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Abstract: We examined the online processing of nominal case morphology in Korean by native 13 

speakers and second language (L2) learners by contrasting canonical (SOV) and scrambled (OSV) 14 

structures, across auditory (Experiment 1) and written (Experiment 2) format. Moreover, we com- 15 

pared different instances of nominal case marking: accusative (NOM-ACC) and dative (NOM- 16 

DAT). During auditory processing, Koreans showed incremental processing based on case infor- 17 

mation, with no effect of scrambling or specific case marking. In contrast, the L2 group showed no 18 

evidence of predictive processing and was negatively impacted by scrambling, especially for the 19 

accusative. During reading, both Koreans and the L2 group showed a cost of scrambling on first 20 

pass reading times, specifically for the dative. Last, L2 learners showed better comprehension for 21 

scrambled dative than accusative structures across formats. The current set of results provides a 22 

complete and complex picture of the factors that affect the online processing of nominal case mor- 23 

phology. 24 

Keywords. Case morphology; Korean; eye movements; L2; reading; visual world 25 

 26 

1. Introduction 27 

Previous psycholinguistic research has amply documented native speakers’ imme- 28 

diate sensitivity to morphosyntactic factors during online processing, as demonstrated by 29 

their ability to use features such as number, gender or case to predict upcoming elements 30 

(Hopp, 2016; Kamide, Altmann et al., 2003; Kamide, Scheepers et al., 2003). Given this, the 31 

role of nominal case marking in canonical and scrambled sentences has been one of ex- 32 

tensive investigation in psycholinguistic studies in both auditory and visual contexts and 33 

in various European and Asian languages (Hopp, 2010, 2015; Mitsugi & MacWhinney, 34 

2016; Kamide, Altman & Haywood, 2003).  35 

In contrast, research on L2 learners has generally revealed a lesser capacity to process 36 

morphosyntactic markers online, either to compute structure or to predict upcoming ele- 37 

ments (Clahsen & Felser, 2006; Hopp, 2015). Studies that have examined auditory sen- 38 

tence processing have shown dramatic differences between native speakers and L2 learn- 39 

ers as concerns their ability to process grammatical case incrementally across several lan- 40 

guages, including Korean (Frenck-Mestre et al., 2018) German (Hopp, 2015) and Japanese 41 

(Mitsugi & MacWhinney, 2016). During reading, differences between native speakers’ 42 

abilities and those of L2 learners are often observed, but to a lesser extent than during 43 

auditory processing (Hopp, 2006; C.N. Jackson, 2008, Jackson et al., 2012), an issue that we 44 
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address in the present paper. It is unclear whether L2 learners’ shortcomings are to be 45 

attributed to an underuse of syntactic information (Clahsen & Felser, 2006, 2018) or to 46 

limited processing capacities given that several learner and contextual features (e.g. pro- 47 

ficiency level, working memory capacity and task demands) influence results for L2 learn- 48 

ers (Havik, Roberts, Van Hout, Schreuder & Haverkort, 2009; Jackson & Bobb, 2009; Jack- 49 

son & Dussias, 2009). While both monolingual children and adults of case-marking lan- 50 

guages are sensitive to case for predictive processing in non canonical word order (e.g. 51 

scrambling), they use a range of top-down and bottom-up cues. In contrast, bilingual chil- 52 

dren and adults rely more on word order, often misparsing structures in non-canonical 53 

order (Duguine & Kopke, 2019; Frenck-Mestre et al., 2018; Janssen & Meir, 2019).  54 

Herein, we present data from two experiments conducted with native speakers and 55 

intermediate L2 learners of Korean whose L1 was French, to test the role of case marking 56 

and word order during online comprehension in both auditory and written format. We 57 

first outline the relevant grammar and orthography of the Korean and French languages 58 

and then describe previous research of online processing of case by native and L2 popu- 59 

lations. We then develop the present study, which in Experiment 1 used a visual world 60 

auditory paradigm and in Experiment 2 adapted the same materials to a reading experi- 61 

ment in which eye movements were recorded. Finally, we discuss our results in terms of 62 

the over-arching questions, concluding that the modality of presentation is significant, 63 

that the specific type of nominal case plays a role and that L2 learners show a pattern of 64 

processing more similar to that of native speakers during reading than auditory pro- 65 

cessing.  66 

1.1. Characteristics of Korean 67 

Korean shares numerous phonological and morphological features of languages in 68 

the “Altaic” family, which regroups a swath of languages spoken across central and south- 69 

east Asia. Among these characteristics are agglutination, head final word order and vowel 70 

harmony. However, these typological similarities have not proven decisive in determin- 71 

ing a common ancestry between Korean and the “Altaic” group (Georg et al., 1998), any 72 

more so than between Korean and Japanese (Lee and Ramsey, 2011). Nonetheless, Korean 73 

is indeed a head final, agglutinative language that has canonical SOV word order (Sohn, 74 

1999) and presents vowel harmony in a limited class of words in modern Korean (Finley, 75 

2006). It does not allow for the oral realization of consonant clusters and when they occur 76 

in written format only one consonant is produced within a syllable, due to various pho- 77 

nological rules (Kim, 2002; Pidanziak & Witty, 2011).  Korean nouns are not marked for 78 

gender and only optionally marked for number but are generally marked for case. Exam- 79 

ples 1 and 2, below, illustrate the nominative, accusative, dative and locative case in Ko- 80 

rean as well as the topic marker. These case particles are regularly produced, although 81 

they may be dropped in informal speech under certain conditions. Korean does not ex- 82 

press verbal agreement in either person or number, however; it has a complex morpho- 83 

logical system to denote different registers/politeness levels and marks for tense and as- 84 

pect. 85 

1. 오늘은 소년이 학교에서 점심을 먹었다 86 

Oneuleun sonyeoni haggyoeseo jeomsimul moegeossta 87 

Todaytop boynom schoolloc lunchacc ate. 88 

Today, the boy ate lunch at school.  89 

 90 

2. 어제 의사(가) 소년(에게) 책(을) 주었습니다 91 

Eoje uisaka sonyeonege chaekul jueosseubnida 92 
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Yesterday doctornom boydat bookacc gave 93 

Yesterday, the doctor gave a book to the boy  94 

Modern Korean predominately uses the standardized form of Hangul (한글), illus- 95 

trated in examples 1 and 2, to orthographically represent speech. It is a morphophonemic 96 

alphabetic script comprised of 24 letters that represent the 40 phonemes of Korean, which 97 

include 19 consonants (14 simple, 5 of which are doubled) and 21 vowels, which comprise 98 

8 simple vowels (ㅏ[a], ㅗ[o],ㅓ[ʌ]ㅣ[i],ㅜ[u], ㅡ[ɯ],ㅐ[e],ㅔ[ɛ]) and a further 13 dipthongs 99 

created via the adjunction of either /j/, /w/ or /u/. Hangul was created in the mid 15th 100 

century (Lee & Ramsey, 2011) to replace the Chinese morpho-syllabic writing system that 101 

was originally used to transcribe the Korean language but which did not sufficiently rep- 102 

resent Korean phonemes. The Hangul writing system was adopted over several centuries 103 

and originally enjoyed lower social status compared to Chinese. Mixed scripts combining 104 

both Chinese and Hangul were the norm up until the 20th century, and Hangul itself was 105 

not standardized until the late 20th century (Lee & Ramsey, 2011). Hangul shows the in- 106 

fluence of Chinese in that letters are not written linearly but in syllable blocks (kulja) that 107 

generally comprise between 2 and 4 letters (jamo) and obey phonological constraints and 108 

spatial properties (Pae, 2011). Brain imaging studies have examined whether Korean is 109 

processed more similarly to Chinese or English, given the combined attributes of being 110 

alphabetic and obeying syllable organization (Bai, Shi, Jiang, He & Weng, 2011; Kim, Liu 111 

& Cao, 2017; Yoon; Cho, Chung & Park, 2005). The orthographic representation of Korean 112 

adheres to CV syllable structure such that if a syllable block begins with a vowel, a null 113 

grapheme (ㅇ) is inserted prior to the vowel (eg. 아버지 «abeoji» father), vs. 사과 «sa- 114 

kwa» apple).The grapheme to phoneme correspondence in modern Korean is highly reg- 115 

ular, if much less so in early stages of the development of the script (Lee & Ramsey, 2011), 116 

i.e. it has a “shallow” orthography with a one-to-one mapping between phonemes and 117 

graphemes aside from certain complex codas, but for which consistent phonological rules 118 

apply (Pindziak & Witty, 2011).  119 

1.2. Characteristics of French 120 

 French is an Indo-European language, derived from Latin. In contrast to Korean, it 121 

is head initial and has canonical SVO word order. Verbs must agree in both number and 122 

person with the sentential subject, although for regular verbs the oral realization of agree- 123 

ment is only distinguished for 3 forms across the 6 pronouns; French readers are indeed 124 

sensitive to this syncretism (Frenck-Mestre et al., 2008; Jaffré & Fayol, 2006; Largy & Fayol, 125 

2001). While French has canonical SVO order for declarative sentences with full noun 126 

phrases, it diverges from such when referring to aforementioned nouns, in which case the 127 

pronoun is cliticized and rises above the verb, as illustrated in 3a and 3b, below. Clitics 128 

are encountered quite frequently, such that native French speakers are well accustomed 129 

to processing SOV word order. In contrast to Korean, modern French nouns do not have 130 

a morpheme that indicates case for full noun phrases that are direct objects, whether nom- 131 

inative or accusative, however; the dative is marked by the preposition “à” for full nouns, 132 

as illustrated in 4a, and by a specific clitic form, as illustrated in 4b.  133 

 3a. Marc voit Jacques.  134 

Mark sees Jacques. 135 

 3b. Marie le voit aussi.  136 

Mary him sees also.  Mary also sees him. 137 
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4a.  Jean parle à Jacques  138 

John talks to Jack.  139 

4b. Il lui dit des choses importantes  140 

He him says important things.  He says important things to him.  141 

Modern French uses the 26 letters of the Latin alphabet, along with 5 diacritics and 142 

two specific forms (“œ” and “ae”), to transcribe speech. It is written linearly and, in com- 143 

parison to Korean, does not have systematic onsets and codas at the beginning and end of 144 

the syllables within a word, although the syllable has been claimed to be more prominent 145 

in accessing words in French than say in English (Dumay, Frauenfelder & Content, 2002). 146 

French orthography has a many-to-one mapping as concerns its correspondence with 147 

speech; the 36 phonemes of French can be transcribed by 130 different graphemes, which 148 

is the cause of considerable difficulty in acquiring the writing system and affects pro- 149 

cessing written sentences (Jaffré & Fayol, 2006; Carrasco & Frenck-Mestre, 2014; Frenck- 150 

Mestre et al., 2010). A French speaker acquiring Korean may thus find the grapheme to 151 

phoneme correspondence far more transparent than in French, which has a deep orthog- 152 

raphy, but may experience initial difficulties when decoding letters due to their being 153 

written in syllable blocks. 154 

1.3. Online processing of case in native and non-native speakers 155 

 Numerous studies have examined the processing of grammatical case, in the aim of 156 

understanding both how it is exploited by native speakers and whether non-native speak- 157 

ers can achieve native-like proficiency. Below, we provide an overview of recent work 158 

that is pertinent to this research question. We examine the results from studies of spoken 159 

and written presentation successively as the two approaches often address different as- 160 

pects of processing and have provided contrasting results for non-native speakers.  161 

1.4. Auditory processing of case 162 

 An elegant demonstration of how the human parser rapidly exploits grammatical 163 

case was provided by Kamide, Altmann and Haywood (2003) in a visual world experi- 164 

ment conducted in Japanese, which obeys the Head final constraint akin to Korean. Native 165 

Japanese speakers listened to auditory sentences while they viewed visual scenes; no ad- 166 

ditional task was imposed. Of particular interest to the present study, the two construc- 167 

tions that were compared differed in the case marking of the second NP, which was either 168 

dative or accusative. Participants’ anticipatory eye movements to the different elements 169 

in the scene revealed that for dative utterances (NP1nom-NP2dat) a third NP was pro- 170 

jected, in line with the distributional properties of Japanese. This was not the pattern of 171 

eye movements observed for accusative utterances (NP1nom-NP2acc), for which a third 172 

NP is possible but less likely. Kamide et al. (2003) concluded that native Japanese listeners 173 

used the combined syntactic information, provided by the case particles on the two first 174 

nouns, to predict upcoming arguments. This result was replicated in Japanese with the 175 

added factor that the same predictive processing was found for scrambled dative struc- 176 

tures (Mitsugi & MacWhinney, 2016). The same conclusion was reached in two visual 177 

world paradigm studies conducted in German (Kamide, Scheepers & Altmann, 2003; 178 

Hopp, 2015). Utterances had either canonical SVO or scrambled OVS word order. Inde- 179 

pendent of word order, native speakers predicted the correct thematic role for the second 180 

noun, based on the case marked determiner preceding the first noun and semantic re- 181 

strictions of the verb, and directed their gaze to it prior to its enunciation. Akin to the data 182 
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from Japanese (Kamide et al., 2003a; Mitsugi & MacWhinney, 2016), no differences were 183 

found between canonical (SVO)  and scrambled (OVS) word order until after the infor- 184 

mation from the first two words had been integrated. 185 

Recently, we used a modified visual world paradigm to investigate this question in 186 

Korean (Frenck-Mestre et al., 2018). Participants saw two line drawings for 1 second, as 187 

illustrated in Figure 1, prior to the onset of the utterance that described one of the two 188 

drawings. The utterances had either canonical SOV or scrambled OSV word order for both 189 

monotransitive accusative and dative structures and all nouns were marked for case. In 190 

monoclausal sentences, scrambling does not require long-distance movement involving 191 

filler-gap configurations, but does require the processing of case-marking that indicates 192 

grammatical roles (Takahashi & Hulsey, 2009). The eye movement record showed une- 193 

quivocally that native speakers exploited case to predict the structure of the utterances. 194 

No effects were found during the auditory processing of the first noun. However, starting 195 

at the second noun, participants directed their gaze to the correct image based on the com- 196 

bined case marking of the two nouns. This was true irrespective of word order (SOV vs. 197 

OSV) and structure (accusative or dative). Hence, native Koreans showed no particular 198 

cost of scrambling in syntactically simple utterances (cf. Mitsugi & MacWhinney, 2016, in 199 

Japanese) and rapidly integrated case marking to predict the final interpretation. 200 

 201 

 202 

Figure 1. Example of line drawings presented simultaneously with the auditory sentence in Experiment 1.  203 

The results obtained for native speakers contrast sharply with those reported for L2 204 

learners. In 3 independent studies, conducted in Korean (Frenck-Mestre et al., 2018), Jap- 205 

anese (Mitsugi & MacWhinney, 2016) and German (Hopp, 2015) that used the same para- 206 

digm as the studies conducted with native speakers (Frenck-Mestre et al., 2018; Kamide 207 

et al., 2003a; 2003b), L2 learners failed to exploit case online. No anticipatory looks to the 208 

correct element in the scene were observed when processing either nominal case particles 209 

(Frenck-Mestre et al., 2018; Mitsugi & MacWhinney, 2016) or case marked NPs and verb 210 

semantics (Hopp, 2015). Furthermore, L2 learners responded distinctly to dative as op- 211 

posed to accusative particles (Frenck-Mestre et al., 2018). When L2 learners did make an- 212 

ticipatory looks, they systematically adopted a strategy based on canonical word order, 213 

thus ignoring the information provided by case in scrambled utterances (Hopp, 2015; 214 

Mitsugi & MacWhinney, 2016). Across these studies, the common pattern of results was 215 

either the delayed integration of case information, or even the absence of integration. 216 

Moreover, this was found for advanced late learners as well as for less proficient learners 217 

(Hopp, 2015) and for L2 learners whose L1 was either typologically similar or distant as 218 

concerns the system of nominal case particles (Frenck-Mestre et al., 2018).  219 



Brain Sci. 2022, 12, x FOR PEER REVIEW 6 of 30 
 

 Native speakers and L2 learners thus differ substantially in their ability to exploit 220 

case during auditory processing. However, one can question whether the transitory na- 221 

ture of speech played an important role. Indeed, in all three L2 studies cited above, the 222 

learners did eventually converge upon the correct interpretation (but see Frenck-Mestre 223 

et al., 2018). The question, thus, is whether written format would provide a different pat- 224 

tern of results, if not as concerns predictive processing but the ability to immediately ex- 225 

ploit case information altogether. Several studies, summarized below, have addressed this 226 

question. 227 

1.5. Written processing of case 228 

The majority of studies of written processing of case in L2 learners has examined 229 

single sentences and has been conducted within the framework of structural based ac- 230 

counts of parsing (cf. Hopp, 2007, 2009; Jackson, et al., 2012). Several studies have been 231 

conducted in German, due to its robust case marking system, which presents a particular 232 

challenge for adult L2 learners (cf. Hopp, 2006, 2007, 2009; C.N. Jackson, 2008; Jackson & 233 

Bobb, 2009; Jackson & Dussias, 2009, Jackson et al., 2012). These studies have often ex- 234 

ploited structural ambiguities, which can arise due to syncretism in German case mor- 235 

phology. The results provide a complex answer to the question of whether and when 236 

adults who have acquired a second language after early childhood incorporate the gram- 237 

matical/thematic information provided by nominal case to process sentence meaning. 238 

Hopp (2006) and C.N. Jackson (2008) reported that “near-native” and highly proficient L2 239 

participants performed in similar fashion to native controls. Both groups showed in- 240 

creased self paced reading times at the critical NP for scrambled (OS) compared to canon- 241 

ical (SO) word order in embedded relative clauses. In contrast, intermediate L2 learners 242 

either did not show online effects or only at sentence end. However, in a replication study 243 

that recorded eye-movements, Jackson and colleagues (2012) concluded that intermediate 244 

L2 readers do in fact show immediate sensitivity to grammatical information provided by 245 

case marked determiners. Two other self paced reading studies conducted in German pro- 246 

vided mixed results. One showed that advanced L2 learners displayed online sensitivity 247 

to case and a pattern of processing similar to but not identical to native speakers (Jackson 248 

& Dussias, 2009), while the other, despite being a close replication, did not (Jackson & 249 

Bobb, 2009). However, the two studies differed in task demands as concerns the require- 250 

ment to make a grammatical judgment, which may have prompted participants to make 251 

explicit use of case. 252 

Despite the numerous factors that apparently come into play in L2 processing, the 253 

overall picture from the above cited studies suggests that, even if not part of the L1 gram- 254 

mar, grammatical case can be exploited online during reading once the learner has 255 

achieved sufficient proficiency. This differs from the overall consensus for auditory pro- 256 

cessing, however; none of the studies that examined auditory processing recruited “near 257 

native” or even highly proficient learners. 258 

1.6. Present study 259 

Herein, we examined the online processing of nominal case particles in Korean. As 260 

an overt case-marked language with canonical SOV constituent word order that allows 261 

for movement (scrambling) of arguments, Korean provides a rich test bed to explore pro- 262 

cessing of case. We compared processing for native Koreans to that of L2 learners of Ko- 263 

rean whose native language was French, which is not overtly case-marked, shows SVO 264 

constituent order and disallows scrambling. To address the question of how the modality 265 

of presentation may affect the capacity to process case online, we compared auditory pro- 266 

cessing (Experiment 1) to reading (Experiment 2). We examined processing for both ca- 267 

nonical (SOV) and scrambled (OSV) word order.  268 

To delve deeper into the question of Korean case, we compared processing for dative 269 

and accusative structures. There are numerous differences between the behavior of two 270 
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“grammatical” case particles, the nominative and accusative, and “semantic” ones, nota- 271 

bly the dative (Kim & Choi, 2004). One such difference concerns ellipsis, i.e. where the 272 

particle is dropped. Various offline studies of Korean have shown that the nominative and 273 

accusative are subject to ellipsis (Ahn & Herschensohn, 2013; Chung & Lee, 2017; Lee & 274 

Choi, 2010; Lee & Song, 2012), although ellipsis obeys constraints (Ahn & Cho, 2007; 275 

Aissen, 2003; Chung & Lee, 2017; Kwon & Zribi-Hertz, 2008; Lee & Gordon, 2007, Lee & 276 

Ramsey, 2011; Sohn, 1999). In contrast, ellipsis is rarely attested for dative case, which can 277 

be attributed to its ranking (Aissen, 2003; Lee, 1999). Dative case particles also differ from 278 

the nominative and accusative as concerns the alternation of phonological form. To main- 279 

tain CV structure, the majority of nominal case particles are phonologically constrained, 280 

having +V structure for nouns that have a coda consonant (VC# or CVC#) versus +CV for 281 

nouns that do not (V# or CV#). To illustrate, there are two forms for the nominative (이/가 282 

i/ka) accusative (을/를 ul/lul), instrumental (으로/로 ulo/lo) and vocative (아/야 a/ya) as 283 

well as for the topic particle (은/는 un/nun), suffixed to nouns ending with a consonant 284 

and vowel, respectively. These variations are purely phonological, with no semantic con- 285 

tent. This stands in contrast to the dative case marker, which also has two forms (에/에게 286 

ey/eykey) but which alternate based on the semantic properties of the noun it attaches to 287 

(inanimate and animate, respectively; idem for the locative (애서/애개서 eyseo/eykeyseo). 288 

Studies of L2 learners and heritage speakers have shown that the various phonetic, gram- 289 

matical and semantic differences for the dative as opposed to the nominative and accusa- 290 

tive particles affect the ability to produce and understand these particles, with a definite 291 

advantage for dative (Frenck-Mestre et al., 2018; Kim, O’Grady & Schwartz, 2018). 292 

In relation to scrambling in Korean, not all orders are permissible, depending on 293 

whether two NPs share the same grammatical case and/or animacy value, whether they 294 

are both arguments, etc. (Cho & Choe, 2001; Ko, 2018; E. Lee, 2007). In the present study, 295 

we considered rather simple instances of permutations, contrasting canonical SOV and 296 

scrambled OSV orders for both monotransitive accusative and dative structures, as illus- 297 

trated in 5a through 6b. All materials had the same structure as in these examples, with 298 

two initial NPs marked as either nominative and accusative or nominative and dative, in 299 

either canonical or scrambled word order, followed by the verb. 300 

5a. 아이가 어머니를 깨운다. 301 

aika eomeonilul kkaeunta 302 

childnom motheracc wake-Pres Ind 303 

‘The child wakes the mother’ 304 

5b. 어머니를 아이가 깨운다. 305 

Eomeonilul aika kkaeunta 306 

motheracc childnom wake-Pres Ind 307 

‘The child wakes the mother’ 308 

6a. 환자가 의사에게 이야기한다 309 

Hwanja-ka uisa-eykey iyakihanta 310 

patientnom doctordat say hello to-Pres Ind 311 

‘The patient says hello to the doctor’ 312 
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6b. 의사에게 환자가 이야기한다 313 

Uisaeykey hwanjaka iyakihanta 314 

doctordat patientnom say hello to-Pres Ind 315 

‘The patient says hello to the doctor’ 316 

For the structures illustrated above, both orders are permissible although SOV order 317 

is canonical and observed more frequently than scrambled OSV order (K-H Jackson, 2008; 318 

Ko, 2018; cf. Frenck-Mestre et al. 2018 for further discussion). Frequency of occurrence 319 

may play a greater role in processing for non-native than native speakers (Frenck-Mestre 320 

et al., 2018; Hopp, 2015; Mitsugi & MacWhinney, 2016). There is also debate concerning 321 

the processing cost linked to scrambling (Choi, 1996; Imamura, Sato & Koizumi, 2016; K- 322 

H Jackson, 2008; Ko, 2018; Koizumi & Tamakoa, 2010; for a more in depth discussion, we 323 

refer the reader to Frenck-Mestre et al., 2018). Non-canonical OSV scrambled structures 324 

may be considered syntactically more complex (Chomsky, 1995), but whether this is evi- 325 

denced in processing depends upon the method and structures employed (Imamura et 326 

al., 2016; Koizumi & Tamakoa, 2004; 2010; Mitsugi & MacWhinney, 2010; Miyamoto & 327 

Takahashi, 2002; Shibata, Suzuki, Kim, Gyoba, & Koizumi, 2005; Yamashita, 1997). If par- 328 

ticipants rapidly parse scrambled elements, no immediate processing cost may appear 329 

(Ahn, 2015; Lee, et al., 2007; Miyamoto & Takahashi, 2004; Shibata et al., 2005).   330 

Given earlier research, we predict that native speakers will use case and word order 331 

as cues during online processing for both auditory and written sentences. This should 332 

translate, during auditory processing, into a greater proportion of looks to the correct im- 333 

age, starting from the onset of the second noun, due to native speakers predicting the 334 

upcoming elements of the sentence based on the case marking of N1, They should exploit 335 

case information incrementally as the utterance unfolds to build a syntactic representa- 336 

tion, whether for canonical or scrambled word order. During reading, if there is a cost 337 

associated with scrambling, native readers should show increased reading times at the 338 

first noun, for scrambled (OSV) sentences compared to canonical (SOV) word order. For 339 

L2 learners, we predict that they will be insensitive to case during auditory processing, 340 

relying on word order, in line with previous results (Frenck-Mestre et al., 2018; Hopp, 341 

2015; Mitsugi & MacWhinney, 2016). Thus, no preference for either image should be ap- 342 

parent prior to the processing of the verb and our L2 learners should misinterpret scram- 343 

bled (OSV) utterances. However, we expect to observe an advantage, in the L2 learners 344 

for dative as opposed to accusative case (Frenck-Mestre et al., 2018). During reading, 345 

which may allow L2 learners more time to process the various elements given that we 346 

used eye tracking and no time constraints were imposed, we hypothesize that L2 learners 347 

may show more native-like processing. Hence, if scrambled structures incur a cost, we 348 

predict increased reading times at the initial noun compared to canonical structures in like 349 

fashion to native readers of Korean.  350 

 The current study presents several advantages. First, we examined online processing 351 

across formats for the same linguistic materials. Second, the recording of eye movements 352 

provides a millisecond precise record of processing, which allowed us to pinpoint when 353 

participants exploited case during auditory processing and a finer grained measure than 354 

self-paced reading to determine whether scrambling incurred a cost. Third, the direct 355 

comparison of different types of case marking is novel. Last, we address the currently 356 

debated “replication crisis” in that our first experiment employed the same paradigm and 357 

materials as Frenck-Mestre et al. (2018) but with new participant groups. 358 

 359 

2. Experiment 1 360 
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The first experiment served both as a basis of comparison for our second experiment 361 

and an extension of our earlier work (Frenck-Mestre et al., 2018). In that study, we per- 362 

formed a cross-linguistic comparison by examining the performance of two L2 learner 363 

groups whose native language was either typologically close to Korean as concerns nom- 364 

inal case marking and head final properties (Kazakh) or typologically distant (French) to 365 

a group of native Koreans. As outlined above, the typological distance between the learn- 366 

ers’ L1 and Korean did not suffice to explain the pattern of results. In relation to our pre- 367 

vious study (Frenck-Mestre et al., 2018), the L2 learner group recruited for the present 368 

study comprised what can be termed as “classroom learners” having acquired Korean in 369 

a university curriculum and living in their country of origin (France) without any outside 370 

use of Korean. None had lived for any length of time in Korea or a Korean-speaking com- 371 

munity in France. This factor is of importance, given that our previous results were re- 372 

ported for L2 learners living in Korea, who had been immersed in the Korean language 373 

for several months. As such, it is possible that the current study may not replicate the 374 

previous pattern of results as concerns the differential sensitivity to dative and accusative 375 

structures, if such stems from exposure as opposed to any explicit instruction. Indeed, the 376 

distributional properties of a language are implicitly acquitted via experience. 377 

We used the modified visual world paradigm, illustrated in Figure 1, above, to follow 378 

participants’ online processing of auditory sentences. The auditory materials were com- 379 

posed of simple declarative sentences such as illustrated in examples 5 through 6, in which 380 

we manipulated word order (SOV vs. OSV) and sentence structure (accusative monotran- 381 

sitive vs. dative). All nouns were marked for case, as is appropriate for sentences devoid 382 

of context in Korean (Ahn, 2015). 383 

2.1. Methods.  384 

2.1.1. Participants.  385 

Twenty-seven native speakers of French (25 female, Mage = 21.4 years, range = 18-27, 386 

SD = 2.2), enrolled in their 3rd year of Korean at Aix-Marseille University (AMU) (M = 3.7 387 

years, range = 6-7 semesters, SD = 0.4 mo.) and 16 native Korean speakers (10 female, Mage 388 

= 18.7 years, range = 18-20, SD = 8 mo.) enrolled in their first or second year at Seoul Na- 389 

tional University (SNU) participated. None had participated in our previous study 390 

(Frenck-Mestre et al., 2018). None presented ocular-motor deficits or history of neurolog- 391 

ical insult. All participants gave informed written consent and were monetarily compen- 392 

sated. The study was approved by the ethics committees at AMU and SNU. 393 

L2 participants completed a language background questionnaire that queried their 394 

duration of stay in Korea (13 participants had never been to Korea or immersed; the mean 395 

for the other 14 was 2.6 mo., range = 1-6 mo., SD = 1.9 mo), first exposure to Korean (M = 396 

18.6 years, range = 16-23, SD = 1.9 years) and aspects of self-rated proficiency. In a post- 397 

test measure of vocabulary and case morphology, all participants correctly produced the 398 

written French translations of the materials and gave the correct grammatical description 399 

of the nominal case markers (Mscore = 97.3%, range = 94% - 100%, SD = 2.1%)) as did the 400 

Korean controls (Mscore = 100%, SD = 0%). 401 

2.1.2. Stimuli. Stimuli.  402 

Forty auditory sentences, each paired with a visual scene comprised of 2 line draw- 403 

ings served as experimental stimuli. The materials were taken from our previous study 404 

(Frenck-Mestre et al., 2018). We used a within participant 2x2 design, defined by Case 405 

(dative vs. accusative) and Order (canonical (SOV) vs. scrambled (OSV)). Each auditory 406 

sentence was presented in canonical and scrambled word order across 2 counter-balanced 407 

lists. Each list contained 20 accusative and 20 dative utterances, with 10 of each type in 408 

canonical and in scrambled order. The sentences were created from a set of 5 monotransi- 409 

tive accusative and 5 dative verbs and 20 pairs of concrete nouns. All nouns were marked 410 

for case (nominative, accusative, dative). All verbs were produced in the inflected form 411 
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for standard newspaper reporting. Each of the 10 verbs was presented in 4 auditory sen- 412 

tences with 4 different noun pairs. All nouns were marked as object (dative or accusative) 413 

and as subject equally often across the set of 5 dative and 5 accusative verbs. For 3 of the 414 

5 dative verbs a third, accusative noun was presented. This was due to our selection of 415 

high frequency verbs and their constraints. For all dative utterances, the accusative noun 416 

was always in the third position. All nouns and verbs were selected to be part of the L2 417 

learners’ vocabulary. The pairing of two nouns with a given verb was constrained by se- 418 

mantics and by the possibility of creating unambiguous visual scenes. Twenty filler sen- 419 

tences comprising various structures with one or two nouns and a verb were also pre- 420 

sented in each list. (eg. 개가 고양이를 물다  dognom catacc bites; and 종이가 흰색이다 ; 421 

papernom white is). 422 

Utterances were recorded by a linguistically trained female native Korean speaker, 423 

using neutral intonation, in a sound attenuated recording studio at 48kHz (32-bit float). 424 

They were roughly 2 seconds long. The onset and duration of each word was determined 425 

post-recording using SPPAS (www.sppas.org) and verified with PRAAT (mean durations 426 

in msec for N1, N2 and VB in accusative utterances were 723, 710 and 636 for canonical 427 

and 692, 693 and 618 for scrambled order, and for datives were 703, 882 and 712 for ca- 428 

nonical and 845, 717 and 695 for scrambled order. The comparison of the durations for N1 429 

and N2 across Case and Order revealed that accusatives were overall shorter in duration 430 

than datives (β = -39.49, se = 8. 06, t = -4.90, p<.001, but there was no effect of Order (β = 431 

9.44, se = 8. 06, t = 1.17, p<.0.24) or the interaction (β = 3.64, se = 8. 06, t = 0.45, p<.0.65). 432 

These onsets were used as inaudible triggers sent during the eye movement recording to 433 

compute the location of the participants’ gaze.  434 

A professional artist created  the line drawings using India ink and paper, and were 435 

subsequently digitized on a template comprised of 2 equally sized rectangles, at a resolu- 436 

tion of 1024 x 768 pixels. Each drawing consisted of 2 complementary scenes, depicting 437 

either the first or the second noun as the subject (see Figure 1). The correct image appeared 438 

equally often on the left or right across trials and experimental conditions. All drawings 439 

were presented only once, in conjunction with a unique utterance.  440 

2.1.3. Procedure.  441 

Participants sat 60 cm from a CRT screen in a dimly lit room with their head re- 442 

strained by a chin and forehead rest. They were asked to listen to sentences and select the 443 

image depicting it via a response box. Participants’ eye movements were recorded from 444 

the right eye using either Eyelink Tower mount (sample rate of 500 hz) at AMU or Eyelink 445 

head mount (sample rate of 250 hz) at SNU. The difference between the two systems was 446 

thus the sample rate, being either 2 or 4 msec; all else was equal across set-ups and the 2 447 

msec difference between systems is negligible in terms of gaze durations and the pro- 448 

gramming of saccades. Eye movements were calibrated at the outset of the experiment 449 

using a nine point calibration grid. Drift checks were performed at the outset of each trial 450 

and recalibrations were performed as necessary. Each trial began with a central fixation 451 

point (500 ms) and warning tone followed by the visual scene. The auditory sentence was 452 

presented 1000 ms after the onset of the visual scene, which remained on the screen until 453 

the participants’ response. The next trial began immediately thereafter and no feedback 454 

was provided. The entire session lasted roughly 30 minutes. 455 

2.2. Results 456 

2.2.1. Statistical analysis.  457 

We used generalized mixed effects models to analyze both accuracy and dwell time. 458 

(Bates, Mächler, Boler & Walker, 2015). Dwell times were calculated from the auditory 459 

onset of a given region of interest (ROI) to the onset of the next ROI for the first two ROI 460 

(N1 and N2) and from the onset of the final ROI (VB) to the onset of the manual response 461 

for the.verb. For the dative sentences that contained a third (accusative) noun prior to the 462 
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verb, this time was not included in the ROI analyses. For dwell times, a binary variable 463 

was constructed based on the amount of time spent on each of the two images. Hence, on 464 

a given trial, if a participant spent 220 msec on the correct image during the processing of 465 

a given auditory word and 130 msec on the incorrect image, then 220 “1” values and 130 466 

“0” values were entered into the logistic regression model. This ensured that the variabil- 467 

ity in dwell times across trials and participants was retained in the model while respecting 468 

the binary nature of the data. We report the results from the maximal models (Barr, Levy, 469 

Scheepers & Tily, 2013) provided that the models converge. 470 

2.2.2. Accuracy. 471 

The first model compared the 2 groups and included the sum-coded factors Group 472 

(Korean native vs. L2 learners), Case (Accusative vs. Dative) and Order (Canonical vs. 473 

Scrambled) and their interactions. Participant was included as a random factor; Item was 474 

not included, and no slope was included due to non-convergence.  The results are sum- 475 

marized in Table 1 476 

 Accuracy was lower overall for L2 learners (64%) than for Korean native controls 477 

(96%) (β = -1.40, se = 0.15, z = -9.03, p<.001). The effect of Group was modified by interac- 478 

tions with Order (β = .54, se = 0.12, z = 4.37, p<.001), and Case β = -0.34, se = 0.12, z = -2.76, 479 

p<.006) and the higher order interaction involving Case and Order (β = 0.31, se = 0.12, z = 480 

2.47, p<.01). Independent models were run on the data for each group, using the same 481 

model structure sans the fixed factor Group.  482 

 483 

Table 1. Accuracy rates in Experiment 1 (auditory processing) and Experiment  2 (reading) for each 484 
Group (Koreans vs. L2 learners) as a function of Case (accusative vs. dative) and Order (CAN = 485 
canonical vs. SCR = scrambled). 486 

 Experiment 1 Experiment 2 

 Accusative Dative Accusative Dative 

 CAN SCR CAN SCR CAN SCR CAN SCR 

Koreans 98(16) 98(14) 94(24) 95(22) 98(16) 86(35) 99(11) 93(36) 

L2 learners 87(33) 29(46) 77(42) 63(48) 75(43) 54(46) 87(33) 75(44) 

Korean native speakers had above chance accuracy (β = 3.39, se = 0.29, z= 11.90, 487 

p<.00001) and a showed an effect of Case (β = 0.48, se = 0.23, z = 2.09, p<.05) due to slightly 488 

higher accuracy for accusative than dative utterances (98% vs. 94%, respectively). There 489 

was no effect of Order (β = -0.14, se = 0.23, z = -0.61, ns) nor was Case modified by Order 490 

(β = -0.01, se = 0.23, z = -0.04, ns). 491 

L2 learners also had above chance accuracy (β = 0.73, se = 0.13, z= 5.68, p<.001) and 492 

main effects of Case (β = -0.19, se = 0.08, z = -2.43, p<.01) and Order ((β = 0.91, se = 0.08, z = 493 

11.52, p<.001) as well as their interaction (β = 0.57, se = 0.08, z = 7.25, p<.001). Accuracy was 494 

higher for canonical than scrambled word order, however, the effect was greater for accu- 495 

sative (β = 3.14, se = 0. 30, z = -10.33, p<.001) than dative utterances (β = -0.77, se = 0.28, z = 496 

-2.71, p<.01). 497 

2.2.3. Dwell times 498 

 Independent analyses were performed on dwell times recorded during N1, N2 and 499 

the Verb on correct trials. The first model included the sum-coded fixed factors Group, 500 

Case, Order and their interactions. Participant and Item both included random intercepts 501 

and Participant included random slopes for Case and Order. This model also was that 502 

with the lowest AIC value.  503 

 The percentage of dwell times are presented in Table 2 as a function of the image 504 

fixated (Correct vs. Incorrect) during each auditory word (N1, N2 and Vb), for each Case 505 

(Accusative vs Dative) Order (Canonical vs. Scrambled) and Group (Korean vs. L2), for 506 

both correct trials and all trials. To illustrate the data pattern, we present density plots for 507 

Korean participants in Figure 2 and for L2 learners in Figures 3a and 3b.  The plots clearly 508 
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demonstrate that for the duration of N1, participants directed their gaze almost exclu- 509 

sively to the correct or incorrect image without regard to case marking. During N2, par- 510 

ticipants again directed their gaze almost exclusively to one or the other image, but while 511 

L2 learners were at chance, Korean native speakers looked more often at the correct image. 512 

During the verb, Koreans concentrated their gaze on the correct image, while for L2 learn- 513 

ers this was dependent on both Case and Order. The mirror image of looks toward the 514 

correct and incorrect image reveals that participants did not direct their gaze outside of 515 

the two images. 516 

Table 2. Percentage of dwell times (SD in parentheses) for each Group (Koreans vs. L2 learners) in 517 
each image (COR = correct, INC = incorrect) as a function of Case (accusative vs. dative), Order 518 
(canonical vs. scrambled) and ROI (N1, N2, (N3), VB) for correct trials and all trials. 519 

 L2 learners Koreans 

Correct Trials 

Accusative  N1 N2 VB N1 N2 VB 

Canonical       

COR    50.6(43) 55.2(42) 66.9(22) 51.4(43) 58.2(42) 72.5(31) 

INC    49.2(43) 44.7(42) 33.0(22) 48.5(43) 40.9(42) 27.5(31) 

Scrambled       

COR    42.1(45) 57.7(44) 57.5(24) 53.8(43) 59.7(44) 73.7(28) 

INC    56.7(45) 41.3(44) 41.6(24) 46.2(43) 40.1(44) 26.3(28) 

Dative 

Canonical       

COR    50.6(44) 52.3(40) 70.9(25) 49.6(40) 57.6(36) 69.5(32) 

INC    49.3(44) 47.7(40) 28.9(25) 50.4(40) 42.4(36) 28.2(31) 

Scrambled         

COR    44.4(41) 53.4(40) 72.1(22) 41.9(40) 57.4(38) 74.9(29) 

INC    55.6(41) 44.9(40) 27.2(22) 57.7(41) 42.5(38) 22.0(25) 

 

All Trials 

Accusative  N1 N2 VB N1 N2 VB 

Canonical       

COR    52.3(43) 53.8(42) 62.9(25) 50.8(43) 58.2(42) 71.5(32) 

INC    47.9(43) 46.2(42) 37.0(25) 48.5(43) 41.0(42) 27.8(31) 

Scrambled       

COR    45.9(44) 50.7(44) 43.9(23) 53.4(43) 59.9(44) 72.7(28) 

INC    53.6(44) 48.8(44) 55.6(23) 46.6(43) 40.0(44) 26.9(28) 

Dative 

Canonical       

COR    51.9(44) 54.4(39) 62.6(28) 48.6(41) 56.3(36) 70.6(31) 

INC    47.8(44) 45.6(39) 37.1(28) 51.4(41) 43.7(36) 29.4(31) 

Scrambled         

COR    48.2(41) 50.2(40) 59.4(28) 42.2(41) 56.9(38) 74.8(28) 

INC    51.8(41) 48.9(40) 40.1(27) 57.4(41) 43.1(38) 25.2(28) 
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At N1, the interaction involving Group and Case was significant (β = -0.11, se = 0.06, 520 

z = -1.90, p<.05) as was the higher order interaction involving Group, Case and Order (β = 521 

0.09, se = 0.003, z = 25.30, p<.001). At N2, the main effect of Group was significant (β = - 522 

0.13, se = 0.05, z = -2.64, p<.01) as was the interaction between Group, Case and Order (β = 523 

0.03, se = 0.002, z = 12.01, p<.001). At the Verb, the same pattern emerged, with a main 524 

effect of Group (β = -0.17, se = 0.06, z = -2.85, p<.004), and the higher order interaction 525 

involving Group, Case and Order (β = 0.02, se = 0.002, z = 10.92, p<.001).  Subsequent 526 

models were performed on the data for the two groups independently. For both groups 527 

and for all ROI, the model included included the sum coded fixed factors Case and Order 528 

and their interaction, with a random intercept for Participant and Item and random slopes 529 

of both Case and Order for Participant.   530 

For Koreans, no effects emerged at N1 (Intercept (β =-0.03, se = 0.11, z = -0.23, ns); 531 

Case (β =-0.16, se = 0.12, z = 1.27, ns); Order (β =-0.10, se = 0.12, z = 0.83, ns); Case and Order 532 

(β =-0.15, se = 0.10, z = -1.54, ns). The percentage of dwell time did not differ for the correct 533 

and incorrect image at this point in the utterance, independent of the case marking or 534 

word order. Starting at N2, the percentage of dwell times was significantly higher for the 535 

correct than incorrect image (β = 0.42, se = 0.14, z = 2.98, p<.003), with no effect of  Case 536 

(β = -0.08, se = 0.13, z = 0.61, ns) Order (β = -0.16, se = 0.15, z = -0.11, ns) or their interaction 537 

(β = -0.06, se = 0.19, z = -0.67, ns). Native Koreans looked at the correct image more often 538 

than the incorrect image when listening to the second auditory noun, irrespective of Case 539 

or word Order. At the final region, the Verb, the same pattern was observed, whereby 540 

significantly more looks were directed to the correct image (β = 1.09, se = 0.18, z = 6.22, 541 

p<.001) with no other effects (Case (β =-0.04, se = 0.12, z = 0.43, ns), Order (β = -0.05, se = 542 

0.12, z = -0.37, ns),  Case x Order (β = 0.11, se = 0.10, z = 1.03, ns).. Independent of Case or 543 

Order, Korean participants looked at the correct image the vast majority of the time during 544 

the processing of the verb and until their response.  545 

 546 

Figure 2. 547 

For L2 learners, no effects were observed at the first noun: Intercept (β = -0.18, se = 548 

0.18, z =-0.99, ns), Case (β = -0.08, se = 0.17, z = -0.48, ns), Order (β = 0.25, se = 0.18, z = 0.37, 549 

ns), Case x Order (β = 0.06, se = 0.15, z = 0.37, ns). At the second noun, again, no effects 550 
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were significant:  Intercept (β = 0.28, se = 0.18, z =-1.50, p<.13), Case (β = 0.16, se = 0.19, z 551 

= 0.85, ns), Order (β = -0.11, se = 0.19, z = -0.59, ns), Case x Order (β = -0.10, se = 0.17, z = - 552 

0.58, ns). At the final Verb, there were effects of Intercept (β = 0.62, se = 0.07, z = 9.06, 553 

p<.00001) and Case (β = -0.15, se = 0.06, z = -2.46, p<.01). The effect of Order did not reach 554 

significance (β = 0.02, se = 0.06, z= 0.43, ns) and the interaction term was marginal (β = 0.09, 555 

se = 0.05, z= 1.89, p<.06).  For both accusative and dative utterances, L2 learners showed 556 

significantly greater dwell times on the correct image; for datives when processing the 557 

verb and up to their response. 558 

 559 

Figure 3. a. 560 
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 561 

Figure 3. b. 562 

Due to the high error rate for scrambled word order for the L2 learner group, we 563 

conducted a further set of analyses that included all trials for all conditions using the same 564 

models as performed on the data for correct trials alone. This was to ensure that the pat- 565 

tern found for the correct trials only was representative of the entire data set. The results 566 

showed a very similar pattern across the two data sets for the first two nouns, but a dis- 567 

similar pattern at the verb. At N1, no effects were significant (Intercept (β = -0.003, se = 568 

0.09, z =-0.03, ns), Case (β = -0.03, se = 0.09, z = -0.29, ns), Order (β = 0.13, se = 0.09, z = 1.53, 569 

ns), Case x Order (β = -0.004, se = 0.07, z = -0.05, ns)). The same was true at N2 (Intercept 570 

(β = 0.12, se = 0.08, z = 1.55, p<.12), Case (β = 0.004, se = 0.09, z = 0.05, ns), Order (β = 0.07, 571 

se = 0.09, z = 0.81, ns), Case x Order (β = -0.01, se = 0.06, z = -0.15, ns). In contrast, at the 572 

final verb, there were significant effects of the Intercept (β = 0.24, se = 0.06, z = 4.29, p<.001), 573 

of Case (β = -0.14, se = 0.06, z = -2.34, p<.01), Order (β = 0.17, se = 0.05, z = 3.19, p<.001), and 574 

the interaction of Case and Order (β =  0.12, se = 0.04, z = 2.75, p<.01). L2 learners showed 575 

significantly higher dwell times on the correct than incorrect image, however; different 576 

patterns emerged for accusative and dative sentences. For accusatives, L2 learners spent 577 

more time looking at the correct than incorrect image for canonical (63%) but not for 578 

scrambled word order (44%). For dative utterances, L2 learners showed greater dwell time 579 

on the correct than incorrect image for both canonical (63%) and scrambled word order 580 

(60%).  581 

2.3. Discussion 582 

Our eye movement data showed that native Koreans rapidly exploited case marking 583 

during auditory sentence processing and performed at ceiling level. From the onset of the 584 

second auditory noun, Korean participants directed their gaze significantly more often to 585 

the image that correctly depicted the utterance (roughly 60% of gaze duration) and the 586 

effect increased as the utterance unfolded, with roughly 75% of dwell time on the correct 587 

image during the processing of the verb. This was true independent of case or word order. 588 

In addition, they showed ceiling level accuracy. This pattern corroborates results from 589 



Brain Sci. 2022, 12, x FOR PEER REVIEW 16 of 30 
 

online studies of case in other languages (Hopp, 2015; Mitsugi & MacWhinney, 2016) and 590 

replicates results in Korean (Frenck-Mestre et al., 2018). The ease of exploiting nominal 591 

case also replicates the results from numerous offline studies conducted with native Ko- 592 

reans across various tasks (Ahn, 2015; Ahn & Herschensohn, 2013; Kim et al., 2018).  593 

The eye movement data for the L2 group provides no evidence of the use of case to 594 

predict the structure of the utterances. Indeed, L2 learners showed no preference for the 595 

correct image prior to the final verb, even for canonical word order. While there was a 596 

numerical difference in favor of the correct image at N2, the effect was not reliable. Inter- 597 

estingly, the L2 learners showed different patterns for the accusative and dative. For da- 598 

tives, they showed a small but reliable increase in looks to the correct image at the verb 599 

independent of word order. For accusatives, they showed increased dwell times on the 600 

correct image for canonical word order, but on the incorrect image for scrambled word 601 

order. This interaction effect was not reliable when only correct trials were taken into ac- 602 

count, but very robust when all trials were considered. Given that roughly 70% of trials 603 

were associated with the incorrect choice of the image for scrambled accusatives, we con- 604 

sider the analyses of all trials a better indicator of performance for the eye movement data. 605 

The eye movement pattern we observed for all trials indeed mimics the pattern of accu- 606 

racy data. The specific difficulty with scrambled word order for accusative utterances may 607 

be linked to various factors (Frenck-Mestre et al., 2018; Goldschneider & DeKeyser, 2001; 608 

Kim et al., 2018). Among these, the phonetic salience of case markers may play a role; 609 

indeed the dative marker for animate nouns “에게” (“eykey”) is bisyllabic whereas the 610 

accusative marker is not only monosyllabic but subject to variation depending on phono- 611 

logical constraints (을“ul” and 를 “lul”). If the L2 learners were predominantly using 612 

word order rather than case marking to compute sentence meaning, as both the accuracy 613 

and eye movement data suggest, the absence of a systematic and salient phonetic realiza- 614 

tion of the case marker may have further impaired their use of case.  615 

Given the present results in conjunction with those of our previous study (Frenck- 616 

Mestre et al., 2018), it would be tempting to conclude that we have provided unequivocal 617 

evidence that, at least in the beginning stages, French learners of Korean use word order 618 

is preferentially used over case, even when all nouns are clearly case marked, and that the 619 

accusative shows a particular disadvantage in relation to the dative. However, prior to 620 

reaching said conclusion, it is worthwhile to examine the conditions under which our L2 621 

learners computed case markers online. Notably, as in numerous L2 studies of the online 622 

processing of case, participants were confronted with auditory materials (Hopp, 2010, 623 

2015; Kim et al., 2018; Mitsugi & MacWhinney, 2016). Hopp (2010) clearly demonstrated 624 

that even native speakers fail to use case, choosing word order instead, when auditory 625 

materials are difficult to process (eg. under speeded conditions or in noise), and argued 626 

that what is lacking in L2 performance is just that, performance limitations due to profi- 627 

ciency, processing speed, etc., rather than a true representational deficit that would dis- 628 

tinguish them from native speakers. While the present auditory materials were presented 629 

at normal speech rate, and indeed accuracy for canonical word order was high, it is pos- 630 

sible that the transient nature of speech may at least partially explain the poor perfor- 631 

mance of the L2 group for scrambled utterances. The effect of the mode of presentation 632 

was investigated in our second experiment, in which we created a written version of ma- 633 

terials, tested with a new group of native controls and L2 participants. 634 

 635 

3. Experiment 2 636 

In this experiment, we created a written version of our materials to reexamine the 637 

online use of case versus word order, for dative and monotransitive accusative sentences 638 

via the recording of eye movements during reading. Two new groups of participants were 639 

recruited, comprising a group of native Korean speakers and an L2 learner group whose 640 

native language was French. Both groups were extracted from the same populations as in 641 

the first experiment, to ensure homogeneity across the two experiments.  642 
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As outlined in the general introduction, numerous studies comparing native and L2 643 

participants’ ability to use morphosyntactic information, and notably case marking, dur- 644 

ing reading have provided evidence that while native speakers almost systematically out- 645 

perform L2 readers, performance in the latter group varies as a function of proficiency 646 

(Hopp, 2006, 2010, 2009; Jackson, 2008; Jackson & Bobb, 2009), the availability of infor- 647 

mation structure (Hopp, 2009), working memory capacity (Havik et al., 2009) task de- 648 

mands (Jackson & Bobb, 2009; Jackson & Dussias, 2009) and the ability to re-read elements 649 

(Jackson et al, 2012). We thus expected performance to vary as a function of group, with 650 

superior online interpretation of case particles to compute sentence meaning in the native 651 

control group compared to the L2 group we recruited, which could be considered low- 652 

intermediate with no immersion experience. Nonetheless, in comparison to the results for 653 

L2 learners from Experiment 1, showing a dominance of word order over case marking, 654 

especially for accusative sentences, we predicted improved performance during reading 655 

in line with the studies cited above and in the general introduction.  656 

In relation to the effect of scrambling, the present experiment also allowed us to test 657 

the hypothesis that such may incur a cost (Mitsugi & MacWhinney, 2010; Miyamoto & 658 

Takahashi, 2002; Shibata et al., 2005; Yamashita, 1997). In a previous self paced reading 659 

study that compared the processing of canonical versus scrambled Japanese sentences, no 660 

effects were found on reading times (Mitsugi & McWhinney, 2010). Nonetheless, given 661 

that we used eye tracking to measure sentence processing during reading of entire sen- 662 

tences rather than present sentences in segments or word by word as is the case for self 663 

paced reading, the pattern of results may differ from previous work. The recording of eye 664 

movements not only allows a finer grain of investigation than self paced reading, but al- 665 

lows participants to re-read the sentence or parts thereof at will due to sentences being 666 

presented in full. As such, we may find greater sensitivity to scrambling than reported in 667 

studies using self paced reading. A similar argument was forwarded as concerns the abil- 668 

ity to exploit case (Jackson et al., 2012). Intermediate learners of German apparently 669 

showed greater sensitivity to case marked NPs in the record of eye-movements (Jackson 670 

et al., 2012) than in self-paced reading (Jackson, 2008). Nonetheless, said claim should be 671 

accepted with caution due to the fact that in the eye movement study the 3-letter deter- 672 

miner was defined as a critical region and was examined independently of the subsequent 673 

noun or previous pronoun. There is a wealth of research from the field of reading sug- 674 

gesting that this is far from optimal given the short length and the grammatical function 675 

of determiners (Clifton et al.,, 2015).  676 

As regards the extraction of case information during reading in Korean, there is some 677 

evidence from native speakers that they process nominal case particles in parafoveal vi- 678 

sion, as demonstrated in a boundary paradigm (Kim, Radach & Vorstias, 2012). Similarly, 679 

this implies that Korean readers can extract syntactic/semantic information from letters 680 

outside foveal vision (cf. Wang, Yeon Zhou, Shu & Yan, 2016, for additional evidence) a 681 

result that has been the subject of considerable debate in languages that use the Latin al- 682 

phabet (cf. Hohenstien & Kliegel, 2014). In the present experiment, the length of nouns 683 

varied from 2 to 3 syllable blocks and varied in the number of letters within the different 684 

syllable blocks (eg. 남자 namja vs. 아이 ai, 요리사 yorisa vs. 선생님 seonsaengnim). 685 

The case particles were represented by a single syllable block for the nominative (이/가 686 

i/ka) and accusative (을/를 ul/lul) and two syllable blocks for the dative (에게 eykey). 687 

Hence, the nouns plus case particles varied in length from 3 to 5 syllable blocks, with 688 

varying complexity. Choi and Koh (2009) reported that Korean’s perceptual span extends 689 

from the point of fixation to roughly 7 syllable blocks to the right (i.e. in the direction of 690 

reading) and 1 to the left. Hence, for the vast majority of the nouns comprised in the cur- 691 

rent study the case particle could be processed as part and parcel of the noun. We therefore 692 

did not attempt to specifically isolate the case particles in analyses. Moreover, as stated 693 

above, extremely short regions are not the candidate of choice.  694 

We predicted that native Korean readers would show ceiling level performance as 695 

concerns comprehension and that such should not differ as a function of either word order 696 
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(canonical SOV vs. scrambled OSV) or structure (monotransitive accusative vs. dative). 697 

For reading times, if scrambling incurs reordering, we should find elevated gaze dura- 698 

tions during the initial encounter of scrambled structures (NP1acc-NP2nom and NP1dat– 699 

NP2nom); whether this would vary as a function of structure is an open question. For L2 700 

learners of Korean we predicted higher comprehension for canonical than scrambled sen- 701 

tences, although in comparison to the auditory presentation we predicted a lesser differ- 702 

ence between the two conditions due to the possibility to either dwell on the nouns or 703 

reread them. For reading times, we predicted a significant cost for scrambled sentences 704 

on the first 2 nouns, which we examined independently for accusative and dative struc- 705 

tures due to inherent length differences.  706 

3.1. Methods.  707 

3.1.1. Participants.  708 

Sixteen native French speakers (Mage = 21.6 years, range = 19-24, SD = 1.4 ), enrolled 709 

in the third year of Korean studies at Aix-Marseille University (AMU) (M years of study 710 

of Korean = 3.3, range = 3-4 years, SD = 5 mo.) and 16 native Korean speakers (Mage = 18.7 711 

years, range = 19-20, SD = 8 mo.) enrolled in their first or second year at Seoul National 712 

University (SNU) participated. None had taken part in Experiment 1. All L2 participants 713 

had achieved reading and writing fluency in Korean according to their academic record 714 

at AMU. All participants gave informed written consent prior to the study and were mon- 715 

etarily compensated; none presented any ocular-motor deficits or history of neurological 716 

insult. The study was approved by the Internal Ethics Committee at SMU and at AMU.  717 

 L2 participants filled out the same language background questionnaire and measure 718 

of vocabulary in Korean and case morphology as in Experiment 1. They were all able to 719 

produce the written French translations of all Korean materials as well as give the correct 720 

grammatical description of the case markers (Mscore = 97.5%, range = 92%-100%, SD = 3%) 721 

as were the Korean controls (Mscore = 100%, SD = 0). They had not lived in Korea or a Ko- 722 

rean speaking community for more than 2 months (9 participants had never been to Korea 723 

or immersed; the mean for the other 7 was 1.6 mo., SD = 6 mo.) and had not been exposed 724 

to Korean before age 18 years (M = 19.1 years, range = 19-21, SD = 1.3 mo.).  725 

3.1.2. Stimuli.  726 

The same 40 experimental sentences and 20 filler sentences used in Experiment 1 727 

were presented, but in written Korean as opposed to auditory format (see appendix). All 728 

sentences were followed by a probe question that required a binary (yes/no) response. 729 

Probe questions began with a noun bearing the topic case marker, followed by the same 730 

verb as in the sentence and a question mark. The topic marked noun in the probe sentence 731 

was either the subject marked noun (50% of trials) or the object marked noun (50% of 732 

trials) in the preceding sentence, hence half of the probe questions required a positive and 733 

half a negative response. Two counter-balanced lists were created such that all experi- 734 

mental sentences were seen in both canonical and scrambled word order but in only one 735 

condition per list. Sentences were presented in a semi-random order with the restriction 736 

that no more than 3 experimental sentences follow each other.  737 

3.1.3. Procedure.  738 

This was identical to that used in Experiment 1 as concerns the equipment, the re- 739 

cording of eye movements and calibration procedure. All materials were presented in 740 

written Korean (Hangul). Sentences varied in length from 3 to 4 words and were pre- 741 

sented on a single line. Accuracy of measurement was maintained at less than one char- 742 

acter via the initial calibration and subsequent validation checks throughout the experi- 743 

ment. A trial began with a warning tone followed by a fixation point placed at the left 744 

edge of the CRT screen for 250 ms, which was replaced by the stimulus sentence, starting 745 

in the same position as the fixation point. Participants were instructed to fixate the fixation 746 
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point, read the sentence silently and respond via the button box when they had under- 747 

stood the sentence. A probe question immediately followed, to which participants made 748 

a binary response on the button box. Participants were provided with 3 short breaks dur- 749 

ing the recording session and were allowed to request a break if needed. The experimental 750 

session lasted roughly 20 minutes followed by participants’ completion of the question- 751 

naires.  752 

3.2. Results 753 

3.2.1. Statistical analysis.  754 

We used R packages lme4 (Bates et al., 2015) (glmer) to analyze accuracy data and 755 

linear mixed effects models (lme) to analyze reading times on the different regions of in- 756 

terest (ROI). We report the results from the maximal models (Barr, et al., 2013) provided 757 

that the models converge. For reading times, first pass measures included first fixations 758 

and first pass dwell times, i.e. all fixations in an ROI that originated from the left of the 759 

region and prior to exiting it. Later measures included total dwell times, i.e. all fixations 760 

in an ROI from onset of the sentence until the end of the trial, and regressions, i.e. whether 761 

or not participants made a regressive saccade to N1 or N2. Second pass dwell times were 762 

not considered due to the inconsistent nature of this measure; indeed, when participants 763 

do not re-read a region, this measure renders a null value, as was true for 46% of native 764 

speakers’ data. Total dwell times are thus the preferred measure of later effects during 765 

reading.  766 

3.2.2. Accuracy 767 

 The first model included the sum-coded factors Group (Korean native vs. L2 Korean 768 

learners), Case (Accusative vs. Dative) and Order (Canonical vs. Scrambled) and their in- 769 

teractions. Participant was included as a random factor; Item was not included due to non- 770 

convergence when added. No slope was included due to non-convergence of the model 771 

when added. The results are summarized in Table 1.  772 

Accuracy was lower overall for L2 learners than for Korean native controls (73% vs. 773 

94%; β = -1.11, se = 0.20, z= -5.58, p<.001), for Accusative than Dative sentences (78% vs. 774 

88%; β = -0.42, se = 0.13, z= -3.29, p<.001) and for Scrambled than Canonical word order 775 

(77% vs. 90%; β = 0.72, se = 0.13, z= 5.65, p<.00001). None of the interactions reached sta- 776 

tistical significance (Case.sum x Order.sum, z<1; Group.sum x Case.sum, z>1; Group.sum 777 

x Case.sum x Order, z>1) although there was a trend for the effect of Order to be modified 778 

by Group (β = -0.23, se = 0.13, z= -1.80, p<.07).  Given the absence of interactions with 779 

Group, no further breakdown of the data was performed.   780 

Reading times 781 

 Analyses were performed on the data for experimental sentences for which partici- 782 

pants correctly answered the probe question. Data points exceeding the mean plus or mi- 783 

nus two standard deviations were replaced by that number. The data were modeled in- 784 

dependently for Accusative and Dative sentences due to differences in length of the nom- 785 

inal case markers and the design, which counterbalanced items across word order (Ca- 786 

nonical and Scrambled), but only within sentence type (Accusative vs. Dative).  To ex- 787 

amine scrambling, we modeled the data for the first two ROI—N1 and N2—as independ- 788 

ent regions, for both sentence types. The first model included the sum-coded factors 789 

Group (Koreans vs. Learners), Order (Canonical vs. Scrambled), ROI (N1 vs. N2) and their 790 

interactions. Participant and Item both included random intercepts and a random slope 791 

for Order. The final ROI (Verb) was modeled independently, for both sentence types. 792 

While the models are reported for correct trials, it is noteworthy that the results did not 793 

differ from those conducted on all trials; indeed for L2 learners roughly 50% of trials were 794 

excluded due to error for scrambled accusatives. The data are summarized in Table 3 and 795 

the model outputs are presented in Table 4.  796 
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 797 

Table 3. Mean reading times in ms and SD (in parentheses) as a function of Case (accusative vs. dative), Order 798 

(canonical vs. scrambled), ROI (N1, N2, (N3), VB) and Group (Koreans vs. L2 learners) for correct trials and 799 

all trials. 800 

 L2 learners Koreans 

Accusatives: correct trials 

Canonical N1 N2 VB N1 N2 VB 

First fixation 282(128) 267(101) 329(166) 258(99) 238(127) 176(102) 

First pass gaze 731(338) 573(313) 575(317) 364(150) 360(220) 220(129) 

Total  1339(653) 1241(596) 824(534) 601(247) 597(285) 298(228) 

Scrambled       

First fixation 275(104) 278(119) 305(115) 264(81) 242(127) 164(82) 

First pass gaze 741(348) 617(314) 546(320) 362(146) 416(265) 210(132) 

Total  1573(701) 1571(625) 987(520) 634(266) 604(219) 293(266) 

Accusatives: all trials 

Canonical N1 N2 VB N1 N2 VB 

First fixation 286(127) 273(109) 336(158) 256(98) 236(125) 175(101) 

First pass gaze 749(340) 598(321) 617(340) 368(152) 365(220) 221(129) 

Total  1360(665) 1303(606) 903(573) 601(247) 597(285) 298(228) 

Scrambled       

First fixation 267(103) 284(121) 321(134) 262(77) 243(123) 160(79) 

First pass gaze 753(335) 617(311) 550(311) 363(147) 420(269) 203(127) 

Total  1525(681) 1458(620) 930(510) 628(245) 590(226) 275(250) 

Datives: correct trials 

Canonical N1 N2 N3 VB N1 N2 N3 VB 

First fixation 274(127) 287(126) 327(143) 345(160) 258(91) 225(106) 213(87) 195(87) 

First pass gaze 762(402) 770(451) 697(320) 669(339) 371(147) 383(208) 250(87) 211(85) 

Total  1412(698 1438(685) 1001(515) 923(511) 577(213) 585(237) 365(211) 270(187) 

Scrambled         

First fixation 248(89) 274(121) 316(123) 320(135) 256(72) 216(88) 218(89) 180(93) 

First pass gaze 938(473) 614(320) 655(306) 703(372) 428(154) 294(135) 250(102) 200(91) 

Total  1775(890) 1454(653) 1113(574) 970(568) 734(257) 581(258) 381(225) 297(233) 

Datives: all trials 

Canonical N1 N2 N3 VB N1 N2 N3 VB 

First fixation 275(124) 284(120) 337(151) 343(156) 257(91) 225(106) 213(87) 195(87) 

First pass gaze 802(409) 797(450) 697(311) 682(350) 369(148) 382(207) 250(87) 211(85) 

Total  1467(694) 1478(681) 1052(547) 939(537) 573(215) 583(237) 365(211) 270(187) 

Scrambled         

First fixation 250(110) 272(118) 320(141) 329(142) 257(70) 212(87) 216(88) 178(92) 

First pass gaze 943(463) 629(325) 668(319) 727(390) 425(152) 296(137) 251(102) 198(91) 

Total  1748(856) 1414(632) 1112(551) 999(581) 728(254) 576(260) 381(220) 291(231) 
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Table 4. 801 

 First fixations First pass dwell times Total reading times 

Accusatives        

Fixed effects Estimate SE t Estimate SE t Estimate 

Koreans + Learners (Intercept) 262.928 7.012 37.499* 546.4914 33.8810 16.130* 1031.646 

GROUP.sum1 12.060 6.619 1.822 138.7602 33.2464   4.174*  406.582 

ORDER.sum1 -1.721 4.483 -0.384 -9.5782 8.4876  -1.128 -61.809 

ROI.sum1 6.814 3.780  1.803 40.5255 7.5150  5.393* 22.002 

ORDER.sum1:ROI.sum1 1.533 3.742  0.410 8.3920 7.3955 1.135 6.663 

GROUP.sum1:ROI.sum1 -3.934 3.780  -1.041 28.6245 7.5154 3.809* -1.156 

GROUP.sum1:ORDER.sum1 1.787 3.840  0.465 5.6579 8.3197 0.680 -50.594 

GROUP.sum1:ORDER.sum1:ROI.sum1 2.801 3.743  0.748 -0.5729 7.3962 -0.077 17.477 

Koreans (Intercept) NA NA NA 408.927 34.451 11.870* -19.053 

ORDER.sum1 NA NA NA -23.732 13.993 -1.696 21.807 

ROI.sum1 NA NA NA 12.678 8.139 1.558 5.051 

ORDER.sum1:ROI.sum1 NA NA NA 4.110 7.964 0.516  -19.053 

Learners (Intercept) NA NA NA 687.117 57.527 11.944* 1439.00 

ORDER.sum1 NA NA NA  -2.677 14.742 -0.182 -108.91 

ROI.sum1 NA NA NA 68.979 13.293 5.189* 20.95 

ORDER.sum1:ROI.sum1 NA NA NA  7.642 13.292 0.575 24.24 

Datives 

Fixed effects 

Koreans + Learners (Intercept) 255.3465 5.8437 43.696* 585.362   38.279 15.292* 1088.01 

GROUP.sum1 16.0903 5.5118  2.919* 206.328 36.697 5.623* 453.39 

ORDER.sum1 7.2931 4.0972  1.780 2.519 8.443 0.298 -67.43 

ROI.sum1 4.5502 3.2110 1.417 59.412 7.855  7.564* 61.74 

ORDER.sum1:ROI.sum1 0.8064 3.2017 0.252 58.578 7.804 -7.506* -62.59 

GROUP.sum1:ROI.sum1 -14.1599 3.2110 -4.410* 20.700 7.855 2.635* 15.62 

GROUP.sum1:ORDER.sum1 3.9353 3.6101 1.090 -5.384 7.960 -0.676  -25.51 

GROUP.sum1:ORDER.sum1:ROI.sum1 2.3191 3.2017 0.724 -25.191 07.804 -3.228* -25.37 

Koreans (Intercept) 238.923 7.588 31.485* 380.172 19.568 19.428* 634.599 

ORDER.sum1 2.771  3.972 0.697 10.866 8.599 1.264 -41.381 

ROI.sum1 18.717  3.824 4.894* 38.811 6.627  5.857* 45.515 

ORDER.sum1:ROI.sum1 -1.766 3.788  0.466 -31.780 6.554 -4.849* -37.360 

Learners (Intercept) 270.733 9.191 29.457 789.970 73.976 10.67* 1541.27  

ORDER.sum1 11.908 7.675 1.552  -2.789 19.202 0.145 -89.78  

ROI.sum1 -9.641 5.223 1.846  80.11 14.300 5.602 77.44  

ORDER.sum1:ROI.sum1 3.069 5.223 0.588 -83.65 14.300 -5.850 -88.04 

R model: (lmer(ADJ-DWT~(1+ORDER.sum|Participant) + (1+ORDER.sum|Item) +GROUP.sum:ROI.sum:ORDER.sum)  

Fixed effects for the models including both groups and for each group, for the first and second noun and each of the 802 

three reading time measures, for accusative and dative structures. 803 
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 804 

Accusative Sentences 805 

First fixations. 806 

No effects were found in the analysis of first fixations. Given that there was neither 807 

an effect of Group nor any interaction with Group, no further models were performed. 808 

First pass dwell times 809 

The analysis of first pass dwell times for N1 and N2 revealed effects of Group (β = - 810 

344.94, se = 64.89, t= -5.32, p<.001), of ROI (β = -153.94, se = 28.62, t= -5.38, p<.001) and their 811 

interaction (β = 112.21, se = 39.47, t= 2.84, p<.005). No other effects or interactions reached 812 

significance. The same, sum-coded model showed significant main effects of Group (β = - 813 

138.76, se = 33.25, t= -4.17, p<.001), of ROI (β = 40.52, se = 7.52, t= 5.39, p<.001) and their 814 

interaction (β = 28.62, se = 7.52, t= 3.81, p<.0002). Independent models were subsequently 815 

run on the data for the native Koreans and L2 learners, using the same model without the 816 

Group factor. 817 

For native Koreans, no effects were significant [Order (β = 39.25, se = 33.37, t= 1.18, 818 

ns); ROI (β = -33.58, se = 21.88, t= -1.53, ns); Order x ROI (β = 16.44, se = 31.86, t= 0.52, ns)]. 819 

Despite numerical differences, native Koreans showed no variation in first pass reading 820 

times as a function of scrambling for accusative sentences when reading the first two 821 

nouns. No effects emerged at the Verb region (Order.sum = β = 9.18, SE = 12.24, t = 0.749, 822 

ns). 823 

For L2 learners, the analysis of N1 and N2 revealed an effect of ROI (β = 68.98, SE = 824 

13.29, t = 5.19, p<.001), but no effect of Order (β = -9.93, se = 39.71, t= -0.25, ns) or the inter- 825 

action (β = 30.57, se = 53.71, t= 0.58, ns). L2 learners spent more time reading the first than 826 

the second noun, independent of Order (canonical or scrambled). No effects emerged at 827 

the Verb region (Order.sum: β = -22.50, se = 54.33, t= -0.41).  It is of interest to note the 828 

same pattern of results emerged for analyses conducted on the entire data set; indeed 47% 829 

of scrambled accusatives were excluded from the above analyses, which were conducted 830 

on correct trials only. 831 

Total dwell times 832 

The sum-coded model of total reading times including both Korean natives and L2 833 

learners showed an effect of Group (β = 406.58, se = 42.89, t = 9.48, p<.001) Order (β = - 834 

61.809, se = 16.93, t =-3.65, p<.002) and their interaction (β = -50.59, se = 14.61, t = -3.46, 835 

p<.001). Independent models were subsequently run on the two groups.  836 

For Koreans, no effects emerged for N1 and N2 (Order (β = 35.56, se = 33.65, t = 1.06, 837 

ns); ROI (β = -27.37, se = 29.96, t = -0.91, ns); Order x ROI (β = -34.47, se = 42.76, t= -0.81, ns). 838 

Reading times did not differ as a function of scrambling during the processing of the first 839 

two nouns. Independent analyses of the verb region equally failed to reveal a significant 840 

effect  of Order (β = 9.90, se = 23.02, t = 0.43, ns). 841 

For the L2 learners, the sum coded model revealed an effect of Order (β = -108.91, se 842 

= 35.75, t = -3.046, p<.01), but no effect of ROI  (β =20.95, se = 28.64, t = 0.73, ns) nor their 843 

interaction (β = 24.24, se = 28.64, t = 0.40, ns). Total reading times were longer for scrambled 844 

than canonical word order, for both N1 and N2. No effects emerged at the Verb region 845 

(Order.sum: β = -22.50, se = 54.33, t = -0.41, ns)..  846 

Dative Sentences  847 

First fixations. 848 

 The analysis of N1 and N2 revealed an effect of Group and its interaction with ROI 849 

(β = -14.16, se = 3.21, t = -4.41, p<.01). Independent models were run on the data for each 850 
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Group. Native Koreans showed an effect of ROI, due to longer first fixation durations on 851 

N1 compared to N2, independent of Order. No other effects were significant. L2 learners 852 

showed no effects. 853 

First pass dwell times.  854 

 The analysis of first pass dwell times at N1 and N2 revealed effects of Group (β = 855 

206.33, se = 36.70, t = 5.62, p<.001), ROI (β = 59.41, se = 7.86, t = 7.56, p<.001), and the inter- 856 

actions between Group x ROI (β = 20.70, se = 7.86, t = 2.635  p<.01), Order x ROI (β =-58.58, 857 

se = 7.80, t = -7.51, p<.001) and the higher order interaction of Group x Order x ROI (β = - 858 

25.19, se = 7.80, t = -3.23, p<.001). Independent analyses were subsequently performed on 859 

the two groups.  860 

 For Koreans, there was a trend for the effect of Order (β = 41.43, se = 21.28, t = 1.95, 861 

p<.06) and a significant interaction Order x ROI (β = -126.59, se = 26.21, t = -4.83, p<.001). 862 

For canonical word order, there was no effect of ROI (β =-14.41, se = 18.64, t = -0.77, ns), 863 

whereas there was a highly significant effect of ROI for scrambled word order (β =-140.95, 864 

se = 18.64, t = -7.56, p<.001). Korean native speakers showed longer reading times for the 865 

first than the second noun in scrambled dative sentences, whereas they showed no differ- 866 

ence in reading times for the two nouns in canonical dative sentences.  867 

For L2 learners, a similar pattern emerged. There was an effect of Order (β = 169.98, 868 

se = 41.66, t = 4.08 p<.001) and a significant interaction of Order x ROI (β = -334.97, se = 869 

58.07, t= -5.77, p<.001). For canonical word order, there was no effect of ROI (β = 7.292, se 870 

= 40.10, t = 0.18 ns), but for scrambled word order the effect of ROI was highly significant 871 

(β = -327.70, se = 42.00, t = -7.80, p<.001). L2 learners showed no difference in first pass 872 

dwell times for N1 and N2 for canonical dative sentences, but were considerably slower 873 

to read the first (dative marked) noun, than the second (nominative marked) noun for 874 

scrambled dative sentences.  875 

 876 

3.2.3. Total dwell times 877 

 The sum coded model, involving both groups, revealed a pattern similar to that 878 

found for first pass reading times. The model showed main effects of Group (β =-836.27, 879 

se = 124.79, t = -6.70 p<.001) and Order (β = 361.79, se = 59.12, t = 6.12, p<.001), and signifi- 880 

cant interactions between Group x Order (β = -203.50, se = 80.86, t = -2.517, p<.01), Order x 881 

ROI (β -351.83, se = 74.89, t = -4.70, p<.001) and the higher order interaction of Group x 882 

Order x ROI (β= 202.93, se = 103.36, t = 1.96, p<.05). Independent analyses were subse- 883 

quently performed on the two groups.  884 

 For native Koreans, there was an effect of Order (β = 157.48, se = 27.94, t = 5.64, p<.001) 885 

and a significant interaction between Order and ROI (β = -149.44, se = 36.99, t = - 4.04, 886 

p<.001). For canonical word order, there was no effect of ROI (β = -16.31, se = 26.17, t = - 887 

0.62, ns), whereas there was a highly significant effect of ROI for scrambled word order (β 888 

= -165.75, se = 26.47, t = -6.26, p<.001). This pattern mimics that found for first pass dwell 889 

times, with increased reading times for the first compared to the second noun specifically 890 

in scrambled dative sentences.  891 

 892 

For the L2 learners, a similar pattern emerged. There was a significant effect of Order 893 

(β = 355.64, se = 82.68, t = 4.30, p<.001) that was modified by the interaction with ROI (β = 894 

-352.16, se = 99.16, t = -3.55, p<.001). L2 learners took significantly longer to read the first 895 

than the second noun for scrambled sentences (β =-330.82, se = 72.21, t = -4.58, p<.001), but 896 

showed no difference in reading times for the two nouns for canonical word order (β = 897 

21.19, se = 68.33, t = 0.31, ns). No reliable differences were found at the Verb region.  898 

Table 5. Likelihood to make a regressive saccade (SD in parentheses) to N1 and N2 during reading for each 899 

Group (Koreans vs. L2 learners) as a function of Case (accusative vs. dative) and Order (canonical vs. 900 

scrambled). 901 
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 Accusative Dative 

 Canonical Scrambled Canonical Scrambled 

 N1 N2 N1 N2 N1 N2 N1 N2 

Koreans 82(39) 19(39) 80(40) 15(36) 84(37) 32(47) 81(39) 37(49) 

Learners 85(36) 41(49) 93(26) 48(50) 87(33) 37(48) 91(28) 46(50) 

 902 

3.2.4. Regressions 903 

 As a final measure, we calculated whether readers made a regressive saccade to N1 904 

and/or N2. Independent models were run on the data for Acusative and Dative structures. 905 

For Accusatives, the sum coded model involving both groups revealed an effect of Group 906 

and its interaction with ROI (β = -0.24, se = 0.10, z = -2.40, p<.02). Independent models on 907 

the two groups revealed an effect of ROI for both Koreans (β = 1.81, se = 0.14, z = 13.06, 908 

p<.001) and L2 learners (β = 1.24, se = 0.15, z = 8.19, p<.001) due to a greater probability to 909 

make a regressive saccade to N1 than to N2, independent of Order. The difference was 910 

larger, however, for Koreans. For Datives, the sum coded model involving both groups 911 

revealed only an effect of ROI (β = 1.30, se = 0.08, z = 14.69, p<.001), due to a higher prob- 912 

ability to make a regressive saccade to N1 than N2, independent of Order. The data are 913 

summarized in Table 5. 914 

3.3. Discussion. 915 

 The present experiment examined the effect of scrambling on online sentence 916 

comprehension and reading times in native Koreans and L2 learners. In comparison to the 917 

results reported for Experiment 1, we found greater similarity in the pattern of results for 918 

the two groups as concerns comprehension, despite the lower accuarcy and longer 919 

reading times in the L2 group.  920 

Concerning accuracy, both groups showed an overall decrease in sentence 921 

comprehension for scrambled sentences, as shown by the dip in accuracy for the probe 922 

questions following sentences with scrambled as compared to canonical word order. This 923 

was nonetheless substantially more apparent in the L2 group. Interestingly, the effect was 924 

true independent of sentence structure (accusative or dative), for both groups. In this vein, 925 

it is notable that L2 learners demonstrated higher accuracy in the present experiment, with 926 

written materials, than in Experiment 1, with auditory presentation, although for 927 

scrambled accusative structures accuracy on the probe question was still at chance level. 928 

This result is reminiscent of that reported by Kim et al. (2018) who found that children 929 

who were hertitage speakers of Korean performed better on a task requiring the 930 

processing of case when a prior context was provided than in the absence of such, but still 931 

did not perform above chance.  932 

 The effect of scrambling on reading times differed for accusative and dative 933 

structures. Consider, first, the results for accusatives. For first pass reading times, no 934 

notable effects were found in either the native control or the L2 group; the only effect was 935 

an overall increase in reading times for N1 in the L2 group, independent of word order. 936 

Total reading times showed that while native controls continued to show no effect of 937 

scrambling, the L2 group showed longer reading times in scrambled sentences, for both 938 

nouns, compared to sentences with canonical word order. Thus, for accusative structures 939 

the native control group showed no evidence of a cost of scrambling whereas the L2 group 940 

did but only later in processing, during re-readings of the sentence. Moreover the effect 941 

was not specific to the first noun in the L2 group, i.e. they did not specifically hesitate at 942 

the first noun when marked for the accusative rather than the nominative, but took longer 943 

to read both nouns in scrambled than canonical word order. Finally, no effects were found 944 

at the verb, in either group, thus showing that participants were concentrating primarily 945 

on case marked nouns during processing.  946 
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For dative structures, the effect of scrambling was apparent for both native controls 947 

and L2 learners, from the first pass through sentences to total reading times. In both 948 

groups, we found a significant increase in dwell times on the first noun compared to the 949 

second noun, specifically for scrambled sentences. For canonical structures no differences 950 

were found for the reading times of the two nouns. This is important, as it rules out the 951 

possibility that the increased reading times for the first noun in scrambled dative 952 

sentences was merely a length effect. Indeed, the dative marker for animate nouns 에게 953 

(eykey) is one syllable block longer than the nominative marker (이 (i) or 가 (ga) 954 

depending on the syllable structure of the noun). On average across the set of our 955 

materials, the dative-marked noun was one syllable block longer than the nominative- 956 

marked noun. That this did not incur longer reading times of the second noun compared 957 

to the first noun in canonical (SOV) sentences allows us to conclude that the systematic 958 

increase in reading times for the dative marked noun in N1 position in scrambled 959 

sentences was not due to length. Rather, when encountering a dative marked noun in 960 

initial position, participants dwelled upon such to compute the sentence structure prior 961 

to moving on to the next noun in the sentence. This result is in line with numerous results 962 

from studies conducted in Japanese, showing that native speakers are slower to accept 963 

grammatically correct sentences when they are scrambled than in canonical order 964 

(Imamura et al., 2016; Koizumi & Tamakoa, 2004; 2010; Miyamoto & Takahashi, 2002). 965 

However, the evidence of a processing cost for scrambling in Japanese is more elusive in 966 

self paced reading; Shibata et al. (2005) found only marginal effects for native speakers, 967 

while none were reported in two other studies (Mitsugi & MacWhinney, 2010; Yamasita, 968 

1997). The lack of an effect in self-paced reading may nonetheless be tied to the measure 969 

itself, which may be too coarse to pick up on within clause scrambling costs (Shibata et 970 

al., 2005).   971 

The absence of an effect of scrambling on reading times was also reported by Mitsugi 972 

& MacWhinney (2010) in a self paced reading study conducted in Japanese that included 973 

a native control group and two L2 groups whose native languages differed as concerns 974 

the typological similarity to Japanese (English vs. Korean). The authors concluded that 975 

scrambling did not incur a processing cost and that the L2 learners’ native language did 976 

not play a predominant role. Two caveats are in order. First, the authors did not compare 977 

the groups statistically, but ran independent analyses on each. Second, the Korean learner 978 

group did in fact show an increase in reading time for the first noun in scrambled dative- 979 

accusative structures (N1dat-N2acc-N3nom) compared to scrambled accusatives (N1acc- 980 

N2nom-N3dat). Our results show that both Koreans and L2 learners showed increased 981 

reading times when the dative noun was fronted but not for scrambled accusatives. Due 982 

to systematic differences in the number of syllable blocks for the dative and accusative 983 

case markers, we did not conduct a direct comparison of accusative and dative structures. 984 

Mitsugi and MacWhinney (2010) hypothesized that the increased processing time for 985 

fronted dative-marked nouns in Japanese was due to the lower validity and cue strength, 986 

as concerns the assignment of syntactic roles of the dative compared to the accusative, 987 

rather than to costs associated with movement and restructuring. The pattern of results 988 

we obtained across the two structures does not lend support to the idea that the accusative 989 

has higher cue validity. Our L2 learners did not reliably use the accusative marker when 990 

fronted, i.e. in scrambled accusative sentences, whether auditory (Experiment 1, see also 991 

Frenck-Mestre et al., 2018) or written (Experiment 2). Moreover, comprehension was 992 

overall better for dative than accusative sentences, across both presentation formats. 993 

 994 

4. General discussion 995 

The present study used eye traking to examine the online processing of nominal 996 

morphology for native Korean speakers and L2 learners in both spoken utterances 997 

(Experiment 1) and written sentences (Experiment 2). For both formats, materials were 998 

presented in either canonical (SOV) or scrambled (OSV) word order, and sentences 999 
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contained either dative or monotransitive accusative verbs. Overall, our study provides a 1000 

complex pattern of results, whereby presentation format, specific case marking and word 1001 

order (scrambling) all played a role in the online processing of case. This was true for both 1002 

native Koreans and L2 learners whose L1 was French. The pattern of online processing of 1003 

case was more similar across native and L2 groups for written than auditory format, in 1004 

line with several studies (Hopp, 2006, 2009, 2015; Frenck-Mestre et al., 2018; Jackson et al., 1005 

2012; Jackson & Dussias, 2009; Mitsugi & MacWhinney, 2016). Our unique examination of 1006 

processing across formats within the same study allows us to clearly demonstrate such. 1007 

Moreover, the results of the present study provide a near perfect replication of results for 1008 

the auditory processing of case, in both native Koreans and L2 learners (Frenck-Mestre et 1009 

al., 2018). 1010 

For written sentences, we found that scrambling incurred a processing cost for both 1011 

L2 learners and native speakers, but differentially as a function of case marking. These 1012 

results corroborate and further our previous findings (Frenck-Mestre et al., 2018), and 1013 

highlight the factors that affect the capacity to process case online in Korean. They also 1014 

challenge certain findings concerning the impact of scrambling on native speakers’ per- 1015 

formance in reading (Mitsugi & MacWhiney, 2010; Yamashita, 1997; but see Miyamoto & 1016 

Takahashi, 2002; Shibata et al., 2005).  1017 

During auditory processing, native speakers rapidly exploited case information to 1018 

compute the structure of the utterance as soon as enough information was available to 1019 

rule out alternative interpretations. This was revealed by their looks to the correct image, 1020 

starting from the second noun in the utterance and continuing through to the end of the 1021 

utterance. In line previous results (Hopp, 2015; Kamide et al., 2003a, 2003b; Mitsugi & 1022 

MacWhiney, 2016) we did not find any effects prior to the onset of the second auditory 1023 

noun. That is, despite having a full second to process the visual scene prior to the onset of 1024 

the utterance, native speakers showed no preference for either image during the first au- 1025 

ditory noun. In prior studies (Hopp, 2015; Kamide et al., 2003a, 2003b; Mitsuig & 1026 

MacWhinney, 2016), participants could only predict the target object once they had inte- 1027 

grated information provided by the first elements. In our materials, although the first 1028 

noun was overtly case marked, some ambiguity remained concerning its syntactic role up 1029 

until the processing of the second noun whose case marking should have largely dimin- 1030 

ished any alternative interpretation (although, with the dative structures, some ambiguity 1031 

could have remained up until the final verb). Moreover, because nominal case markers 1032 

are affixed in Korean, this information comes into play relatively late for listeners to be 1033 

able to launch a saccade to the correct image prior to the onset of the second noun (Rayner, 1034 

1989). Hence, one would not predict any effect prior to processing N2. Our native speakers 1035 

clearly exploited case as soon as it became available and used it incrementally as the ut- 1036 

terance unfolded to build a syntactic representation. This result replicates our previous 1037 

study of the online auditory processing of case in Korean by native speakers (Frenck-Mes- 1038 

tre et al., 2018) and is in line with numerous other studies of native speakers’ ability to 1039 

process case (Hopp, 2015; Kamide, et al., 2003a, 2000b; Kim, 1999; Koh, 1997; Koizumi & 1040 

Tamaoka, 2010; Mitsugi & MacWhinney, 2016; Miyamoto & Takahashi, 2004).  1041 

 For the group of L2 learners, the pattern of results found during auditory processing 1042 

of case morphology largely replicates that found in previous online auditory studies, 1043 

whereby these participants do not demonstrate an ability to exploit case to predict up- 1044 

coming elements but wait until the end of the utterance, when all information is available, 1045 

to compute structure and meaning. This has been found in Japanese (Mitsugi & MacWhin- 1046 

ney, 2016), German (Hopp, 2015) and Korean (Frenck-Mestre et al., 2018). Moreover, when 1047 

utterances contain scrambled elements, L2 participants show a strong initial reliance on 1048 

word order over case morphology, as reported by Hopp (2015) and Frenck-Mestre et al. 1049 

(2018). This was mitigated, however, by the type of case marking, with a far stronger reli- 1050 

ance on word order for accusative than dative structures. This effect of the specific type 1051 

of nominal case marking replicates that found previously for adult L2 learners whose L1 1052 

was French, but not for those whose L1 was typologically more similar to Korean (Frenck- 1053 
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Mestre et al., 2018), and for heritage speakers of Korean, whose L1 was English (Kim et 1054 

al., 2018).  1055 

By manipulating presentation format, we showed that the L2 learners were better 1056 

able to exploit case information when allowed to process it at will. That is, in comparison 1057 

to the results obtained for auditory materials, the L2 learners had higher accuracy for 1058 

scrambled sentences during reading, most likely due to the possibility of either dwelling 1059 

on elements that carried crucial syntactic information and/or re-reading them, which is 1060 

not possible during auditory processing. This gain in comprehension was true for both 1061 

dative and accusative sentences, but greater for the latter due to the extremely poor 1062 

performance on scrambled accusatives during auditory processing. The increased 1063 

capacity to process case morphology during reading is in line with the results of several 1064 

eye movement and self paced reading studies with L2 learners, showing that some can 1065 

even perform at native like levels provided sufficient proficiency (Hopp, 2006, 2009; 1066 

Jackson et al., 2012; Jackson & Dussias, 2009). It is noteworthy that we found this gain for 1067 

L2 learners who were far less proficient than those tested in previous studies. In addition, 1068 

although our participants had the task of answering a probe question, said probe tapped 1069 

comprehension and not the grammaticality of the sentence. Nonetheless, the probe 1070 

question did necessitate the identification of the subject of the prior sentence, which may 1071 

have directed participants’ attention to grammatical roles. Under such a hypothesis, the 1072 

greater ability of the L2 learners to exploit case morphology during reading may partially 1073 

be explained by their attention being drawn to this feature (Jackson & Bobb, 2009).  1074 

In relation to the potential cost of scrambling, our results provide distinct answers 1075 

depending on the presentation format, case marking and participant group. During 1076 

auditory processing, the native Korean group showed no processing cost linked to 1077 

scrambling, either in terms of accuracy or the immediate use of case to determine the 1078 

structure of the utterance (cf also Frenck-Mestre et al., 2018). In contrast, the L2 group 1079 

showed a definite cost of scrambling during auditory processing, which was impacted by 1080 

the specific structure, with scrambled monotransitive accusatives posing greater 1081 

disruption than scrambled datives, which replicates previous findings (Frenck-Mestre et 1082 

al., 2018; Kim et al., 2018). The impact of scrambling was more pronounced during 1083 

reading, with  both the native and L2 group demonstrating significantly longer reading 1084 

times at the first compared to the second noun for scrambled dative sentences. For 1085 

accusative structures, only the L2 group showed an increase in reading time for scrambled 1086 

sentences and such was true for both the first and second noun. Hence, during reading 1087 

scrambled datives produced a specific processing cost at NP1 for all participants, but 1088 

accusatives only produced a general slowing and only in the L2 group.  1089 

The pattern of results we obtained during reading suggest that for either reasons of 1090 

syntactic complexity or comparative frequency, scrambling is costly, even for native 1091 

speakers. This result is in line with several studies of Japanese using offline measures, 1092 

which showed that grammaticality judgements were slowed for scrambled sentences, 1093 

albeit for far more complex ones than those used herein (Imamura et al., 2016, Koizuma 1094 

& Tamakoa, 2004, 2010; Miyamoto & Takahashi, 2002). This contrasts with previous online 1095 

studies that used self paced reading and showed either minimal or no effects of 1096 

scrambling (Shibata et al., 2005; Mitsugi & MacWhinney; Yamashita, 1997). By recording 1097 

eye movments, as opposed to the coarser measure that is provided by manual responses 1098 

in self paced reading, we were able to evidence the transient nature of the difficulty 1099 

associated with scrambling. However, as highlighted by Shibata et al. (2005) and as 1100 

underscored by the difference in patterns we obtained for accusative and dative 1101 

structures, within clause scrambling may produce effects that go undetected when 1102 

restructuring is relatively easy, as was apparently the case for monotransitive accusative 1103 

sentences.  1104 

Last, we can note that across both auditory and written processing, we found distinct 1105 

patterns of processing as a function of case marking. Dative structures resisted scambling 1106 

better than accusative structures for both auditory and written format for L2 learners as 1107 
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revealed by both accuracy data and reading times (cf. Kim et al., 2018, for auditory 1108 

processing, in heritage speakers). During reading, both native and L2 learners showed a 1109 

cost of scrambling for dative structures, whereas only the L2 learners showed an increase 1110 

in reading time for scrambled accusatives and such was not specific to the first, scrambled 1111 

noun. The differences in processing for these two structures may be attributed to 1112 

numerous factors. The dative case in Korean differs from the accusative both semantically 1113 

and syntactically (Aissen, 2003; Ahn & Cho, 2007; Chung & Lee, 2017; Frenck-Mestre et 1114 

al., 2018; Kwon & Zribi-Hertz, 2008; Lee, 1999; Sohn, 1999). In addition, the dative and 1115 

accusative differ as concerns their phonetic form, which may well affect their saliency 1116 

during auditory processing, although this has been claimed more in the context of non- 1117 

native than native processing (Frenck-Mestre et al., 2018; Kim et al., 2018). Dative case is 1118 

also more reliable than accusative in that the dative is rarely omitted whereas accusative 1119 

may be dropped depending upon discourse constraints (Ahn, 2015; Aissen, 2003; Kwon 1120 

& Zribi-Hertz, 2008). In addition, the group of second language learners in the present 1121 

study, were native speakers of French, which has a distinctive morphological marker for 1122 

the dative but not accusative or nominative. This may have contributed to these learners 1123 

acquiring the dative earlier in their L2 trajectory (see also Goldschneider & Deykeser, 1124 

2001). Any or all of these factors may have played a role in the differential effects we found 1125 

for monotransitive accusative and dative structures. This difference in processing as a 1126 

function of the specific type of case marking has been attested in several studies and 1127 

should hence be taken into account in future research  (Frenck-Mestre et al., 2018; Kim et 1128 

al., 2018).  1129 

In conclusion, the present set of experiments provide clear evidence of the 1130 

incremental nature of syntactic processing involving the immediate extraction of case to 1131 

determine sentence structure for native speakers, but a strong reliance on word order over 1132 

grammatical case for L2 learners. For the latter group, the apparent inability to compute 1133 

nominal case morphology during online processing was more pronounced during 1134 

listening than reading, in line with several studies of L2 processing. Importantly, the effect 1135 

of scrambling in L2 processing differed according to the specific case marking, a factor 1136 

that has not systematically been explored in previous work. This adds to previous native 1137 

data in both auditory and written processing (Frenck-Mestre et al., 2018; Koh, 1997; Lee, 1138 

1997). Last, for both native speakers and L2 learners, we provide evidence of a transient 1139 

cost of scrambling during reading even for syntactically simple declarative sentences.  1140 
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