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Abstract:

It remains unclear whether late second language learners (L2ers) can 
acquire sufficient knowledge about unique-to-L2 constructions through 
implicit learning to build anticipations during real time processing. To 
tackle this question, we conducted a Visual World Paradigm experiment 
to investigate high-proficiency late L1-Dutch L2-Mandarin Chinese 
learners’ on-line processing of syntactic cues to count vs. mass 
interpretations in Chinese which are unique-to-L2 and never explicitly 
taught. The results showed that late Dutch-Mandarin learners were 
sensitive to a mass-biased syntactic cue in real time processing, and 
exhibited some native-like anticipatory behaviour. These findings 
indicate that late L2ers can acquire unique-to-L2 constructions through 
implicit learning, and can automatically use this knowledge to make 
predictions. 
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8 Abstract: It remains unclear whether late second language learners (L2ers) can acquire 

9 sufficient knowledge about unique-to-L2 constructions through implicit learning to build 

10 anticipations during real time processing. To tackle this question, we conducted a Visual World 

11 Paradigm experiment to investigate high-proficiency late L1-Dutch L2-Mandarin Chinese 

12 learners’ on-line processing of syntactic cues to count vs. mass interpretations in Chinese which 

13 are unique-to-L2 and never explicitly taught. The results showed that late Dutch-Mandarin 

14 learners were sensitive to a mass-biased syntactic cue in real time processing, and exhibited 

15 some native-like anticipatory behaviour. These findings indicate that late L2ers can acquire 

16 unique-to-L2 constructions through implicit learning, and can automatically use this 

17 knowledge to make predictions. 
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1

2 Introduction

3 In the field of L2 acquisition, unique-to-L2 constructions play an important role in 

4 revealing insights about the learning and processing mechanisms of late L2ers which could 

5 not be related to transfer effects from L1. Due to the salience of unique-to-L2 constructions,  

6 many are highlighted and taught explicitly in language learning classes to L2ers. This makes 

7 it difficult to investigate whether unique-to-L2 constructions can be implicitly acquired. 

8 Compared to explicit learning scenarios in which learners are instructed to actively look for 

9 patterns intentionally, implicit learning refers to a process in which learners derive 

10 knowledge from a complex, rule governed stimulus domain without intending to and without 

11 becoming aware of the knowledge they have acquired (Reber, 1967). Native speakers acquire 

12 their L1 mostly through implicit learning as children. Late L2ers, however, acquire most of 

13 their L2 knowledge through explicit learning (in classrooms, with explicit and specific 

14 instructions and corrections, etc.), though implicit learning may also occur in some 

15 circumstances. In order to get a full picture of L2 acquisition, it is important to explore L2ers’ 

16 implicit learning, especially of unique-to-L2 constructions. Through a Visual World 

17 Paradigm experiment, the current study aimed to investigate whether L2ers can acquire 

18 unique-to-L2 constructions through implicit learning, and use this knowledge to build 

19 anticipations during real time processing. To be specific, the critical question of the current 

20 study is whether high-proficiency L1-Dutch L2-Mandarin learners (Dutch-Mandarin learners 

21 hereinafter, the 1st and 2nd languages of L2ers are represented in the linear order of the 

22 terminology of L1-L2 learners correspondingly) can predictively use mass/count syntactic 

23 cues which are unique-to-Mandarin constructions and can only be implicitly acquired. 

24 Implicit learning in L2 acquisition
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1 Implicit learning has been observed in artificial materials learning (Leung & Williams, 

2 2014; Rebuschat & Williams, 2012) and L2 acquisition (Cleary & Langle, 2007; Robinson, 

3 2005). Some researchers found that unique-to-L2 constructions can be implicitly learned by 

4 late L2ers (Donaldson, 2011; Montrul & Slabakova, 2003; Slabakova, 2006; Tolentino & 

5 Tokowicz, 2014). Donaldson (2011) found that near-native English-French learners 

6 demonstrated native-like behaviours in the production of left dislocation, which is a linguistic 

7 construction that does not exist in English and is rarely explicitly taught in language classrooms. 

8 English-French learners can only pick it up through implicit learning in an immersive French 

9 environment. Montrul & Slabakova (2003) investigated advanced English-Spanish learners’ 

10 use of Preterit and Imperfect past tenses, which exist in Spanish but not English. By using a 

11 truth value judgment task, they found that very advanced English-Spanish learners can 

12 eventually exhibit native-like behaviour in spite of the poverty of the stimulus. These findings 

13 indicate that even after puberty, late L2ers can still implicitly learn unique-to-L2 constructions. 

14 However, it should be noted that previous studies exploring L2ers’ implicit learning 

15 often use off-line tests or training & post-test paradigms, which restrict language learners’ 

16 learning time and experience: participants only have limited time to learn the hidden 

17 grammar in very unnatural conditions. It is therefore important to explore late L2ers’ implicit 

18 learning over a long period in an immersive L2 environment and under natural linguistic 

19 input conditions. Moreover, it remains unclear whether unique-to-L2 constructions which can 

20 only be implicitly acquired can be automatically used by L2ers in real time processing. 

21 Anticipation building in L2 processing

22 Anticipation building plays an important role in real time sentence processing. Native 

23 speakers often proactively integrate different sources of information (e.g. lexical, semantic, 

24 syntactic, etc.) rapidly, and combine these inputs to build an evolving representation and 

25 possible anticipations for the upcoming items (Altmann & Mirković, 2009; Federmeier et al., 
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1 2007; Huettig et al., 2011; Kamide, 2008; Pickering & Garrod, 2013). For L2ers, however, 

2 there is no consensus about their predictive processing capacities, let alone their predictive 

3 use of unique-to-L2 constructions (Grüter et al., 2012; Grüter & Rohde, 2013 vs. Hopp, 2012, 

4 2015; Trenkic et al., 2014). 

5 Grüter et al. (2012) investigated whether highly proficient English-Spanish learners can 

6 use the gender information on determiners to facilitate the interpretation of upcoming nouns. 

7 Gender-marking is unique-to-Spanish knowledge for English-Spanish learners. In their 

8 experiment 3 (a looking-while-listening experiment), there were eight determiner-noun pairs 

9 in the audio stimuli, four of which were masculine and four feminine. The visual stimuli were 

10 presented in two trial types: same-gender trials where the two images depicted objects 

11 referred to by nouns of the same grammatical gender; and different-gender trials where 

12 images depicted objects referred to by nouns of different genders. The authors predicted that 

13 if participants can use gender-marking on determiners to anticipate the interpretation of the 

14 upcoming nouns, faster shifting to the target image on different-gender trials than on same-

15 gender trials would be expected. They found that native Spanish speakers were faster to 

16 converge on the target picture on different-gender trials compared to same-gender trials, 

17 while the difference was not significant for English-Spanish learners. This finding indicated 

18 that unlike native speakers who can use gender information on the determiner as a predictive 

19 cue in online processing, English-Spanish learners (even with a high level of proficiency) 

20 were less effective in anticipatory use of this unique-to-L2 construction. Based on these 

21 observations, Grüter & Rohde (2013) proposed that non-native speakers have reduced ability 

22 to generate expectations during language processing.

23 However, other studies revealed native-like patterns for intermediate to high proficiency 

24 L2ers in predictive use of unique-to-L2 constructions. Hopp (2012) tested advanced to near-

25 native English-German learners’ predictive processing of syntactic gender agreement 
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1 between determiners and nouns in German in a Visual World Paradigm experiment. Due to 

2 the lack of gender marking in English, the gender agreement between determiners and nouns 

3 is unique-to-German knowledge to English-German learners. In the experiment, participants 

4 were required to look at four pictures presented on the screen, and at the same time listen to 

5 audio recordings from the headphones. They had to choose one out of the four pictures as a 

6 target based on the auditory stimuli. Each auditory sentence had the structure of ‘Where is 

7 themasc/fem/neut yellow [noun]?’, where the gender status of the determiner was manipulated to 

8 have three levels: masculine, feminine, and neuter. An adjective which is unmarked for 

9 gender and can occur with all three gender levels of nouns was used. Focusing on which 

10 picture participants start to fixate on when hearing the gender-marked determiner, Hopp et al 

11 assessed whether participants used the gender information from the determiner to predict the 

12 upcoming gender-consistent noun. The results showed that near-native English-German 

13 learners, but not advanced ones, exhibited native-like patterns in the predictive use of the 

14 gender information from the determiners: they fixated on the pictures that denoted the 

15 gender-consistent nouns on hearing the determiners, well before they heard the nouns. This 

16 finding indicates that with increased L2 proficiency, late L2ers can ultimately use unique-to-

17 L2 constructions to build anticipations. Similar findings were reported in Hopp (2015) who 

18 found that high-proficiency English-German learners can automatically use case markers 

19 (which are unique-to-German for English-German learners) in anticipation building. 

20 Such native-like behaviour in real-time anticipation-building has also been found in 

21 intermediate L2ers. Trenkic et al. (2014) conducted a Visual World Paradigm experiment to 

22 test Mandarin-English learners’ on-line comprehension of English articles. Articles are a 

23 unique-to-L2 structure for Mandarin-English learners since Mandarin Chinese is an article-

24 less language. The visual materials were manipulated to have two conditions:  a two-

25 compatible referent condition and a one-compatible referent condition. The definiteness 
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1 status of the target nominal phrase was manipulated in the audio materials (‘The [agent] will 

2 put the [theme] inside the/a [goal]’). For example, the audio materials could be either ‘The 

3 pirate will put the cube inside the can’ or ‘The pirate will put the cube inside a can’, while 

4 the corresponding visual materials would be either a picture where there are two opened cans, 

5 or a picture where there is only one opened can. Participants were required to look at the 

6 pictures on the screen and at the same time, listen to the descriptions about what is going to 

7 happen in the picture from the headphones, and then to mouse-click on the location on the 

8 screen where the described object will end up when they finish listening. The authors 

9 expected that if late Mandarin-English learners can take advantage of articles in English, they 

10 should start to land more fixations on the target faster in the audio-visual matched conditions 

11 (i.e. definite article the + one-compatible referent picture; indefinite article a + two-

12 compatible referent picture) than in the audio-visual mismatched conditions (i.e. definite 

13 article the + two-compatible referent picture; indefinite article a + one-compatible referent 

14 picture). On the other hand, if late Mandarin-English learners cannot process articles on-line 

15 and rely overly on pragmatic cues, they should react faster when there is only one possible 

16 referent in the picture than when two referents are available, regardless of the definiteness 

17 status of the target nominal phrase in the audio stimuli. The results revealed a native-like 

18 pattern in intermediate Mandarin-English learners in anticipatory use of articles, although 

19 they were slower to make use of the article semantics than native English speakers. 

20 In general, there are varying opinions about late L2ers’ ability to make predictive use of 

21 unique-to-L2 constructions. It should be noted that the unique-to-L2 constructions used in 

22 previous studies can be learned explicitly. For example, constructions such as gender-marking 

23 on determiners in German and Spanish, and articles in English, all are highlighted and taught 

24 explicitly and specifically in language learning classes. Little is known about whether late 
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1 L2ers can predictively use unique-to-L2 constructions which can only be attained through 

2 implicit learning. 

3 To fill this gap, the present study explored late Dutch-Mandarin learners’ on-line 

4 processing of nominal phrases with different mass/count syntactic cues. For Dutch-Mandarin 

5 learners, the mass/count distinction marked in the classifier system and the mass/count-biased 

6 syntax structures are unique-to-L2 constructions given the absence of a classifier system in 

7 Dutch. Furthermore, mass/count syntactic cues are implicit to native Mandarin speakers as well 

8 as Dutch-Mandarin learners. Native Mandarin speakers automatically use them in daily life 

9 without being able to spell out the specific rules. Dutch-Mandarin learners are only taught 

10 about the obligatory appearance of a classifier between a numeral and a noun, and some high-

11 frequency classifier-noun pairings, but not about the mass/count associations of different 

12 classifiers or about mass/count syntactic structures. They can only implicitly learn this 

13 knowledge through immersive experiences in a Mandarin-dominant environment, since no 

14 textbooks of Mandarin learning ever include this knowledge. Thus, mass/count syntactic 

15 structures in Mandarin offer us ideal natural language materials to investigate late language 

16 learners’ implicit learning of unique-to-L2 constructions under natural conditions. To access 

17 Dutch-Mandarin learners’ automatic use of mass/count syntactic structures, the present study 

18 conducted a Visual World Paradigm experiment which can offer us a fine-grained index of 

19 participants’ attention shifts evoked by their interpretation/understanding of the linguistic input 

20 during real time processing. 

21 Syntactic mass/count cues in Chinese

22 The mass/count distinction is a universal concept. Regardless of what language one 

23 speaks, one has the world knowledge that objects can be roughly divided into two kinds: 

24 objects with discrete units and clear boundaries, which can be counted based on number (e.g., 

25 cats); and substances without specific units or fixed boundaries, which can only be measured 
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1 based on volume (e.g., water) (Barner et al., 2009; Choi et al., 2017; Gleitman & Papafragou, 

2 2005; Li et al., 2009). Though the ontological concepts of mass/count objects/substances are 

3 independent of specific languages, the mass/count distinction is instantiated in different ways 

4 in different languages (Borer, 2005; Cheng & Sybesma, 1998, 1999, 2012; Cheng et al., 

5 2008; Chierchia, 1998a, 1998b, 2010; Doetjes, 1997). 

6 In Dutch, the mass/count distinction is reflected in overt singular and plural markings. 

7 The indefinite article ‘een’ is used to mark singularity (1a), while plural morphemes ‘-en/-s’ 

8 are used to mark plurality (1b). To make a mass noun countable, a measure word has to be 

9 inserted between the numeral and the noun (1c), and it is the measure word which undergoes 

10 the inflectional plural change (1d). 

(1)    a. een  boek

             a    book

             ‘a book’

b. drie    boeken

three   books

‘three books’

        c. een  stuk     kaas

             a    piece  cheese

             ‘a piece of cheese’

d. twee   stukken    kass

     two    pieces    cheese

     ‘two pieces of cheese’

11 Unlike Dutch, there is no number morphology to mark singularity or plurality on nouns1, 

12 and neither a definite nor indefinite article in the nominal domain in Mandarin Chinese. Bare 

13 nouns in Chinese can be interpreted as either singular or plural, definite or indefinite given the 

14 appropriate contexts, without any morphological changes in the form (2a). A classifier is 

15 obligatory when combining a noun with a numeral (2b & 2c). Based on these observations, 

1 Some researchers claim that ‘-men’ is a plural morpheme in Mandarin Chinese which can only occur with 
pronouns and nouns with a [+human] feature (Iljic, 1994; Choi et al., 2017). We put aside a discussion of ‘-men’ 
in this study, and leave open the question of whether there is a plural morpheme in Mandarin Chinese comparable 
to that in English or Dutch. Critically, ‘-men’ cannot occur with the inanimate nouns we investigate in this study.
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1 researchers claim that the mass/count distinction in Chinese is marked in syntax and realized 

2 at the classifier level (Borer, 2005; Li et al., 2008; Yao et al., 2022). 

(2)  a. wo   kan   jian   mao   le 

           I    look    see     cat    LE

           ‘I saw a cat/cats/the cat(s)’

b. san     zhi    mao 

    three   CL   cat

   ‘three cats’

c. liang    bei         shui 

    two     CLcup     water

   ‘two cups of water’

3 Classifiers in Chinese can be roughly divided into two groups based on their function: 

4 count-classifiers, which simply name the unit that the entities inherently have; and massifiers, 

5 which create a unit to measure substances and pluralities (Allan, 1977; Tai, 1992; 1994; Tai & 

6 Wang, 1990). Count-classifiers differ from massifiers in several ways. First of all, count-

7 classifiers do not have concrete lexical meanings, and merely play a grammatical role when a 

8 noun needs to be counted. Massifiers, on the other hand, can sometimes be nouns with concrete 

9 meanings. Secondly, count-classifiers differ from massifiers in the restrictions of classifier-

10 noun pairings. Count-classifiers usually occur only with canonical count nouns (CCN) with 

11 countable singular readings (denoting individual objects with clear boundaries), while 

12 massifiers can occur with either canonical mass nouns (CMN) or with CCNs with 

13 plural/divided-portion readings. For example, the count-classifier zhi in (3a) can occur with 

14 mao ‘cat’ which (canonically) has discrete units, but not you ‘oil’ which does not. In (3b), ping 

15 ‘bottle’ is a massifier and can occur with shui ‘water’ which does not have specific units. 

16 Critically, though it can also occur with ganlan ‘olive’, which canonically is a count noun and 

17 expresses a plural reading in this specific case.

(3)    a. yi      zhi     mao  /*you

          one    CL     cat/    *oil

          ‘a cat/*an oil’

b. yi      ping         shui/     ganlan

one   CLbottle     water/   olive

‘a bottle of water/olives/*olive’
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1 More relevant to the current study, there are two distributional differences between count-

2 classifiers and massifiers (Cheng & Sybesma, 1998, 1999): only massifiers can be followed by 

3 the modification marker de (e.g., (4a) vs. (4b)), and only massifiers can be modified by 

4 adjectives like da ‘big’ and xiao ‘small’ (e.g., (5a) vs. (5b)). In other words, the structure [Num-

5 Adj-Cl-(de)-Noun] (Cl is short for Classifier, N is short for Noun) could be treated as a 

6 massifier-biased structure (Li et al., 2008), and the structure [Num-Adj-Cl] could be treated as 

7 a syntactic massifier-biased cue which can be used automatically by native Mandarin speakers 

8 to make a mass/plural nominal interpretation in on-line processing (Yao et al., 2022). The 

9 differences between count-classifiers and massifiers are summarized in Table 1. 

(4)    a. san        bei         (de)      shui

            three     CLcup       DE      water

           ‘three cups of water’

  b. liang    tou              (*de)    niu

       two      CLhead          DE     cow

       ‘two cows’

(5)  a. san      da       zhang             zhi

           three    big     CLpiece          paper

          ‘three big pieces of paper’

 b. *san        da      zhi       gou

        three     big      CL      dog

        Intended reading: ‘three big dogs’

10
11 Table 1
12 The differences between count-classifiers and massifiers

Count-Classifier Massifier
Semantic function Naming units objects naturally have Creating ways of measurement

Properties Without concrete lexical meanings With lexical meanings

Cl-N pairing Canonical count nouns only Both canonical count and 
canonical mass nouns

Insertion of de × √
[Adj-Cl] order × √

13

14 Previous studies tested the syntactic marked mass/count distinction in Chinese by using 

15 ‘dual-role’ classifiers and the massifier-biased syntactic cues. In Chinese, there exist some 
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1 ‘dual-role’ classifiers which can be interpreted as either count-classifiers or massifiers given 

2 the appropriate context (see the discussion in Zhang, 2012). For example, the classifier ba in 

3 (6) can occur with both CCNs like yaoshi ‘key’ and CMNs like shazi ‘sand’. Ba can be 

4 interpreted as a count-classifier when it occurs with a CCN such as yaoshi ‘key’. In this case, 

5 it describes the unit a key naturally has. Thus the nominal phrase yi ba yaoshi can have the 

6 meaning of ‘one key’. Ba can also be interpreted as a massifier, with either a CCN such as 

7 yaoshi ‘key’ or a CMN such as shazi ‘sand’. In this case, it creates a way (handful) to measure 

8 the amount of keys or sand. Thus the nominal phrases yi ba yaoshi/shazi can have the meaning 

9 of ‘a handful of keys/sand’.

10  (6)    yi      ba                jiandao/   yaoshi/    shaozi/   shazi/    shizi

11         one     CLhandful     scissors/     key/       spoon/    sand/     pebble

12         ‘one pair of scissors, a key/spoon, a handful of keys/spoons/sand/pebbles’

13 These dual-role classifiers are ambiguous between either count-classifier or massifier 

14 meanings. Different structures of nominal phrases can be treated as syntactic cues biased 

15 towards different meanings. To be specific, the phrase structure [Num-Adj-Cl-Noun] should 

16 indicate that the classifier in this case is a massifier. A neutral structure with no massifier-

17 biased cue (e.g., [Num-Cl-Noun] or [Num-Cl-Adj-Noun]) would allow either a count-classifier 

18 or a massifier. Thus, putting dual-role classifiers in nominal phrases with different structures 

19 allows us to investigate how syntactic structures determine the mass/count interpretations of 

20 nominal phrases. 

21 Previous studies found that native Mandarin speakers are sensitive to the massifier-biased 

22 syntactic structure. Li et al. (2008) conducted an off-line task with some dual-role classifiers 

23 and found that nominal phrases with the massifier-biased structure [Num-Adj-Cl-de-N] were 

24 always mapped to unshaped substances without specific units or objects organized in plural 

25 sets, while phrases with the neutral structure [Num-Cl-Adj-N] were mapped to objects with 
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1 discrete units. Furthermore, in an eye-tracking Visual World Paradigm experiment (Yao et al., 

2 2022), on hearing the [Num-Adj] word order, native Mandarin speakers immediately increased 

3 their rate of fixations to pictures depicting mass/plural-expressing meanings, indicating that 

4 they were expecting to hear a massifier, and were building a mass/plural interpretation 

5 accordingly. These findings indicate that the massifier-biased syntactic cue (i.e., the [Num-

6 Adj-Cl] structure) can be used by native Mandarin speakers in both off-line and on-line 

7 processing. 

8 As for Dutch-Mandarin learners, in order to learn the mass/count nominal expressions in 

9 Chinese, they need to acquire some unique-to-L2 knowledge: (1) the semantic and syntactic 

10 features of classifiers; (2) the restrictions on classifier-noun pairings; (3) the ambiguity of dual-

11 role classifiers; (4) the massifier-biased syntactic cues. All of these exist in Chinese but not in 

12 Dutch (Lau & Grüter, 2015; Leung & Williams, 2014). While the first and second properties 

13 are explicitly taught in Chinese-learning classes, the third and fourth are not, and therefore can 

14 only be implicitly acquired. Native Mandarin speakers automatically use dual-role classifiers 

15 and the massifier-biased syntactic cues in daily life without being able to describe the specific 

16 rules. None of the textbooks regularly used to teach Chinese to L2ers introduces and discusses 

17 these facts. Even expert Chinese teachers are unaware of them when explicitly asked2. Dutch-

18 Mandarin learners are only taught about the obligatory appearance of a classifier between a 

19 numeral and a noun, and some high-frequency classifier-noun pairings, but not about the 

20 mass/count associations of different classifiers or about any other features of the syntactic 

2 An on-line survey was completed by 20 Chinese teachers from the Confucius Institutes at UCL, Queen Mary 
University of London, SOAS University of London, and Leiden University. This survey explicitly asked these 
Chinese teachers about their awareness of the massifier/count-classifier distinction, and the syntactic cues that co-
vary with this distinction. The results indicated that these Chinese-teachers have very little awareness of the 
count/mass distinction in the classifier system in Mandarin Chinese, even though they could use count-classifiers 
and massifiers automatically and unconsciously. They have no experience of teaching or encountering any 
instruction about count/mass-classifiers. They report that their Chinese-learning students have occasionally asked 
questions about the classifier-noun pairing restrictions, but none of them have ever mentioned the difference 
between count-classifiers and massifiers.

Page 12 of 58

http://mc.manuscriptcentral.com/SLR

Second Language Research

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

13

1 structures associated with count vs. mass interpretations.3 They can only learn these features 

2 implicitly through immersive experience in a Chinese-dominant environment. As such, the 

3 dual-role classifiers and the massifier-biased syntactic cues offer us a great opportunity to 

4 explore late L2ers’ implicit learning of unique-to-L2 knowledge, by investigating a real 

5 linguistic construction embedded in its natural linguistic context. 

6 Previous studies used either off-line tests (Gong, 2010; Liang, 2008; Polio, 1994) or on-

7 line tasks (Lau & Grüter, 2015) to explore L2-Chinese learners’ understanding and processing 

8 of nominal phrases with different classifiers. They found that: (1) L2ers are sensitive to the 

9 obligatory occurrence of classifiers between a numeral and a noun, but not the semantic 

10 connections between classifiers and nouns (Liang, 2008; Polio, 1994); (2) L2ers can take 

11 advantage of classifier information during on-line processing to build anticipations for 

12 upcoming nouns (Grü ter et al., 2020; Lau & Grü ter, 2015). However, it remains unclear 

13 whether L2-Chinese learners can automatically use massifier-biased syntactic cues to build 

14 predictions in real time processing. Using a VWP experiment, the current study aimed to 

15 explore high proficiency late Dutch-Mandarin learners’ on-line processing of nominal phrases 

16 with mass/count syntactic structures and dual-role classifiers, with a focus on their use of the 

17 [Num-Adj-Cl] structure to generate predictions. By comparing participants’ behaviour in the 

18 current study to native Mandarin speakers’ (Yao et al., 2022), we intended to tackle the 

19 question of whether late L2ers can predictively use unique-to-L2 constructions (which can only 

20 be acquired through implicit learning) in a native-like manner. 

21

22 Method

3 As based on the structure of Hanyu Shuiping Kaoshi since 2010, Official HSK Centre Introduction, HSK Centre; 
the Official Chinese teaching text book – Edexcel GCSE Chinese Student Book. The Mandarin Chinese classes 
are in English, as are the standard textbooks. 
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1 1. Materials

2 To allow for a direct comparison with native Mandarin speakers, the materials in the 

3 current study are the same as in Yao et al. (2022). For the audio stimuli, three dual-role 

4 classifiers were used: gen ‘rod’, kuai ‘chunk’, and ba ‘handful’. Each classifier was embedded 

5 in a nominal phrase with three different structures: [Cl-N] is the baseline with the structure 

6 ‘number-classifier-noun’, [Cl-A-N] (A is short for Adjective) is the neutral condition for either 

7 count-classifier or massifier, and with the structure ‘number-classifier-adjective-noun’, and [A-

8 Cl-N] is the critical massifier condition with the structure ‘number-adjective-classifier-noun’. 

9 The number san ‘three’ was used in all audio materials. The adjectives da ‘big’ and xiao ‘small’ 

10 were used, with the units of objects/entities presented in the pictures manipulated to be either 

11 consistent or inconsistent with the adjectives in the audio sentences. Twelve CMNs and 12 

12 CCNs were selected based on a Rating Test4, in which CCNs were rated as nouns denoting 

13 objects which cannot be divided, while CMNs were rated as nouns denoting substances which 

14 can be divided, and would not lose their original features after dividing. Each noun contains 

15 two written characters; the number of syllables of each character and the lexical frequency of 

16 each noun were matched between CMNs and CCNs. Eight nouns occur with the classifier ba 

17 ‘handful’ (four CCNs & four CMNs), ten nouns occur with the classifier kuai ‘chunk’ (five 

18 CCNs & five CMNs), and six nouns occur with the classifier gen ‘rod’ (three CCNs & three 

19 CMNs). For each pair of nouns (a CCN and a CMN which share the same classifier), in order 

20 to avoid the Phonological Competition Effect (Klein et al., 2012) and Tone Sandhi Effect (Yip, 

21 2002), the first character of each noun was controlled to have the same tone (and most of them 

22 share the same first syllable). Each of these nominal phrases (NPs) were embedded in sentences 

23 with the structure ‘From the four pictures, could you please choose + [NP]’. 

4 Detailed information of this rating test is provided in the Appendix. 
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1 For the visual stimuli, there were four pictures for each pair of nouns. Two of them 

2 contained entities denoted by CMNs, and the other two contained objects denoted by CCNs. 

3 Based on the semantic difference between the classifier ba and the classifiers gen and kuai (ba 

4 is a collective classifier when interpreted as a massifier, while gen and kuai are dividers when 

5 interpreted as massifiers; see Cheng & Sybesma, 2012), entities on the pictures were organized 

6 in different ways. The detailed descriptions of visual stimuli for gen, kuai and ba are 

7 summarized in Figure 1 to Figure 3 respectively. In each figure, the red lines enclose the 

8 pictures intended to evoke a mass or plural interpretation (A, C & D), compatible with the 

9 interpretation of the sentences in the critical condition (with the structure [A-Cl-N]). Picture A 

10 contains objects compatible with the size adjective in the auditory sentence, picture D contains 

11 a size-incompatible object, and can thus be ruled out if adjective semantics are rapidly 

12 interpreted. 

13
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1 Figure 1 
2 Example displays for classifier gen with example auditory materials. 
3
4
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1

2 Figure 2 
3 Example displays for classifier kuai with example auditory materials. 
4
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1

2 Figure 3
3 Example displays for classifier ba with example auditory materials. 
4
5

6 In total, there were 72 audio sentences (24 nouns * 3 conditions). Each audio sentence 

7 was always accompanied with a set of four pictures (two of which contained the nouns in the 

8 sentence, while the other two contained the nouns paired with the nouns in the sentence). For 

9 example, when the audio sentence was Qing cong si fu tu zhong xuanze san da ba shaozi 

10 ‘From the four pictures, could you please choose three big handfuls of spoons’, and the 

11 noun paired with ‘spoon’ was ‘pebble’, then the four pictures simultaneously occurred with 

12 the audio sentence would be (A) a picture containing three big handfuls of pebbles – ‘entities 

13 measured in Adj-consistent units’, (B) a picture containing three individual spoons – ‘objects 

14 measured in individual units’, (C) a picture containing three handfuls of spoons – ‘objects 

15 measured in groups’, (D) a picture containing three small handfuls of pebbles – ‘entities 
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1 measured in Adj-inconsistent units’ (as illustrated in Figure 3).  These 72 audio sentences 

2 were pseudo-randomly divided into three lists to make sure that each list only contained one 

3 of the three conditions of each nominal. There were 24 fillers in each list which makes the 

4 total number of sentences in each list 48. The critical nominal phrases in the fillers do not 

5 contain any classifiers. These 144 sentences (72 critical audio materials + 72 fillers) were 

6 digitally recorded by a female native speaker of Mandarin Chinese in a sound-proofed booth, 

7 sampling at 44.1 KHz. Each participant was only tested on one of the three lists. The location 

8 of the four pictures in each trial was counterbalanced in each list. The whole experiment 

9 lasted around 30 minutes. 

10 2. Participants

11 Thirty high proficiency late Dutch-Mandarin learners (16 females) participated. They 

12 were students from Leiden University majoring in Chinese (aged between 16 to 35 years old). 

13 They all started learning Mandarin Chinese after puberty, had been learning Chinese for at least 

14 2 years and had experience of studying in mainland China for at least 6 months. They all passed 

15 the HSK-C (Hanyu Shuiping Kaoshi – advanced level, the standard Chinese language 

16 proficiency test for non-native speakers administered by the Ministry of Education of the 

17 People’s Republic of China), which indicated that they were all high-proficiency L2-Chinese 

18 learners. Each participant was given €15 for their participation. The data was collected in 

19 Leiden University, Leiden, Netherlands. 

20 3. Procedure

21 3.1 Naming Test 

22 To make sure that all the pictures in the current study are recognizable and understandable 

23 to participants, before the critical VWP experiment, participants were asked to name all the 

24 pictures by writing down both Dutch and Chinese names, and to speak out loud the name of 

25 the objects in Mandarin Chinese. The accuracy of their written answers and pronunciations of 
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1 the pictures were recorded and analysed. Only participants who were able to accurately name 

2 all objects and substances depicted in the critical materials were included as participants in the 

3 VWP experiment. 

4 3.2 Visual World Paradigm Experiment 

5 SR Research Eyelink 1000 was used to measure participants’ eye movements. Both eyes’ 

6 movements were recorded, but only the right eye’s data were analysed. Following the nine-

7 point calibration and validation, gaze-position error was less than 0.5°. Participants were tested 

8 in a sound-proof booth and seated 60cm from a 19-inch monitor.

9 Participants were tested individually. Before critical experimental trials, there were 

10 instructions and 10 practice trials. After participants read the instruction and finished the 

11 practice trials, a standard 9-point grid calibration and validation was completed. During the 

12 experiment, participants were asked to listen to the sentences through the headphones. At the 

13 same time, in each trial, there were four pictures presented on the screen. Participants were 

14 required to choose one out of the four pictures based on the sentences they heard by moving 

15 the mouse to click the corresponding picture. Participants’ gaze was directed to the fixation 

16 cross in the middle of the screen prior to each trial to avoid baseline effects (Barr et al., 2011; 

17 Hopp, 2016). A trial only started when participants fixated on the calibration dot stably. 

18 Participants’ eye movements during the display of the audio materials and their responses were 

19 recorded. 

20 3.3 Fill in the Blanks Test

21 The Naming test ensured that L2 participants were familiar with all the nouns (both the 

22 written names and the pronunciations). To further make sure that they were familiar with the 

23 classifier-noun pairs used in the current study, a Fill in the Blanks test was conducted on the 

24 same group of participants after they completed the VWP experiment. In this test, each 
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1 participant was presented with the numeral yi ‘one’ and a pair of parentheses preceding each 

2 noun, in a structure like [one (    ) Noun]. Participants were asked to fill in appropriate classifiers 

3 in the parentheses. They could also include multiple classifiers if they wanted to. 

4 4. Predictions

5 As we are most interested in participants’ predictive use of the mass/count syntactic 

6 structures, we focused on their fixation patterns occurring during each of the audio sentences 

7 before the nouns were heard. Before discussing predictions of Dutch-Mandarin learners’ 

8 fixation patterns, we summarize the native Mandarin speakers’ fixation patterns from Yao et 

9 al. (2022) in Table 2. In Yao et al. (2022), 30 native Mandarin speakers participated, all students 

10 from Beijing Normal University, aged between 18 to 28 years old. The data were collected in 

11 Beijing Normal University, Beijing, China. 

12

13 Table 2 
14 Summary of native Mandarin speakers’ fixation patterns. A, B, C and D refer to the pictures in Figure 1-3. 

Baseline
(Cl-N)

Neutral
(Cl-A-N)

Critical
(A-CL-N)

Gen & Kuai CL evoked no 
preferences

Adj evoked more 
fixations on A and B

Adj evoked more 
fixations on A,C & D

Ba More fixations on B, 
upon heading CL

Adj evoked no 
preferences

Adj evoked more 
fixations on A,C & D

15

16 Based on previous studies, there are three possible patterns high-proficiency Dutch-

17 Mandarin learners could exhibit. First, L2ers may exhibit a native-like pattern in their 

18 predictive use of mass/count syntactic structures. Like native Mandarin speakers, L2ers could 

19 land more fixations on the mass/plural-expressing pictures than the other pictures on hearing 

20 the [A-Cl] structure (critical condition). This pattern would indicate that L2ers can implicitly 

21 acquire the mass and count meanings of dual-role classifiers and predictively use the structure 

22 [A-Cl] as a massifier-biased syntactic cue for interpretation. Alternatively, L2ers may be able 
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1 to predictively use the mass/count syntactic structures to make the corresponding 

2 interpretations, but be slower than native speakers in using these cues on-line. In this scenario, 

3 L2ers could use the syntactic structure [A-Cl] to build a mass-biased interpretation for the 

4 whole NP, but may only exhibit their preference for mass/plural-denoting pictures at some 

5 point later than the adjectives (maybe on hearing the classifiers). Last but not least, L2ers may 

6 not be able to automatically use the mass/count syntactic cues during on-line processing at all. 

7 In this case, the [A-Cl] structure would be considered a neutral structure, compatible with both 

8 count and mass interpretations. This is because in Dutch, nominal phrases have structures such 

9 as [Num-Adj-Noun (+suffix)], [Num-Adj-Measure word-Noun], and [Num-Measure word-

10 Adj-Noun]. The word order [Num-Adj] in Dutch does not offer any specific information about 

11 the mass/count status of the upcoming items. L2ers’ interpretation of nominal phrases with the 

12 structure [A-Cl-N] should be determined by their understandings of the classifiers, which 

13 should be consistent with the dominant meanings of the classifiers in daily life. No difference 

14 would be expected between the [A-Cl-N] structure and the neutral structures [Cl-(A)-N]. 

15 5. Results

16 The results of the Naming test showed that all the pictures were recognizable and 

17 understandable to participants. They were familiar with the objects and substances presented 

18 in all the pictures, and were able to write down and speak out the right names. 

19 The results of the Fill in the Blanks test showed that in most cases the first classifier that 

20 participants filled in for each noun was the classifier used in the current study. Even if for some 

21 nouns the first filled-in classifier was not the classifier used in current study, the second or third 

22 most frequently offered classifiers were. This result indicated that participants were familiar 

23 with the classifier-noun pairings used in the current study. Two out of 30 participants used the 

24 general classifier ge for more than a quarter of the nouns. Based on Polio (1994), this over-
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1 generalized use of the classifier ge indicated a lack of full acquisition of the classifier-noun 

2 pairings. Hence, these two participants were excluded from the final analysis. 

3 In analysing participants’ eye movements in the VWP experiment, their fixation 

4 distributions among the four pictures along the display of audio nominal phrases and their final 

5 choice of pictures were reported. The former tells us how participants predictively process each 

6 item of the nominal phrases in real time and the latter reveals their final interpretation of the 

7 nominals. Furthermore, participants’ data in the current study were compared to native 

8 speakers’ data in Yao et al. (2022).

9 5.1 Fixation Proportions 

10 Following Engelhardt & Ferreira (2010) and Tanenhaus et al. (1995) we used Linear 

11 Mixed Effects Modelling (LME; Baayen et al., 2008) for each classifier in each Region of 

12 Interest (ROI) to test how the fixation proportions to the four pictures changed in different 

13 nominal phrases. ROI is defined as the region extending from 200ms following the onset of a 

14 critical word (i.e., classifier/adjective/noun) to 200ms following the offset of this item. This 

15 200ms buffer following the onset of a word is based on the mean time required to plan and 

16 launch an eye movement, and the typical lag observed between eye movements and fine-

17 grained phonetic detail in the speech stream (Allopenna et al., 1998; Kukona et al., 2011). 

18 Fixation proportions to each picture in each ROI were calculated for 50ms time-bins. The on-

19 line processing of the items occurring before the nouns should not be affected by the canonical 

20 mass/count status of the nouns so the fixation distributions in the ROI of Classifier and 

21 Adjective were analysed by collapsing across CCNs and CMNs. Fixation distributions in the 

22 ROI of Noun were analysed separately for CCNs and CMNs. Since the key aim of the current 

23 study is to investigate how fixation proportions in each picture changed on the occurrence of 

24 each critical item, we conducted priori custom contrasts to compare every two pictures 

25 successfully in each condition (Schad et al., 2020). Specifically, picture (the four types of visual 
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1 display in three audio stimuli conditions) was included as a fixed effect in the model, with 

2 sliding contrasts (a contrast was made between every two neighbouring levels) applied to the 

3 four types of pictures in each condition. By doing so, we could test whether the occurrence of 

4 each audio item evoked a significant divergence of fixations. Statistical analysis was conducted 

5 in R (R Development Core Team, 2015). All the figures in the current study were generated 

6 with ggplot2 (Wickham, 2009). Detailed results for each ROI are shown in the Appendix. 

7  5.1.1. The Classifier region

8 The fixation distribution patterns for ba, gen and kuai were similar to each other in the 

9 classifier region. Thus the results for these three classifiers are reported together. With the 

10 baseline and neutral structures [Cl-N] and [Cl-A-N], fixations were randomly distributed 

11 among the four pictures: the fixation proportions were not significantly different from each 

12 other, ps > .1. With the critical structure [A-Cl-N], more fixations were landed on the 

13 mass/plural-denoting pictures than the singular/individual-denoting picture, ps < .001. The bar 

14 plots of the fixation proportions in the classifier window for ba, gen and kuai are illustrated in 

15 Figure 4-1A, 1B and 1C respectively.

16 5.1.2. The Adjective region

17 The fixation distribution patterns for ba, gen and kuai  were similar to each other in the 

18 adjective region. With the neutral structure [Cl-A-N] and the critical structure [A-Cl-N], more 

19 fixations were landed on the ‘entities measured in Adj-consistent units’ pictures than the other 

20 three pictures, ps < .001. The difference between any two of these three pictures was not 

21 significant, ps > .1. The bar plots of the fixation proportions in the adjective window for ba, 

22 gen and kuai are illustrated in Figure 4-2A, 2B and 2C respectively. 
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1 5.1.3. The Noun region 

2 5.1.3.1. Canonical Count nouns

3 (A). When the classifier was ba

4 With the baseline and neutral structures [Cl-N] and [Cl-A-N], on hearing CCNs, more 

5 fixations were landed on the CCN-denoting pictures compared to the CMN-denoting pictures, 

6 ps < .001. Additionally, the ‘objects measured in individual units’ picture attracted more 

7 fixations than the ‘objects measured in groups’ picture, ps < .001. On hearing the critical 

8 structure [A-Cl-N], the ‘objects measured in groups’ picture attracted significantly more 

9 fixations than the other three pictures, ps < .001. The bar plot of the fixation proportions for 

10 the classifier ba is illustrated in Figure 4-3A. 

11 (B). When the classifier was gen and kuai

12 In all three conditions, participants exhibited the same fixation proportion patterns for gen 

13 and kuai: on hearing CCNs, more fixations were landed on the CCN-denoting pictures than the 

14 CMN-denoting pictures, ps < .001, and the ‘objects measured in individual units’ pictures 

15 attracted more fixations than the ‘objects measured in portions’ pictures, ps < .001. The bar 

16 plots of the fixation proportions with the classifier gen and kuai are illustrated in Figure 4-3B 

17 and 3C respectively.  

18 5.1.3.2. Canonical Mass nouns

19 (A). When the classifier was ba

20 With the baseline structure [Cl-N], more fixations were landed in the CMN-denoting 

21 pictures than the CCN-denoting pictures, ps < .001, and with no significant difference between 

22 the CMN-denoting pictures. With the neutral structure [Cl-A-N], more fixations were landed 

23 in the CMN-denoting pictures than the CCN-denoting pictures, ps <. 001, but there were more 

24 fixations in the ‘entities measured in Adj-inconsistent units’ pictures than the ‘entities 
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1 measured in Adj-consistent units’ picture, p <. 001. With the critical structure [A-Cl-N], more 

2 fixations were landed in the CMN-denoting pictures than CCN-denoting pictures, ps <. 001, 

3 and there were more fixations to the ‘entities measured in Adj-consistent units’ pictures than 

4 the ‘entities measured in Adj-inconsistent units’ pictures, p <. 001.The bar plot of the fixation 

5 proportions with classifier ba is illustrated in Figure 4-4A. 

6 (B). When the classifier was gen and kuai

7 The fixation distribution patterns for gen and kuai were similar to each other and are 

8 reported together. With the baseline structure [Cl-N], on hearing the CMNs, more fixations 

9 were landed on the CMN-denoting pictures than the CCN-denoting pictures, ps < .001. There 

10 were more fixations on the ‘entities measured in Adj-consistent units’ pictures than the ‘entities 

11 measured in Adj-inconsistent units’ pictures with gen, p < .05, but the difference between these 

12 two CMN-denoting pictures was not significant with kuai, p = .73. With the neutral and critical 

13 structures [Cl-A-N] and [A-Cl-N], more fixations were landed on the CMN-denoting pictures 

14 than CCN-denoting pictures, ps < .001, and there were more fixations on the ‘entities measured 

15 in Adj-consistent units’ pictures than the ‘entities measured in Adj-inconsistent units’ pictures, 

16 ps < .001. The bar plots of the fixation proportions with the classifier gen and kuai are 

17 illustrated in Figure 4-4B and 4C respectively. 

18 5.2. Behavioural data

19 In analysing participants’ behavioural data, their choices of the target picture among the 

20 four pictures in each trial in different conditions with CCNs/CMNs were calculated. 

21 Participants’ behavioural data were analysed in the same way as their fixation proportions. 

22 Participants’ choices for the final target picture are summarized in Table 3, with results of the 

23 statistical analysis shown in the Appendix. 
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1 In general, participants’ behavioural data reveal different patterns for the classifier ba and 

2 the classifiers gen and kuai. With the baseline structure [Cl-N], there was no important 

3 difference: for all three classifiers, most participants (>80%) chose the ‘objects measured in 

4 individual units’ picture as the target picture when the noun was a CCN, while the two CMN-

5 denoting pictures were each selected half of the time when the noun was a CMN. With the 

6 neutral structure [Cl-A-N], most participants (>80%) chose the ‘objects measured in individual 

7 units’ picture when the noun was a CCN regardless of classifiers. When the noun was a CMN, 

8 most of them (>60%) chose the ‘entities measured in Adj-inconsistent units’ picture with ba, 

9 but chose the ‘entities measured in Adj-consistent units’ picture with gen and kuai. With the 

10 critical structure [A-Cl-N], the classifier made no major difference when the noun was a CMN: 

11 most participants chose the ‘entities measured in Adj-consistent units’ picture (>60%). But 

12 when the noun was a CCN, 95% of participants chose the ‘objects measured in groups’ picture 

13 with ba, while 95% of them chose the ‘objects measured in individual units’ picture with gen 

14 and kuai. 

15

16
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1 Table 3
2 Behavioural results (Since participants’ responses were similar for gen and kuai, their final choices with these 
3 two classifiers were collapsed.)

4

5 To sum up, the manipulation of nominal phrase structures evoked L2ers’ different fixation 

6 patterns. Especially with the critical structure [A-Cl-N], on hearing a classifier right after an 

7 adjective, participants landed more fixations on the mass/plural-denoting pictures than the 

8 singular/individual-denoting picture. This pattern indicates that they used the [A-Cl] structure 

9 to interpret the classifier to be a massifier, and build a mass/plural anticipation for the upcoming 

10 noun. Furthermore, participants’ fixation patterns in the ROI of nouns are highly consistent 

11 with their behaviour, which confirms the validity of the data. 

Baseline

[Cl-N]

Neutral

[Cl-A-N]

Critical

[A-Cl-N]

CCN CMN CCN CMN CCN CMN

Ba

Objects measured in 
individual units 84% 0% 80% 0% 5% 0%

Objects measured in 
groups 16% 0% 20% 0% 95% 0%

Entities measured in 
Adj-inconsistent units 0% 45% 0% 60% 0% 20%

Entities measured in 
Adj-consistent units 0% 55% 0% 40% 0% 80%

Gen/Kuai

Objects measured in 
individual units 95% 0% 95% 0% 95% 0%

Objects measured in 
portions 5% 0% 5% 0% 5% 0%

Entities measured in 
Adj-inconsistent units 0% 50% 0% 20% 0% 40%

Entities measured in 
Adj-consistent units 0% 50% 0% 80% 0% 60%
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1

2 Figure 4
3 Fixation proportions in the ROIs (1-Classifier Region, 2-Adjective Region, 3-CCN Region, and 4-CMN Region). 
4 When the classifier is ba, the corresponding plots are 1A, 2A, 3A and 4A. When the classifier is gen, the 
5 corresponding plots are 1B, 2B, 3B and 4B. When the classifier is kuai, the corresponding plots are 1C, 2C, 3C 
6 and 4C. In each plot, the lateral axis represents conditions of nominal phrases, the vertical axis represents fixation 
7 proportions. Bars in different colours represent fixation proportions in different pictures. Condition 3 in each plot 
8 was highlighted with a rectangle since it is the one with the massifier structure (critical condition). 

9

10 5.3. L1ers vs. L2ers

11 To further explore whether L2 participants exhibit native-like patterns in using massifier-

12 biased syntactic cues during on-line processing, participants’ data in the current study were 
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1 compared to native speakers’ data in Yao et al. (2022). We particularly focused on the 

2 distributions of fixations among the four pictures before the output of the nouns. These data 

3 reveal how participants incrementally interpret the nominal phrases based on each item they 

4 heard. We compared L2ers’ patterns with L1ers’ in each condition by collapsing across 

5 different classifiers and CCNs/CMNs. Following Mirman et al. (2008), we used Growth Curve 

6 plots to illustrate participants’ fixation distributions in real time processing. The proportions of 

7 fixations on each picture along the time sequence of the nominal phrases were calculated in 

8 each condition. A sample was taken every 50 milliseconds (ms). In each audio nominal phrase, 

9 the averaged duration was 300ms for the numeral, 250ms for the classifier, 300ms for the 

10 adjective, and 350ms for the noun. We used Linear Regression Modeling in the ROI of 

11 classifier and adjective in each condition to test whether the fixation distribution patterns differ 

12 significantly between L1ers and L2ers. The model included simulated growth curve (generated 

13 with poly), picture (the four types of visual display) and participant groups (native speakers 

14 and L2ers) as fixed effects. The interaction between growth curve and participant groups would 

15 indicate whether the fixation distribution patterns differ significantly between native speakers 

16 and L2ers. All the code and data are available at osf.io/5fzxg. 

17 5.3.1. With the baseline structure [Cl-N]

18 The proportions of fixations on the four pictures for L1ers and L2ers are plotted in Figure 

19 5, where the top plot presents L1ers’ fixation distribution patterns, while the bottom one 

20 presents L2ers’. With the structure [Cl-N], there is only one ROI before the noun: the classifier 

21 region, which is represented by the blue rectangle. Rectangles with dashed lines represent the 

22 duration (from the onset to the offset) of each item: the numeral, the classifiers and the nouns. 

23
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1 Figure 5
2 Fixation distributions of L1ers and L2ers hearing the baseline structure [Cl-N]

3

4 For both L1ers and L2ers, the proportions of fixations on the four pictures stayed around 

5 the random level (0.25) before they reached the nouns. The interaction between growth curves 

6 and participant groups was not significant, p = .075. This observation is reasonable considering 
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1 the structure [Cl-N] is a baseline structure which contains no mass/count syntactic cue that can 

2 be used to build corresponding anticipations. Both L1ers and L2ers could only decide which is 

3 the target picture once they heard the nouns. 

4 5.3.2. With the neutral structure [Cl-A-N]

5 The proportions of fixations on the four pictures for L1ers and L2ers are plotted in Figure 

6 6. With the structure [Cl-A-N], there are two ROIs before the noun: the classifier region and 

7 the adjective region, which are represented by the blue rectangle and the red rectangle 

8 respectively. 

9 In the ROI of the classifier, both L1ers and L2ers randomly fixated on the four pictures. 

10 The interaction between growth curves and participant groups was not significant, p = .878. In 

11 the ROI of the adjective, however, L1ers and L2ers exhibited different patterns: the interaction 

12 between growth curves and participant groups was significant, p <.001. The onset of the 

13 adjectives did not affect L1ers’ fixation distributions: the fixation proportions on the four 

14 pictures stayed around the random level in the adjective region. On the other hand, on hearing 

15 the adjective, L2ers started to land more fixations on the ‘entities measured in Adj-consistent 

16 units’ picture, in which the size of the group/unit is either the biggest or the smallest among 

17 the four pictures, and always consistent with the adjective. 
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1

2 Figure 6
3 Fixation distributions of L1ers and L2ers hearing the neutral structure [Cl-A-N]

4
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1 5.3.3. With the critical structure [A-Cl-N]

2 The proportions of fixations on the four pictures for L1ers and L2ers are plotted in Figure 

3 7. With the structure [A-Cl-N], there are two ROIs before the noun: the adjective region and 

4 the classifier region, which are represented by the red rectangle and the blue rectangle 

5 respectively. 

6 In the adjective region, L1ers and L2ers behaved differently: the interaction between 

7 growth curves and participant groups was significant, p <.005. For L1ers, the onset of the 

8 adjective drove their attention to the mass/plural-expressing pictures. For L2ers, however, 

9 similar to their patterns in the neutral condition, on hearing the adjective, they directed their 

10 fixations to the ‘entities measured in Adj-consistent units’ picture. In the classifier region, 

11 L1ers and L2ers also behaved differently: the interaction between growth curves and 

12 participant groups was significant, p <.001. Even though they both exhibited the preference for 

13 the mass/plural-expressing pictures, L2ers were slower than L1ers. On hearing the adjective 

14 directly following the numeral, L1ers immediately predicted that the upcoming item would be 

15 a massifier, and consequently anticipated the nominal to have a mass/plural interpretation. As 

16 a result, more fixations were landed on the mass/plural-expressing pictures immediately 

17 following the onset of the adjective. L2ers did not exhibit this preference for the mass/plural-

18 expressing pictures on hearing adjectives. The adjective directly following the numeral did not 

19 trigger their expectations for a massifier or a mass/plural interpretation. Instead, it drove their 

20 attention to the picture in which the objects are organized in an adjective-consistent size. Only 

21 on hearing the classifier following the adjective, did L2ers start to shift their attention to the 

22 mass/plural-expressing pictures, consistent with the massifier-biased syntactic cue, although at 

23 a later point than L1ers. 
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1

2 Figure 7. 

3 Fixation distributions of L1ers and L2ers hearing the critical structure [A-Cl-N]

4

5

Page 35 of 58

http://mc.manuscriptcentral.com/SLR

Second Language Research

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

36

1 Discussion

2 In general, there are two main findings for L2 participants in the current study: (1) they 

3 can automatically use the massifier-biased syntactic cue [Num-Adj-Cl] to make a mass/plural-

4 preferred interpretation in real time processing; (2) they were slower than L1ers in the 

5 predictive use of this massifier-biased syntactic cue. We discuss these two main findings one 

6 by one in the following part. 

7 1. L2ers’ use of the massifier-biased syntactic cue

8 The fixation proportions among the four pictures in the classifier region revealed that 

9 participants in the current study can automatically use the structure [Num-Adj-Cl] as a 

10 massifier-biased syntactic cue to make mass/plural-preferred interpretations in real time 

11 processing. To be specific, with the baseline and neutral structures [Cl-N] and [Cl-A-N], on 

12 hearing the classifier, participants randomly fixated on the four pictures without any specific 

13 preference. However, on hearing the critical structure [A-Cl], participants landed more 

14 fixations on the mass/plural-expressing pictures than the ‘objects measured in individual units’ 

15 picture. The preference for mass/plural-expressing pictures on hearing the classifiers in the 

16 critical condition compared to the baseline and neutral conditions indicated that participants 

17 interpreted the classifier in the structure [A-Cl] as a massifier, which consequently requires a 

18 mass/plural-denoting nominal. Recall that the classifiers used in the current study are all 

19 ambiguous between count-classifier and massifier uses, so hearing the actual classifier was not 

20 in itself a cue to interpretation. Participants’ different fixation patterns between the critical and 

21 baseline/neutral conditions indicated that they were aware of the two different meanings 

22 (massifier and count-classifier) of these dual-role classifiers, and could take advantage of the 

23 massifier-biased syntactic cue to select the appropriate massifier meaning of these dual-role 

24 classifiers. This is similar to L1ers’ fixation patterns in the classifier region.
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1 L2ers’ native-like patterns can also be found in the fixation proportions in the noun region. 

2 When hearing a CCN, different classifiers yield different patterns with the critical structure [A-

3 Cl-N]. When the classifier was ba, participants directed significantly more fixations to the 

4 ‘objects measured in groups’ picture. This is consistent with the observations with L1ers that 

5 the classifier ba in the structure [A-Cl] gives rise to a nominal-with-a-plural-set meaning. With 

6 the classifiers gen and kuai, which are dividers when they are interpreted as massifiers, 

7 participants overwhelmingly switched their fixations away from the mass-nominal-denoting 

8 pictures towards the ‘objects measured in individual units’ picture, which preserves the 

9 ‘whole/indivisible object’ interpretation of the CCN, but is inconsistent with the syntax of the 

10 phrase they were listening to. These patterns with gen and kuai were also observed with L1ers, 

11 and indicated that the massifier-biased syntactic structure is not enough to coerce a mass 

12 interpretation for CCNs, especially when there was a conflict between semantic properties of 

13 classifiers and CCNs. To be specific, when taking the role of a massifier, gen and kuai create 

14 a certain measurement by dividing the entities denoted by the nouns they precede, but the 

15 entities denoted by the CCNs cannot be divided, creating a conflict. Participants’ target picture 

16 selection (the behavioural data) is consistent with their fixation distributions in the noun region, 

17 which is also consistent with L1ers’ behavioural patterns. These native-like patterns of L2ers 

18 indicate that the dual-role classifiers and massifier-biased syntactic cues which are unique-to-

19 L2 constructions have been implicitly acquired by high-proficiency L2ers, and can be 

20 automatically used to build anticipations for the upcoming nouns. 

21 It should be noted that L2ers’ processing of nominal phrases may also be affected by their 

22 understandings of the classifiers, which should be consistent with these classifiers’ co-

23 occurrence frequency with CMNs vs. CCNs in daily life. Using two Mandarin Chinese corpora 

24 (National Language Resources Monitoring and Research Centre, Broadcast Media Language 

25 Branch, 2009; Ministry of Education and institute of Applied Linguistics, 2009) and the 
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1 number of Baidu (Mandarin Chinese version of Google) hits (May 2019) (Pollatsek et al., 

2 2010), the co-occurrence frequency counts of the CCNs and CMNs used in the current research 

3 with the three classifiers were calculated, and are illustrated in Table 4.

4
5 Table 4. 
6 The mean co-occurrence frequency (per million) of the three classifiers

Ba Gen Kuai

CCN CMN p CCN CMN p CCN CMN p

Frequency 0.68 0.64 .35 0.35 0.51 <.01 0.43 0.59 <.01

7

8 From Table 4 we can see that the classifier gen and kuai are much more likely to occur 

9 with  CMNs than CCNs, while the classifier ba was equally likely to occur with either CCNs 

10 or CMNs. If participants interpreted nominals by using their understandings of the dominant 

11 meanings of the classifiers instead of the mass/count syntactic cues, in all three conditions on 

12 hearing the classifier gen or kuai, they should have fixated on the CMN-denoting pictures but 

13 not the CCN-denoting pictures, which is not what we observed. The clear and obvious 

14 preference for the mass/plural-expressing pictures with the critical structure [A-Cl-N] on 

15 hearing the classifiers indicates that Dutch-Mandarin learners have acquired the dual-role 

16 classifiers and the massifier-biased syntactic cue, and can predictively use this knowledge in 

17 real time processing. 

18 2. L2ers’ slowness of using the massifier-biased syntactic cue

19 When directly comparing L2ers’ data to L1ers’ we found that L2ers were slower than 

20 L1ers in making use of the [A-Cl] cue to build mass/plural predictions: on hearing the adjective 

21 directly after the numeral, L1ers immediately predicted the upcoming item to be a massifier 

22 and landed their fixations on the mass/plural-expressing pictures, while L2ers started to direct 

23 their attention to these pictures only after the onset of the classifier. In a sense, L1ers were 

24 sensitive to the [Num-Adj] word order, and used it as a predictor of an upcoming massifier, 

25 whereas L2ers seemed to need to actually hear the classifier to generate the massifier structure, 
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1 even though the classifier itself was not informative to either a mass/plural or count 

2 interpretation. 

3 We speculate that the slowness of L2ers in making use of the [A-Cl-N] structure to build 

4 mass/plural-preferred anticipations is not just the general processing slowness of L2ers found 

5 in a number of previous studies (Hahne & Friederici, 2001; Lew-Williams & Fernald, 2010; 

6 Sanders & Neville, 2003). Rather, we argue that the later fixation shift to mass/plural-

7 expressing pictures with the critical structure [A-Cl-N] exhibited by L2ers compared to L1ers 

8 reveals L2ers’ different processing strategies for adjectives. Compared to L1ers, who were 

9 sensitive to the syntactic position of the adjective, L2ers were more sensitive to the semantic 

10 information encoded in it. In both the neutral condition and the critical condition, on hearing 

11 adjectives, L2ers shifted fixations to the ‘entities measured in Adj-consistent units’ picture in 

12 which the size of the group/unit is either the biggest or the smallest among the four pictures, 

13 and always consistent with the adjective. This pattern indicates that L2ers automatically used 

14 the semantic information of adjectives to interpret nominal phrases and direct their fixations. 

15 L1ers, on the other hand, either waited for the onset of nouns to react (in the neutral condition) 

16 or used the occurrence of adjectives directly following the numeral initially as a syntactic cue 

17 for massifiers (in the critical condition), only integrating the adjective’s semantic contribution 

18 in the noun region. The different processing patterns of adjectives for L2ers compared to L1ers 

19 are consistent with previous studies which found that late L2ers are sensitive to semantic 

20 information over syntactic information (Felser et al., 2003; Lau & Grüter, 2015; Lew-Williams 

21 & Fernald, 2009; Papadopoulou & Clahsen, 2003; Roberts & Felser, 2011). Clahsen & Felser 

22 (2018) claimed that lexical, semantic and pragmatic (or other types of nongrammatical 

23 information) may take a priority in L2 processing, since L2ers potentially are more sensitive 

24 to these types of information than L1ers. Gr ü ter et al. (2020) found a greater reliance on 

25 semantic cues compared to syntactic cues in L2 processing. Based on these existing findings, 
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1 it is reasonable to observe L2ers’ prioritizing the semantic information over the syntactic 

2 information supplied by adjectives in real time processing. 

3 However, it should be noted that in the current study, even though L2ers were more 

4 sensitive to the semantic meanings of adjectives than their interpretive syntactic information, 

5 they did quickly ‘catch up’ and fixated on the mass/plural-expressing pictures in the critical 

6 condition upon hearing the classifiers. This suggests that L2 participants were sensitive to the 

7 massifier-biased syntactic cue and the corresponding mass/plural interpretation, but were 

8 distracted by the semantic content of the adjective and needed more time, and, possibly, the 

9 confirmation of the whole [Num-Adj-Cl] sequence, to make a mass/plural prediction. 

10 To conclude, the current study conducted a VWP experiment to explore whether high-

11 proficiency late Dutch-Mandarin learners can predictively use dual-role classifiers and a 

12 massifier-biased syntactic cue which are unique-to-L2 constructions and can only be acquired 

13 implicitly. The results revealed that although Dutch-Mandarin learners are more sensitive to 

14 the semantic information of adjectives compared to native Mandarin speakers, they can 

15 predictively use the [A-Cl-N] structure to make a mass/plural-preferred interpretation in real 

16 time processing. This native-like pattern indicates that they have acquired these unique-to-L2 

17 constructions through implicit learning and can automatically use them to build anticipations. 

18
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1 Appendix

2 Noun Rating Test

3 A Noun Rating Test was conducted to select count and mass nouns based on native Mandarin 

4 speakers’ judgments. Among a word pool containing 90 high frequency two-character nouns 

5 which can normally occur with one of the three classifiers (selected from National Language 

6 Resources Monitoring and Research Centre, Broadcast Media Language Branch, 2009; 

7 Ministry of Education and institute of Applied Linguistics, 2009), ten native Mandarin speakers 

8 were asked to rate each noun for ‘divisibility’ (Cheng, 1973; Krifka 1992), using a 5-point 

9 scale in which 1 stands for ‘divisible’ while 5 stands for ‘indivisible’. They were told that a 

10 noun is ‘divisible’ if the entity denoted by it can be divided several times, and each part of it 

11 after being divided still has the original property. On the contrary, a noun is ‘indivisible’ if the 

12 entity denoted by it cannot be divided, or each part after being divided possesses different 

13 features from the original entity. Krifka (1992) argued that entities which are divisible are mass 

14 and entities which are not divisible are count. Based on the rating results, 12 CMNs (mean 

15 rating score = 1.58) and 12 CCNs (mean rating score = 4.39) were chosen. These words are 

16 summarized in Table A.
17

18 Table A. 
19 The count & mass nouns selected in the Noun Rating Test
20
21
22
23
24
25

26

27

28

29

30

Count nouns Mass nouns
Ba Shaozi ‘spoon’ Shizi ‘pebble’

Chizi ‘ruler’ Zhongzi ‘seed’
Tongsuo ‘locker’ Hongdou ‘red bean’
Yaoshi ‘key’ Muchai ‘firewood’

Gen Huanggua ‘cucumber’ Shengzi ‘string’
Xiangjiao ‘banana’ Xiangchang ‘sausage’
Muahua ‘fried twist’ Mugun ‘stick’

Kuai Yupei ‘jade’ Dangao ‘cake’
Jimu ‘building block’ Huangyou ‘butter’

Shoujuan ‘handkerchief’ Nailao ‘cheese’
Huaban ‘sketchpad’ Xiangpi ‘eraser’

Hongzhuan ‘brick’ Feizao ‘soap’
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1

2 Table B. 
3 Linear regression for the fixation proportions in the ROI of classifier when classifier is ba

Contrast Estimate SE t p
(Intercept) 0.22 0.00 77.73 <.001
[Cl-N]
‘Objects in individual units’ - ‘Objects in 
groups’ 0.01 0.01 0.93 .36

‘Objects in groups’ - ‘Entities in Adj-
inconsistent units’ 0.00 0.01 0.16 .87

‘Entities in Adj-inconsistent units’- ‘Entities in 
Adj-consistent units’ -0.02 0.01 -1.60 .11

[Cl-A-N]
‘Objects in individual units’ - ‘Objects in 
groups’ 0.00 0.01 -0.16 .87

‘Objects in groups’ - ‘Entities in Adj-
inconsistent units’ -0.01 0.01 -0.38 .70

‘Entities in Adj-inconsistent units’- ‘Entities in 
Adj-consistent units’ 0.01 0.01 0.69 .49

[A-Cl-N]
‘Objects in individual units’ - ‘Objects in 
groups’ -0.22 0.01 -15.59 <.001

‘Objects in groups’ - ‘Entities in Adj-
inconsistent units’ 0.06 0.01 4.04 <.001

‘Entities in Adj-inconsistent units’- ‘Entities in 
Adj-consistent units’ -0.09 0.01 -6.25 <.001

4
5 Table C. 
6 Linear regression for the fixation proportions in the ROI of classifier when classifier is gen

Contrast Estimate SE t p
(Intercept) 0.24 0.00 73.84 <.001
[Cl-N]
‘Objects in individual units’ - ‘Objects in 
portions’ 0.02 0.02 1.47 .14

‘Objects in portions’ - ‘Entities in Adj-
inconsistent units’ 0.00 0.02 0.18 .86

‘Entities in Adj-inconsistent units’- ‘Entities in 
Adj-consistent units’ -0.01 0.02 -0.72 .47

[Cl-A-N]
‘Objects in individual units’ - ‘Objects in 
portions’ 0.01 0.02 0.35 .72

‘Objects in portions’ - ‘Entities in Adj-
inconsistent units’ -0.01 0.02 -0.37 .71

‘Entities in Adj-inconsistent units’- ‘Entities in 
Adj-consistent units’ 0.01 0.02 0.69 .49

[A-Cl-N]
‘Objects in individual units’ - ‘Objects in 
portions’ -0.22 0.02 -13.77 <.001

‘Objects in portions’ - ‘Entities in Adj-
inconsistent units’ 0.05 0.02 3.20 <.001
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‘Entities in Adj-inconsistent units’- ‘Entities in 
Adj-consistent units’ -0.11 0.02 -6.75 <.001

1
2 Table D. 
3 Linear regression for the fixation proportions in the ROI of classifier when classifier is kuai

Contrast Estimate SE t p
(Intercept) 0.23 0.00 90.98 <.001
[Cl-N]
‘Objects in individual units’ - ‘Objects in 
portions’ 0.01 0.01 0.47 .64

‘Objects in portions’ - ‘Entities in Adj-
inconsistent units’ 0.00 0.01 0.11 .91

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ -0.01 0.01 -0.56 .57

[Cl-A-N]
‘Objects in individual units’ - ‘Objects in 
portions’ 0.00 0.01 -0.29 .77

‘Objects in portions’ - ‘Entities in Adj-
inconsistent units’ 0.01 0.01 0.55 .58

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ -0.01 0.01 -0.70 .49

[A-Cl-N]
‘Objects in individual units’ - ‘Objects in 
portions’ -0.19 0.01 -15.24 <.001

‘Objects in portions’ - ‘Entities in Adj-
inconsistent units’ 0.05 0.01 3.68 <.001

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ -0.08 0.01 -6.60 <.001

4
5 Table E. 
6 Linear regression for the fixation proportions in the ROI of adjective when classifier is ba

Contrast Estimate SE t p
(Intercept) 0.23 0.00 69.42 <.001
[Cl-A-N]
‘Objects in individual units’ - ‘Objects in 
groups’ 0.01 0.01 0.69 .49

‘Objects in groups’ - ‘Entities in Adj-
inconsistent units’ 0.00 0.01 0.15 .88

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ -0.11 0.01 -8.54 <.001

[A-Cl-N]
‘Objects in individual units’ - ‘Objects in 
groups’ 0.00 0.01 -0.15 .88

‘Objects in groups’ - ‘Entities in Adj-
inconsistent units’ 0.00 0.01 -0.08 .94

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ -0.16 0.01 -12.07 <.001

7
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1 Table F. 
2 Linear regression for the fixation proportions in the ROI of adjective when classifier is gen

Contrast Estimate SE t p
(Intercept) 0.23 0.00 63.07 <.001
[Cl-A-N]
‘Objects in individual units’ - ‘Objects in 
portions’ -0.01 0.01 -0.70 .49

‘Objects in portions’ - ‘Entities in Adj-
inconsistent units’ 0.00 0.01 -0.16 .87

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ -0.11 0.01 -7.45 <.001

[A-Cl-N]
‘Objects in individual units’ - ‘Objects in 
portions’ 0.02 0.01 1.20 .23

‘Objects in portions’ - ‘Entities in Adj-
inconsistent units’ -0.01 0.01 -0.83 .41

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ -0.17 0.01 -11.65 <.001

3
4 Table G. 
5 Linear regression for the fixation proportions in the ROI of adjective when classifier is kuai

Contrast Estimate SE t p
(Intercept) 0.22 0.00 69.18 <.001
[Cl-A-N]
‘Objects in individual units’ - ‘Objects in 
portions’ 0.01 0.01 1.07 .29

‘Objects in portions’ - ‘Entities in Adj-
inconsistent units’ 0.00 0.01 0.12 .90

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ -0.14 0.01 -10.49 <.001

[A-Cl-N]
‘Objects in individual units’ - ‘Objects in 
portions’ 0.02 0.01 1.59 .11

‘Objects in portions’ - ‘Entities in Adj-
inconsistent units’ 0.00 0.01 -0.27 .79

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ -0.15 0.01 -11.88 <.001

6
7 Table H. 
8 Linear regression for the fixation proportions in the ROI of count noun when classifier is ba

Contrast Estimate SE t p
(Intercept) 0.23 0.01 37.62 <.001
[Cl-N]
‘Objects in individual units’ - ‘Objects in 
groups’ 0.16 0.03 5.56 <.001

‘Objects in groups’ - ‘Entities in Adj-
inconsistent units’ 0.29 0.03 9.79 <.001

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ 0.01 0.03 0.39 .70

[Cl-A-N]
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‘Objects in individual units’ - ‘Objects in 
groups’ 0.29 0.03 9.87 <.001

‘Objects in groups’ - ‘Entities in Adj-
inconsistent units’ 0.20 0.03 6.78 <.001

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ -0.02 0.03 -0.70 .48

[A-Cl-N]
‘Objects in individual units’ - ‘Objects in 
groups’ -0.65 0.03 -21.96 <.001

‘Objects in groups’ - ‘Entities in Adj-
inconsistent units’ 0.60 0.03 20.51 <.001

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ 0.02 0.03 0.80 .43

1
2 Table I. 
3 Linear regression for the fixation proportions in the ROI of count noun when classifier is gen

Contrast Estimate SE t p
(Intercept) 0.22 0.01 30.97 <.001
[Cl-N]
‘Objects in individual units’ - ‘Objects in 
portions’ 0.11 0.04 3.05 <.001

‘Objects in portions’ - ‘Entities in Adj-
inconsistent units’ 0.34 0.04 9.54 <.001

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ 0.00 0.04 0.00 1.00

[Cl-A-N]
‘Objects in individual units’ - ‘Objects in 
portions’ 0.39 0.04 11.08 <.001

‘Objects in portions’ - ‘Entities in Adj-
inconsistent units’ 0.12 0.04 3.40 <.001

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ -0.02 0.04 -0.50 .62

[A-Cl-N]
‘Objects in individual units’ - ‘Objects in 
portions’ 0.10 0.04 2.75 .01

‘Objects in portions’ - ‘Entities in Adj-
inconsistent units’ 0.30 0.04 8.40 <.001

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ 0.01 0.04 0.26 .80

4
5 Table J. 
6 Linear regression for the fixation proportions in the ROI of count noun when classifier is kuai

Contrast Estimate SE t p
(Intercept) 0.23 0.01 40.85 <.001
[Cl-N]
‘Objects in individual units’ - ‘Objects in 
portions’ 0.09 0.03 3.14 <.001

‘Objects in portions’ - ‘Entities in Adj-
inconsistent units’ 0.39 0.03 13.91 <.001
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‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ -0.01 0.03 -0.18 .86

[Cl-A-N]
‘Objects in individual units’ - ‘Objects in 
portions’ 0.35 0.03 12.62 <.001

‘Objects in portions’ - ‘Entities in Adj-
inconsistent units’ 0.22 0.03 7.72 <.001

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ -0.03 0.03 -1.03 .30

[A-Cl-N]
‘Objects in individual units’ - ‘Objects in 
portions’ 0.10 0.03 3.58 <.001

‘Objects in portions’ - ‘Entities in Adj-
inconsistent units’ 0.31 0.03 11.07 <.001

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ -0.02 0.03 -0.74 .46

1
2 Table K. 
3 Linear regression for the fixation proportions in the ROI of mass noun when classifier is ba

Contrast Estimate SE t p
(Intercept) 0.23 0.01 41.54 <.001
[Cl-N]
‘Objects in individual units’ - ‘Objects in 
groups’ -0.01 0.03 -0.36 .72

‘Objects in groups’ - ‘Entities in Adj-
inconsistent units’ -0.39 0.03 -14.16 <.001

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ -0.02 0.03 -0.68 .50

[Cl-A-N]
‘Objects in individual units’ - ‘Objects in 
groups’ 0.00 0.03 -0.11 .91

‘Objects in groups’ - ‘Entities in Adj-
inconsistent units’ -0.48 0.03 -17.33 <.001

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ 0.14 0.03 5.06 <.001

[A-Cl-N]
‘Objects in individual units’ - ‘Objects in 
groups’ -0.03 0.03 -1.19 .23

‘Objects in groups’ - ‘Entities in Adj-
inconsistent units’ -0.27 0.03 -9.77 <.001

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ -0.27 0.03 -9.86 <.001

4
5
6 Table L. 
7 Linear regression for the fixation proportions in the ROI of mass noun when classifier is gen

Contrast Estimate SE t p
(Intercept) 0.23 0.01 41.23 <.001
[Cl-N]
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‘Objects in individual units’ - ‘Objects in 
portions’ 0.00 0.03 0.17 .87

‘Objects in portions’ - ‘Entities in Adj-
inconsistent units’ -0.37 0.03 -13.25 <.001

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ -0.06 0.03 -2.03 .04

[Cl-A-N]
‘Objects in individual units’ - ‘Objects in 
portions’ 0.00 0.03 -0.17 .87

‘Objects in portions’ - ‘Entities in Adj-
inconsistent units’ -0.31 0.03 -11.24 <.001

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ -0.20 0.03 -7.17 <.001

[A-Cl-N]
‘Objects in individual units’ - ‘Objects in 
portions’ -0.04 0.03 -1.43 .15

‘Objects in portions’ - ‘Entities in Adj-
inconsistent units’ -0.30 0.03 -10.73 <.001

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ -0.19 0.03 -6.81 <.001

1
2
3 Table M. 
4 Linear regression for the fixation proportions in the ROI of mass noun when classifier is kuai

Contrast Estimate SE t p
(Intercept) 0.23 0.00 50.82 <.001
[Cl-N]
‘Objects in individual units’ - ‘Objects in 
portions’ 0.00 0.02 0.12 .90

‘Objects in portions’ - ‘Entities in Adj-
inconsistent units’ -0.41 0.02 -18.11 <.001

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ 0.01 0.02 0.35 .73

[Cl-A-N]
‘Objects in individual units’ - ‘Objects in 
portions’ 0.00 0.02 0.12 .90

‘Objects in portions’ - ‘Entities in Adj-
inconsistent units’ -0.31 0.02 -13.95 <.001

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ -0.22 0.02 -10.05 <.001

[A-Cl-N]
‘Objects in individual units’ - ‘Objects in 
portions’ -0.03 0.02 -1.45 .15

‘Objects in portions’ - ‘Entities in Adj-
inconsistent units’ -0.32 0.02 -14.13 <.001

‘Entities in Adj-inconsistent units’- ‘Entities 
in Adj-consistent units’ -0.16 0.02 -7.35 <.001

5
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1 Table N
2 Linear regression for behaviour data when classifier is ba

Estimate SE t p
Count nouns
(Intercept) 0.25 0.012 21.068 <.001
[Cl-N]
objects measured in individual units - objects 
measured in groups 0.667 0.057 11.691 <.001
objects measured in groups - entities measured 
in Adj-inconsistent units 0.167 0.057 2.923 <.005
entities measured in Adj-inconsistent units - 
entities measured in Adj-consistent units 0 0.057 0 1
[Cl-A-N]
objects measured in individual units - objects 
measured in groups 0.647 0.059 11.027 <.001
objects measured in groups - entities measured 
in Adj-inconsistent units 0.176 0.059 3.007 <.005
entities measured in Adj-inconsistent units - 
entities measured in Adj-consistent units 0 0.059 0 1
[A-Cl-N]
objects measured in individual units - objects 
measured in groups -0.882 0.059 -15.037 <.001
objects measured in groups - entities measured 
in Adj-inconsistent units 0.941 0.059 16.04 <.001
entities measured in Adj-inconsistent units - 
entities measured in Adj-consistent units 0 0.059 0 1
Mass nouns
(Intercept) 0.25 0.016 15.49 <.001
[Cl-N]
objects measured in individual units - objects 
measured in groups 0 0.08 0 1
objects measured in groups - entities measured 
in Adj-inconsistent units -0.471 0.08 -5.896 <.001
entities measured in Adj-inconsistent units - 
entities measured in Adj-consistent units -0.059 0.08 -0.737 0.462
[Cl-A-N]
objects measured in individual units - objects 
measured in groups 0 0.08 0 1
objects measured in groups - entities measured 
in Adj-inconsistent units -0.647 0.08 -8.107 <.001
entities measured in Adj-inconsistent units - 
entities measured in Adj-consistent units 0.294 0.08 3.685 <.001
[A-Cl-N]
objects measured in individual units - objects 
measured in groups 0 0.078 0 1
objects measured in groups - entities measured 
in Adj-inconsistent units -0.194 0.078 -2.507 <.05
entities measured in Adj-inconsistent units - 
entities measured in Adj-consistent units -0.611 0.078 -7.879 <.001

3
4
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1
2 Table O
3 Linear regression for behaviour data when classifier is gen

Estimate SE t p
Count nouns
(Intercept) 0.25 0.008 31.843 <.001
[Cl-N]
objects measured in individual units - objects 
measured in groups 0.923 0.038 24 <.001
objects measured in groups - entities measured 
in Adj-inconsistent units 0.038 0.038 1 .318
entities measured in Adj-inconsistent units - 
entities measured in Adj-consistent units 0 0.038 0 1
[Cl-A-N]
objects measured in individual units - objects 
measured in groups 0.923 0.038 24 <.001
objects measured in groups - entities measured 
in Adj-inconsistent units 0.038 0.038 1 .318
entities measured in Adj-inconsistent units - 
entities measured in Adj-consistent units 0 0.038 0 1
[A-Cl-N]
objects measured in individual units - objects 
measured in groups 0.923 0.038 24 <.001
objects measured in groups - entities measured 
in Adj-inconsistent units 0.038 0.038 1 .318
entities measured in Adj-inconsistent units - 
entities measured in Adj-consistent units 0 0.038 0 1
Mass nouns
(Intercept) 0.25 0.019 13.237 <.001
[Cl-N]
objects measured in individual units - objects 
measured in groups 0 0.093 0 1
objects measured in groups - entities measured 
in Adj-inconsistent units -0.5 0.093 -5.404 <.001
entities measured in Adj-inconsistent units - 
entities measured in Adj-consistent units 0 0.093 0 1
[Cl-A-N]
objects measured in individual units - objects 
measured in groups 0 0.093 0 1
objects measured in groups - entities measured 
in Adj-inconsistent units -0.192 0.093 -2.079 <.05
entities measured in Adj-inconsistent units - 
entities measured in Adj-consistent units -0.615 0.093 -6.651 <.001
[A-Cl-N]
objects measured in individual units - objects 
measured in groups 0 0.093 0 1
objects measured in groups - entities measured 
in Adj-inconsistent units -0.385 0.093 -4.157 <.001
entities measured in Adj-inconsistent units - 
entities measured in Adj-consistent units -0.231 0.093 -2.494 <.05

4
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1
2 Table P
3 Linear regression for behaviour data when classifier is kuai

Estimate SE t p
Count nouns
(Intercept) 0.25 0.005 46.219 <.001
[Cl-N]
objects measured in individual units - objects 
measured in groups 0.952 0.027 35.392 <.001
objects measured in groups - entities measured 
in Adj-inconsistent units 0.024 0.027 0.885 .377
entities measured in Adj-inconsistent units - 
entities measured in Adj-consistent units 0 0.027 0 1
[Cl-A-N]
objects measured in individual units - objects 
measured in groups 0.909 0.026 34.578 <.001
objects measured in groups - entities measured 
in Adj-inconsistent units 0.045 0.026 1.729 .084
entities measured in Adj-inconsistent units - 
entities measured in Adj-consistent units 0 0.026 0 1
[A-Cl-N]
objects measured in individual units - objects 
measured in groups 0.955 0.026 36.307 <.001
objects measured in groups - entities measured 
in Adj-inconsistent units 0.023 0.026 0.864 .388
entities measured in Adj-inconsistent units - 
entities measured in Adj-consistent units 0 0.026 0 1
Mass nouns
(Intercept) 0.25 0.014 18.11 <.001
[Cl-N]
objects measured in individual units - objects 
measured in groups 0 0.067 0 1
objects measured in groups - entities measured 
in Adj-inconsistent units -0.5 0.067 -7.452 <.001
entities measured in Adj-inconsistent units - 
entities measured in Adj-consistent units 0 0.067 0 1
[Cl-A-N]
objects measured in individual units - objects 
measured in groups 0 0.067 0 1
objects measured in groups - entities measured 
in Adj-inconsistent units -0.136 0.067 -2.032 <.05
entities measured in Adj-inconsistent units - 
entities measured in Adj-consistent units -0.727 0.067 -10.839 <.001
[A-Cl-N]
objects measured in individual units - objects 
measured in groups 0 0.069 0 1
objects measured in groups - entities measured 
in Adj-inconsistent units -0.31 0.069 -4.507 <.001
entities measured in Adj-inconsistent units - 
entities measured in Adj-consistent units -0.381 0.069 -5.547 <.001

4
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