint. 

 In sum, the major markedness constraints that are relevant for syllable complexity and 

consonant cluster structure across languages have been discussed. There are constraints on the 

number and the nature of consonants in a cluster. The constraints *COMPLEX ONSET and 

*COMPLEX CODA ban onset and coda clusters. The constraint *CCC prohibits clusters of three 

or more consonants. Other constraints restrict the nature and orderings of consonants in a 

cluster. The SONORITY SEQUENCING PRINCIPLE states that onsets must have rising sonority 

and that codas must have falling sonority. The MINIMAL SONORITY DISTANCE requires a 

certain sonority distance between two adjacent segments and the constraint OCP CORONAL 

prohibits two coronal consonants to occur adjacently.  

 

2.7  Onset and coda clusters in Dutch 

 

In this section, consonant clusters in Dutch onset and coda position of non-derived words will 

be dealt with. Consonant clusters are not simply a sequence of arbitrary consonants: there are 

limitations on these phoneme sequences, as has been pointed out in the previous section. In 

Dutch the basic syllable template is CC|V|CC (Booij, 1995; Trommelen, 1983). This syllable 

template can be extended by extrasyllabic /s/ in onset position and the coronal obstruents /s/ 

and /t/ in coda position. In consonant clusters consisting of obstruents, the obstruents are 

either all voiced or all unvoiced (Zonneveld, 1983). Dutch has 20 consonants. These 

consonants can be subdivided into five natural classes: plosives, fricatives, nasals, liquids and 

glides. 
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  bilabial 

Labio- 
dental alveolar 

post- 
alveolar palatal velar uvular glottal 

 
Plosive p   b   t    d   k  (g)   
 
Affricate            
 
Fricative  f    v s   z    x, ƒ2  h 
 
Nasal m  n   ŋ   
 
Lateral   l,r      
 
Vibrant         
 
Glide  V   j    

        
Figure 1: Dutch consonants (Booij, 1995: 7) 

 

2.7.1 The Dutch onset 

 

In Dutch, different types of onsets are allowed to occur. In this section, these different types 

will be described. There are empty onsets, single consonant onsets, and onsets that contain 

consonant clusters of two or three consonants. In single-consonant onsets any consonant of 

the Dutch phoneme inventory is allowed, except the velar nasal /N/. The velar nasal occurs 

neither in two and tri-consonantal onsets (Trommelen, 1983). Two- and tri-consonantal onset 

clusters will be discussed and exemplified in the subsections below. It will be shown that the 

consonant /s/ displays different behaviour than the other fricatives, since it can combine with 

more consonants.  

 

2.7.1.1 Two-consonant onsets 

 

As far as the two-consonant onsets are concerned, there are four logically possible 

combinations, namely: 

 

(10) (1) obstruent-obstruent 
  (2) obstruent -sonorant 
  (3) sonorant -sonorant 
  (4) sonorant-obstruent 

 

                                                
 
2 For many speakers of Dutch, there is no contrast anymore between /x/ and /ƒ/. The fricative is 

realised as the voiceless /x/ by these speakers (Booij, 1995).  
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In Dutch, obstruent-sonorant onset clusters are most common and obstruent-obstruent onset 

clusters also occur relatively frequently, but sonorant-sonorant onset clusters only occur rarely 

and sonorant-obstruent onset clusters never occur in Dutch words (Trommelen, 1983). These 

sonorant-obstruent onsets violate the SONORITY SEQUENCING PRINCIPLE.  

Contrary to sonorant-obstruent onset clusters, sonorant-sonorant onset clusters are 

present in Dutch. They occur marginally in loanwords such as mnemonisch (‘mnemonic’). 

Furthermore, the onset cluster /wr/ seems to be present in words that are originally Dutch, 

e.g., in wraak (‘revenge’). However, this onset cluster is pronounced as /vr/, (that is, as an 

obstruent-sonorant cluster) by almost every native speaker of Dutch (Trommelen, 1983). 

Obstruent-obstruent and obstruent-sonorant clusters occur more frequently in Dutch.  

Obstruent-sonorant combinations of Dutch phonemes can be subdivided into three 

classes of onset clusters: obstruent-nasal clusters, obstruent-liquid clusters and obstruent-glide 

clusters3. Each class can be further subdivided into plosive-sonorant and fricative-sonorant 

clusters.  

 

liquids nasals  

l r m n 

p pl pr  pn
4
 

b bl br   

t  tr   

d  dr   

plosives 

k kl kr  kn 

f fl fr  fn 

v vl vr   

s sl  sm sn 

z     

fricatives 

x xl xr  xn 

      Table 1: Dutch-legal obstruent- 

sonorant onset clusters 

  
(11) a. /pl/  plaats  ‘place’ 
  /bl/  blaar  ‘blister’   
  /kl/  klas  ‘class’ 
  /fl/  fles  ‘bottle’ 
  /vl/  vlag  ‘flag’  

                                                
 
3 The glide /j/ as a second phoneme in an obstruent-sonorant cluster only occurs in a marginal set of 
loanwords (e.g., /tjAlk/ and /fjçrd/). In general, the glide /w/ in second position of such a cluster cannot 

follow a labial obstruent or a fricative, with one exception: The fricative /z/ can precede the glide /w/, 
as in zwaar (‘heavy’). 
 
4 The clusters /pn/, /fn/ and /xn/ are rare in Dutch. See (12b) for examples. 
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  /sl/  sla  ‘lettuce’  
  /xl/  glas  ‘glass’ 
  

b. /pr/  preek  ‘sermon’   
  /br/  brood  ‘bread’ 
  /tr/  trein  ‘train’  
  /dr/  droom  ‘dream’ 
  /kr/  kroon  ‘crown’ 
  /fr/  fruit  ‘fruit’ 
  /vr/  vraag  ‘question’ 
  /xr/  grap  ‘joke’ 

 

In table 1 and (11) above Dutch obstruent-sonorant clusters and examples of words 

that start with these clusters are shown. A number of generalizations about these clusters can 

be discovered. First of all, obstruents can be followed by a liquid (Trommelen, 1983). 

However, the clusters */tl/, */dl/ and */zl/, */sr/ and */zr/ do not occur.  It seems that /l/ in 

second position cannot be preceded by a coronal, although the cluster /sl/ is a Dutch-legal 

onset cluster. Furthermore /r/ in second position cannot be preceded by a sibilant. The 

constraint OCP CORONAL (McCarthy, 1988) is responsible for the absence of */tl/, */dl/, */zl/, 

*/sr/ and */zr/ (and */tn/, */dn/ and */zn/). It bans clusters of two adjacent coronals. 

 

coronal sonorants    

nasal liquids 

  n l r 

t *tn *tl √tr 

d *dn *dl √dr 
s √sn √sl *sr 

coronal  
obstruents 

z *zn *zl *zr 
     Table 2: coronal obstruent-sonorant combinations 

 

On the other hand, the clusters /sn/, /sl/, /tr/ and /dr/ are allowed in Dutch. Therefore the 

constraint OCP CORONAL must be dominated by a faithfulness constraint that causes the 

clusters /tr/ and /dr/ to surface in the output. Some argue (e.g., Booij, 1983; Clements and 

Keyser, 1983) that the phoneme /s/ is not part of the onset, but is extrasyllabic, which means 

that it is not part of the syllable, and therefore not subject to a number of constraints that are 

posed on syllable onsets. The extrasyllabic status of /s/ can account for the well-formedness of 

the clusters /sn/ and /sl/. 

Second, whereas obstruent-liquid onset clusters are quite common in Dutch, there are 

only a small number of obstruent-nasal CC-onset clusters. That is, obstruents do not combine 

freely with nasals in onset clusters. Dutch obstruent-sonorant onset clusters that have nasals in 
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second position are /sm/, /sn/ and /kn/ (12a). The obstruent-nasal cluster /pn/ occurs 

marginally in loanwords. The clusters /fn/ and /xn/ also occur marginally in Dutch (12b). 

Labial /m/ is strictly disallowed in second position (except in the cluster /sm/). 

 

(12 ) a. /sm/  smaak   ‘taste’ 
     smid   ‘smith’   

/sn/  snaar   ‘string’ 
  snor   ‘moustache’    
/kn/  knie   ‘knee’ 

     knal   ‘bang’ 
  

b. /pn/  pneumatiek  ‘pneumatics’ 
   /fn/  fnuiken  ‘to cripple’ 
   /xn/  gniffelen  ‘to snigger’ 

    

A constraint that bans obstruent-nasal onset clusters is the MINIMAL SONORITY DISTANCE 

constraint. Since /sm/, /sn/ and /kn/ are legal onset clusters in Dutch, a faithfulness constraint 

that allows the cluster /kn/ to surface faithfully must outrank this markedness constraint, while 

the presence of the /s/-nasal clusters can be accounted for by the extrasyllabic status of /s/. 

The Dutch obstruent-obstruent onset clusters can be subdivided into two types. The 

first type is a set of clusters that has /s/ + voiceless obstruent. The onset clusters /sp/, /st/ and 

/sx/ occur frequently in Dutch (13a, b). The clusters /sf/ and /sk/, on the other hand, only 

occur in a limited set of loanwords (13c). 

 

(13) a. /sp/  spel  ‘game’ 
     spaak  ‘spoke’ 
   /st/  staaf  ‘bar’ 
     stok  ‘stick’ 
  

b. /sx/  schaar  ‘scissors’ 
     schijf  ‘disk’ 
 

  c. /sf/  sfeer  ‘ambience’ 
   /sk/  skelet  ‘skeleton’ 

    

The second type within the set of obstruent-obstruent onset clusters is a number of marginal 

clusters containing a plosive followed by the obstruent /s/. These onset clusters only occur in 

a limited set of loanwords (14). 

 

(14)  /ts/  tsaar   ‘tsar’ 
   /ps/  psychologie  ‘psychology’ 
   /ks/  xylofoon  ‘xylophone’ 
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Summarizing, Dutch has mainly two types of two-consonantal onsets, namely 

obstruent-sonorant and obstruent-obstruent onsets. Obstruent-sonorant clusters obey the 

SONORITY SEQUENCING PRINCIPLE. Most obstruent-sonorant clusters are of the type obstruent-

liquid. The sonority distance between obstruents and liquids is larger than the distance 

between obstruents and nasals. The exceptions to the obstruent-liquid clusters are mainly due 

to the extrasyllabic status of the fricative /s/. The non-marginal obstruent-obstruent clusters 

also start with /s/.  

 

2.7.1.2 Tri-consonantal onsets 

 

In Dutch, a number of onset clusters consist of three consonants. Dutch tri-consonantal onset 

clusters always start with the phoneme /s/. The phoneme /s/ can be followed by a legal CC-

onset cluster of an obstruent and a sonorant (Trommelen, 1983). However, not every CC-

onset is allowed to occur after /s/. The marginal obstruent-nasal clusters do not occur after /s/. 

Furthermore, the phoneme /s/ and the first consonant of the CC-onset must be a legal onset as 

well. Legal [s]C-onset clusters are /sp/, /st/ and /sx/. Marginal CC-onset clusters like /sf/ and 

/sk/ do not occur in the first two positions of CCC-clusters, except for some loanwords that 

start with /skr/, e.g.,  scrabble. 

 

liquids  

l r 

p spl spr 

t - str 

s 

x *sxl sxr 

Table 3: Dutch sC1C2-onsets: sC1 is legal (not marginal) sC-clusters.  

C1C2 is legal (not marginal) obstruent-sonorant cluster. 

 

The obstruents /p/, /t/ and /x/ can be followed by a liquid in CC-onsets. The Dutch-legal sCC-

onsets are /spr/, /spl/, /str/ and /sxr/. An exception to the generalization is the non-occurrence 

of the cluster */sxl/, which is an accidental gap. It is considered as an accidental gap because 

there seems to be no general constraint that bans this cluster. 

 

(15) a. /spl/  spleet  ‘crack’ 
     splinter ‘splinter’ 
   /spr/  spreuk  ‘maxim’ 
     sproet  ‘frackle’ 

 

b. /str/  straat  ‘street’ 
     stroom  ‘stream’ 
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  c. /sxr/  schram  ‘scratch’ 
     schroef  ‘screw’ 
 

The constraint that bans CCC-clusters is the constraint *CCC. It is assumed that this 

constraint outranks the general faithfulness constraint because only a limited set of CCC-

clusters is allowed in Dutch. Since all Dutch CCC-clusters start with /s/, the extrasyllabic 

status of this phoneme can account for the grammaticality of /sCC/-clusters. In other words, if 

/s/ is extrasyllabic, /sCC/-onsets do not violate *CCC because /s/ is not part of the syllable, 

hence invisible to the constraint. 

 

2.7.2 The Dutch coda 

 

The universally least marked syllable rhyme is a single vowel without a coda. An example of 

a Dutch coda-less word is stro (‘straw’). Dutch codas can be simple or complex. All 

consonants of the Dutch phoneme inventory, except /h/, can occur in a simple coda 

(Trommelen, 1983). However, voiced obstruents do not occur in word-final coda-position 

because of final devoicing. Complex coda clusters can contain even four consonants as in 

herfst (‘autumn’) and ernst (‘seriousness’). However, four-consonantal clusters are very rare 

in Dutch. More common are two and tri-consonantal codas, which will be dealt with in the 

subsections below. 

 

2.7.2.1 Two-consonantal codas 

 

There are three types of CC-codas in Dutch, namely the sonorant-obstruent type, the sonorant-

sonorant type and the obstruent-obstruent type (Trommelen, 1983). The CC-codas that start 

with a sonorant obey the SONORITY SEQUENCING PRINCIPLE. In this section these three types 

will be investigated. 

The first class of CC coda clusters is the sonorant-obstruent combination. These 

clusters obey the SONORITY SEQUENCING PRINCIPLE: obstruents, the consonants that occur in 

the edge position of the syllable, are less sonorous than sonorants. 
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 p t k f s x 

m mp mt   ms  

n  nt   ns  

NNNN  Nt5 Nk  Ns  

l lp lt lk lf ls lx 

r rp rt rk rf rs rx 

     Table 4: sonorant-obstruent codas in Dutch 

 
The distribution of sonorant-obstruent clusters in the table above shows that not all 

possible sonorant-obstruent combinations are present in Dutch. The liquids /l/ and /r/ can be 

followed by any obstruent (16a, b). However, for the nasals this is not the case. Not every 

nasal-obstruent combination is a legal coda cluster. Nasals cannot be followed by a fricative 

other than /s/6 (16c). The exceptionality of /s/ as a second consonant can be accounted for by 

the extrasyllabic nature of this coronal consonant. Furthermore, nasal-plosive coda clusters 

(16d) agree in place of articulation. An exception is the cluster /mt/. Again, the exception can 

be attributed to the extrasyllabicity of the final coronal /t/. 

 

(16) a. /lp/  hulp  ‘help’ 
  /lt/  alt  ‘contralto’ 
  /lk/  wolk  ‘cloud’ 
  /rp/  harp  ‘harp’  
  /rt/  kort  ‘short’ 
  /rk/  kerk  ‘church’ 
  

b. /lf/  elf  ‘eleven’   
  /ls/  pols  ‘wrist’ 

/lx/  wilg  ‘willow’ 
/rf/  verf  ‘paint’ 

  /rs/  pers  ‘press’ 
  /rx/  zorg  ‘care’ 
  

c. /ms/  soms  ‘sometimes’ 
  /ns/  dans  ‘dance’ 

  /Ns/  langs  ‘along’ 

 

d. /mp/  lamp  ‘lamp’ 
  /mt/  hemd  ‘shirt’ 
  /nt/  kant  ‘side’ 

   /Nk/  bank  ‘bank’ 

                                                
 
5 The coda cluster /Nt/ only occurs in derived words, such as zingt ‘sing-2/3sg’. 

 
6 The coda cluster /mf/, which is marginally present in Dutch loanwords has not been taken into 
consideration. (e.g., in [nImf] ‘nymph’ and [tri.çmf] ‘triumph’) 
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 The second class of CC codas consists of sonorant-sonorant clusters. These clusters 

also obey the SONORITY SEQUENCING PRINCIPLE. The first consonant is a liquid and the 

second consonant is a nasal /n/ or /m/. The coda cluster */ln/ violates the OCP CORONAL 

constraint and is ill-formed.  

 

(17)  palm  ‘palm’ 
  urn  ‘urn’ 
  storm  ‘storm’ 

 

Note that the sonority distance between these two phonemes is smaller than the minimal 

sonority distance in onset obstruent-sonorant clusters, whereas nasal-obstruent coda clusters 

seem to be constrained by the MINIMAL SONORITY DISTANCE (*/mx/ versus √/rx/). 

 The third class of CC codas consists of obstruent-obstruent combinations. These codas 

end in either /s/ or /t/.7 In these clusters, the final consonant is extrasyllabic and is therefore 

not subject to the SONORITY SEQUENCING PRINCIPLE. 

 

 /s/ /t/ 

p ps pt 

t ts  

k ks kt 
f  ft 

s  st 

x  xt 
      Table 5: CC-obstruent coda clusters in Dutch 

 

The absence of the coda clusters /fs/ and /xs/8 in underived words could be accounted for by 

the violation of the MINIMAL SONORITY DISTANCE constraint. 

 

 (18) a. /ps/  rups  ‘caterpillar’ 
  /ts/  trots  ‘pride’ 
  /ks/  reeks  ‘series’ 
  

b. /pt/  stipt  ‘punctual’ 
  /kt/  takt  ‘tact’ 
  /ft/  kaft  ‘cover’ 
  /st/  feest  ‘party’ 
  /xt/  biecht  ‘confession’ 

                                                
 
7 The coda clusters /sk/ and /sp/ which are marginally present in Dutch (e.g., in wesp (wasp) and 
bruusk (abrupt)) are left out in this analysis. 
 
8 The clusters /fs/ and /xs/ occur in some derived words, such as slaafs (‘slavish’) and goedlachs 
(‘ready to laugh’) 
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So, constraints that play a role in syllable codas are the SONORITY SEQUENCING PRINCIPLE, the 

MINIMAL SONORITY DISTANCE CONSTRAINT and a place assimilation constraint. 

 

2.7.2.2 Tri-consonantal codas 

 

Tri-consonantal codas all end in (extrasyllabic) /s/ or /t/. The first two consonants of the coda 

cluster must be a legal sonorant-obstruent coda (Trommelen, 1983). There are two codas that 

do not fit into this template, because they do not start with a sonorant. These clusters are /xst/, 

as in oogst (‘harvest’) and /kst/, as in tekst (‘text’), and will be considered as exceptional. 

 

 (19) a. /lfs/  zelfs  ‘even’ 
   /rts/  koorts  ‘fever’ 

   /Nks/  links  ‘left’ 

   

b. /Nkt/  inkt  ‘ink’ 

   /rkt/  markt  ‘market’ 
   /rft/  schurft  ‘scub’ 
   /rst/  dorst  ‘thirst’ 
   /nst/  kunst  ‘art’  
   

c. /xst/  oogst  ‘harvest’ 
   /kst/  tekst  ‘text’ 
    

So in Dutch the basic syllable template is CC|V|CC. The rhyme has basically three positions: 

VXC. After a long vowel no complex coda occurs, except when the final consonant is an 

extrasyllabic /s/ or /t/. The syllable’s rhyme is then VVC. A complex coda can be present after 

a short vowel. Then the rhyme is of the type VCC (Trommelen, 1983). This CC|V|CC syllable 

template can be extended by extrasyllabic /s/ in onset position and the coronal obstruents /s/ 

and /t/ in coda position.  

 

2.8 Onset and coda clusters in Russian 

 

In this section, onset and coda clusters of Russian will be looked into. Russian has a larger set 

of consonants than Dutch in its inventory. The Russian consonant inventory has 32 

consonants. Furthermore, Russian is a language that allows more consonant clusters than 

Dutch. In fact, Russian has a superset of the set of clusters that are allowed in Dutch. A large 

number of Russian consonants are palatalized. Furthermore, in Russian voicing assimilation 

applies. As in Dutch, obstruents in an obstruent cluster agree in the feature [voice] (Chew, 
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2000). If in Russian clusters the last segment is voiced, all segments in the cluster are voiced. 

If the last segment is voiceless, all segments in the cluster are voiceless. 

 

 

 labial dental palatal velar 

 
Plosive 

 
p  p’ 
b  b’ 

t   t’ 
d  d’  

k 
g 

 
Fricative 

 

 
f  f’ 
v  v’ 

s  s’ 
z  z’ 

 
S    

Z x 
 

Affricate        ts             tS’  
 

Nasal m  m’ n  n’   

Liquid 
  

 
r  r’ 
l  l’   

 
Glide   j  

     
Figure 2: Russian consonants (Cubberley, 2002: 63) 

 

In Section 2.8.1 different types of Russian onset clusters will be discussed. Section 2.8.2 deals 

with a number of Russian coda cluster types. 

 

2.8.1. Russian onset clusters 

 

Russian allows more onset clusters than Dutch. Some of these clusters violate constraints that 

are highly ranked in Dutch. In this section complex onset clusters will receive attention. First, 

the two-consonantal onsets will be discussed. After this, the longer clusters will be discussed. 

 

2.8.1.1 Russian CC-onsets 

 

The majority of the CC-onsets of Dutch can be classified into two classes, namely obstruent-

sonorant clusters and obstruent-obstruent clusters. The last class mainly consists of /s/-

voiceless obstruent clusters in Dutch. In Russian these clusters are also present, but there are 

other classes of legal clusters as well. Some sonorant-sonorant and sonorant-obstruent 

combinations are legal onset clusters of Russian (Chew, 2000; Halle, 1971). In table 6 the 

Russian non-palatalized obstruent-sonorant clusters are presented. The CC-clusters that are 
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also present in Dutch are represented in bold-face. The set of Russian obstruent-sonorant 

onsets is less restricted than the Dutch set.  

 

liquids nasals  

l r m n 

p pl pr  pn 

b bl br   

t tl tr tm  

d dl dr dm dn 

plosives 

k kl kr  kn 

f fl fr   

v vl vr vm vn 

s sl sr sm sn 

z zl zr zm zn 

fricatives 

x xl xr xm xn 

Table 6: Russian obstruent-sonorant clusters (based on the Uppsala corpus
9
). In this 

table only consonants of the Dutch consonant inventory are included 

 

The majority of Dutch CC-onsets are of the type obstruent-liquid. The possible 

obstruent-liquid combinations that are absent in Dutch (/tl/, /dl/, /sr/, /zl/ and /zr/) are legal 

onset clusters in Russian (20a). The examples are from Halle (1971) and Chew (2000). These 

data suggest that the constraint OCP CORONAL is ranked below the relevant faithfulness 

constraint. Further evidence for this ranking comes from the Russian-legal clusters /zn/ and 

/dn/ (20b). The non-occurrence of the cluster */tn/ can be attributed to an accidental gap or a 

specific constraint that applies to this cluster but not to the other two-coronal segments 

clusters (e.g., the constraint *tn). 

 

(20) a. /tl’/  tl’et  ‘to decay’ 
   /dl/  dliv’as  ‘for you’ 
   /zl’/  zl’it  ‘to anger’ 
  b. /zn/  zna’jet  ‘know (3ps pres)’ 

   

In Russian, a number of obstruent-nasal onsets other than /s/-nasal occur. This suggests that 

the restriction expressed by the MINIMAL SONORITY DISTANCE constraint, which is active in 

Dutch (and Spanish) is outranked by a faithfulness constraint in Russian. 

                                                
 
9 The phonotactic information about Russian was derived from the Uppsala Russian corpus (Lönngren 
1993), a one-million word Cyrillic text corpus, which was first converted into a phonetic transcription 
following the guidelines accompanying the corpus, and then statistically processed at the Utrecht 
Institute of Linguistics by René Kager. 
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 Obstruent-obstruent clusters in Dutch all start with the phoneme /s/. In Russian other 

combinations of two obstruents in onset position are present. In Table 7 Russian onset 

obstruent clusters are presented that consist of phonemes that are also present in Dutch. 

Again, the non-marginal Dutch onset clusters are in bold-face. 

 

 p b t d k f v s z x 

p   pt     ps   

b    bd       

t     tk  tv ts   

d  db     dv  dz  

k   kt    kv ks  kx 

f fp  ft  fk   fs  fx 

v  vb  vd   vv  vz  

s sp  st  sk sf sv ss  sx 

z  zb  zd   zv    

x       xv    
Table 7: Russian obstruent-obstruent clusters (only phonemes of the 

Dutch inventory are included) 

 
Although Russian allows more obstruent-obstruent clusters than Dutch, there are still 

restrictions on these onset clusters. For example, fricative-plosive and plosive-plosive clusters 

must agree in voicing and plosive-fricative clusters that do not end in /v/ agree in voicing and 

place of assimilation (Chew, 2000). The fricative /v/ is an exception to this voicing 

assimilation. When it appears at the end of an onset cluster it does not affect the rest of the 

cluster.  

Apart from obstruent-sonorant and obstruent-obstruent clusters, Russian also allows 

sonorant-initial CC-onset clusters (21). 

 

 (21) a. /ml/  mladšij  ‘younger’ 

   /mn/  mnogo  ‘many’ 

   
b. /rt/  rta  ‘mouth (gen.sg.)’ 

   /lb/  lba  ‘forehead (gen.sg.)’ 

 

So, Russian CC-onset clusters can be subdivided into obstruent-sonorant clusters, obstruent-

obstruent clusters, sonorant-sonorant clusters and sonorant-obstruent clusters. CC-onsets that 

start with an obstruent, however, are more frequent than the sonorant-initial onsets. 
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2.8.1.2 Russian CCC-onsets 

 

Dutch CCC-onset clusters all start with /s/ and are followed by an obstruent-liquid cluster.  In 

Russian, more CCC-onset clusters are allowed. The Russian CCC-clusters can be subdivided 

into three types (Chew, 2000): 

 
(22) a) [f] or [v] + [s] or [z] + sonorant 

 
b) [f] or [v] + [s] or [z] + stop 
 
c) [f], [v] or [s], [z] + stop + liquid or /v/ 

 
 

(23) a) vzriv    ‘explosion’ 
vzlom    ‘breaking in’ 
vznos    ‘payment’ 

   
b) fskakivat’   ‘jump up’  
 
c) fklad    ‘contribution’ 

   fpravo    ‘to the right’ 
   fkrattsε   ‘in short’ 
   zdravstvujte   ‘hello’ 
   sklad    ‘store house’ 
   sprafka    ‘information’ 
 

These three types can be analyzed as follows. Two-consonantal obstruent-sonorant and 

obstruent-obstruent clusters can be preceded by an (extrasyllabic) labial or coronal fricative.  

  

2.8.1.3 Russian CCCC-onsets 

 

Dutch onset clusters have maximally three consonants. In Russian longer clusters are present. 

Four-consonantal onsets all begin with /fs/ or /vz/. The majority of the CCCC onsets have a 

stop in the third and a liquid in the fourth position in the onset. 

 

(24)  vzbros   ‘upthrust’ 
  fspl’εsk  ‘splash’ 

 

The initial two consonants precede a legal CC-onset of Russian. 
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2.8.2 Russian coda clusters 

 

Russian codas can be single-consonant or multi-consonantal. In Russian, as in Dutch, final 

devoicing applies in word-final codas. Word final obstruents are devoiced and, by regressive 

assimilation, obstruent clusters preceding them are devoiced. As far as the complex codas are 

concerned, Russian allows more consonant clusters than Dutch, although this is not quite clear 

from the data on the CCC-codas. In the subsections below two-consonantal and tri-

consonantal codas will be described. 

 

2.8.2.1 Russian CC-codas 

 

In Dutch three types of CC-codas occur, namely obstruent-obstruent, sonorant-obstruent and 

sonorant-sonorant codas. In Russian, obstruent-sonorant clusters are also present. Most 

frequent are the clusters /tr/ and /zm/. 

 

 (25)  bobr   ‘beaver’ 
   tsifr   ‘figure’ 

   Ziznj     ‘life’ 
 

The presence of obstruent-sonorant codas (and sonorant-obstruent onsets) suggests that the 

SONORITY SEQUENCING PRINCIPLE can be violated in Russian. 

The coda obstruent clusters in Dutch have either /s/ or /t/ at the end. This is also the 

case for the majority of Russian obstruent-clusters. However, Russian permits some other 

obstruent clusters as well, e.g., /sk/ and /kf/ (26a). The coda sonorant clusters in Dutch are 

liquid-nasal clusters. In Russian a minority of sonorant-sonorant coda clusters is different 

from the liquid-nasal template. An example of such a sonorant-sonorant cluster is the cluster 

/rl/. 

 

(26) a. bukf   ‘letters’ 
  

b. gorl   ‘throats (gen.pl)’ 
 

 

2.8.2.2 Russian CCC-codas  

 

In opposition to the other Russian consonant clusters, Russian CCC-codas are not a clear 

superset of Dutch CCC-coda clusters. For example, the Dutch-legal clusters /nst/ and /rkt/ do 
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not occur in Russian. Since there seems not be a constraint that bans these clusters, the 

absence of these clusters are considered accidental gaps. Furthermore, Russian CCC-codas 

have a relatively low frequency.  

Possible tri-consonantal codas in Russian are obstruent-obstruent-obstruent (27a), 

(e.g., /stf/ and /pStS/) obstruent-obstruent-sonorant (e.g., /str/), sonorant-obstruent-obstruent 

(27b) (e.g., /rsk/) and sonorant-obstruent-sonorant (e.g., /ntr/). 

 

(27)  suStSjεstf  ‘beings (gen.pl)’ 

puNkt   ‘point’ 

 

Summarizing, Russian onsets and codas allow more complex clusters than Dutch. For 

example, CC-onsets can start with a sonorant in Russian, which is not allowed in Dutch. 

Furthermore, onsets of four syllables surface in Russian. Dutch consonant clusters are more 

restricted than Russian clusters because of higher ranked markedness constraints in the Dutch 

constraint ranking. In Russian these markedness constraints can be violated. Therefore, some 

faithfulness constraints dominate these markedness constraints in the Russian constraint 

ranking. 

 

2.9 Onset and coda clusters in Spanish 

 

In Spanish, only a very limited set of onset and coda clusters occurs (Harris, 1983). The 

clusters that are combinations of phonemes that are also present in Dutch are in fact a subset 

of the consonant clusters that are legal in Dutch. 

 

 bilabial coronal palatal velar 

 
Plosive p   b t    d tS k  g 

 
Fricative f  s   x  

 
Nasal m n ¯  

 
Liquids  l    r  

 
 

  
Glides w  j  

    
Figure 3: The Spanish consonant inventory

10
, Harris (1983): 138 
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2.9.1 Spanish onset clusters 

 

Onsets in Spanish are either single-consonant or two-consonantal, whereas tri-consonantal 

onsets are not present. Two-consonantal onsets are all obstruent-liquid and obstruent-glide 

clusters (Harris, 1983). In Spanish, obstruent-glide clusters occur that are not present in Dutch 

(e.g., /bj/ and /gw/). In fact, since Dutch does not have the obstruent-glide clusters that are 

attested in Spanish, these clusters are counterevidence for the claim that Spanish onset 

clusters are a subset of the Dutch onset clusters.  

 

 r l 

p pr pl 

b br bl 

t tr *tl 

d dr *dl 
k kr kl 

g gr gl 

f fr fl 

s *sr *sl 
    Table 8: Spanish obstruent-liquid clusters 

 

Not all possible obstruent-liquid combinations occur, due to the OCP CORONAL constraint 

which in Spanish, as in Dutch, is ranked above the relevant faithfulness constraint. This 

constraint rules out the clusters */tl/, */dl/, */sr/ and */sl/. 

 

(28) a. /pr/  presa  ‘dam’   
  /br/  brazo  ‘arm’ 
  /tr/  tres  ‘three’ 
  /dr/  drama  ‘drama’ 
  /kr/  crema  ‘cream’ 
  /gr/  gris  ‘grey’ 
  /fr/  frio  ‘cold’ 
  

b. /pl/  plaja  ‘beach’ 
  /bl/  blanco  ‘white’ 
  /kl/  claro  ‘bright’ 
  /gl/  globo  ‘balloon’  

   /fl/  flan  ‘cream’ 
 

 

                                                                                                                                                   
 
10 In this table, only consonants that occur in all the dialects of Spanish are included. [B], [ƒ] and  [D] 

are allophones of /b/, /g/ and /d/. [N] is allophone of /n/. 
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2.9.2 Spanish coda clusters 

 

Spanish syllables can be coda-less or end in a single-consonant or two-consonantal coda, 

although two-consonantal codas are rare.  Single-consonant codas can be a glide, liquid, nasal 

or obstruent, although obstruents other than /s/ are relatively infrequent in Spanish codas. 

Two-consonantal codas are also (marginally) possible in Spanish. These coda clusters all end 

in the fricative /s/. The first consonant of these clusters must be a legal single-consonant coda.  

 

 (29) a. /ls/  vals   ‘waltz’ 
   

b. /ns/  Mayans  proper name  

 

Thus, two-consonantal codas can be glide+[s], liquid+[s] or nasal+[s]. The only nasal that can 

precede /s/ is the nasal [n]. Obstruent+[s] clusters also occur in Spanish (loan)words, but are 

very rare.  

 

 (30) a. /ps/  biceps   ‘biceps’ 
   /ps/  reps   ‘corduroy’ 
   

b. /ks/  climax   ‘climax’   
/ks/  fax   ‘fax’ 

 

The /s/ in these codas can be analyzed as extrasyllabic. If this is the case Spanish codas do not 

violate the constraint *COMPLEX CODA. 

 

2.10 Ranking of the relevant constraints in the three languages 

 

The main question that will be addressed in this thesis is whether second language learners are 

able to acquire the phonotactic constraint ranking of the second language. Two groups of 

second language learners take part in the experiments, namely native speakers of Spanish and 

native speakers of Russian. As described in the sections above, the set of Spanish consonant 

clusters are a subset of the set of Dutch consonant clusters and the set of Russian consonant 

clusters are a superset of the Dutch consonant clusters. Thus, in Russian, constraints are 

violated that are satisfied by Dutch consonant clusters. 

This subset relationship is not completely true. Dutch allows a small number of 

clusters that do not occur in Russian. Since other CCC-codas of roughly the same type do 
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occur in Russian, the absence of some Dutch-legal clusters seems to be due to accidental gaps. 

Furthermore, in Spanish a number of obstruent-glide clusters are present that are not attested 

in Dutch. However, in the experiments that are conducted for this thesis, the relevant 

consonant clusters are in a subset/superset relationship with respect to each other. All of the 

target consonant clusters are present in Russian. A part of these clusters are also present in 

Dutch and a subset of these Dutch-legal clusters also occurs in Spanish. 

 

 

Figure 4: Subset/superset relationship of  

consonant clusters in the three languages 

 

Constraints that are active in Dutch, but can be violated in Russian are the constraints 

OCP CORONAL and the MINIMAL SONORITY DISTANCE constraint. The OCP CORONAL 

constraint can be violated in Russian. Dutch and Spanish also allow the clusters /tr/ and /dr/, 

but do not contain other coronal-coronal clusters. The table below shows that the Russian set 

of coronal-coronal clusters is a superset of the Dutch and Spanish coronal-coronal clusters.11 

 

 n l r 

Russian /dn/, /zn/ /tl/, /dl/, /zl/ /tr/, /dr/, /zr/ 

Dutch   /tr/, /dr/ 

Spanish   /tr/, /dr/ 

   Table 9: Coronal clusters in Russian, Dutch and Spanish 

 

                                                
 
11 The presence of the clusters /tr/ and /dr/ in Dutch might be accounted for by a faithfulness constraint 
favouring these clusters and dominating the OCP CORONAL constraint. 

Spanish 

clusters 

Dutch clusters 

Russian clusters 
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Furthermore, Dutch and Spanish are further restricted than Russian with respect to the 

Minimal Sonority Distance that these languages require. When we consider the plosive-initial 

CC-onsets we see the subset relationship between the languages. 

 

(31) Sonority Scale (Clements, 1990) 

 Plosives < Fricatives < Nasals < Liquids < Glides 

 

 SD = 0 

plosive-plosive 

SD = 1 

plosive-fricative 

SD = 2 

plosive-nasal 

SD = 3 

plosive-liquid 

Russian e.g., /pt/, /tk/ e.g., /ps/, /ts/, 

/dz/ 

/tm/, /tn/ 

/dm/, /dn/ 

e.g., /pr/, /tl/ 

/kn/   

Dutch 

 /ps/, /ts/, /ks/ 

/pn/,/ fn/, /xn/ 

e.g., /pl/, /kr/ 

 

Spanish    e.g., /pl/, /tr/ 

Table 10: Sonority distance between cluster segments in some 

Russian, Dutch and Spanish clusters. 

 

Since Russian allows a lot of marked structures, the assumption is that in Russian, faithfulness 

constraints dominate these markedness constraints. In Spanish, on the other hand, relatively 

few marked structures occur and therefore it is assumed that, for the SONORITY SEQUENCING 

PRINCIPLE and the OCP CORONAL constraint, the constraint ranking in Spanish is M » F.
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3 Survey of the experimental literature 

 

 

In this thesis, second language phonotactic knowledge is examined using two listening 

experiments. In the analyses of the results of these experiments second language learners’ 

phonotactic knowledge is compared with native speakers’ phonotactics. This chapter provides 

an overview of literature on both L1 and L2 phonotactics, and on L1 and L2 phonotactic 

acquisition. First, literature on phonotactic knowledge of native speakers will be presented 

and discussed. Native speakers discriminate non-native sound sequences from sequences that 

are attested in the native language. Furthermore, they have gradient judgments both on 

phonotactically well-formed and phonotactically ill-formed phoneme sequences. The 

judgments on well-formed phoneme sequences are shown to be correlated with lexicon 

statistics, whereas the gradient judgments on L1-illegal sequences can be attributed to 

different degrees of markedness of the illegal clusters.  

After the presentation of L1 phonotactic knowledge, the literature on phonotactic 

acquisition will be considered, both in first and in second language acquisition. Language-

specific phonotactic knowledge is present at a very young age. American English 9-months 

old infants discriminate native from nonnative phoneme sequences (Jusczyk, Friederici, 

Wessels, Svenkerud and Jusczyk, 1993) which indicates that L1 phonotactic knowledge is 

present early in acquisition. This suggests that L1 phonotactic grammars are acquired early 

(Hayes, 2004). The initial state constraint ranking is supposed to be M » F, because of 

learnability reasons and experimental data. Results of head-turn preference experiments 

suggest that infants have knowledge of both markedness and faithfulness constraints and that 

markedness constraints outrank faithfulness constraints. Furthermore, in children’s speech, 

marked adult forms are pronounced as relatively unmarked forms. L2 acquisition, on the other 

hand, is supposed to have the final state ranking of the native language as the initial ranking. 

With respect to phonotactic constraints on syllable shapes, the initial state for the L1-Russian 

learners is therefore F » M, whereas the initial state for the L1-Spanish learners is M » F.  

This thesis focuses on L2ers’ (implicit) knowledge of phonotactic constraint rankings. 

However, research on L2 learners’ tacit phonotactic knowledge is hardly represented in the 

experimental literature, although literature on native speakers’ responses to L1-illegal 

sequences might be indicative for phonotactic knowledge of second language learners. 

Literature on L2 phonology is primarily based on production data (e.g., Broselow and Finer, 
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1991) and data from experiments on vowel and consonant perception in a second language 

(e.g., Escudero, 2001; Flege, 1993). A serious drawback of production experiments is that the 

data are affected by learners’ motoric pronunciation difficulties rather than the phonotactic 

system of a learner. These articulatory problems can, in fact, conceal L2ers’ grammatical 

knowledge. The listening experiments that are conducted in this thesis are not subject to these 

articulatory effects because participants do not have to pronounce L2 (nonce) words.  

 

3.1  Adults’ native language phonotactic knowledge 

 

In the sections below, the experimental literature on adult native speakers’ knowledge of 

phonotactics will be presented. This literature comprises two parts, namely, experimental 

literature that focuses on sequences that occur in the native language and literature that 

focuses on sequences that contain clusters that are not attested in the native language. L1-

illegal sequences are defined as sequences that are not attested in the native language. In most 

instances these clusters violate markedness constraints that are high ranked in the constraint 

hierarchy of that language. Predictions on native speakers’ intuitions can be based on 

knowledge of phonotactic constraints (e.g., the SONORITY SEQUENCING PRINCIPLE) or on 

lexical knowledge, that is, statistic representations of segment sequences within the nonword 

or the extent of overlap between the nonword and existing words in the lexicon. Both 

predictors are reported to yield significant effects (Bailey and Hahn, 2001). Frequency effects 

can be operationalized by several probability measures of phoneme sequences, for example 

transitional probability and neighbourhood density. The transitional probability of a nonce 

word is a measure in which the probability of phoneme sequences within the nonce word is 

taken into account. The lexical neighbourhood of a (non)word is defined as the number of 

existing words that differs one phoneme from the (non)word. Lexical neighbourhood density 

also takes into account the frequency of these lexical neighbours. These measures are 

discussed more thoroughly in Chapter 7 of this thesis.  

  

3.1.1 L1-legal sequences 

 

The first type of literature on adults’ phonotactic intuitions that will be presented focuses on 

those nonce words that are phonotactically legal in the native speakers’ first language. 

Although these sequences are all phonotactically legal, these segment sequences can be high 

frequent or low frequent in the native language as can be measured by (type or token) 
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frequency in a lexicon. The probability of a nonword’s constituents and its lexical 

neighbourhood influences native speakers’ judgments about nonce words (Bailey and Hahn, 

2001). Phonotactic probability affects processing of phoneme sequences, as has been 

demonstrated by Vitevitch and Luce (1998, 1999). Native speakers’ responses to 

phonotactically legal nonce words have been tested in different ways. In the experimental 

literature blending tasks, single-word shadowing tasks (Vitevitch, Luce, Charles-Luce and 

Kemmener, 1997), phoneme identification (Pitt and McQueen, 1998), speeded-same different 

task (Vitevitch and Luce, 1999), and word-likeness judgment tasks (Coleman and 

Pierrhumbert, 1997; Frisch, Large and Pisoni, 2000) are tasks that were used to elicit 

information about speakers’ phonotactic knowledge. The results of these experiments show 

that the relative frequency of segments or segment sequences in syllables and words affect 

speakers’ accuracy rates in a task.  Not only relative frequency of segments or constituents 

makes predictions on rating and processing of nonce words, also the similarity between nonce 

words and existing words is a predicting factor (e.g., Bailey and Hahn, 2001). 

Coleman and Pierrehumbert (1997) found that phonotactic well-formedness is gradient 

rather than categorical. Relative well-formedness of phonotactically legal nonce words 

appears to be correlated with the relative frequency of the nonce word’s constituents (onset 

and rhyme) in the lexicon and with lexical neighbourhood of the nonce word. Coleman and 

Pierrehumbert conducted a word-likeness judgment task using nonce words. Word-likeness 

refers to the similarity between a nonce word and existing words in a speaker’s lexicon. Half 

of the nonce words in the materials contained illegal phoneme sequences. The other half of 

the nonce words was phonotactically legal. Results of the word-likeness judgment task 

indicate that forms that are phonotactically legal but contain low frequency constituents and 

have only few lexical neighbours are assigned relatively low scores compared with nonce 

words containing high frequent constituents and larger lexical neighbourhoods. Coleman and 

Pierrehumbert propose a stochastic grammar that calculates probabilities of nonce words. 

Nonce word probabilities can be calculated in different ways. Coleman and Pierrehumbert 

take the product of the nonword’s constituent (onset and rhyme) probabilities. The probability 

of each constituent is the number of words that contains that specific constituent divided by 

the total number of words in the lexicon. These measures can partly predict the acceptability 

judgments of native speakers. Another word-likeness judgment task was conducted by Frisch 

et al (2000). They constructed two groups of phonotactically well-formed nonword stimuli. 

Each nonword contained either low-probability constituents or high-probability constituents. 

The nonwords contained two, three or four syllables and had the normal stress pattern. 
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Participants were instructed to rate the nonwords for their word-likeness on a scale from 1 to 

7. The results of this word-likeness judgment experiment confirm the findings of Coleman 

and Pierrehumbert (1997). They reveal that, as expected, high probability nonwords were 

rated more wordlike than low probability nonwords. The logarithm of the product of the 

constituent probabilities appears to be correlated with participants’ scores of word-likeness 

(R² = 0.76). Furthermore, shorter stimuli received higher scores than longer stimuli. In the 

same study, a similar experiment was conducted. This time the participants were instructed 

either to accept or to reject the nonword as a possible word of English. As expected, high 

probability nonwords were judged more acceptable than low probability nonwords and shorter 

nonwords were more acceptable than long nonwords. Thus, the same results were obtained in 

these two tasks. Overall, the results of Coleman and Pierrehumber (1997) and Frisch et al 

(2000) reveal the same pattern. Phonotactic probability and neighbourhood density affect 

native speakers’ relative acceptability judgments of phonotactically legal nonce words. 

In the literature on effects of phonotactic probability and lexical neighbourhood on 

gradient word-likeness ratings, both phonotactic probability and lexical neighbourhood 

density are reported to play a role in native speakers’ well-formedness judgments and 

processing of phonotactically legal nonce words. However, phonotactic probability and 

lexical neighbourhood are two factors that are strongly correlated. Nonce words that contain 

high frequent constituents are more likely to have many lexical neighbours than nonce words 

that contain low frequent constituents. Nevertheless, although both factors are correlated, 

analyses of word-likeness judgment ratings on written and spoken phonotactically well-

formed stimuli show that both phonotactic probablility and lexical neighbourhood have 

significant unique effects on word-likeness ratings (Bailey and Hahn, 2001). 

Phonotactic probability does not merely affect offline word-likeness ratings by native 

speakers. Vitevitch et al (1997) and Vitevitch and Luce (1998) demonstrate that phonotactic 

probability also affects processing times of spoken stimuli. They conducted a single-word 

shadowing task using phonotactically legal bisyllabic nonwords. In a single-word shadowing 

task participants have to repeat (non)words.  Results show that nonwords that are composed 

of relatively frequent segments are repeated faster than nonwords containing less frequent 

segment sequences. Vitevitch and Luce (1999) point out that this task includes a production 

component: the data can be obscured by the time that is needed to produce the stimuli. 

Therefore, a speeded same-different task was set up. Participants heard two spoken stimuli 

and had to respond as quickly as possible whether these two stimuli were the same or 

different. High probability/density nonwords were responded to more quickly than low 
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probability/density nonwords. So, these results affirm the results obtained in earlier 

experiments.  

Vitevitch and Luce (1999) indicate that in the single-word shadowing task and the 

speeded same-different task lexical activation is not necessarily present. A task that requires 

lexical processing is a lexical decision task. The more words that are activated in memory by 

a nonword, the slower the response to the nonword. Therefore, it is predicted that the results 

of a lexical decision task are the reversal of the previous tasks. High probability/density 

nonwords will produce longer reaction times than low probability/density nonwords in a task 

that requires lexical activation. This prediction was affirmed by Vitevitch and Luce (1999). 

They conducted a lexical decision task in which bisyllabic nonce words were included. These 

bisyllabic nonce words contained two high probability/density syllables (high-high), two low 

probability/density syllables (low-low) or one high and one low probability/density syllables 

(high-low or low-high). Nonce words with high probability/density second syllables were 

responded to faster than nonce words with low probability/density second syllables. There 

was no such effect for the first syllables. This study indicates an effect of probability/density 

which is different from other tasks. So the effect of segment sequence frequency on 

processing nonwords is task-dependent. High frequency of phoneme sequences facilitates 

processing when lexical activation is absent. However, it complicates processing when lexical 

activation is necessary to perform the task. 

Summarizing, native speakers’ responses to phonotactically legal nonce words are 

gradient rather than categorical. Nonce words that have high probability constituents and 

many lexical neighbours are discriminated from nonce words that have low probability 

constituents and few lexical neighbours. High probability/density nonce words are rated more 

word-like than low probability/density nonce words. Furthermore, phonotactic probability 

affects processing. Constituents’ high probability facilitates processing when lexical 

activation is absent, but it complicates processing when lexical activation is necessary to 

perform the task. In the current study, therefore, high probability nonce words will 

presumably be assigned higher ratings in the word-likeness judgment task. Since high 

phonotactic probability impedes processing when lexical activation is needed, high 

probability nonce words are expected to have longer reaction times than low probability 

nonce words. 
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3.1.2 L1-illegal sequences 

 

In the previous section, experiments on nonce words that are phonotactically legal were 

presented. In this section, experimental literature on native speakers’ responses to L1-illegal 

phoneme sequences will be discussed. In this thesis, consonant clusters that are not attested in 

the native language are labelled as L1-illegal, although in principle a cluster’s absence might 

be due to an accidental gap rather than to a constraint violation. Clusters that are labelled as 

accidental gaps have basically the same structure as L1-legal clusters and do not violate high-

ranked constraints. Their absence cannot be accounted for by constraint violations. The study 

of production and processing of L1-illegal phoneme sequences reveals that although L1-

illegal sequences are not present in a speakers’ lexicon and, therefore, no frequency effects 

are expected, L1-illegal sequences are subject to gradient judgments. The relative ill-

formedness of these sequences appears to be correlated with the relative markedness of the 

illegal part of the nonce word and with the relative well-formedness of the rest of the 

phoneme sequence. Experimental literature on L1-illegal sequences can be subdivided into 

production experiments (e.g., a nonce word repetition task) and perception or rating 

experiments. 

 Davidson (2003) conducted a production experiment which focuses on onset 

consonant clusters. Native speakers of English were asked to repeat nonce words that have an 

onset cluster of two consonants. The stimuli were presented auditorily and visually in English 

orthography. Some onset clusters were phonotactically legal English onset clusters. Other 

onset clusters were phonotactically illegal in English, but were legal Czech onset clusters. The 

stimuli were spoken by a native speaker of Czech. All stimuli were of the type CCaCV. The 

first consonant was a fricative /s/, /f/, /z/ or /v/ and the second consonant was a nasal, fricative 

or stop. The results of this study show that there is an effect of both the initial and second 

segment of the clusters. The /s/-initial clusters were produced most accurately, as expected 

because these clusters are legal English onsets. The /f/-initial clusters were produced more 

accurately than /z/-initial clusters, which were in turn produced more accurately than /v/-

initial clusters. If the second segment of the cluster was a nasal, speakers were more likely to 

produce the cluster correctly than if this segment was an obstruent. These results suggest that 

the MINIMAL SONORITY DISTANCE constraint plays a role in producing L1-illegal onset 

clusters. Effects of this constraint also occur in legal sequences; hence this finding might be 

due to the L1 grammar that is applied to non-attested structures.  
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 Haunz (2002) also conducted a production experiment with L1-illegal onset clusters. 

She tested English native speakers’ pronunciation of English-illegal Russian onset clusters 

and compared performance of the different clusters. She also found that speakers were more 

accurate on voiceless clusters (like /fp/) than on voiced clusters (like /vb/). Furthermore, 

fricative-liquid clusters (like /vl/) were easier to repeat than fricative-stop clusters (like /vb/). 

She repeated this experiment but this time participants did not pronounce the cluster they 

perceived but were instructed to write it down in order to exclude the possibly confounding 

pronunciation component. Speakers were more accurate than in the previous experiment. 

However, overall the differences between non-native clusters were identical to those in the 

earlier production experiment. The results of Haunz (2002) correspond to those of Davidson 

(2003). Both studies indicate that more marked L1-illegal clusters pose more problems to 

speakers than less marked clusters that are not attested in the native language. 

Experiments on the perception of non-native onset clusters have been conducted by 

Pitt (1998), Moreton (2002), Berent et al (2007) and Coetzee (to appear). Pitt (1998) 

demonstrated that in the perception of consonant clusters phonotactic constraints play a 

prominent role. He even suggests that these constraints are more important than frequency 

effects. He supports this by data from a listening experiment in which native speakers of 

English listened to CCV sequences with ten plosive-liquid onsets: /br/-/bl/, /dr/-*/dl/, /gr/-/gl/, 

*/sr/-/sl/ and /tr/-*/tl/. The liquid varied on a continuum from /r/ to /l/. The subjects were 

asked to identify the sequences. The results showed that the correct liquid was identified for 

all legal sequences, whereas for the illegal sequences there was a strong bias towards the legal 

sequence. For example, when encountering the English-illegal sequence /tl/, participants 

tended to respond as if they heard /tr/. So, phonotactic constraints seem to play an important 

role. The legal onset cluster pairs differed with respect to the frequency. However, Pitt found 

no effects of these frequency differences. High frequent onsets and low frequent onsets had 

identical response patterns.  

Moreton (2002) investigated whether perceiving different L1-illegal stop-sonorant 

onsets was equally difficult using a perception task. In this task synthetic CCV nonce words 

were presented to native speakers. Both consonants of the stop-sonorant onsets were 

ambiguous. The first consonant was on a range from [g] to [d] or from [g] to [b]. The second 

consonant was on a continuum from [l] to [w]. Moreton found that there was a bias against 

the onset [dl], but not against the onset [bw], although both onsets are not attested in English, 

the native language of the participants. He attributed this difference to the contrast between 
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accidental gaps versus phonotactically illegal onsets, based on markedness constraints that 

ban these clusters in the native language of the participants in his study.   

Berent et al (2007) conducted a number of experiments focusing on the perception of 

two-consonantal onset clusters that were not attested in the native language of the participants 

(English). There were mainly three types of L1-illegal onsets: onsets that had falling sonority, 

rising sonority or a sonority plateau. The authors used a task in which the participants had to 

indicate whether they heard a nonce word of one or of two syllables. The hypothesis was as 

follows: if speakers are sensitive to universal markedness and if marked clusters are repaired 

by epenthesis, monosyllables starting with more marked non-attested clusters are more likely 

to be perceived as bisyllables than monosyllables with less marked non-attested clusters. The 

results confirmed the hypothesis. Onsets that had falling sonority (e.g., /lb/) were most likely 

to be perceived with a vowel between the two consonants. Universally less marked sonority 

plateaus (e.g., /bd/) were perceived correctly more often in this experiment. Sonority risings 

(e.g., /bn/) were perceived correctly most often. The findings of this study suggest that 

universally more marked structures which are non-attested in the L1 pose more perception 

problems than less marked non-attested clusters. 

In a word-likeness judgment task (Coetzee, to appear) three types of nonce words were 

compared with each other, namely /stVt/, */spVp/ and */skVk/. Native speakers of English 

were asked to rate these nonce words on a scale from 1 to 5. The native speakers 

distinguished the grammatical /stVt/ on the one hand from the ungrammatical /spVp/ and 

/skVk/ on the other hand. No significant difference was found between the two 

ungrammatical structures in the word-likeness judgment task. However, a comparative word-

likeness task did reveal a difference between the two ungrammatical structures12. In this task, 

participants were instructed to choose the most word-like nonword from sets of two 

nonwords. The native speakers of English preferred /skVk/ over /spVp/, although both 

structures are non-attested in English. Coetzee accounts for this difference by an OCP LABIAL 

constraint that is high ranked. This seems to be visible in the English lexicon as well. 

Although /skVk/ is not attested, forms that are of the type /skVXk/ and /skGVk/, like squeak 

and skulk do occur, whereas /spVXp/ and /spGVp/ are not present in the English lexicon. So, 

although both types of experimental stimuli are not attested in the native language, one of 

                                                
 
12 Results of Berent and Shimron (1997) also suggest that a comparative word-likeness judgment task 
yields more fine-grained results than word-likeness ratings. 
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both non-attested types of stimuli is similar to items that are present in the lexicon of the 

native speakers.  

In the word-likeness task of Coleman and Pierrehumbert (1997), which was partly 

discussed in the previous section, half of the nonce words contained illegal phoneme 

sequences. The illegal sequences affected participants’ responses. Generally, the 

phonotactically illegal forms were assigned lower ratings than the phonotactically well-

formed sequences. However, a part of the responses could not be accounted for by the 

presence or absence of illegal phoneme sequences. Participants did not simply reject those ill-

formed nonce words, but rather the responses to the ill-formed sequences were gradient. 

Coleman and Pierrehumbert (1997) found that phonotactic ill-formedness is correlated with a 

number of probabilistic measures (word probability, log word probability and frequency of 

the lowest frequency constituent). The well-formedness of the rest of the nonce word 

appeared to ameliorate the bad structure in one part of the nonce word. In order to compare 

responses to different L1-illegal clusters, the phonotactically well-formed part of each L1-

illegal nonce word should therefore have roughly the same frequency for all phonotactically 

illegal nonce words. 

The evidence on L1-legal sequences already indicates gradience and 

frequency/probability effects. Results on L1-illegal evidence are also gradient. Results of 

production, perception and rating experiments suggest that native speakers discriminate 

between different levels of ill-formedness of phoneme sequences that are not attested in their 

native language. Differences can be accounted for by differences between well-formedness in 

other parts of the nonwords. However, when the well-formed part of the nonce words are 

identical, as is the case in the studies of Berent et al (2007) and Coetzee (to appear), there are 

still different levels of ill-formedness. Results of perception and word-likeness studies suggest 

that the differences that are found are due to different degrees of universal markedness of the 

clusters that are not attested in the native language. 

 

3.2  First language acquisition of phonotactics 

 

In the previous sections the phonotactic knowledge that native speakers have acquired was 

discussed. In this section some literature on first language acquisition of phonotactics will be 

presented, focusing on infants’ knowledge of constraints and constraint rankings and syllable 

complexity of toddlers’ utterances. Results from Jusczyk, Smolensky and Alloco (2002) 

suggest that a child’s initial ranking is M » F. Data from Jusczyk et al (1993) and Jusczyk , 
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Luce and Charles-Luce (1994) demonstrate that 9-month-old infants show sensitivity to the 

difference between legal and illegal phoneme sequences of their L1. So, the grammar of 9-

months olds develops towards the language-specific adult constraint ranking. Furthermore, 

infants of this age are sensitive to differences within the class of L1-legal sequences. Fikkert 

(1994) investigated syllable structures of the utterances of Dutch toddlers, which show a 

progress from less complex to more marked structures. Levelt and van de Vijver (2004) 

compared the learning stages of syllabic structures that are uttered by Dutch children with 

syllable structure typology.  

  

3.2.1 Results from head-turn preference experiments 

 

Research into infants’ phonotactic knowledge reveals that infants are sensitive to phonotactics 

of the native native language (e.g., Jusczyk et al, 1994; Smolensky, Davidson and Jusczyk, 

2004). It shows that young infants show sensitivity to markedness constraints as well as 

faithfulness constraints. In order to investigate English-learning infants’ sensitivity to the 

different constraints, a head turn preference task has been designed and used by Jusczyk and 

colleagues in several studies. In a head turn preference task a child’s attention is directed to a 

loudspeaker by a flashing light. Then a trial starts. If the child’s head turns away from this 

loudspeaker the trial is terminated. The underlying hypothesis of this type of experiments is 

that infants will listen longer to stimuli that have higher harmony in their current grammar 

than to trials that have lower harmony. 

Jusczyk et al (1993) and Jusczyk et al (1994) investigated infants’ knowledge of L1 

phonotactic patterns. Jusczyk et al (1993) demonstrated that 9-months old infants have 

knowledge of their first language phonotactic structure by use of the head turn preference 

paradigm. A Dutch/English bilingual speaker pronounced lists of isolated low-frequent 

English words that are phonotactically ill-formed in Dutch and lists of isolated low-frequent 

Dutch words that are phonotactically ill-formed in English. American 9-months old infants 

showed a preference for the English words, whereas the Dutch infants showed a preference 

for the Dutch words. In order to be sure that prosodic characteristics were not the cause of 

these preferences, the experiment was repeated with low-pass filtered stimuli, such that the 

prosodic features remained intact, but most segmental information was missing. The results of 

this second experiment did not reveal listening preferences of the infants. Thus, the findings 

of the first experiment do not seem to be attributable to prosodic information. The experiment 

was also repeated with 6-months old American English infants. No preference for listening to 



 46 

words of the L1 was found at this age. Thus, during their first year, infants become more 

sensitive to the sound pattern of their native language. It is interesting that this occurs at the 

same time that a loss of sensitivity to non-native (phonetic) contrasts appears (Werker and 

Tees, 1984). 

Jusczyk et al (1994) demonstrated that young infants are sensitive not merely to 

phonotactic well formedness of sequences in the native language, but also to segment 

probability. Again, a head turn preference paradigm was used. Two types of lists were used, 

namely, lists that contained CVC nonce words that had high-frequent patterns and lists of 

CVC stimuli that contained low-frequent patterns. 9-months olds listened longer to the lists 

that had high-frequent patterns than to the other lists. However, 6-months old infants did not 

show a preference for one type of the lists. So, between 6 and 9 months infants start to be 

sensitive to frequency effects. 

Jusczyk et al (2002) attempted to determine the constraint ranking of infants. In three 

experiments, English-learning infants were confronted with lists of spoken stimuli of the 

X/Y/XY paradigm. The first two experiments determined whether infants are sensitive to 

markedness and faithfulness constraints, when these constraints are not conflicting. For this 

purpose, infants’ listening times to lists of unmarked structures (e.g., /im/…/po/…/impo/) and 

lists of marked structures (e.g., /in/…/po/…/inpo/) were compared. The marked structures 

violate the nasal place assimilation constraint. The nasal place assimilation constraint is a 

markedness constraint that requires that a nasal and the consonant that follows this nasal must 

have the same place of articulation.13  In the second experiment, lists of faithful and unfaithful 

stimuli were compared (e.g., /um/…/ber/…/umber/ versus /um/…/ber/…/iŋgo/
14). The third 

experiment determined the ranking of the markedness constraints (the nasal place assimilation 

constraint) with respect to the faithfulness constraint. In order to determine this ranking, lists 

of stimuli were designed in which both types of constraints conflict. Some of these lists 

obeyed the faithfulness constraint, but not the markedness constraint (e.g., /in/…/pa/…/inpa/). 

Other lists obeyed the markedness constraint, but caused a violation of the faithfulness 

constraint (e.g., /in/…/pa/…/impa/). These three experiments were conducted with English-

                                                
 
13 In English, nasal place assimilation is always respected within a single morpheme. However, in 
morphologically complex English words the presence of nasal place assimilation depends on the type 
of affix. 
 
14 The unfaithful output candidate differs significantly from the two monosyllables. An objection is 
therefore that it is not faithfulness per se that is violated but a kind of repetition preference of the 
children. 
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learning infants at 4.5, 10, 15 and 20 months of age. These age groups showed sensitivity to 

markedness and faithfulness constraints in isolation, although it was not tested for the 20-

months old children. Furthermore 15-months olds’ sensitivity to faithfulness constraints in 

isolation has not been tested. The constraint ranking of the 4.5-, 10- and 20-months old infants 

is assumed to be M » F, because the infants listen longer to the lists of stimuli that obey the 

markedness constraint. However, the 15-months old infants do not show a significant 

preference.  Jusczyk et al suggest that this lack of preference might have to do with 

morphological analyses which develop at about 15 months. This morphological analysis 

might cause a (temporary) reranking of the constraints. Note that the nasal place assimilation 

constraint does not apply in one type of morphological complex words in English. Although 

these data seem to support an M » F initial ranking of young children, this finding cannot be 

generalized because in this case the initial ranking corresponds to the final state ranking of 

English. In English nasal place assimilation is active. Therefore, these data do not inform us 

whether the initial state of a language which has F » M is also M » F. Furthermore, 

investigation of other markedness constraints than the nasal place assimilation constraint 

might be informative.  

 

3.2.2 Production experiments 

 

Learnability theory (see Section 2.3) assumes that the initial state of children acquiring a 

language is M » F. However, the claim that the initial state of a first language learner is M » F 

cannot be confirmed explicitly by the results of head-turn preference studies, as was pointed 

out in the previous section. Children’s relatively unmarked production data are claimed to be 

indicative for this initial M » F ranking, although the problem arises that production 

difficulties rather than tacit phonotactic knowledge affects the relative markedness of 

children’s utterances.  

In first language acquisition marked structures appear to be more difficult to acquire 

than less marked structures, based on the observation that marked structures are produced 

later on in a child’s language acquisition process. Fikkert (1994) investigated the acquisition 

of the Dutch rhyme structure by young children by focusing on child speech.  

 

(32) a. poes  ‘cat’  /pu:s/  [pu:]    CV  
  

b. schaap  ‘sheep’  /sxa:p/  [ha:p], [hAp]   CVC  

  

c. hand  ‘hand’  /hAnt/  [hAnt]    CVC  
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Initially, children only produce CV syllables, which are universally least marked. In this 

stage, codas do not appear. After this initial stage, Dutch children start to use more marked 

structures, namely CVC structures, which have branching rhymes. Rhymes that are most 

marked (rhymes that have branching nuclei or codas) are acquired late. In (32) several stages 

are exemplified by data from Fikkert (1994). These data indicate that in children’s 

productions, syllable complexity increases during the acquisition process.15  

Levelt and van de Vijver (2004) described several possible learning paths for Dutch 

children to arrive from the universally least marked syllable CV to the complex syllable 

CCVCC. These hypothetical learning paths were compared with longitudinal data from 12 

children from a study by Levelt, Schiller and Levelt (2000). Only two learning paths were 

used by these Dutch children. The first four stages are identical for all those children. 

 

(33)               (C)VCC →  CCV(C) 

      Ã                                    Õ 

CV → CVC →  V → VC            CCVCC 

      Õ    Ã 

CCV(C) → (C)VCC 

 

In fact, these learning paths go through seven grammatical stages. The stages in these learning 

paths were compared with factorial typology of languages’ syllables. Each stage corresponds 

to the possible syllable structure in a language. For example, stage 5A, in which CV, CVC, V, 

VC, and (C)VCC syllables are allowed corresponds to Finnish syllable structure.  

Thus, in first language acquisition the stages go from the least marked syllable to more 

marked, at least in production and presumably also in comprehension. In fact the constraint 

ranking changes from M » F to F » M by the reranking of constraints. Both markedness and 

frequency play a role in the reranking of the constraints. When markedness does not make 

clear predictions with respect to the next stage in the developmental path, frequency plays a 

role. According to Levelt and van de Vijver, the frequency of syllable types in Dutch seems to 

predict the choice for a new syllable in the developmental grammar if both options are equally 

marked. For example, CVC is much more frequent than V, so the choice for CVC rather than 

                                                
 
15 In Fikkert’s work, syllable structure was assumed to develop from unmarked to more marked as a 
function of parameter setting, driven by positive evidence. However, OT gives a different view of the 
acquisition process. In OT positive evidence triggers a learner to rerank the constraints that are 
supposed to be universal. 



 49 

V after the initial CV-stage can be explained by frequency information. Furthermore, the 

frequency difference between CCV(C) and (C)VCC is small. Therefore, there is no clear 

preference for one of the two stages after the fourth stage. Some learners choose for CCV(C), 

other learners choose for (C)VCC. So the acquisition order and variation between children 

can be explained by relative markedness and by frequency information that is available from 

the input. 

 

3.3  Second language acquisition of phonotactics 

 

In this section an overview of the literature on L2 phonotactics will be presented. Second 

language acquisition of phonotactics has mostly been investigated by analyzing L2 production 

(e.g., Broselow and Finer, 1991; Ostapenko, 2005). Weber and Cutler (2006) on the contrary 

used a word spotting task to investigate L2ers’ phonotactic knowledge in perception. 

Literature on L2 phonotactics mainly focuses on the production of phoneme sequences 

that are not attested in the native language of the second language learners. These studies 

demonstrate that L2 learners tend to simplify marked structures, e.g., consonant clusters. 

English L2 learners of Russian, for example, tend to simplify complex Russian syllable onsets 

(Ostapenko, 2005). Korean learners of English also tend to simplify English clusters that are 

illegal in their L1 (Broselow and Finer, 1991). Different ways to simplify consonant clusters 

are vowel epenthesis, consonant deletion and metathesis. Vowel epenthesis is often applied in 

complex onsets by second language learners (Broselow, 1987, Bhatt and Hancin-Bhatt, 1997). 

However, more advanced learners apply consonant deletion more often (Ostapenko, 2005).  

Linguistic structures that are illegal in the native language may differ with respect to 

the markedness of these structures. Some structures are more marked than others.  A number 

of studies point out that L2ers make more mistakes producing L1-illegal forms that are more 

marked than L1-illegal forms that are less marked (Eckman, 1987b; Carlisle 1988, 1998).16 

Carlisle (1988) found that obstruent-liquid onsets are modified less often than the more 

marked obstruent-nasal clusters even when neither type of structure was present in the 

learner’s L1. Carlisle (1998) examined the acquisition of English onsets by native speakers of 

Spanish in a longitudinal study. He compared CC-onsets (/sp/ and /sk/) with the more marked 

                                                
 
16 This finding corresponds to the findings of Davidson (2003) and Haunz (2002) who found that 
native speakers of English (not second language learners) had more trouble pronouncing more marked 
non-attested clusters than less marked L1-illegal clusters. The correspondence between these English 
speakers and very early L2ers is that both groups have had hardly any input of the foreign language. 
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CCC-onsets (/spr/ and /skr/). The results of this study show that the less marked onsets /sp/ 

and /sk/ are produced correctly more often than the more marked tri-consonantal onsets. 

Ostapenko (2005) also investigated influences of markedness. With respect to the SONORITY 

SEQUENCING PRINCIPLE, Ostapenko found that Russian consonant clusters that violate this 

principle are very hard to acquire by L1-English second language learners.  

Weber and Cutler (2006) investigated the acquisition of phonotactic probabilities of a 

second language by conducting a listening experiment. Native speakers of English and L1-

German highly proficient second language speakers of English performed a word spotting 

task. In a word spotting task participants are instructed to find existing words that are 

embedded in a nonsense input. English and German differ with respect to some phonotactic 

characteristics. In English /s/-initial clusters are allowed (e.g., in the words sleep, swim and 

sport), while in English word-initial clusters cannot start with /S/. In contrast, in German /S/-

initial clusters are allowed word-initially (e.g., in Schlaf (‘sleep’) and schwimmen (‘to 

swim’)), while /s/ cannot occur initially in clusters. A further difference between German and 

English phonotactics is that English allows the cluster /tw/ in word-initial position, whereas 

German does not allow this word-initially. The preceding context of the word that can be 

spotted in the word-spotting task is facilitating when it forces a word boundary in front of the 

word that has to be spotted (McQueen, 1998). In Weber and Cutler’s study the context forced 

a word boundary in English as well as in German (e.g., yarlwish, moinlecture), a word 

boundary in English but not in German (e.g., glarshwish, thrarslecture) or it forced a word 

boundary in German but not in English (e.g., loitwish, moycelecture). The conflicting 

predictions of the L1 and the L2 in this study made it possible to compare the influences of 

the first and the second language of the learners of English. Weber & Cutler (2006) found that 

the L1-German learners of English benefited from contexts that forced a boundary in English, 

but not in German. However, contexts that forced a boundary in German, but not in English, 

also facilitated the word spotting for the L1-German speakers. The results of Weber & 

Cutler’s (2006) study, therefore, suggest that advanced learners of a second language can 

acquire the L2 phonotactic probabilities. However, there is still interference from constraints 

of the native language of these learners. 

The production literature that has been presented above focuses on L2 acquisition of a 

language that is a superset of the native language. A study on L2 phonological acquisition that 

focuses on acquiring an L2 that is a subset of the L1 is a study by Escudero (2005). This study 

addresses the perception of the Spanish vowel system by native speakers of Dutch. Spanish 

has less vowels than Dutch. None of the Spanish vowels are exactly identical to their Dutch 
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counterparts with respect to the perceptually relevant dimensions of vowel height and 

backness. However, L1-Dutch learners of Spanish seem to reuse the Dutch vowels in their L2. 

The problem is that Spanish vowels have more than one Dutch counterpart, i.e. the Spanish 

vowels /i/ and /e/ have three Dutch counterparts, namely /i/, /e:/ and /I/. In fact, L1-Dutch 

learners of Spanish need to learn that in Spanish the vowel /I/ is not present. Results of a 

perception experiment, in which L1-Dutch learners of Spanish had to identify the Spanish 

vowel, show that beginning learners of Spanish chose the non-Spanish /I/-category more often 

than intermediate and advanced learners of Spanish. Thus, it can be argued that second 

language learners disfavour an option that is available in their L1 but not in their L2 when 

they have had more exposure to the second language.  

Although this problem is also addressed as a subset problem, there are some 

differences with the consonant cluster subset relationship that is addressed in this thesis. In 

Escudero’s study there are several L1-counterparts for L2-vowels. In this present study 

however it is not the case that Dutch-illegal clusters that are attested in Russian are almost 

identical to a number of consonant clusters that are attested in Dutch. For example, the 

Russian onset /zl/ does not have different counterparts in Dutch, whereas the Spanish vowels 

/i/ and /e/ have different Dutch counterparts. Furthermore, in Escudero’s study, the second 

language learners hear only L2-attested vowels, whereas in this study the second language 

learners hear clusters that are illegal in the L2. The finding that Dutch learners of Spanish do 

not perceive Spanish vowels /e/ and /i/ as /I/, one of the Dutch counterparts, does not inform 

us whether these learners would reject Dutch /I/ as a Spanish phoneme when encountering it 

in a Spanish context. 

 

3.4 Summary of the experimental literature 

 

In this chapter, literature on native speakers’ phonotactic knowledge and first and second 

language acquisition has been presented. Literature on L1-phonotactic knowledge reveals that 

phonotactically legal sequences yield gradient grammaticality judgments of native speakers. 

These gradient judgments are correlated with constituent (onset and rhyme) frequency and 

lexical neighbourhood of the nonce word. Results from Davidson (2003), Moreton (2002) and 

Berent et al (2007) indicate that native speakers have gradient judgments on ill-formed 

sequences as well. More marked structures are worse than less marked non-attested structures.  



 52 

The initial constraint ranking of first language learners is assumed to be M » F, based 

on learnability theory and experimental data. The grammar develops from an M » F ranking 

towards the final state ranking. For L2ers however, the initial state is assumed to be the final 

state ranking of the first language, which might be different from the M » F ranking. 

Literature on L2 phonotactics (e.g., Broselow and Finer, 1991; Weber and Cutler, 2006) 

indicate that phonotactic constraints that are active in the native language are also active in the 

second language. Even in proficient learners there is still interference of these constraints. 

Furthermore, ‘emergence of the unmarked’ effects are reported to be present. Although this 

literature on second language phonotactics shows some characteristics of second language 

phonotactics in production, it is not clear from this literature what is the effect is of a native 

language in a superset relationship with respect to the second language. Results of Escudero 

(2005) indicate that second language learners can disfavour options that are available in their 

L1, but these results do not indicate whether L2-illegal phonotactic structures will be rejected 

by native speakers of a superset language. 
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4 Hypotheses and predictions 

 
 

In the experiments of this thesis native and second language speakers’ tacit knowledge on 

phonotactic constraints on consonant clusters will be investigated in order to answer the 

question whether second language learners (of either a subset or superset native language) can 

acquire an L2 constraint ranking that is more or less restrictive than the ranking of the native 

language. Second language learners that take part in this study are early and advanced learners 

of Dutch and they have Spanish or Russian as a mother tongue. Spanish allows only a subset 

and Russian allows a superset of the consonant clusters that are present in Dutch, so for both 

groups the target constraint ranking differs from the native language constraint ranking. The 

tacit phonotactic knowledge of the different groups is examined by means of two listening 

tasks. The tasks are a word-likeness judgment task, a task in which participants have to rate 

nonwords on a scale, based on Dutch word-likeness, and a lexical decision task, a task in 

which participants have to decide whether a given stimulus is an existing word of Dutch or 

not. Scores on the word-likeness judgment task and accuracy rates and reaction times on the 

lexical decision task are informative with respect to the answer to the question that has been 

addressed about phonotactic constraints in a second language. The word-likeness judgment 

task is an offline task, so a task in which the particpants had time to think about their 

response. The lexical decision task, on the other hand, is an online task. An advantage of these 

two tasks is that participants’ responses are not affected by articulatory difficulties. The target 

test nonce words that are included in the experimental stimuli contain onset or coda consonant 

clusters. Some of these onset or coda clusters are present in Dutch. Other clusters are not 

attested in Dutch (henceforth the Dutch-illegal clusters), and violate constraints that are high-

ranked in Dutch. Some of the legal clusters of Dutch are illegal in Spanish. These clusters 

violate constraints that are violable in Dutch, but are high-ranked in Spanish. In this chapter 

hypotheses and predictions about both experiments will be presented.  

 

4.1  Hypotheses 

 

Native speakers are hypothesised to distinguish phonotactically ill-formed sequences from 

phonotactically well-formed phoneme sequences, because the ill-formed clusters violate high-

ranked constraints. Experimental literature on L1 phonotactic knowledge indicates that native 

speakers have gradient judgments on nonce words. This is the case for phonotactically legal 
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nonce words (Coleman and Pierrehumbert, 1997; Frisch, Large and Pisoni, 2000) as well as 

for phonotactically illegal phoneme sequences (Coetzee, to appear). Native speakers who 

participate in the experiments that are presented in this thesis are, therefore, hypothesised to 

discriminate between different levels of well-formedness and levels of ill-formedness. 

Responses to phonotactically well-formed sequences are hypothesised to be correlated with 

phonotactic probability and the neighbourhood density of the nonce words. Universal 

markedness on the other hand is hypothesised to be a predictive factor for the relative ill-

formedness of L1-illegal phoneme sequences. In the next section, predictions on response 

differences between the clusters of this study will be presented.  

In the experiments two groups of second language learners of Dutch participate. Both 

groups of second language learners can be subdivided into two subgroups, namely early 

learners and advanced learners of Dutch. When we assume that L2ers start with a constraint 

ranking which is the final state ranking of the L1, native speakers of Russian should not 

acquire that some clusters that are legal in their L1 are illegal in Dutch, because they never 

encounter evidence for this. The markedness constraints that ban these clusters are low ranked 

in the L1 as well as in the interlanguage grammar. These markedness constraints are not 

expected to be promoted in the hierarchy because there is no evidence for this (see Section 

2.3). In general, more advanced learners should perform more native like than the early 

learners because of their experience with the second language. However, as far as the Dutch-

illegal consonant clusters are concerned, the more advanced L1-Russian learners should not 

differ from the less advanced group, because there are no learners who encounter evidence 

contradicting the F » M ranking.  

As far as the L1-Spanish learners are concerned, different behaviour is hypothesised. 

When we assume that the initial interlanguage constraint ranking corresponds to the final state 

ranking of the L1, very early Spanish learners of Dutch are expected to reject all clusters that 

are illegal in Spanish. However, since positive evidence is available, the markedness 

constraints that ban legal clusters of Dutch will be lowered, whereas constraints that ban 

illegal clusters of Dutch will remain high in the constraint hierarchy, according to the 

Constraint Demotion Algorithm17 (Tesar and Smolensky, 2000). More advanced speakers of 

Dutch are therefore expected to behave more native like than less advanced speakers with 

respect to the acceptance of Dutch-legal consonant clusters. All native speakers of Spanish are 

                                                
 
17 The Gradual Learning Algorithm (Boersma and Hayes, 2000) is less sensitive to this subset 
problem. 
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expected to reject illegal clusters of Dutch, because these clusters violate constraints that are 

relatively high ranked in the learners’ first as well as in their second language. 

 

4.2 Predictions 

 

4.2.1 Offline task: word-likeness judgment 

 

In the word-likeness judgment task, participants give scores to nonce words based on the 

word-likeness of the nonce word for Dutch. Stimuli that have Dutch-illegal clusters are 

expected to have lower scores than those that are phonotactically well-formed in Dutch, so 

nonce words containing Dutch-legal onset or coda clusters are expected to have higher scores 

than nonce words that have Dutch-illegal consonant cluster. This is the case for the Dutch 

native speaker and the L1-Spanish participants because the Dutch-illegal clusters are not 

allowed by these speakers’ grammars. The L1-Russian learners of Dutch however, are 

expected to assign roughly the same scores to nonce words that have L2-legal and L2-illegal 

onset and coda clusters, because both types of clusters are expected to satisfy the 

interlanguage constraint ranking, which is identical to the L1 ranking here, since under subset, 

no positive evidence can cause M » F reranking. 

Experimental literature shows that native speakers have gradient judgments about 

phonotactically well-formed as well as phonotactically ill-formed nonce words (Coleman and 

Pierrehumbert, 1997; Davidson, 2003; Berent et al, 2007). Scores that native speakers assign 

to the phonotactically well-formed nonce words are expected to be correlated with relative 

frequency of the nonce word’s constituents. Davidson (2003) and Haunz (2002) point out that 

some (less marked) L1-illegal onset clusters are produced more accurately than other onset 

clusters by native speakers. Degreee of accuracy is apparently related with (universal) 

markedness, such that more marked clusters are produced less accurately. Responses to 

phonotactically ill-formed nonce words are therefore expected to depend on the degree of ill-

formedness of the worst part of the nonce words, measured by universal markedness. Nonce 

words that have less marked clusters are expected to receive higher scores than other clusters 

by native speakers. Marked obstruent-nasal onset clusters are therefore expected to have 

lower scores than the less marked obstruent-liquid onset clusters by native speakers, so the 

cluster /zn/ is expected to be scored higher than the cluster /zl/. Furthermore, obstruent-

obstruent onset clusters are reported to be more ill-formed than obstruent-sonorant onsets 
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(because of the MINIMAL SONORITY DISTANCE). The clusters /kt/, /tk/, /zb/ and /zd/ are 

therefore expected to receive lower scores than the clusters /xm/, /zl/ and /zn/. 

In short, native speakers and L1-Spanish learners of Dutch are expected to 

differentiate between the Dutch-legal and the Dutch-illegal consonant clusters. Native 

speakers of Russian are not expected to make this difference. The native speakers of Dutch 

are also expected to discriminate between different levels of well-formedness (based on 

frequency effects) and ill-formedness (based on markedness effects). 

 

4.2.2 The lexical decision task 

 

In the lexical decision task reaction times and accuracy rates will be measured. Generally, 

phonotactically legal nonce words take more time to be rejected by native speakers than 

phonotactically legal nonce words (Kager and Shatzman, 2007) since constraints that are 

highly ranked help the speakers to determine that a nonce word is not a word of the native 

language’s lexicon. Therefore, stimuli that have Dutch-illegal onset or coda clusters are 

expected to have shorter reaction times than stimuli that are phonotactically legal in Dutch. 

Furthermore, the accuracy rate for the nonce words with Dutch-illegal clusters will be higher. 

This will be the case for the Dutch native speakers group and for the L1-Spanish learners of 

Dutch and more so for the more advanced L1-Spanish learners. For the L1-Russian learners of 

Dutch, the L2-legal and L2-illegal onset and coda clusters are expected to have roughly the 

same reaction times and accuracy scores, because both types of clusters are expected to satisfy 

the interlanguage constraint ranking. 

Native speakers’ reaction times to phonotactically well-formed nonce words are 

expected to be correlated with relative frequency of the nonce word’s constituents. Reaction 

times to phonotactically ill-formed nonce words are expected to depend on the degree of ill-

formedness of the illegal cluster in the nonce words. More marked obstruent-nasal onset 

clusters are expected to have shorter reaction times than the less marked obstruent-liquid 

onset clusters by native speakers. In this current study the cluster /zn/ is expected to have 

shorter reaction times than the cluster /zl/ because of the SONORITY SEQUENCING PRINCIPLE 

which is violated more severely by the former. Furthermore, obstruent-obstruent onset 

clusters are reported to be more ill-formed than obstruent-sonorant onsets. The clusters /kt/, 

/tk/, /zb/ and /zd/ are expected to receive lower scores than the clusters /xm/, /zl/ and /zn/. 
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5 Experiment 1: The word-likeness judgment task 

 

 

5.1 Participants 

 

Three groups of subjects participated in the experiments. The first group of participants 

consisted of thirty Dutch monolinguals. The other two groups consisted of second language 

learners of Dutch: eighteen native speakers of Russian and thirteen native speakers of 

Spanish.  

 

      Table 12: General information on the participants 

 

In the native speaker group all participants have only one mother tongue, but they have some 

knowledge of other languages (e.g., English and German). Two Dutch native speakers 

reported to have some knowledge of a Slavic language. In the second language learners 

groups however, some of the participants have more than one native language. Five 

participants of the L1-Russian participants are bilinguals. Two of them are 

Russian/Azerbaijani bilinguals, one of them Russian/Romanian, one of them 

Russian/Ukrainian and one of them Russian/Belarusian. All but one (the Russian/Ukrainian 

bilingual) reported Russian to be their dominant language. In the L1-Spanish group, there are 

three bilingual participants. They are all Spanish/Catalan bilinguals.18 

The groups of second language learners were divided into two subgroups, based on the 

participants’ proficiency in Dutch. An estimate of the Dutch proficiency level of the 

participants was determined by means of a C-test. The C-test is a written test in which some 

                                                
 
18 Catalan syllable structure differs from Spanish structure, since Catalan allows more final clusters 
than Spanish (Wheeler, 1979).  

Group Native 

 language 

Level of  

Dutch 

Number  

of subjects 

Number of bilingually 

raised participants 

Average  

age 

Average  

score C-test 

1. Dutch native speaker 30 0 23.8 -  

2a Spanish less advanced 7 2 33.3 12 

2b Spanish advanced 6 1 34.8 58 

3a Russian less advanced 9 3 31.3 39 

3b Russian advanced 9 2 28.4 70 
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words are incomplete: only half of these incomplete words is given in the text19. The 

participants have to complete these words in order to make a coherent text. The maximum 

score on a C-test is 100, the minimum score 0.  The mean score for the L1-Russian early 

learners was 39.9 and 70.3 for the advanced L1-Russian learners. The mean score for the L1-

Spanish early learners was 12.1 and 70.3 for the advanced L1-Spanish learners. The 

differences between the scores on the C-test of early and advanced learners were significant 

for the L1-Russian as well as for the L1-Spanish participants (T-test, p < 0.01). Biographical 

data of the participants were obtained by a brief oral interview in which the participants 

answered to questions in a questionnaire (see Appendix 5) 

 

5.2 Materials 

 

In Chapter 2 it has been discussed that the set of Spanish consonant clusters are a subset of the 

set of Dutch consonant clusters and that the set of Russian consonant clusters are a superset of 

the Dutch consonant clusters. Thus, in Russian constraints can be violated that are generally 

satisfied by Dutch consonant clusters. This subset relationship is not completely true for the 

relationship between the participants’ native languages and Dutch consonant clusters, since 

Dutch allows a small number of clusters that do not occur in Russian. Furthermore, Spanish 

allows some obstruent-glide clusters that are not attested in Dutch. However, in the 

experiments that were conducted for this thesis, the relevant consonant clusters are in a 

subset/superset relationship with respect to each other. All of the target consonant clusters are 

present in Russian. A part of these clusters are also present in Dutch and a subset of these 

Dutch-legal clusters also occurs in Spanish. The target consonant clusters were therefore 

subdivided into three classes. The first class of clusters contained clusters that occur in 

Russian and not in the other two languages under investigation.  The second class of clusters 

consisted of clusters that are legal in Dutch and Russian, but not in Spanish. The final class of 

clusters contained clusters that are legal in Spanish as well. 

 

                                                
 
19 A C-test is included in Appendix 4 
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TYPE 2 

TYPE 1 

- onsets: pr, tr, fl 

- codas: ns, ls 

- onsets:  
sl, sm, sn, st 

spl, str 

- codas: 
kt, nt, rk, rm, rs,rt 

TYPE 3 

- onsets: 
kt, rt, tk, xm, zb, zd, zl, zn 

fpr, fsp, fst, skl, zdr 

fspl, fstr 

- codas: 

zm 

nsk, rsk, stf, str 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Subset/superset relationship of  

consonant clusters in the three languages 

 

The clusters in this experiment meet the following criteria: The consonants of each 

cluster are phonemes of Russian, Spanish and Dutch. Since Dutch has no palatalization, the 

palatalized consonants are not included in the experimental materials. Furthermore, the 

Dutch-illegal clusters are relatively frequent in Russian (except the onset clusters /tk/ and 

/kt/).  

Different constraints are violated by the Dutch-illegal clusters in the stimuli. The 

violated constraints that are relatively high ranked in Dutch are the SONORITY SEQUENCING 

PRINCIPLE, MINIMAL SONORITY DISTANCE and OCP-CORONAL. One constraint that is violated 

by the Dutch-illegal clusters is the SONORITY SEQUENCING PRINCIPLE: the onset clusters /kt/, 

/tk/ and /rt/ do not have raising sonority and the coda-clusters /zm/, /stf/ and /str/ do not have 

falling sonority. *CCC is violated by all CCC and CCCC-clusters. The MINIMAL SONORITY 

DISTANCE constraint is violated by the onset clusters /zb/, /zd/, /zl/, /zn/ and the clusters /kt/ 

and /tk/. 
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 Type 1  
(legal in Russian) 

Type 2  
(legal in Russian and Dutch) 

Type 3  
(legal in Russian,  
Dutch and Spanish) 
 

 onset coda onset coda onset coda 

CC kt-, tk-, 
rt-, xm-, 
zb-, zd-, 
zl-, zn- 

-zm sl-, sm-, sn-, 
st- 

-kt, -nt, -rk, -
rm, -rs, -rt 

pr-, tr-, fl- -ns, -ls 

CCC fpr-, fsp-, 
fst-, skl-, 
zdr- 

-nsk, -rsk, -
stf, -str 

spl-, str-    

CCCC fspl-, fstr      

Table 11: Clusters included in the experiments  
 

There are more characteristics of the test stimuli that will be described below. The 

stimuli of the word-likeness judgment task are all nonce words. These nonce words contain 

different classes of consonant clusters. Some of them occur in onset position, others in coda 

position. In the bisyllabic nonce words the onset cluster always occurs in word-initial position 

and the coda cluster in word-final position in order to avoid effects of syllabification of these 

clusters. There are no stimuli that contain more than one consonant cluster.  

 The consonants that are present in the test stimuli are all consonants that are present in 

both the native as well as the second language, that is: the intersection of the consonant 

inventories of L1 and L2. The only consonant clusters in the stimuli are those clusters that are 

investigated in this study. As far as the vowels are concerned, no diphthongs are included in 

the stimuli. The only vowels that were used were /a/, /A/, /o/, /ç/, /i/, /I/, /e/, /ε/ and /u/. 

Furthermore those parts of the nonce words other than the consonant cluster contain phoneme 

combinations that have a relatively high frequency in Dutch in the word position in which 

they occur. This can be illustrated by the stimulus fpro.lán. The target cluster in this nonce 

word is the cluster /fpr/ which is ill-formed in Dutch. The rhyme /o/ in initial weak syllables 

and the onset /l/ and the rhyme /an/ in final strong syllables are relatively frequent in the 

Dutch lexicon.20  

 The nonce words in the stimuli were no existing words of Russian or Spanish, the 

native languages of the participants. Two native speakers of Spanish and two native speakers 

of Russian were asked to check the stimuli. The stimuli were pronounced by a phonetically 

trained native speaker of Dutch who was unaware of the purpose of this study. 

                                                
 
20 The frequencies are based on CELEX; a sublexicon of morphologically simplex words was created, 
containing 8,305 items. 
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In the stimulus list of the word-likeness judgment task each target consonant cluster 

occurred four times: twice in a monosyllable, once in an iamb and once in a trochee21. The 

stimulus lists contained fillers as well. These fillers met the same criteria as the test items with 

respect to stress pattern and phonemes that were included. Some of these fillers occurred in 

both tasks. The stimulus list of the word-likeness judgment task contained 216 items: 156 test 

items and 60 fillers. 

 

5.3 Procedure 

 

All participants in this study took part in two experiments: the word-likeness judgment task 

and the lexical decision task. The participants were tested individually. Half of the 

participants of each native language group performed the word-likeness judgment task before 

the lexical decision task. For the other half of each group it was the other way around. There 

was a short break between the two tasks. Afterwards, the nonnative speakers were asked some 

questions in a short interview and they were asked to perform the C-test. The purpose of the 

interview was to gain insight into the participants’ experience with Dutch and their use of 

Dutch as a second language. The subjects were paid for their participation in this experiment. 

The native speakers were paid €5 and the second language learners €7.50 for their 

participation.22 

In the word-likeness judgment task subjects were exposed to spoken stimuli by 

headphones. The experiment took place in a sound-proof booth. The participants were 

instructed orally and this instruction was in Dutch in order to move (or to keep) the 

participants in the right language mode. The subjects were told that they were to listen to 

words that do not exist in Dutch. However, although the nonce words do not exist in Dutch, 

some of these nonce words sound more typically Dutch than other nonce words. The 

participants were instructed to judge the non-existing words on a seven-point scale on the 

stimulus’ being typically Dutch. 23  

On the computer screen the numbers 1 to 7 were presented. At the left of 1 and at the 

right of 7 the words ‘slecht’ (bad) and ‘goed’ (good) were presented.  

                                                
 
21 For a complete list of the target stimuli of the two experiments, see Appendix 1 

 
22 The L2ers had an extra task, namely the C-test. 
 
23 The literal instruction of both tasks is included in Appendix 3. 
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    Figure 7: Scale that was presented on the computer screen 

 

After each spoken stimulus the subject indicated the score for each stimulus on the scale on 

the screen using a mouse. The word-likeness judgment task did not have time pressure and the 

experiment was self-paced. The judgment task took ten minutes on average. 

 

5.4 Design 

 

In this study a number of questions will be addressed. The main question is: What is the 

(implicit) phonotactic knowledge that second language learners have about phonotactically 

legal and phonotactically illegal consonant clusters in their second language? Other questions 

that are raised concern the native language and the proficiency level of the learners. Learners 

with different native languages and proficiency levels are tested in order to be able to answer 

these questions. Furthermore, questions about gradience in phonotactic judgments will receive 

attention. It is known that native speakers have gradient judgments on nonce words. However, 

do the responses of second language learners also discriminate between different levels of 

well-formedness and ill-formedness? And if so, can this gradience be accounted for by the 

type and number of violations of constraints on consonant clusters? Since there are different 

questions that need to be answered, different independent variables will be taken into account.  

The independent variables are between subjects and within subjects variables. First, 

the between subjects variables will be paid attention to. The first independent variable is 

native language. Three groups of participants take part in this study, namely native speakers 

of Spanish, native speakers of Russian and native speakers of Dutch. The second between 

subjects variable is proficiency level in the second language. This variable discriminates 

between two levels of proficiency, based on biographical data and a participants’ performance 

on a Cloze-test or C-test (Taylor, 1953). For both groups of second language learners, the less 

advanced speakers of Dutch will be compared with the more advanced speakers.  

A relevant within subjects variable is consonant cluster type. In this study three main 

types are distinguished. The first type of consonant clusters consists of clusters that are legal 

       

1 2 3 4 5 6 7 

       

slecht goed 
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in Russian, but not in Spanish and Dutch. The second type is a set of clusters that are legal in 

both Russian and Dutch, but illegal in Spanish. The third group of clusters contains clusters 

that occur in Russian, Dutch and Spanish. In Figure 5 below the subset relationship between 

these consonant cluster types has been visualised. 

 

  

Figure 5: The subset relationship between the  

different types of consonant clusters 

 

The three main types of clusters can be further analysed in terms of the constraints they 

violate, e.g., the onset cluster /str/ violates the *CCC constraint and the onset cluster /rt/ 

violates the SONORITY SEQUENCING PRINCIPLE. In the analysis this will be done for the Dutch-

illegal Type 1 clusters. 

 There are also two within subject variables that are gradient measures, namely 

phonotactic probability and neighbourhood density of the test stimuli. In Chapter 7 these 

measures are further discussed. Other differences between the stimuli are the stress pattern of 

the stimuli and the position of the consonant cluster (which occurs either in word onset or in 

word coda position). In the stimuli lists for each relevant consonant cluster, monosyllables, 

iambs (bisyllabic nonce words, stressed on the second syllable) and trochees (bisyllabic nonce 

words, stressed on the first syllable) are included in order to have the target cluster in shorter 

and longer words and in stressed and unstressed position.  

 The tasks that participants performed are a word-likeness judgment task and a lexical 

decision task. The dependent variables of these two experiments differ. The dependent 

variable for the word-likeness judgment task is the score that a subject assigns to a nonce 

word. Participants used a seven-point scale, so this variable has seven different levels.  

Spanish 

clusters 

Dutch clusters 

Russian clusters 
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 Summarizing, the experiment contains several between subject and within subject 

independent variables. The between subject variables are mother tongue and proficiency level 

in the second language. Within subject variables are consonant cluster type, stress pattern, 

phonotactic probability and neighbourhood density of the stimulus. The dependent variable in 

the word-likeness judgment task is the score that has been assigned to a stimulus. 

 

5.5 Results 

 

In this section the results of the word-likeness judgment task will be presented. The focus of 

this section is on the difference between participants’ responses to Dutch-legal and Dutch-

illegal onset and coda clusters. The response differences within the two main classes of 

stimuli (those that are phonotactically well-formed and those that are phonotactically ill-

formed in Dutch) will be examined as well. Since the responses were not normally 

distributed, a non-parametric test (the Mann-Whitney U-test) was used to compare the 

participants’ responses to the different stimuli types. The results of each group of participants 

will be presented separately. Native speakers and L1-Spanish learners of Dutch were expected 

to assign higher scores to the Dutch-legal than to the Dutch-illegal consonant clusters. Native 

speakers of Russian were not expected to make this difference. The native speakers of Dutch 

were also expected to discriminate between different levels of well-formedness (based on 

frequency effects) and ill-formedness (based on markedness effects). 

 

5.5.1 Dutch participants 

 

5.5.1.1 Differences between legal and illegal clusters 

 

Since Dutch-illegal clusters violate constraints that are high-ranked in Dutch grammars, 

native speakers of Dutch were expected to reject ill-formed sequences. The results of the 

word-likeness judgment task show that the Dutch participants clearly discriminate between 

the different types of clusters, as expected. Nonce words containing illegal clusters (Type 1 

clusters) receive significantly lower scores than nonce words with legal clusters (Mann-

Whitney U-test, p < 0.01). This is the case for onset clusters as well as for coda clusters, 

although nonce words that have illegal onset clusters receive significantly lower scores than 

nonce words that have illegal coda clusters.  
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1

2

3

4

5

6

7

illegal 2,17 2,02 2,63

legal 4,33 4,46 4,19

overall onset coda

 

Figure 8: Average scores word-likeness task by native speakers of Dutch 

 

6.1.1.2  Differences within the classes of legal and illegal clusters 

 

Furthermore, the native speakers of Dutch make a distinction within the class of legal onset 

clusters. In the experiment  the legal clusters were subdivided into two types of legal clusters 

in Dutch, namely clusters that occur in Dutch, but not in Spanish (Type 2 clusters) and 

clusters that occur in Spanish as well (Type 3 clusters). The less marked onset clusters of 

Type 3 received significantly higher scores than onset clusters of Type 2 (Mann-Whitney U-

test, p < 0.01). The distinction that the participants made within the class of legal coda 

clusters is not significant (Mann-Whitney U-test, p = 0.091). 

1

2

3

4

5

6

7

clustertype 2 4,33 4,14

clustertype 3 4,72 4,35

onset coda

 

 Figure 9: Average scores Dutch-legal clusters word-likeness task by native speakers 

 

In the figures below the average score for each onset and coda cluster is given. 
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1

2

3

4

5

6

7

score cluster 4,04 4,1 4,13 4,14 4,53 4,7 4,72 4,84 4,93

spl sm sn sl fl tr str st pr

 

Figure 10: Average score Dutch-legal onset clusters by native speakers 

1

2

3

4

5

6

7

score cluster 3,77 3,78 3,82 4,06 4,28 4,37 4,41 5,06

rm kt rk rs ls rt ns nt

 

Figure 11: Average scores Dutch-legal coda clusters by native speakers 

 

In Chapter 7 a discussion of the comparison between the responses to phonotactically legal 

nonce words and phonotactic and lexical measures of these nonce words will be presented. 

The average score for nonce words containing Dutch-illegal onsets varies from 1.46 to 

2.62. 

1

2

3

4

5

6

7

score cluster 1,56 1,64 1,67 1,72 1,97 2,03 2,07 2,2

zd kt zb tk rt zn xm zl

 

Figure 12: Average scores Dutch-illegal CC-onsets by native speakers 
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The two-consonantal obstruent-obstruent (/zd/, /kt/, /zb/, /tk/) onset clusters received 

relatively low scores. When we compare these illegal obstruent-obstruent clusters with the 

Dutch-illegal obstruent-sonorant clusters (/zn/, /xm/ and /zl/), we see that the difference 

between these two classes is significant (Mann-Whitney U-test, p < 0.01). Furthermore, the 

obstruent-liquid onset (/zl/) received a higher score than the obstruent-nasal cluster (/zn/), 

although this difference is only slightly significant (Mann-Whitney U-test, p = 0.043). 

 

1

2

3

4

5

6

7

score cluster 1,58 1,73 2,56 2,6 2,62 1,92 2,41

zdr fpr fst skl fsp fspl fstr

 

  Figure 13: Average score Dutch-illegal CCC(C)-onsets by native speakers 

 

Between the classes of nonce words that start with three- or four-consonantal Dutch-illegal 

onsets, the native speakers of Dutch also made some distinctions. For example, there is a 

difference between the two fricative-obstruent-liquid onsets. The cluster /skl/ receives 

significantly higher scores than the onset cluster /zdr/ (Mann-Whitney U-test, p < 0.01). 

A closer look at the average score for the Dutch-illegal codas reveals that the coda 

clusters /rsk/, /nsk/ and /str/ receive relatively high scores. See Chapter 7 for a further 

discussion of this finding. 

1

2

3

4

5

6

7

score cluster 1,73 1,85 3 3,21 3,39

stf zm rsk nsk str

 

   Figure 14: Average scores Dutch-illegal codas by native speakers 
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5.5.2 Native speakers of Russian 

 

The group of native speakers of Russian was subdivided into two groups, based on their score 

on a C-test. Group 1 is the group of the early learners of Dutch, whereas Group 2 is the group 

of the advanced learners. 

 

5.5.2.1  Differences between legal and illegal clusters 

 

Contrary to the predictions both groups of the Russian learners of Dutch discriminated 

between the Dutch-legal and the Dutch-illegal onset clusters. Nonce words that have illegal 

onset clusters received significantly lower scores than those that have legal onset clusters. 

Both groups of Russian participants also discriminated between L2-legal and L2-illegal coda 

clusters.  

1

2

3

4

5

6

7

illegal 2,68 2,52 3,17

legal 4,12 4,14 4,1

overall onset coda

 

Figure 15: Average scores early L1-Russian learners to L2-legal and L2-illegal clusters 

 

1

2

3

4

5

6

7

illegal 2,07 1,94 2,46

legal 3,82 3,72 3,94

overall onset coda

 

Figure 16: Average score advanced L1-Russian learners to L2-legal and L2-illegal clusters 
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Although both groups of participants showed sensitivity to the illegality of Type 1 clusters, 

the more advanced learners seemed to behave more native-like because they gave 

significantly lower scores (Mann-Whitney U-test, p < 0.01) to the Dutch-illegal coda clusters 

than the less advanced learners.24  

 

5.5.2.2  Differences within the classes of legal and illegal clusters 

 

Furthermore, the more advanced learners behaved more native-like than the less advanced 

learners because they discriminated between the different types of legal clusters. Type 3 onset 

clusters received significantly higher scores than Type 2 onset clusters. Neither of the groups 

of the L1-Russian learners of Dutch distinguished between Types 2 and 3 coda clusters.  

1

2

3

4

5

6

7

clustertype 2 4,16 4,12 3,48 4,02

clustertype 3 4,09 4,01 4,19 3,69

onset coda onset coda

early advanced

 

Figure 17: Average scores to different types of Dutch-legal clusters by early and 

advanced L1-Russian learners of Dutch 

 

None of the two groups of L1-Russian learners of Dutch made a significant distinction 

between the Dutch-illegal obstruent-obstruent and the Dutch-illegal obstruent-sonorant two-

consonantal onsets. They also do not significantly discriminate between the obstruent-liquid 

cluster /zl/ and the obstruent-nasal cluster /zn/, so the L1-Russian participants show different 

behaviour with respect to the Dutch-illegal clusters than the native speakers of Dutch. In other 

words, in cases where there is no L2-input, the L1-Russians speakers treat the clusters 

equally. 

                                                
 
24 The difference between the coda scores of both L1-Russian groups is significant for Type 1 clusters, 
whereas this difference between both groups is not significant for Type 2 and 3 coda clusters. 
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1

2

3

4

5

6

7

early 2,39 2,19 2,92 2,08 2,11 2,25 2,08 2,61

advanced 1,53 1,69 1,78 1,81 1,94 1,58 2,06 1,83

zd kt zb tk rt zn xm zl

 

  Figure 18: Average scores of Dutch-illegal CC-onsets by L1-Russian learners 

 

1

2

3

4

5

6

7

early 2,61 3,43 3,25 2,61 3,07

advanced 1,5 2,58 4,08 4,04 3,5

stf zm rsk nsk str

 

  Figure 19: Average score of Dutch-illegal codas by L1-Russian learners  

 

5.5.2.3  Differences between the L1-Russian L2ers and the Dutch native speakers  

 

In Figure 20 we see the average score per cluster for the two groups of L1-Russian 

participants and the group of native speakers of Dutch. For nonce words with illegal onsets as 

well as nonce words with illegal codas (Type 1 clusters), the less advanced L1-Russian 

learners of Dutch gave higher scores than the native speakers of Dutch. The more advanced 

learners did not give higher scores to these nonce words than the native speakers. 
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1

2

3

4

5

6

7

L1-Russian early 2,52 4,14 3,17 4,1

L1-Russian advanced 1,94 3,72 2,46 3,94

Dutch native 2,02 4,46 2,63 4,19

illegal legal illegal legal

onset coda

 

  Figure 20: Average scores Russian and Dutch participants 

 

5.5.3 Native speakers of Spanish  

 

The group of Spanish participants was subdivided into two groups as well, based on their 

score on the C-test. Group 1 is the group of the less advanced learners of Dutch, whereas 

Group 2 is the group of the more advanced learners. 

 

5.5.3.1  Differences between legal and illegal clusters 

 

Like the Dutch and the L1-Russian participants, the more advanced L1-Spanish learners of 

Dutch discriminated between the legal and the illegal onset clusters as expected. This group 

assigns significantly lower scores to nonce words that have illegal onset clusters than to those 

nonce words with legal onset clusters (Mann-Whitney U-test, p < 0.01). However, the less 

advanced learners do not make such a distinction. These results suggest that there is a 

progress in the acquisition of the target language constraint ranking. 

Surprisingly, although the less advanced learners do not distinguish the illegal onset 

clusters from the legal ones, both groups of Spanish participants discriminate between legal 

and illegal coda cluster (Mann-Whitney U-test, p < 0.01), so the early learners do not 

discriminate L2-illegal onsets from legal ones, but they do discriminate between legal and 

illegal coda clusters. When the two Spanish/Catalan bilinguals are excluded from the early 

L1-Spanish learners there is still a slightly significant difference between legal and illegal 

codas (p = 0.025) for this group.25 

                                                
 



 72 

1

2

3

4

5

6

7

illegal 3,17 3,22 2,99

legal 3,46 3,33 3,6

overall onset coda

 

Figure 21: Average scores Dutch-legal and Dutch-illegal clusters by early L1-Spanish 

learners 

 

1

2

3

4

5

6

7

illegal 2,61 2,43 3,14

legal 4,12 4,09 4,15

overall onset coda

 

Figure 22: Average scores Dutch-legal and Dutch-illegal clusters by advanced L1-

Spanish learners 

 

5.5.3.2  Differences within the classes of legal and illegal clusters 

 

Surprisingly, no significant difference was found between the Spanish native speakers’ 

judgments of Type 2 and Type 3 clusters. Although in the native language of these learners, 

there is a difference between these two types of clusters (Type 2 clusters are illegal in 

Spanish, whereas Type 3 clusters are legal Spanish clusters), this difference is not visible in 

the L2 results. 

 

                                                                                                                                                   
 
25 In Catalan, more coda clusters are present than in Spanish. Since there is still a difference when the 
bilinguals are excluded, Catalan appears not to be the factor that causes this difference to occur. 
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1

2

3

4

5

6

7

clustertype 2 3,29 3,65 3,97 4,1

clustertype 3 3,42 3,46 4,35 4,29

onset coda onset coda

early advanced

 

  Figure 23: average scores L1-Spanish participants 

 

Within the class of illegal onset clusters, the advanced L1-Spanish learners of Dutch 

discriminated between the obstruent-obstruent and the obstruent-sonorant clusters, like the 

native speakers of Dutch did. None of the L1-Spanish groups discriminated between the 

obstruent-liquid and the obstruent-nasal clusters. 

1

2

3

4

5

6

7

early 3 2,57 3,14 3 3,11 3,21 2,46 3,46

advanced 2,08 1,75 1,79 1,62 1,33 3,17 2,38 3,5

zd kt zb tk rt zn xm zl

 

  Figure 24: Average score Dutch-illegal CC-onsets by L1-Spanish learners 

 

5.5.3.3  Comparison with native speakers of Dutch 

 

In Figure 25 we see the average score per cluster for both the Spanish and the Dutch native 

speakers. The advanced learners of Dutch behave more native-like than the early learners 

because they discriminate illegal onset clusters from legal ones, whereas this distinction is not 
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made by the less advanced learners. Both groups distinguish Dutch-illegal codas from Dutch-

legal codas. 

1

2

3

4

5

6

7

L1-Spanish early 3,22 3,33 2,99 3,6

L1-Spanish advanced 2,43 4,09 3,65 4,15

Dutch native 2,02 4,46 3,46 4,19

illegal legal illegal legal

onset coda

 

Figure 25: Average scores L1-Spanish and native speakers of Dutch 

 

Furthermore, for the more advanced learners the difference between the scores for the illegal 

coda clusters (score 3.14) and the legal ones (score 4.15) is larger than the difference that the 

less advanced learners make (score 2.99 for the illegal coda clusters versus score 3.60 for the 

legal coda clusters)26. 

 

5.5.4 Comparison between the groups of participants 

 

When we compare the native speakers of Russian and Spanish in their performance on the 

word-likeness judgment task, it becomes clear that speakers of both Russian and Spanish 

showed that they (implicitly) know that some of the consonant clusters in the stimuli are 

illegal in Dutch. 

As far as the onsets are concerned, participants whose mother tongue is Russian as 

well as participants whose mother tongue is Spanish indicated that nonce words containing 

clusters that are illegal in Dutch sound less Dutch than nonce words containing legal onset 

clusters. Since the early learners of Dutch in the L1-Spanish group do not show sensitivity 

                                                
 
26 For the three coda cluster types there is no significant difference between the score of the more 
advanced learners and the score of the native speakers. Furthermore, there is no significant difference 
between the coda Type 1 scores of the less advanced learners and the native speakers. However, Type 
2 and 3 coda clusters receive significantly higher scores by the native speakers than by the early 
learners.    
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(yet) to the distinction between legal and illegal onset clusters, a development in this 

sensitivity can be shown for the native speakers of Spanish. As far as the coda clusters are 

concerned, all groups show sensitivity to the distinction between legal and illegal coda 

clusters. A possible explanation for this asymmetry is provided in the next chapter 

 
 

  

distinction between legal  

and illegal clusters 

distinction within class  

of legal clusters 

distinction within the class 

of illegal clusters 

  onset coda   

Dutch yes yes yes yes 

Russian 1 yes yes no no 

Russian 2 yes yes yes no 

Spanish 1 no yes no no 

Spanish 2 yes yes no yes 

 

Table 13: Significant differences between the word-likeness scores for the different 

cluster types. 

 

The native speakers of Dutch do not only make a distinction between legal and illegal 

clusters. They also differentiate within the classes of legal and illegal onset clusters. The more 

advanced Russian learners of Dutch make this same differentiation within the class of legal 

onset clusters. However, this cannot be shown for the Dutch-illegal clusters. The other groups 

of second language learners do not make distinction between Type 2 and Type 3 clusters. The 

advanced L1-Spanish learners did differentiate within the class of illegal consonant clusters, 

like the Dutch participants did. 
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6 Experiment 2: The lexical decision task 

 

 

6.1 Participants 

 

The same participants that took part in the word-likeness judgment task, also took part in the 

lexical decision task 

 

6.2 Materials 

 

The stimuli in the lexical decision task are of the same type as the stimuli in the word-likeness 

judgment task. The stimuli lists of the two experimental tasks did not contain the same test 

stimuli, although a small number of fillers occurred in both tasks. In the stimulus list of the 

lexical decision task, each target consonant cluster occurred three times: once in a 

monosyllable, once in an iamb (a bisyllable that has final stress), and once in a trochee (a 

bisyllable that has initial stress). The stimulus list of the lexical decision task contained 280 

items: 117 test items, 113 existing words and 50 nonce word fillers.   

 

6.3 Procedure 

 

The lexical decision task took place in the same booth as the lexical decision task. Again 

headphones were used to listen to the stimuli. The participants were seated behind a button 

box with a yes-button and a no-button. Because the no-responses are most important for this 

experiment, the no-button was under the dominant hand: for right-handed people under the 

right hand, for left-handed people under the left hand. The order of stimuli was randomized 

for each participant in order to avoid ordering effects. 

The subjects were instructed to press the no-button when they heard a non-existing 

word and the yes-button when they heard an existing word of Dutch. They were also 

instructed to respond as quickly and as accurately as possible.27 Before the real task a short 

training session of five stimuli was presented. In this exercise session no target items were 

included. After this exercise the subjects had the possibility to ask questions. 

                                                
 
27 See Appendix 3 for the complete instruction. 
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The real test session contained 280 trials. After each trial the participant had to press 

either the JA (yes) or NEE (no) button at the button box. The participants had to respond 

within 2400 ms after the beginning of each stimulus, otherwise no response was registered. 

After these 2400 ms, the next trial was presented. The trials were presented in random order 

and after 140 trials the subjects had the opportunity to have a short break. After this break the 

other 140 trials were presented. After the session a thank you message was displayed at the 

computer screen. The lexical decision task took about twenty minutes. 

 

6.4 Design 

 

The independent variables are between subjects and within subjects variables. The 

independent variables are identical to those in the word-likeness judgment task: native 

language (Spanish, Russian or Dutch) and proficiency level (early or advanced). The main 

within subjects variable is consonant cluster type (clusters that are legal only in Russian, 

clusters that are legal in Russian and Dutch and clusters that occur in Russian, Dutch and 

Spanish). There are also two within subject variables that are gradient measures, namely 

phonotactic probability and neighbourhood density of the test stimuli. 

In the lexical decision task there are two dependent variables. The first dependent 

variable is accuracy, which is the percentage of correct responses for words and nonce words. 

The second dependent variable is reaction time in milliseconds after the onset of the stimulus. 

In this study the reaction times for nonce words will be investigated.  

  

6.5 Results 

 

The results of the lexical decision task are presented in this section. Comparisons between the 

different types of consonant clusters are presented of the several groups that took part in this 

study. The overall accuracy scores for the native speakers of Dutch are 91%, for the early L1-

Russian learners: 74%, for the advanced L1-Russian learners: 84%, for the early L1-Spanish 

learners: 64% and for the advanced L1-Spanish learners: 83%. These data show that the more 

advanced second language learners have higher accuracy scores than the less advanced 

second language learners. Native speakers and L1-Spanish learners of Dutch were expected to 

have slower responses to the Dutch-legal than to the Dutch-illegal consonant clusters. Native 

speakers of Russian are not expected to make this difference. The native speakers of Dutch 
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are also expected to discriminate between different levels of well-formedness (based on 

frequency effects) and ill-formedness (based on markedness effects). 

 

6.5.1 Dutch participants 

 

6.5.1.1 Differences between illegal and legal onset and coda clusters 

 

The accuracy scores for the Dutch participants are high. In the table below the percentages of 

the correct rejections of the different types of nonce words are presented. For the nonce words 

containing onset clusters the accuracy of nonce words containing the Dutch-illegal Type 1 

clusters is significantly higher than for nonce words that have Type 2 or 3 onset clusters, as 

expected.  

 

 

 

 

 

     

Table 14: The accuracy scores of the Dutch participants  

for the 3 types of target nonce words 

 

For the coda clusters no such difference can be indicated. So, the accuracy scores reveal that 

the Dutch participants made a distinction between the legal and the illegal onset clusters, but 

they do not make such a distinction between the legal and illegal coda clusters. 
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Figure 26: Average (corrected) reaction times to legal and illegal clusters 

 Onsets Codas 

   

Type 1 99.3% 98.2% 

Type 2 94.3% 97.4% 

Type 3 93.7% 99.4% 
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The corrected reaction times are calculated by distracting the stimulus duration from the total 

reaction time measured from the onset of the stimulus. The reaction times reveal the same 

pattern as the accuracy scores. The native speakers need significantly more time to reject 

nonce words with legal onset clusters than to reject nonce words with illegal onset clusters 

(ANOVA, p <0.01) . For the coda clusters however, this difference is not significant. 

 

6.5.1.2 Differences within the classes of legal and illegal clusters 

 

Within the class of legal onset clusters the reaction times of the native speakers do not 

distinguish Type 2 from Type 3 onset clusters. Nonce words that start with a Type 2 cluster 

are not easier rejected than those that start with a Type 3 cluster (t-test, p > 0.05). For coda 

clusters of Type 2 it is also not the case that they are more easily rejected than coda clusters of 

Type 3.  
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Figure 27: Average reaction time to different types of legal onsets and codas by native 

speakers 

 

A closer look at the reaction times to the Dutch- legal onsets reveals more or less the 

same pattern as the word-likeness judgment task. The /s/-nasal clusters have relatively fast 

responses, the fricative-liquid clusters have intermediate responses and the (/s/)-plosive-/r/ 

clusters have relatively slow responses. 
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Figure 28: Average reaction time to legal onsets by native speakers 

 

In the lexical decision task the coda-cluster /nt/ the coda cluster that has slowest reaction 

times. In the word-likeness judgment task this is the cluster that received the highest score of 

the coda clusters. 
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Figure 29: Average reaction time to legal codas by native speakers 

 

In the word-likeness judgment task the native speakers of Dutch gave lower scores to 

the nonce words with Dutch-illegal obstruent-obstruent clusters than to nonce words with 

obstruent-nasal clusters. Contrary to the results of the word-likeness judgment task, in the 

lexical decision task the Dutch-illegal obstruent-obstruent clusters are not more easily rejected 

than Dutch-illegal obstruent-sonorant clusters by the native speakers of Dutch. So, within the 

classes of legal and illegal consonant clusters no significant differences can be indicated for 

the native speakers in the lexical decision task. 
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Figure 30: Reaction times to Dutch-illegal onsets by native speakers 

 

6.5.2 L1-Russian participants 

 

6.5.2.1 Differences between illegal and legal clusters 

 

Contrary to the expectations but in correspondence with the results of the word-likeness 

judgment task, the accuracy scores show that both groups of native speakers of Russian 

performed better in rejecting nonce words with illegal consonant clusters than rejecting nonce 

words that have phonotactically legal consonant clusters of Dutch. This is the case for the 

onset clusters as well as for the coda clusters. 

 
Table 15:  The accuracy scores of the L1-Russian  participants  

for the 3 types of target nonce words 

 

 A Mann-Whitney U-test on the accuracy scores reveals that the more advanced L1-

Russian learners of Dutch performed better than the less advanced group for cluster Types 1 

and 2 in onset position. For onset cluster Type 3 and consonant clusters in coda position, this 

difference is not significant. For all target nonce words native speakers perform better than the 

(advanced) second language learners. 

 

 Russian 1 (early learners) Russian 2 (advanced learners) 

 Onsets Codas Onsets Codas 

Type 1 (Dutch-illegal) 89.9% 82.2% 96.8% 85.2% 

Type 2 (Dutch-legal) 63% 55.6% 78.4% 66.7% 

Type 3 (Dutch-legal) 55.6% 48.1% 71.6% 72.2% 
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Figure 31: Average reaction times to illegal and legal clusters by early L1-Russian 

learners 
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Figure 32: Average reaction times to illegal and legal clusters by advanced L1-

Russian learners 

 

The reaction times of the correct rejections of the target nonce words show partly the 

same pattern. In general, native speakers respond faster than the Russian learners of Dutch 

and the more advanced learners respond more quickly than the less advanced learners. This 

generalization holds for nonce words with onset clusters as well as for nonce words with coda 

clusters. Both groups of L1-Russian second language learners of Dutch show sensitivity to the 

phonotactic illegality of type 1 onset clusters. They need significantly less time to reject items 

with such onsets than to reject items with legal onset clusters. For the coda clusters none of 

both groups makes this distinction.  

In short, the accuracy scores suggest sensitivity to both illegal onset and coda clusters 

for both groups of L1-Russian learners of Dutch. The reaction times reveal only a difference 

between legal and illegal onset clusters (and not for the different types of coda clusters) for 

the less advanced and the more advanced learners. 
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6.5.2.2 Differences within the classes of Dutch-legal and Dutch-illegal clusters 

 

The L1-Russian learners of Dutch did not discriminate between the Dutch-legal Type 2 and 3 

coda clusters (neither in onset nor in coda position) in the lexical decision task. 
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Figure 33: L1-Russian reaction times to legal consonant clusters  

 

Like the native speakers of Dutch in the lexical decision task, they do not distinguish either 

between the Dutch-illegal obstruent-obstruent and the obstruent-sonorant onsets. 

 

6.5.2.3 Comparison with Dutch native speakers 
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Figure 34: Reaction times of L1-Russian learners and native speakers 

 

The L1-Russian learners of Dutch need more time to reject nonce words than the native 

speakers. This is the case for the illegal as well as for the legal consonant clusters. Like the 

Dutch native speakers, the early and advanced L1-Russian learners need significantly more 
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time to reject nonce words that have legal onsets than nonce words that have Dutch-illegal 

onsets. Within the classes of legal and illegal consonant clusters the L1-Russian learners did 

not show significant differences. The same was found for the native speakers of Dutch in the 

lexical decision task. 

 

6.5.3 Spanish participants  

 

6.5.3.1 Differences between legal and illegal clusters 

 

For the analyses of the accuracy scores and reaction times, the data of one of the early L1-

Spanish participants (participant number 70) has been excluded, because this participant 

reacted too slowly and therefore many responses of this participant were missing.  

The accuracy scores of the lexical decision task show that the more advanced learners 

perform better on the nonce words with illegal onset consonant clusters than on the other 

nonce words. This effect is not present for the coda consonant clusters. The accuracy scores of 

the less advanced learners do not show sensitivity to the ill-formedness of nonce words that 

have illegal onset- or coda consonant clusters. 

 

 
Table 16:  The accuracy scores of the L1-Spanish  participants  

for the 3 types of target nonce words 

 

Overall, the native speakers of Dutch have significantly higher accuracy scores than the native 

speakers of Spanish. Furthermore the more advanced Spanish learners of Dutch perform 

significantly better (i.e. more nativelike) than the less advanced learners. 

 Spanish 1 (early learners) Spanish 2 (advanced learners) 

 Onsets Codas Onsets Codas 

Type 1 (Dutch-illegal) 67.6% 59.3% 88.9% 87.9% 

Type 2 (Dutch-legal) 55.2% 61% 81.9% 80.8% 

Type 3 (Dutch-legal) 60.9% 61.9% 66.7% 86.1% 



 85 

0

200

400

600

800

illegal 548 547 551

legal 583 603 562

overall onset coda

 

Figure 35: Average reaction times early L1-Spanish learners 
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Figure 36: Average reaction times advanced L1-Spanish learners 

 

Analyses of the reaction times of the Spanish native speakers to the stimuli reveal the same 

pattern. Only the more advanced learners show sensitivity to the phonotactic illegality of the 

Type 1 onset clusters. The reaction times of this group do not show a difference between legal 

and illegal coda clusters. The less advanced learners do not show sensitivity to the distinction 

between legal and illegal consonant clusters at all in their reaction times to the different types 

of stimuli. 

 

6.5.3.2  Differences within the classes of Dutch-legal and Dutch-illegal clusters 

 

Like the native speakers and the L1-Russian learners of Dutch, the L1-Spanish learners did 

not discriminate between the Dutch-legal Type 2 and 3 clusters (neither in onset nor in coda 

position).  
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Figure 37: Reaction times to type 2 and 3 Dutch-legal clusters by L1-Spanish learners 

 

They did not distinguish either between the Dutch-illegal obstruent-obstruent and the 

obstruent-sonorant onsets. 

 

6.5.3.3  Comparison with Dutch native speakers 

 

Like the native speakers of Dutch, the advanced L1-Spanish learners of Dutch discriminated 

between the Dutch-legal and the Dutch-illegal onset clusters in the lexical decision task, as 

expected. The early L1-Spanish learners of Dutch did not make this distinction. In this task 

the native speakers of Dutch did not distinguish within the classes of legal and illegal 

consonant clusters. The L1-Spanish participants did not make such a distinction either. 
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   Figure 38: Average reaction times L1-Spanish and Dutch participants 
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6.5.4 Comparison between the different groups 

 

The results of the lexical decision task show that the native speakers of Dutch discriminate 

between legal and illegal consonant clusters. Correct responses to nonce words that have 

illegal consonant clusters are more easily determined than correct responses to phonotactically 

well-formed nonce words. 

Russian learners of Dutch make a distinction between consonant clusters of their L1 

that are legal and illegal consonant clusters of Dutch.  Both the advanced and the early 

learners make this distinction. The accuracy scores and reaction times of both groups of the 

Russian participants show sensitivity to the illegality of Type 1 clusters. Moreover, the 

accuracy scores reveal a difference between legal and illegal onset and coda clusters, whereas 

the reaction times only make a difference between legal and illegal onset clusters, so there is 

no significant difference between the reaction times to the nonce words with legal and illegal 

coda clusters. 

For the native speakers of Spanish the results on the lexical decision task are different. 

Only the more advanced second language learners distinguish between legal and illegal 

consonant clusters of Dutch. They only make this distinction for onset clusters and not for 

coda clusters. Both the accuracy scores and the reaction times show the same finding for the 

native speakers of Spanish. 

 

  

distinction between legal  

and illegal clusters 

distinction within class  

of legal clusters 

distinction within the class 

of illegal clusters 

  onset coda   

Dutch yes no no no 

Russian 1 yes no no no 

Russian 2 yes no no no 

Spanish 1 no no no no 

Spanish 2 yes no no no 

 

Table 17: Significant differences between the reaction times of the responses 

to the different cluster types. 

 

In contrast with the word-likeness judgment task, gradience within the classes of legal or 

illegal clusters cannot be shown for any group by the responses in the lexical decision task. 
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6.6 Differences between the several tasks 

 

Significant difference between  

legal and illegal  onset clusters 

Significant difference between  

legal and illegal  coda clusters 

Native  

language 

Level 

WLJ L.D. 

accuracy 

LD 

reaction 

times 

WLJ L.D. 

accuracy 

L.D. 

reaction 

times 

Dutch  yes yes yes yes no no 

Russian 1 yes yes yes yes yes no 

Russian 2 yes yes yes yes yes no 

Spanish 1 no no no yes no no 

Spanish 2 yes yes yes yes no no 

 

Table 18: Significant differences between legal and illegal clusters in both 

tasks 
 

The table above shows that the general results of the different tasks show the same pattern for 

the onset consonant clusters. However, for the coda consonant clusters it is different.  In the 

word-likeness judgment task (an offline task) the participants make distinctions that they do 

not make in the lexical decision task (an online task).This same finding holds for distinctions 

within the class of legal and illegal clusters. The native speakers of Dutch and a number of 

L2ers discriminate between different levels of well-formedness and ill-formedness in the 

word-likeness judgment task, but in the lexical decision task this significant difference is not 

present. 

 

Significant difference within  

the class of legal clusters 

Significant difference within  

the class of  illegal  clusters 

Native  

language 

Level 

WLJ LD reaction times WLJ L.D. reaction times 

Dutch  yes no yes no 

Russian 1 no no no no 

Russian 2 yes no no no 

Spanish 1 no no no no 

Spanish 2 no no yes no 

     
Table 19: Significant differences within the two main classes in both tasks 
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7 Discussion  

 

 

The current study was designed in order tot gather insight in second language learners’ 

phonotactic knowledge. In this chapter the results that were presented in the previous chapters 

will be discussed. The obtained results are compared with the hypotheses and predictions 

from Chapter 4. First the responses of the native speakers of Dutch will be dealt with. The 

predictions were that native speakers will discriminate non-native phoneme sequences from 

sequences that are attested in the native language. Furthermore it was expected that the 

responses reflect different levels of well-formedness and of ill-formedness. The results of both 

tasks show that native speakers discern phonotactically well-formed nonce words from those 

that are phonotactically ill-formed. Furthermore they discriminate between different levels of 

well-formedness and ill-formedness. The scores on the word-likeness judgment task and the 

lexical decision task will be compared with a number of lexical and phonotactic factors that 

have been formalized in lexical neighbourhood and phonotactic probability measures which 

will be introduced in Section 7.2.  

Second, the responses of the second language learners of Dutch will be presented. A 

surprising finding in this study is that native speakers of Russian are able to discriminate 

between L2-legal and L2-illegal consonant clusters although all clusters included in this study 

are attested in Russian, the mother tongue of these participants. It was predicted that L1-

Russian learners would not acquire this, because positive input does not provide 

counterevidence for the initial F » M ranking. This finding suggests that second language 

learners are able to acquire that phonotactic constraints that are not active in their native 

language are high ranked in the second language and that the hypothesis, which states that 

native language speakers of a language that is in a superset relationship with respect to their 

second language cannot acquire the L2 constraint ranking, should be rejected. Whether or not 

this finding is due to the acquisition of the L2 phonotactic constraint ranking will be further 

discussed by analyzing a number of possibly confounding factors in this study.  

 

7.1 Native speakers’ responses to clusters that are present and absent in their L1 

 

As expected, the native speakers’ responses to the nonce words (in the word-likeness 

judgment task as well as in the lexical decision task) show a significant difference between 
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nonce words containing Dutch-illegal and nonce words containing Dutch-legal consonant 

clusters. Native speakers assign significantly lower scores and respond significantly faster to 

nonce words containing Dutch-illegal clusters than to phonotactically well-formed nonce 

words. The phonotactically ill-formed nonce words are not allowed by these speakers’ Dutch 

grammar and therefore rejected.  

Although native speakers differentiate between these two major classes of onset 

clusters, this distinction is not made between the different classes of coda clusters in the 

lexical decision task. Apparently, the results of the word-likeness judgment task are more 

fine-grained than the reaction times to the nonce words in the lexical decision task. (This 

assumption can be supported by the L1-Spanish early learners’ data. These participants 

discriminated between legal and illegal onsets in the word-likeness judgment task, whereas 

this distinction cannot be abstracted from the lexical decision task data.) Therefore, the results 

of the word-likeness task show differences that are not shown by the lexical decision data. 

The lexical decision data for the native speakers do reveal a difference between Dutch-legal 

and Dutch-illegal onsets. Although the results of the word-likeness judgment task show this 

difference for onsets and codas, the size of this effect might be informative. In the word-

likeness judgment task the difference between the average scores for the Dutch-legal and 

Dutch-illegal onsets (2.02 versus 4.46) is larger than the difference between the Dutch-legal 

and Dutch-illegal codas (2.63 versus 4.19).  

The larger effect for onsets than for codas can be explained by the choice of the non-

Dutch codas. The illegal codas that are included in the experimental stimuli are the two-

consonantal cluster /zm/ and the three-consonantal clusters /nsk/, /rsk/, /stf/, /str/. The 

relatively high average score for the cluster /str/ (3.39 on a 7-point scale) might be attributed 

to the perception of a schwa between the final two consonants. In order to check the 

perception of these nonce words, the seven stimuli ending in /str/ were presented to two native 

speakers and they were asked to write down what they heard in Dutch orthography although 

the stimuli are words that are present in Dutch. In all seven cases both native speakers wrote 

an e in between the /str/-cluster28. The assumption about the perception of a schwa could be 

further tested by for example a same-different task. In such a task participants hear nonce 

words like /mostr/ and /dastr/. If the participants indicate that the nonce words /mostər/ and 

                                                
 
28 A closer investigation of the spectrograms of the four stimuli in the word-likeness judgment task 

revealed that in one case (/lçstr/), a vowel seemed to be present in the signal. However, in the other 

stimuli this seemed to be not the case. Responses to this item (/lçstr/) vary considerably (standard 

deviation 2.009), although the mean does not differ much from the other /str/-ending nonce words.  
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/dastər/ are identical to the first mentioned nonce words, there is evidence that /str/ clusters 

are perceived as /stər/. The relatively high score of the clusters /nsk/ and /rsk/ can be 

explained by the obedience to the SONORITY SEQUENCING PRINCIPLE of these clusters. The 

majority of the Dutch-illegal onsets in the stimuli, on the other hand, violate high-ranked 

constraints like the SONORITY SEQUENCING PRINCIPLE and the OCP-CORONAL constraint. So 

the onset-coda asymmetry that is found in the results of both experimental tasks might be 

attributed to the choice of the clusters that are included in the experimental stimuli. A 

repetition of this experiment with other coda clusters, i.e. clusters that are more Dutch-illegal 

like the Dutch-illegal onsets, could reveal whether the onset/ coda asymmetry is due to the 

relatively unmarkedness of the set of coda clusters in this study or whether something else is 

going on. 

 

7.2 Native speakers’ responses and lexical and phonotactic factors 

 

The prediction that native speakers’ phonotactic representations are gradient is confirmed by 

the data of the word-likeness judgment task in this thesis. Native speakers differentiate within 

the classes of phonotactically well-formed and phonotactically ill-formed nonce words. The 

gradience in the responses to the ill-formed onset clusters corresponds to the prediction that 

more marked obstruent-obstruent onsets are more ill-formed than the less marked Dutch-

illegal obstruent-sonorant clusters to native speakers of Dutch. Lexical factors, such as 

neighbourhood density and phonotactic factors, such as transitional probability are reported to 

correlate with gradient judgments (a.o. Coleman and Pierrehumbert, 1997; Bailey and Hahn, 

2001). In this section several measures in which one of these factors is incorporated are 

compared with the scores and response times to the different experimental stimuli. The 

lexicon on which these measures are based is the CELEX-lexicon (Baayen, Piepenbrock and 

Gulikers, 1995). Before the comparison will be described, the different lexical and 

phonotactic factors that are included in the analyses will be further explained. 

 

7.2.1 Lexical factors 

 

A lexical factor that is included in these analyses is lexical neighbourhood density. A lexical 

neighbour of a (nonce) word is an item from the lexicon that only differs by one phoneme 

from the (nonce) word. By deletion, adding or substituting one phoneme of the stimulus, this 

stimulus can be transformed into the lexical neighbour. This can be exemplified by one item 
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of the test stimuli, namely /fεrk/. This stimulus has seven lexical neighbours in Dutch, namely 

/bεrk/, /fεrm/, /kεrk/, /mεrk/, /pεrk/, /wεrk/, and /zεrk/, all of which differ by only one 

phoneme from the test stimulus. The lexical neighbours’ frequency in the INL lexicon (the 

corpus on which CELEX is based on) is weighted in the lexical neighbourhood density. 

Lexical neighbourhood density was calculated by summing the logged frequencies of an 

item’s lexical neighbours. 

 

7.2.2 Phonotactic factors 

 

Phonotactic factors that are included in the analysis below are relative onset or coda 

frequency, relative consonant cluster frequency and transitional probability. The relative onset 

or coda frequency of the target consonant cluster is the proportion of occurrences of a specific 

onset or coda in the lexicon, that is the number of occurrences of the specific onset or coda in 

the lexicon divided by the total number of items in the lexicon. The relative consonant cluster 

is calculated the same way. The relative consonant cluster frequency is the relative frequency 

of the consonant cluster in the lexicon (regardless of whether it occurs word-initially, word-

internally or word-finally). 

The transitional probability that is used in the analyses is based on biphone 

probabilities. The transitional probability is the product of the probabilities of the biphones of 

a (nonce) word. The biphone probability for the sequence XY it is the probability that a 

phoneme Y occurs when the phoneme X is given.29 A number of measurements that 

compensate for word length are also used, namely, the average biphone probability of a 

stimulus and a more complex operation in which the average biphone probability of the entire 

stimuli set has been taken into account:  

 

(28)   n
x

yprobabilitaltransition _
 

 
x = average biphone probability of entire set of target stimuli (=0.0792) 
n = number of biphones in the stimulus 

 

                                                
 
29 Word boundaries are taken into account in the analyses. For example the biphone probability of the 
nonce word /fεrk/ is the product of the following biphone probabilities: word boundary + f, f + ε, ε + r, 
r + k and k + word boundary. 
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In order to compensate for word length, the transitional probability of each stimulus is divided 

by a measurement which depends on word length. This measurement is the average of all 

biphones in the stimulus set (0.0792) to the power of the number of biphones in the stimulus, 

as is indicated in the formula in (28). 

 

7.2.3 Correlations between lexical/phonotactic factors and participants’ responses 

 

In order to investigate the impact of the lexical and phonotactic factors on the subjects’ 

responses, the correlation between these factors that are mentioned above and the average 

responses of the participants to the different target stimuli was calculated, using a linear 

regression analysis. Strong significant correlations between the individual lexical and 

phonotactic measures and the average score for an item in the word-likeness judgment task 

were not found (linear regression, R² varies from 0.042 for transitional probability to 0.51 for 

the onset/coda relative frequency) for the native speakers of Dutch. When we remove the 

phonotactically ill-formed nonce words from the analysis, the R² of the strongest correlation 

(relative onset/coda frequency) decreases to 0.37. The difference between Type 2 and Type 3 

clusters, so within the class of words that are phonotactically well-formed, that is made by the 

native speakers can therefore not mainly be attributed to frequency effects30, as was predicted 

based on previous experimental studies. Since Type 3 clusters, the clusters that are also 

present in Spanish, are less marked than the other Dutch clusters, it seems that universal 

markedness plays a role in the assignment of word-likeness ratings of well-formed sequences 

by native speakers. The correlation between all the lexical and phonotactic factors that are 

measured is slightly stronger than the individual factor onset/coda probability, namely R² = 

0.58 (significant for each factor).  

 

                                                
 
30 The average onset/coda probability of the Type 2 onset clusters is 0.0106 and of the Type 3 onsets is 
0.0108 
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Figure 39: Scatter plot of the phonotactically legal nonce words in the word-

likeness judgment task (horizontal axis: onset/coda probability Dutch for the 

nonce words, vertical axis; mean rating for the nonce words) 

 

The reaction times of the native speakers in the lexical decision task are also not 

strongly correlated with the lexical and phonotactic factors. R² varies from 0.12 (relative 

onset/coda frequency) to 0.43 (lexical neighbourhood density). All factors together have R² = 

0.56 (significant for each factor), when all nonce words are collapsed. Although the 

correlations are not very strong, it is striking that the strongest factor in the word-likeness 

judgment task (the relative onset/ coda probability) is not the strongest factor in the lexical 

decision task. In the lexical decision task the lexical neighbourhood density is the strongest 

factor. Presumably the predictive power of lexical neighbourhood density in a given task 

depends on the demand on lexical activation by a task. 

 

7.3 Second language learners’ responses 

 

Both L1-Russian and L1-Spanish learners of Dutch discriminate between L1-legal and L1-

illegal onset clusters (in both tasks) and coda clusters (in the word-likeness judgment task). 

L1-Spanish learners were hypothesised to be able to learn this distinction based on positive 

evidence. The advanced learners make a significant difference between the major nonce word 
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classes, whereas the early learners do not make this distinction yet for the onset clusters. This 

suggests that there is a development in which experience with the target language plays a role.  

Surprisingly, the early L1-Spanish learners do make a distinction between L2-legal 

and L2-illegal coda clusters in the word-likeness judgment task. The legal coda clusters of 

Type 2 are /kt/, /nt/, /rk/, /rm/, /rs/ and /rt/ and the illegal coda clusters of Type 1 are /zm/, 

/nsk/, /rsk/, /stf/ and /str/. It might be the case that the early L1-Spanish learners reject the 

Type 1 codas on the basis of a characteristic of these clusters which makes these clusters 

straightforwardly ill-formed to them. All Dutch-illegal coda clusters except /str/ end in a non-

coronal, whereas all but two of the Dutch-legal coda clusters in the experiments end in a 

coronal. The Dutch-legal codas that end in a non-coronal (so the clusters /-rm/ and /-rk/) have 

average score 3.80 and the other Dutch-legal and Spanish-illegal coda clusters 3.30 by the 

early L1-Spanish second language learners. However, this difference is not significant. 

(Mann-Whitney U-test, p = 0.19). A further difference between the Type 2 and Type 1 coda 

clusters is the number of consonants. All but one of the Type 1 codas have three consonants, 

whereas all Type 2 codas are two-consonantal. It might be that the L1-Spanish learners reject 

the Type 1 coda clusters on the basis of the number of consonants. In contrast with the native 

speakers of Dutch, the L1-Spanish learners assign higher scores to the two-consonantal /zm/ 

(average 3.43) than to the other Dutch-illegal clusters (average 2.88). The coda cluster /zm/ 

violates the SONORITY SEQUENCING PRINCIPLE, but still receives a higher average score than 

the other Dutch-illegal coda clusters. However, this difference is also not significant (Mann-

Whitney U-test, p = 0.12).  

Within the class of Dutch-legal clusters the L1-Spanish learners did not distinguish 

different levels of well-formedness in these tasks, although one part of these clusters are legal 

in their mother tongue and therefore expected to be more harmonic than other clusters in the 

learners’ current grammar. This absence of discrimination between the types might be due to 

an artefact of the word-likeness judgment task. Since Type 3 nonce words might sound more 

Spanish than Dutch to these learners, the L1-Spanish participants might have chosen not to 

assign higher scores to these items. Another result from the word-likeness judgment task with 

L1-Spanish learners was that within the class of the Dutch-illegal clusters, the advanced L1-

Spanish learners of Dutch discriminated between different levels of ill-formedness. Dutch 

native speakers also made this distinction. Probably the native speakers of Spanish would also 

discriminate these levels in a similar Spanish task. Apparently, this knowledge about L1-legal 

structures can be present in one’s L2 as well. If so, the absence of this distinction in the data 

of the early L1-Spanish learners is not accounted for. However, overall, the early learners 
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assign on average higher scores to the ill-formed nonce words than the advanced learners and 

most importantly, they do not discriminate ill-formed structures from the well-formed 

structures in onset position in these tasks. Relative inexperience with the target language 

might lead to less consistent behaviour within the tasks. A consequence of this is that less 

fine-grained data are obtained. 

Since second language learners were hypothesised to start with an initial ranking 

which is identical to the L1 final ranking, it was predicted that the L1-Russian learners of 

Dutch do not show sensitivity to the difference between nonce words containing Dutch-legal 

and nonce words containing Dutch-illegal onset and coda clusters. This prediction is not 

affirmed by the experimental data of this study. It appears that L1-Russian learners do make a 

distinction between these two types of clusters (in the word-likeness judgment task as well as 

in the lexical decision task). Although the L1-Russian learners behave native-like with respect 

to the difference between Dutch-legal and Dutch-illegal onset and coda clusters, they do not 

distinguish within the class of Dutch-illegal onsets like the native speakers. The obstruent-

liquid cluster /zl/, for example does not receiver significantly higher scores than the obstruent-

nasal cluster /zn/ by the native speakers of Russian. This finding suggests that native speakers 

of a superset language (implicitly) know that some structures that are attested in their native 

language are not attested in the target language, but that they do not know the different 

degrees of ill-formedness of these (L1-legal) structures. However, a study in which the set of 

Dutch-illegal clusters are closer to each other and therefore more comparable (e.g., the same 

number of consonants and different clusters starting with the same obstruent) might elicit 

more fine-grained responses that will lead to a more detailed overview of second language 

learners’ gradient judgments of L2-illegal consonant clusters. 

 

7.4 Possible explanations of the L1-Russian data 

 

The finding that the Russian participants are able to discriminate between legal and illegal 

consonant clusters in the L2 although both types of clusters are legal in their first language, 

might be attributed to the acquisition of phonotactic knowledge. However, several other 

factors might have influenced the data. First, the hypothesis that Russian learners would not 

acquire the L2 phonotactic restrictions was based on one basic assumption which might be 

incorrect. This basic assumption is that the initial state ranking of a second language learner is 

identical to final state of the learner’s first language. Second, the unexpected finding might be 

attributed to some artefacts of the experiments that were conducted in order to gather these 
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data. Finally, the difference between L2-illegal and L2-legal consonant clusters might 

correspond to differences between the well-formedness of the Dutch-legal and Dutch-illegal 

consonant clusters in Russian. If this is the case, it is hypothesised that these differences in 

well-formedness are reflected in the Russian lexicon by frequency differences. 

 

7.4.1 Incorrect assumption about the initial state 

 

Generally, the initial state of a second language learners’ constraint ranking is hypothesised to 

be the same ranking as the L1-final ranking. For the L1-Russian learners of Dutch, this final 

ranking corresponds to an F » M constraint ranking. If phonotactic acquisition from a superset 

language starting point is possible, then this assumption might be reviewed. Either the 

learners dispose of negative evidence or the initial state ranking is not a superset ranking. The 

initial ranking could then for example be M » F or initially unranked. However, there is much 

evidence for the transfer hypothesis (Broselow, Chen and Wang, 1998; Escudero, 2005), 

which makes it unlikely that the hypothesis is wrong. 

 

7.4.2 Experimental noise 

 

Although all consonant clusters in the test stimuli are legal consonant clusters in Russian 

onsets or codas, the L2-illegal consonant clusters might be not identical to these Russian 

clusters, because they are pronounced by a native speaker of Dutch. A native speaker of 

Dutch was asked because the nonce words had to sound as Dutch as possible. The choice for a 

Dutch native speaker might have affected the naturalness of the utterances for L1-Russian 

listeners. Native speakers of Russian might recognize this unnaturalness and therefore not 

perceive the clusters as grammatical (in their L1 nor in their L2). In order to examine this 

further a naturalness task could be conducted in which native speakers of Russian are asked to 

score the utterances on their naturalness. If the utterances appear to sound too unnatural to 

these speakers a repetition of the tasks is recommended in which a native speaker of Russian 

pronounces the items. 

 

7.4.3 L1-Frequency effects 

 

The difference between Dutch-illegal and Dutch-legal consonant clusters might correspond to 

gradient well-formedness differences between these consonant clusters in Russian. If this is 
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true, these differences are hypothesised to be reflected in relative frequencies of these clusters 

in the Russian lexicon (Uppsala corpus). In order to investigate whether the word-likeness 

scores and the reaction times in the lexical decision task are correlated with relative frequency 

in the Russian lexicon, the relative onset and coda probability in Russian is compared with the 

L1-Russian participants’ responses, i.e. the average word-likeness score and the average 

response time to the target items. In the word-likeness judgment task R = 0.083 and in the 

lexical decision task, R = 0.086. So the frequency distributions of the Dutch-illegal clusters in 

the Russian lexicon have very little predictive power with respect to the responses in this task. 

Therefore, the frequency distributions of the onset and coda clusters in the Russian lexicon 

hardly influenced the L1-Russian participants’ responses to the target stimuli. 

 In short, the finding that the L1-Russian participants showed that they distinguish 

between the Dutch-legal and the Dutch-illegal clusters can be due to the acquisition of the 

high ranking of a number of constraints that are not active in the L1 of these speakers. 

However, more research is recommended in which some artefacts of this study (e.g., the fact 

that the stimuli are pronounced by a native speaker of Dutch) should be altered to be sure that 

the Dutch-illegal consonant clusters are really identical to the corresponding Russian-legal 

clusters. A strong correlation between the L1-Russian participants’ responses and the 

frequency distributions of the target clusters in the Russian lexicon cannot be indicated. 

Therefore Russian frequency effects are supposed to have not influenced the data. 
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8 Conclusion 

 

 

In this thesis the second language acquisition of phonotactic knowledge is examined. Second 

language learners of Dutch that have either a subset or a superset of the Dutch phonotactics 

took part in two listening experiments. Native speakers also took part in the experiments. 

Since most literature on phonotactic acquisition is based on production tasks, little was known 

about tacit phonotactic knowledge of second language learners, because production may be 

expected to partially reflect production difficulties rather than pure tacit grammatical 

knowledge. 

 The results of this thesis’s experiments reveal that native speakers assigned higher 

scores to nonce words that have Dutch-legal onsets and that they needed more time to reject 

these phonotactically well-formed nonce words in the lexical decision task. The difference 

between nonce words containing Dutch-legal and Dutch-illegal codas is only significant in the 

word-likeness judgment task, which is more fine-grained. Early and advanced L1-Russian 

learners of Dutch also discriminate between Dutch-legal and Dutch-illegal onset and coda 

clusters (although there is no significant difference between the two types of coda clusters in 

the lexical decision task). The advanced, but not the early L1-Spanish learners of Dutch 

differentiated between Dutch-illegal and Dutch-legal onset clusters in the word-likeness 

judgment task as well as in the lexical decision task. Both the early and the advanced L1-

Spanish learners distinguished the Dutch-legal and Dutch-illegal codas in the word-likeness 

judgment task, but not in the lexical decision task. So both groups of learners discriminate 

between legal and illegal consonant clusters. Morover, the more advanced learners behave 

more native-like than the early learners. 

 Furthermore, the results of the word-likeness judgment task indicate that native 

speakers have gradient judgments on attested and unattested phoneme sequences, possibly 

due to the degree of markedness of the clusters. The lexical decision task elicited less fine-

grained results. Not merely the native speakers exhibited gradient phonotactic knowledge 

within the two main classes of consonant clusters. Also the advanced second language 

learners showed this behaviour to some extent. The advanced L1-Russian learners 

discriminated within the class of Dutch-legal onsets, whereas the advanced L1-Spanish 

learners discriminated within the class of the Dutch-illegal onsets. L1-Russian learners did not 

distinguish different levels of ill-formedness of L1-legal clusters when the L2-input did not 
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give evidence for this, because there is no input of these clusters in Dutch. A listening 

experiment in which more similar Dutch-illegal clusters are included can shed more light on 

gradient judgments by second language speakers. 

Since L1-Russian learners of Dutch distinguished the Dutch-illegal clusters from the 

Dutch-legal clusters, the results of this thesis’ experiments suggest that L2ers are able to learn 

that phonotactic constraint that are not active in their native language are high ranked in the 

second language. These findings contradict the hypothesis that learners of a superset language 

cannot achieve the correct ranking in which markedness constraints dominate faithfulness 

constraints, whereas in their mother tongue faithfulness constraints dominate markedness 

constraints. In order to collect stronger evidence for the incorrectness of the hypothesis a 

naturalness task has been recommended, in which the possibly confounding factor of the 

pronunciation of the stimuli by a native speaker of Dutch can be examined. Another option to 

avoid such an effect is to repeat this experiment with stimuli that are pronounced by a 

Russian/Dutch bilingual.  
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Appendix 1: Target materials in the two tasks 

 

Target nonce words in the word-likeness judgment task 

target part type cluster31 cluster monosyllable  monosyllable iamb trochee 
       

onset 1 kt ktAm ktçl ktope ktela 

onset 1 rt rtAn rtεk rtomun rtono 

onset 1 tk tke tkçl tkoman tkari 

onset 1 xm xmAt xmεn xmotun xmado 

onset 1 zb zbal zbçt zbomεl zbeli 

onset 1 zd zdεk zdur zdaman zdolu 

onset 1 zl zlεn zlçm zlaton zlara 

onset 1 zn znεr znus znilçn znuri 

onset 1 fpr fprAn fprel fpriton fprani 

onset 1 fsp fspAm fspe fspatan fspudo 

onset 1 fst fstAm fstur fstiman fstano 

onset 1 skl sklAn sklir sklomεl sklida 

onset 1 zdr zdrAn zdre zdromun zdromo 

onset 1 fspl fsplar fsplur fsploda  fsplonir 

onset 1 fstr fstrAn fstruk fstreni fstrinεl 
onset 2 sl slAt slεn slomçn sladi 

onset 2 sm smIn smçt smatan smoni 

onset 2 sn snAt snçk snamçn snoda 

onset 2 st stim stuf stamee stano 

onset 2 spl splir splur spliton spledi 
onset 2 str strçl strun striman strano 

onset 3 fl flAs fle flatun flira 

onset 3 pr prAn prεn proman prano 

onset 3 tr trεl trun trilan traka 
       

coda 1 zm pAzm tεzm larçzm lirAzm 

coda 1 nsk lAnsk mçnsk tolεnsk dolAnsk 

coda 1 rsk mçrsk pεrsk pimεrsk tepIrsk 

coda 1 stf lAstf mçstf kapçstf pakçstf 

coda 1 str kεstr lçstr tonεstr molAstr 

coda 2 kt kεkt mAkt rotçkt rotAkt 

coda 2 nt dçnt rInt litεnt melçnt 

coda 2 rk fεrk tIrk palçrk latIrk 

coda 2 rm lεrm tçrm tilçrm kedçrm 

coda 2 rs dArs lçrs tanεrs makçrs 

coda 2 rt kεrt pεrt monçrt rokart 

coda 3 ls mçls rεls sirçls tarils 

coda 3 ns mçns tçns ramεns dalons 

                                                
31 Clustertype 1 refers to clusters that occur in Russian but not in Dutch and Spanish. Type 2 refers to clusters 
that occur in Russian and Dutch, but not in Spanish. Type 3 refers to clusters that occur in all three languages. 
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Target nonce words in the lexical decision task 
 

target part type cluster cluster monosyllable  iamb trochee 

      

onset 1 kt kte ktilon ktepo 
onset 1 rt rtAl rtamεl rtado 

onset 1 tk tkεn tkamun tkali 
onset 1 xm xmAn xmitan xmopa 

onset 1 zb zbi zbatan zbemo 

onset 1 zd zde zdalun zdeno 
onset 1 zl zlAp zlinal zlita 

onset 1 zn znAp znimon znoki 

onset 1 fpr fprçs fprolan fpreda 

onset 1 fsp fspεn fspiran fspako 

onset 1 fst fstçs fstamεl fstumi 

onset 1 skl sklεn sklaton skloda 

onset 1 zdr zdren zdronal zdrena 

onset 1 fspl fsplçt fsplimεl fsplamo 

onset 1 fstr fstrak fstromir fstrola 
onset 2 sl slam sliman sloko 
onset 2 sm smεr smilan smida 

onset 2 sn snεp snitan snado 
onset 2 st stun stolir stoda 
onset 2 spl splçt spliret splino 

onset 2 str strçs strale stropa 

onset 3 fl flar flaman flemi 

onset 3 pr prçt pramçl praki 

onset 3 tr tros trone tralu 

      
coda 1 zm dAzm tilεzm pelIzm 

coda 1 nsk rεnsk satçnsk ratεnsk 

coda 1 rsk tIrsk molεrsk kodεrsk 

coda 1 stf lçstf tonεstf tatçstf 

coda 1 str dεstr rimçstr dolAstr 

coda 2 kt rAkt lamçkt lotAkt 

coda 2 nt dAnt kolçnt pokAnt 

coda 2 rk dçrk timArk kemIrk 

coda 2 rm pεrm minçrm dedIrm 

coda 2 rs pArs tilçrs takçrs 

coda 2 rt lεrt pamεrt lodεrt 
coda 3 ls kεls pançls mirIls 

coda 3 ns kçns palçns ladçns 
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Appendix 2: Data of the non-native participants 
 

Native  

language 

Birth  

country 

Level Score  

C-test 

Gender Age Year of arrival 

in Holland 

Length of  

Dutch education 

        

Russian Russia 1 19 f 28 2005 1 year 

Russian Russia 1 27 f 29 2002 2 years 

Russian and  
Rumanian 

Moldavia 1 38 f 35 2004 0.5 year 

Russian Belarus 1 39 f 30 2002 1.5 years 

Russian Russia 1 44 f 28 2005 1 year 
Russian Russia 1 45 f 25 2004 3 months 

Russian and  
Ukrainian 

Ukraine 1 48 m 32 2003 10 months 

Russian and  
Azerbaijani 

Azerbaijan 1 48 f 44 1997 4 months 

Russian Russia 1 51 m 34 2002 9 months 

Russian Russia 2 52 f 34 1998 2 years 

Russian Russia 2 60 m 34 2001 2 years 

Russian and  
Belarusian 

Belarus 2 62 f 22 2004 8 months 

Russian Russia 2 67 f 26 - 5 years 
Russian Russia 2 73 f 34 2001 1 year 

Russian Ukraine 2 73 f 33 1997 1 year 

Russian Russia 2 76 m 18 1998 1 year 

Russian and  
Azerbaijani 

Azerbaijan 2 80 f 20 1997 no 

Russian Russia 2 90 f 37 1998 no 

 

 

Native  

language 

 

 

Birth  

country 

 

 

Level 

 

 

Score  

C-test 

 

 

Gender 

 

 

Age 

 

 

Year of arrival 

in Holland 

 

 

Length of  

Dutch education 

Spanish and  
Catalan 

Spain 1 5 f 23 2006 1 month 

Spanish Venezuela 1 6 m 31 1997 2 years 

Spanish Spain 1 7 f 27 2006 no 

Spanish El Salvador 1 12 f 57 1991 1 year 

Spanish Ecuador 1 14 m 24 2002 1 year 
Spanish Ecuador 1 14 f 28 2002 no 

Spanish and  
Catalan 

Spain 1 27 f 43 1990 3 years 

Spanish Peru 2 44 m 38 2001 1 year 

Spanish Spain 2 46 f 26 2002 2 years 

Spanish Spain 2 50 f 35 2002 1 year 

Spanish Spain 2 62 f 43 2001 1 year 

Spanish Spain 2 73 f 29 1999 1 year 
Spanish and  
Catalan 

Spain 2 75 f 39 1994 2 years 
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Appendix 3: Instruction for the tasks 
 
 

Word-likeness judgment task 

 
Straks krijgt u via de koptelefoon woorden te horen die niet bestaan in het Nederlands. Het 
gaat dus om niet-bestaande woorden. Sommige van deze niet-bestaande woorden klinken 
meer Nederlands dan andere.  
Ondertussen krijgt u op het scherm een schaal van 1 tot en met 7 te zien waarop de getallen 1 
tot en met 7 zijn weergegeven. 
Het is de bedoeling dat u na elk niet-bestaand woord een score geeft. U geeft hiermee aan hoe 
Nederlands het niet-bestaande woord klinkt. U klikt dan het getal van de score met de muis 
aan.  
Voor woorden die u erg Nederlands vindt klinken, geeft u een hoge score, bijvoorbeeld 6 of 7. 
Voor woorden die u erg niet-Nederlands vindt klinken geeft u een lage score. 
Zodra u een score heeft gegeven aan een niet-bestaand woord, krijgt u het volgende ‘woord’ 
te horen. U hebt genoeg tijd om een score te geven, maar het gaat wel om de eerste indruk.  
U krijgt eerst een korte oefening. U hebt daarna nog gelegenheid om eventuele vragen te 
stellen. Na de oefening kunt u met een klik op de muis met het echte experiment beginnen. 
 
 
 
Lexical decision task 

 

Straks krijgt u via de koptelefoon woorden te horen. Sommige van deze woorden zijn 
bestaande Nederlandse woorden. Andere van deze woorden bestaan niet in het Nederlands. 
Voor u ziet u een knoppenkastje met de knoppen ‘ja’ en ‘nee’.  
Na elk woord geeft u zo snel mogelijk aan of het woord wel of niet bestaat in het Nederlands. 
Als het woord bestaat in het Nederlands drukt u op ‘ja’. Als het woord niet bestaat, drukt u op 
‘nee’. Het is de bedoeling dat u zo snel en zo goed mogelijk reageert.  
Omdat het belangrijk is dat u snel op de knoppen kunt drukken, kunt u uw handen het beste 
op de knoppenkast houden. 
U krijgt eerst een korte oefening. U hebt daarna nog gelegenheid om eventuele vragen te 
stellen. Na de oefening kunt u met een klik op de muis met het echte experiment beginnen. 
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Appendix 4:  C-test 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vul het woorddeel in 

 

 
Hieronder staan 5 korte Nederlandstalige tekstjes. In de teksten zijn gaten gevallen. Het 

zijn geen hele woorden die zijn weggelaten, maar delen van woorden. Het is de bedoeling 

dat u uit het zinsverband probeert af te leiden welk woorddeel op de puntjes zou kunnen 

staan. De eerste zin is steeds helemaal intact gelaten om u een beetje op weg te helpen. U 

heeft maximaal 5 minuten de tijd per tekst. 
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Tekst 1: 

Ik houd van Nederland en niet zo’n beetje ook. Waarom ik van het land houd is 

niet alleen omdat velen van wie ik houd hier leven, nee, het is 

me___________________ dan d___________________. De 

groo___________________ reden v___________________ mijn 

lie___________________ voor het land ko___________________ voort 

u___________________ het feit dat al___________________ zo 

geor___________________ en syste___________________ is. Er 

i___________________ een systeem e___________________ het 

wer___________________. Je kan, ni___________________ zonder 

twi___________________, maar to___________________ met 

dic___________________ ogen er___________________ uitgaan 

d___________________ het recht zege___________________. 
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Tekst 2: 

Als je reist, heb je de kans om te zijn wie je wilt zijn óf degene die je echt bent. 

Dat komt om___________________ niemand een ste___________________ op 

je dr___________________. Toen ik n___________________ het 

rei___________________ in Nederland teru___________________, werd ik 

hele___________________ gek. A___________________ na vier dagen. 

A___________________ ik z___________________ dat 

men___________________ zich opwo___________________ over een 

honde___________________ op de st___________________, werd ik 

pan___________________. Dan da___________________ ik, mens, waar 

ma___________________ je je dr___________________ over? Ik ben 

gel___________________ naar de psycholoog ges___________________, want 

ik trok dat echt niet. 
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Tekst 3: 

Openlijke narcisten zijn mensen met een opgeblazen gevoel over zichzelf. Ze 

ei___________________ vaak ande___________________ aandacht 

o___________________ en ko___________________ charmant 

ov___________________, ond___________________ het feit 

d___________________ ze wei___________________ besef 

he___________________ van de beho___________________ van anderen. 

Verb___________________ narcisten zijn weli___________________ net 

z___________________ hevig met zichzelf be___________________ en 

ev___________________ arrogant a___________________ openlijke narcisten, 

ma___________________ ze do___________________ dit 

o___________________ een subti___________________ manier. 
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Tekst 4: 

Het internationaal perscentrum Nieuwspoort discussieert weer eens over de 

code. De Haagse soci___________________ waar h___________________ 

journaille en de poli___________________ in een onged___________________ 

samenzijn verk___________________, hanteert si___________________ jaar 

en d___________________ de ongesc___________________ regel 

d___________________ wat er t___________________ plekke 

gez___________________ wordt ni___________________ naar 

bui___________________ mag ko___________________. 

Alt___________________: niet her___________________ mag worden tot de 

betre___________________ persoon en pla___________________. Voorzitter 

van het bestuur van Nieuwspoort Max de Bok maa___________________ 

onlangs pla___________________ voor Casper Becx, maar het  beleid bleef 

ongewijzigd. 
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Tekst 5: 

Prins Claus was een intellectuele gentleman. Voor zijn echtgenote koningin 

werd had hij een serieuze baan in de ontwikkelingshulp. Na 1980 

voe___________________ hij zich ste___________________ meer een 

orna___________________ van de tr___________________. Hij 

raa___________________ depressief, ge___________________, maar 

we___________________ nooit meer de ou___________________. De 

la___________________ van een onve___________________ bestaan 

a___________________ prins-gemaal le___________________ op Claus een 

gr___________________druk, g___________________ hem het 

gev___________________ een ha___________________marionet te zijn, een 

man die acht___________________ veel lie___________________ een 

zelfst___________________ positie had gehad dan een 

afge___________________. 
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Appendix 5:  Questions included in the oral interview 
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