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CHAPTER 1. GENERAL INTRODUCTION

1.1. Heritage Speakers vs. L2 learners: What is the difference?

In the last two decades, interest in Heritage Languages (HLs) has grown rapidly due to the
unique properties of this type of bilingualism. Broadly defined, Heritage Speakers (HSs) are
bilinguals who were raised speaking the minority language and then shifted to the majority
language at the age of school start, i.e., approximately at the age of 5-8 (Benmamoun et al.,
2013). It is this ‘heritage switch’ that occurs during or just right after the critical period of
language acquisition that makes the HL studies fruitful for theoretical and applied
psycholinguistics (Hartshorne et al., 2018 and Schwartz, 2004 for discussion of the upper age
limit for the first language acquisition). While there seems to be a consensus that HSs represent a
special group of bilinguals because of the nature of HL acquisition, the research is mostly
focused on the question of how HL acquisition affects various areas of linguistic competence and
how HSs differ from other groups of speakers in that sense. The answers come from the
comparison of HL processing skills with language abilities of monolingual ‘baseline’ adults,
monolingual children and, of course, second language (L2) learners.

L2 learners are bilinguals who started acquiring the second language after puberty and in
the formal classroom setting. Just these two factors alone make the major differences between L2
learners and HSs apparent. First, of course, it is the age of acquisition (childhood vs. adolescence
or adulthood) and the type of acquisition (home vs. school or college). Second, the speakers
differ in the modality of the linguistic input (auditory vs. combined auditory and visual) and its
amount (childhood years vs. 2-3 years of language instructions). Finally, the type of input that
these speakers receive (conversations at home vs. academic language, complex topics in school)

is also different (see Montrul, 2012, for discussion). The comparison of these two groups to each



other as well as to the baseline monolingual speakers and typically developing children in
various linguistic domains (i.e., lexical access, morphosyntax, phonology in comprehension and
production) can help illuminate which of these differences affect which aspect of bilingual
language processing.

Beside theoretical benefits, the comparison between HSs and L2 learners is also valuable
from an applied perspective. As this thesis focuses on Russian as a Heritage Language and as an
L2 in the USA, let us consider the following statistic. According to the U.S. Census Bureau
(2018), Russian is the 9" most spoken language in the United States with over 900,000 bilingual
speakers across the country, and this number is projected to grow by 92% every decade (Ortman
& Shin, 2011). Many of these bilinguals speak Russian as a HL. However, despite their early
exposure to the HL, most HSs have very limited literacy skills. In fact, the majority of HSs
cannot read or write in Russian, and struggle with complex syntax and morphology of the literary
language, as well as with the difference of scripts between English and Russian. They are,
however, very interested in maintaining the Russian language and culture and thus often enroll in
Russian language programs in college with the specific purpose to improve reading and writing
(Carreira & Kagan, 2011).

L2 learners of Russian, on the other hand, regardless of the motivation, often come to the
classroom with no background knowledge of the language. This situation creates a great
disparity between students in the class and also between teaching strategies that are needed to
target individual goals of HSs and L2 learners (Kisselev et al., 2020). Thus, identifying specific
differences in L2 and HL language processing in an experimental setting can help teachers in

creating targeted educational materials to facilitate learning in both groups of students.



1.2. The goal of the thesis

The accumulation of more than 20 years of research on HLs gives us a generally good
understanding of the major patterns in Heritage Language abilities. In a nutshell, phonology and
syntax are linguistic domains that are the most resilient to change or attrition although there is
evidence for ‘heritage accent’ and there are well-researched areas in syntax that are deviant from
monolingual baseline, e.g., word order in heritage Russian. In contrast, morphology and
morphosyntax are subject to systematic and sometimes drastic internal changes in the
grammatical representations (Polinsky, 2018, for comprehensive review). The least investigated
areas in HL processing so far is literacy, namely, the ability of HSs to read or write in their HL.
This is a substantial gap in the field considering that:

1) most comprehension studies use written materials and thus should take into account the
baseline reading abilities of the participants;

2) reading fluency in the non-dominant language has been repeatedly confirmed to correlate
with L2 proficiency (Koda, 2007, for review);

3) reading and writing are the weakest areas of HL competence (Carreira & Kagan, 2011,
Polinsky, 2018); and

4) literacy in HL is the area that HSs often want to develop and conserve the most.

The ultimate goal of this thesis is to start filling in this gap by systematically examining
reading fluency and factors affecting it in HSs of Russian and comparing their abilities to L2
learners as well as to control groups of monolingual adult speakers and 8-year-old children. In

this thesis, we follow the broad definition of the term reading fluency as a combination of



linguistic skills necessary to effortlessly comprehend written materials (the definition is based on
Wolf & Katzir-Cohen, 2001):

1) automaticity of pre-lexical (i.e., decoding) processes at the word-level,

2) automaticity of the lexical (i.e., word recognition) processes at the word-level,

3) efficiency of morphosyntactic processing at the connected text-level,

4) efficiency of syntactic processing at the connected text-level,

5) success in semantic information integration at the connected text-level.
In addition, we add the following component as a part of the developed reading fluency as it is
repeatedly confirmed to be present in monolingual sentence comprehension at all linguistic
levels (Pickering & Gambi, 2018):

6) the presence of language prediction at the sentence-level.

To achieve this goal, we conducted three separate studies, each investigating

(directly or indirectly) one of or combination of multiple components of the reading fluency in
HSs and L2 learners of Russian. First, we begin by establishing eye-movement benchmarks, i.e.,
basic eye-movement characteristics in reading isolated sentences for both groups in connection
to the linguistic factors of word length and frequency (Chapter 2: Eye-movement benchmarks in
HL reading. The article is published online in a peer-reviewed journal). Subsequently, the data
collected from HSs and L2 learners are compared to data collected from monolingual Russian-
speaking adults and children. Second, we use the scanpath method to identify reading strategies
that HSs and L2 learners use while reading simple child-adapted sentences in Russian and
whether these strategies are similar to those of monolingual adults and children (Chapter 3:
Monolingual and Bilingual Reading Strategies in Russian: Exploratory Scanpath Analysis. The

article is under review in a peer-reviewed journal). Third, we explore whether similar to



monolingual speakers, HSs and L2 learners use prediction abilities in reading to facilitate
comprehension (Chapter 4: Prediction abilities of HSs and L2 learners of Russian in reading.
The article is in preparation for submission). Table 1.1 presents the summary of the tasks
employed in the studies and the corresponding components of the reading fluency the tasks aim

to test. The detailed description of each task is in the respective chapters.

Table 1.1. Summary of the tasks in the thesis by chapters.

Task Studies in Chapters Reading Fluency Component tested

Ch.2 Ch3 Ch4

Word Identification (ENG) Word-level Decoding

v v v

Word Identification (RUS) v v v Word-level Decoding
Oral Reading Fluency (RUS) v v v Connected-test components
Oral Reading Fluency (ENG) v v v Connected-test components
Sentence reading:

Advanced corpus v All components

Beginner corpus v v All components
Cloze-test v Lexical prediction

Gender agreement violations v Morphosyntactic prediction

Findings of these empirical studies are discussed in relation to current models of HL
processing (divergent attainment, HL attrition, dominant language transfer) and L2 processing
(weaker-links hypothesis, failed functional features hypothesis, good-enough parsing account)
that offer interpretations of the variance in the data within and between groups as a reflection of

reading fluency components (i.e., pre-lexical and lexical access, morphosyntactic and semantic



integration, and prediction). The thesis concludes with a general discussion of the empirical work
and a summary of an emerging picture of reading abilities in Russian as HL and L2 (Chapter 5).
In what follows, we provide a brief description of the Russian orthography and overview of the
theories of HL and L2 processing that are relevant for the thesis and then discuss the goals for

each article that comprises Chapters 2—4.

1.3. A brief description of orthography and morphosyntactic properties in Russian

Russian uses the Cyrillic alphabet consisting of 33 letters, 21 of which are consonants, 10 vowels
and 2 hard and soft diacritic markers to denote the (non)palatalization of the immediately
preceding consonant. Despite relatively straightforward grapheme-to-phoneme correspondence
in Russian (i.e., shallow orthography vs. deep orthography in English), when reading the whole
word or connected text, some letters can be pronounced differently depending on the position in
a word. One of the most prominent features of Russian is the vowel quality change in unstressed
syllables which is not reflected in the orthography. For example, the vowel /o/ when unstressed
can represent multiple allophones: [e] as in ‘oni’ [eni'i] (they), [0], as in ‘radio’ [r'adii0] (radio),
or [9] as in ‘tol’ko’ [t olika] (only). Consonant assimilation and final consonant devoicing are
two other phonetic laws in Russian that are also not manifested in the orthography (e.g., ‘lug’
(meadow) and ‘luk’ (onion) are pronounced as [1I’uk]; ‘leghkiy’ (lightaps) is pronounced as
['liexikiii], eliminating sound [g] before [x]). While these irregularities more often present
challenges in spelling (i.e., phoneme-to-grapheme conversion) rather than in reading (Kerek &
Niemi, 2009; Kornev et al., 2010), they would still require sufficient knowledge of phonetic rules
and orthographic patterns for efficient grapheme-to-phoneme decoding, especially in cases when

the reader has only the experience with the spoken variant of the word.



In addition to the knowledge of orthographic and phonetic laws, morphological
awareness is crucial for literacy acquisition in Russian as morphemes carry the information about
grammatical structure of the sentence. Readers must distinguish morphemes that denote case,
gender, number on nouns, adjectives and pronouns, as well as gender, number, tense and aspect
markings on the verbs. In a nutshell, Russian has six cases (nominative, genitive, dative,
accusative, instrumental, and prepositional); the inflections on the nouns and pronouns change
according to the case and declensional paradigm; nouns also must agree with modifying
adjectives in number and gender. Although verbs have only three tenses (past, present and
future) that are typically marked with affixes (for past and future tense) or analytic forms (for
future tense), there are some other rules that cause changes in the form of the verb. Specifically,
Russian verbs must agree with nouns/pronouns in number and person (and gender in the past
tense) which is reflected in the verb endings. In addition, verbs in past and future tenses express
one of the two aspects (typically through prefixes): perfective for competed actions and
imperfective for the ongoing and incomplete action.

In Russian, orthography and morphology are closely connected, wherein orthography is
based on a morphological principle (Abu-Rabia, 2001) — each morpheme has a consistent
orthographic representation despite possible changes in its phonetic form due to the various
phonetic processes. However, the widespread presence of homonymous morphemes (e.g., zapet’
[zapiet’] (to start singing) vs. zaplanirovat’ [zaplaniravat’] (to plan for future)) can complicate
the situation in comprehension as it requires the knowledge of the morpheme meanings. In
addition, morphemes and syllables in Russian often do not share the same boundaries (Kerek &
Niemi, 2009), posing further challenges in morphological structure decomposition. To prevent

delays in literacy acquisition as a result of such idiosyncrasies of Russian morphophonological



system and orthography, children as early as in the second grade are undergoing explicit

instruction in morphemic analysis of words (Kerek & Niemi, 2012).

1.4. Theories of HL processing and their predictions for reading fluency

The deviance of HSs from L2 learners and monolingual speakers in various aspects of language
processing is traditionally explained through the following accounts of HL development: 1)
divergent attainment; 2) dominant language transfer; and 3) HL attrition (Polinsky, 2018). It
should be noted that these accounts are not mutually exclusive, and in many situations, the

combination of two or all three is appropriate for data interpretation.

1.4.1. Divergent attainment

Initially presented as ‘incomplete acquisition’ (Polinsky, 2006), divergent attainment
suggests that the development of HL at all linguistic levels slows down and eventually stops and
‘freezes’ due to the heritage switch from the minority to the majority language. As a result of this
drastic decrease in HL input and, accordingly, output, HL becomes functionally a weaker
language with the developmental delay surfacing in many aspects of language processing. The
main outcome predicted by this theory is as follows: As this ‘switch-and-stop’ process occurs
roughly around the age of school entry, the language abilities of HSs in their HL should
resemble the language abilities of school-age monolingual children.

What does this account mean for the predictions in relation to reading abilities in HL?
Simply speaking, HSs are expected to read in the same manner as 2" or 3" graders and resemble
children more than L2 learners. Specifically, when talking about the mechanics of reading, HSs
should produce comparable reading times and a similar number of fixations, word skipping, and

regression probabilities as children. Further, the theory suggests that on a more global level of



reading (i.e., sentence or text), HSs and children may rely on the same reading strategies for the
most efficient comprehension (e.g., re-reading of unfamiliar words or entire sentences vs.
skipping difficult words and guessing their meanings). Finally, relevant to the discussion in the
thesis (although not investigated), the divergent attainment holds that HSs would resemble
children more than monolingual adults in their use of language prediction to speed up

comprehension in reading.

1.4.2. Dominant language transfer

The name of this theory speaks for itself. In fact, dominant language transfer in HL
stems from the long history of this account applied to L2 acquisition (Benmamoun et al., 2013,
for review). Dominant language transfer suggests that the dominant language can affect the
acquisition of the HL in all linguistic domains (phonology, morphosyntax, semantics, lexicon).
As a result of this influence, HL undergoes systematic restructuring in the affected domains,
especially evident when the dominant language has ‘simpler’ representations. For example,
research with English-dominant HSs of Russian and Spanish demonstrated that these speakers
are not sensitive to the morphological markers of case, gender or tense in HL production and
comprehension (Montrul et al., 2008; Polinsky, 2008). These findings are attributed to the idea
that the ‘simplification’ of grammatical systems in HL is due to the absence of rich
morphological paradigms in their dominant language (Polinsky, 2018).

With respect to reading abilities, the dominant language transfer theory is closely
intertwined with the interdependence hypothesis that is more commonly cited in the second
language research field (Cummins, 1979; Abu-Rabia, 2001 for recent review of the hypothesis).
The interdependence hypothesis suggests that reading skills in the dominant language are

transferrable to the non-dominant language since the reading ability is a part of general



cognitive/academic ‘proficiency’. One can theorize that the predictions of the interdependence
hypothesis extend to the Heritage Languages. The first prediction concerns the ‘surface’ features
of reading skills, namely, it suggests that language-specific reading technique or strategy
developed in the dominant language may be also applied to the weaker Heritage Language. Such
a relationship, if it exists, should manifest itself on multiple levels, i.e., the basic eye-movement
characteristics and global reading strategies in comprehension.

The second prediction concerns mental lexicon properties of bilingual readers. As shown
by the decades of the research on bilingual lexical access (Kroll & Ma, 2018), the mental lexicon
in bilingual speakers is shared between the two languages. Thus, if the dominant language has an
effect on reading in the HL, this influence can go in multiple directions: 1) facilitate lexical
access in reading when words in lexicon share phonological and semantic characteristics (i.e.,
cognates); 2) delay lexical access when words in lexicon share phonological but not semantic
characteristics (i.e., homographs); 3) facilitate sentence processing when the syntax of the
sentence is similar to the dominant language (e.g., SVO order); and 4) interfere with sentence
processing when syntactic relationships are different (e.g., free word order in HL vs. fixed order
in dominant English).

It is important to note, however, that the transfer of reading techniques and strategies is
subject to the cross-linguistic differences in the orthography of the two languages. Recent studies
suggest that readers differ in the use of reading techniques dependent on the depth of the
orthography of that language (for a review Lallier & Carreiras, 2018; Ziegler & Goswami, 2005).
Specifically, readers in the languages with deep orthography (e.g., English or French) benefit
from the reliance on large-size units, such as clusters of letters, rimes or whole words, whereas

reading in the language with shallow orthography (e.g., Russian or German) is contingent on the
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sublexical reading, i.e., grapheme-to-phoneme decoding in one-to-one relationship. Thus, the
reading skill transfer between languages with different orthographies and different scripts (as
English and Russian in this thesis) is not a trivial process and is likely to cause interference
rather than facilitation.

In this thesis, we interpreted the findings both within theories of dominant language
transfer in HLs and the interdependence hypothesis in second language processing. Specifically,
we checked whether reading ability in English affects basic eye movements and global reading
strategies in Heritage Speakers (the interdependence hypothesis), and their morphosyntactic
prediction abilities (dominant language transfer). Nevertheless, the careful and systematic
investigation of the effect of the lexical transfer is beyond the scope of the thesis. We did,
however, interpret the results of our studies taking into account the implication of lexical transfer
in each of the study, and thus can draw some conclusions regarding the directions of L1
influence, if any. It should be noted that all these predictions are applicable to L2 learners too.
Thus, the crucial question is whether HSs are as susceptible to the dominant language influence
in reading as their L2 counterparts. On the one hand, the intuitive prediction is that early
exposure to HL should get HSs some ‘immunity’ to L1 interference. On the other hand, L2
learners, in general, have more experience with written materials in the L2 due to years of

schooling and, therefore, might be able to inhibit L1 interference more than HSs.

1.4.3. Heritage Language attrition
Language attrition refers to a loss of the already acquired linguistic abilities in a
bilingual environment due to insufficient exposure to this language (Montrul, 2008). Applying

this to the HL development, the theory suggests that HSs once acquired a full or near-full
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mastery in the HL (contingent on the age of immigration) but the linguistic skills in some areas
of the competence were lost after the heritage switch.

There are several studies that support such a possibility. For example, adult HSs of
Russian performed worse than bilingual children (‘future HSs’) in the processing of relative
clauses with subject gaps (Polinsky, 2011), suggesting that the ability to process such structures
was lost at some point of HL development. Another example is the series of longitudinal studies
(Silva-Corvalan, 2003, 2014) in which Spanish-speaking children who immigrated to an English-
speaking country at the age of 8 or later were reported to produce errors in case and gender
agreement that increased with age. While these studies present an optimal design for checking
the predictions of the HL attrition theory, they often are too time- and resource-consuming.
Another possibility is to compare the performance of monolingual children and adult HSs on the
same linguistic phenomena. If children outperform HSs, this will point to the presence of
necessary linguistic skills in young speakers and the absence of the same skills in HSs (cf. to
divergent attainment theory, which predicts children to perform on par with adult HSs).

While we do not have the longitudinal design in the empirical studies in this thesis, we do
have monolingual children as a comparison group in the studies in Chapter 2 and Chapter 3.
Thus, in case we find that in reading tasks our 2" graders, who just started to learn how to read,
perform better than adult HSs (i.e., read faster, skip more but regress less. or use qualitatively
different reading strategies), we can take these results as evidence for the attrition of reading
abilities in HL.

To summarize, theories of HL development lead to quite different predictions concerning
reading abilities of HSs in comparison to L2 learners and monolingual children and adults.

Although we do not intend to test any specific theory directly, the results of the empirical studies
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in this thesis will undoubtedly contribute to the main debate in HL research, i.e., the direction of
the development of language abilities in HLs after the switch to the majority language. We
suggest treating reading abilities of HSs (and L2 learners) as an epiphenomenon of their skills in
processing written language. While the empirical studies in the thesis do not target any linguistic
domain in particular (with an exception of prediction abilities in Chapter 4), they illuminate
difficulties that these speakers might experience in lexical access or morphosyntax processing

during reading.

1.5. The interplay between processing theories of L2 and HL

While HL theories described in Section 1.4 provide a good basis for understanding differences in
HL grammar outcomes in comparison to other groups of speakers, they are not specific enough
when we need to interpret the results in terms of the underlying reasons for variation in reading
fluency in HL and L2 groups. To make this idea less abstract, let us consider one finding from
Chapter 2, namely, that HSs and L2 learners skip the words in the sentence with the same
probability as children. This finding might indicate that the divergent attainment theory makes
correct predictions concerning the developmental ‘freeze’ in HL abilities. However, the theory
does not explain why HSs and L2 learners (and children for that matter) skip words with
considerably lower probability (approximately only 10% of words are skipped in the sentence)
compared to monolingual adults (34%). To be able to interpret these results, we turn to
processing theories of bilingual lexical access in L2.

Regardless of the type of bilingualism (L2 or HL), the amount of input in the non-
dominant language is the key factor for a speaker’s proficiency in that language (Polinsky, 2018)
(see Section 1.6 below). From this, it follows that the frequency of the exposure to L2 or HL

might determine the efficiency of language processing. This idea is central in the weaker links
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hypothesis (Gollan et al., 2008) that originally aimed to explain the disadvantage of bilinguals in
production tasks. Its implications, however, extend to comprehension as well.

In sum, the weaker links hypothesis suggests that due to the inevitable split in usage
between two languages, bilinguals are exposed to one of the languages (dominant) more
frequently than to the other (non-dominant). As a result, the links between words and their
representations in the lexicon of the non-dominant language are weaker in comparison to the
connections in the dominant language. Accordingly, when bilinguals read in their L2 or HL, it
takes more time to decode and process the word (i.e., to recognize and access it in the lexicon)
than it would take for a monolingual speaker. Both the divergent attainment and attrition
theories explain well why this is might be true for Heritage Speakers. After the switch to the
majority language, the frequency of exposure to HL is significantly reduced, resulting in
‘decaying’ links in the mental lexicon, which in case of attrition might eventually be lost
completely.

In terms of more global sentence-level processing, in this thesis we mention two accounts
from the bilingual language processing literature. First, the good-enough parsing hypothesis
(Ferreira et al., 2002) is premised on the assumption that bilinguals use general heuristics
(semantics and pragmatics) to process the input instead of paying attention to morphosyntactic
information in the sentence. Second, the failed functional features hypothesis (Franceschina,
2005) suggests that if bilinguals acquired their L2 after puberty, some of the abstract
grammatical features absent in their L1 (e.g., gender/Case agreement feature checking in Russian
vs. English) may not be available in their L2.

The first hypothesis can offer explanations of differences in reading strategies between

groups of speakers (e.g., low-proficiency L2 learners read on par with monolingual low-
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proficiency HSs, Chapter 2) and insensitivity of bilinguals to morphosyntactic errors (Chapter 4).
Interestingly, the second hypothesis can offer a direct test of the attrition theory of HL.
Specifically, the failed functional features hypothesis suggests that because HSs acquired the
language before puberty, they should be able to attend to morphosyntactic features (unlike L2
learners) on par with monolinguals, but it interacts with the attrition theory which suggests that
these features might be lost in HL due to the decreased amount of HL input. The results of the
study in Chapter 4 (Experiment 2) confirm predictions of the attrition account. There is some
evidence from HL production research, however, that prevent us from making firm conclusions;

we discuss the implications in the respective Chapter 4.

1.6. Proficiency as a common denominator for comparison of HSs and L2 learners

It is widely accepted that L2 proficiency is an influential predictor of efficient bilingual language
processing. Although the term ‘proficiency’ is very poorly defined in the literature, it can be
broadly referred to as the proximity of an L2 learner to the linguistic skills of a baseline
monolingual speaker in language comprehension and production (Cummins, 1980). Thus, the
higher the proficiency level, the more the language processing abilities (in lexicon,
morphosyntax, and phonology) resemble those of a native speaker. Not surprisingly, proficiency
has the same effect on HL competence. In fact, HL researchers agree (maybe not always
explicitly) that HL proficiency is the cornerstone of the linguistic abilities of HSs across all
linguistic domains both in comprehension and production (Carreira & Kagan, 2011; Gor, 2018;
Montrul, 2008, 2016; Polinsky, 2018).

Proficiency in L2 was repeatedly confirmed to be predictive of reading fluency in a non-
dominant language (Koda, 2007, for review). The relationship seems to exist in the opposite

direction as well. For example, Berzak, Katz, and Levy (2018) recently demonstrated that
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28) and young adults 18 or older (n = 47). The only differences (t (73) = 2.08, p = .041) was in
self-reported age of reading start in Russian (Madolescent = 9.1, SD = 4.7 vS. Magurt = 12.6, SD =
8.2) and objective measurement for oral reading fluency in English (t (73) = -2.77, p = .007)
where adolescents scored higher than adults (Madolescent = 31.1, SD = 6.4 vS. Maguit = 27.1, SD =

5.8).

2.3.2 Descriptive statistics: Eye-movement benchmarks in reading in HL

Table 2.4 presents means and standard deviations for nine dependent measures from
Table 2.1 for the two groups of high-proficiency (second column) and low-proficiency HSs
(fourth column) and compares them to those of the monolingual Russian adults (n = 96,
Laurinavichyute et al., 2019), 8-year-old children (n = 37, Korneev et al., 2017), and L2 learners
(n = 27, this study). Additionally, we included the mean number of fixations per word (x) and the
saccade landing position (xi). Sentences with incorrect comprehension question responses were
excluded from the analysis (low-proficiency HSS Maccuracy = 81%; high-proficiency HSS Maccuracy
= 92.7%; L2 learners Maccuracy = 85.1%; children Maccuracy = 98%; monolingual adults Maccuracy =
99%). Descriptive statistics were calculated for all words in the corpora, between-group
differences were calculated using series of independent t-tests with Bonferroni correction for

multiple comparisons at a-level .005 (see Table A2 for t-values and corresponding p-values).
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Table 2.4. Comparison of basic parameters of eye movements ((i) time duration measures, (ii)
probabilities of skipping or fixating the word, (iii) probability of regressions), saccade landing

sites and number of fixations per word) in reading in Russian (SD in parentheses).

Monolingual High- Monolingual Low- L2
adults’ proficiency children proficiency  learners
HSs HSs
i (Ms) FF 217 (23) 302 (100)  380(112)  391(156) 301 (86)
SF 228 (26) 305 (73) 358 (78) 345 (164) 312 (71)
GD  259(42) 484 (159)* 676 (273) 944 (307)* 736 (261)
TT 318(79) 702 (221)* 976 (370)  1554(439)* 1343 (511)
i (%) PO 34 (10) 20 (5) 20 (13) 10 (5)* 11 (6)
P1 56 (7) 46 (8) 43 (9) 37 (8)* 50 (10)
P2+ 9 (6) 34 (10) 35 (11) 52 (7)* 39 (12)
iii (%) RO 17 (7) 23 (9) 25 (7) 24 (12) 36 (15)
RG 13 (8) 22 (9)* 14 (6) 22 (12)* 25 (13)
Landing (%) 44 (6) 38 (6) 36 (4) 35 (5) 36 (6)
# Fixations 1.01(.28)  2.14(49)  2.18(65) 4.16(1.2)* 3.71(L.4)

T All the differences (RO difference is marginal) are significant between HSs and monolingual
adults. * Significant differences between HSs and monolingual children. Significant differences
between HSs and L2learners are in bold.

High-proficiency HSs. On the one hand, as Table 2.4 reveals, high-proficiency HSs’ eye

movements were significantly different from eye movements of monolingual adults as assessed

with a series of independent t-tests between groups (Table A2). On the other hand, they were

42



strikingly similar to monolingual children in all measures except gaze duration (GD), total
reading time (TT) and the probability of regression from the fixated word (RO) (Table 2.5).
When compared to two low-proficiency groups, low-proficiency HSs and L2, high-
proficiency HSs were significantly faster in GD and TT measures, skipped more words, re-
fixated the words less and, with respect to L2 learners, high-proficiency HSs produced lower

rates of regressive saccades (RO).
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Table 2.5. Conceptual comparison of high-proficiency HSs and low-proficiency HSs to other

groups (to match the statistical analysis in Table 2.4.) All the differences (RO difference is

marginal) are significant between HSs and monolingual adults. Empty cells designate no

difference between groups.

High-proficiency HSs

Low-proficiency HSs

Monolingual  Low-proficiency L2 Monolingual L2
children HSs learners children learners
i(ms) FF - - - - -
SF - - - - -
GD Shorter Shorter Shorter Longer -
TT Shorter Shorter Shorter Longer -
ii(%) PO - Higher Higher Lower -
P1 - Higher - Lower Lower
P2+ - Lower - Higher Higher
i (%) RO Higher - Lower - Lower
RG - - - - -
Landing (%) - - - - -
# Fixations - Less Less More -

Low-proficiency HSs. All low-proficiency HSs’ eye-movement characteristics were

significantly different from those of monolingual adults (RO is marginal). Low-proficiency HSs

matched children in first fixation duration (FFD) and single fixation duration (SFD) measures

(Figure 2.1A), as well as the probability of regression from the fixated word (RO; Figure 2.1B)

and saccade landing position. However, they fixated more than half of the words at least twice,

for longer times (GD and TT), and skipped (P0) fewer words as compared to children. Low-

44



proficiency HSs did not differ from L2 learners in any of the measures except fixation

probability and regression originating from the fixated word (Table A2).
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FFD SFD GD TT PO P1 P2+ RO RG

Adults = = Children* = * High-proficient HS = = = L2 Low-proficient HS

Figure 2.1. Means for (A) time durations measures and (B) probabilities of skipping (P0),

fixating (P1, P2+) and making regressions (RO, RG) by each group of speakers.

Next, we compared the differences in frequency effects (FEs) between low-proficiency and high-
proficiency HSs because of the sensitivity to the amount of language exposure in L2 reading
(Whitford & Titone, 2012). Words were divided into high frequency (HF) and low frequency
(LF) using a median split in log-transformed frequency for high-proficiency HSs (HF: n =521, >
1.49; LF: n =523, < 1.49) and the low-proficiency HS group (n =95, > 1.89; LF: n = 96, < 1.89).
The median split in advanced BiRSC roughly corresponded to the commonly used thresholds for
low (medium)- and high-frequency words (low-frequency range: 1-32 instances per million;
high-frequency range: 32-38107 ipm). In the beginner BiRSC, however, the lower frequency

range also included words with considerably high ipm count due to the nature of the corpus, in
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which the sentences were constructed for reading by children (low-frequency range: 1-75
instances per million; high-frequency range: 82-38107 ipm).

Table 2.6 shows that there are only a few differences in the magnitude of the FEs
between the two groups. Low-proficiency HSs showed significantly larger FEs in GD, TT, and
the probability of making one fixation (P1). The difference between FEs in skipping probability
was also significant, but the pattern was reversed: High-proficiency HSs skipped frequent words
more often than low-proficiency HSs. Note that frequency was used as a continuous variable for

all subsequent analyses.
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Table 2.6. Means and standard deviations for all eye movement measures across word log
frequencies. Frequency effects (FEs; i.e., differences between LF and HF words) and
corresponding p-values are presented in italics. First four measures (FFD, SFD, GD, TT) are in

ms, the rest are percentages.

High-proficiency HSs Low-proficiency HSs t (df) p
HF LF FE HF LF FE
FF  266(73) 316(112) 50 333(101) 426(195) 93 1.55(45) 128
SF 284(64) 332(90) 48 310(99) 407 (267) 97 2.72(26) 011

GD  349(91) 593 (221) 244 596(207) 1271(409) 675 14.33(26)  <.001

TT  474(123) 887(311) 413 964 (311) 2111(614) 1147 8.90(42.2)  <.001

PO 33(8) 6(0) 27 13(5) 6 (6) 07 10.82(28.7) <.001
PL  49(7)  43(13) -06  49(9) 24(7) 25 -568(27.2) <.001
P2+ 17(6)  50(13) 33  38(8) 67 (8) 29 -1.17 (45) 246
RO 20(10) 26(9) 06 20(12)  28(13) 08 1.40(45) 167
RG 218  23(10) 02 19(10)  24(14) 05 1.68(45) 100

2.3.3 Modeling: Relationships between frequency, length, reading assessments and eye
movements in BiRSC

We ran (generalized) linear mixed models that included previous, current and next
words’ length and frequency as well as length of incoming saccade to the current word, relative
position of the word in the sentence, and saccade landing position on the current word as fixed

predictors (see details for the models in Tables A3-A8). Each eye-movement measure was fit to
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the same set of predictors. Random factors were random intercepts for participants, sentences,
and words. No random slopes were added to the final models as such addition resulted in over-
parametrization. We also removed random intercepts for sentences in models that resulted in
singular fits (the variances across sentences were estimated as zero). Significant effects are
adjusted for multiple comparisons using Bonferroni correction at a-level of .005.

To establish the relationship between fixation duration measures in BiRSC and
performance for the four reading assessments, we also run a separate set of models that include
scores from the reading assessments along with baseline predictors (see details for the models in
Tables A9-A11). Random structure remained the same as in previous set of models. Significant
effects are adjusted for multiple comparisons using Bonferroni correction at a-level of .012.

For all analyses, the first and last words of every sentence were excluded and only
sentences with correct answers to the comprehension questions were analyzed. Fixations and
saccades were extracted from eye-movement data following the algorithm from the Data Viewer
package (SR Research Ltd). No cut-off limits were applied to fixations because fixations shorter
than 100 ms constituted only 1.9% of all data (the maximum fixation duration was 3779 ms for
low-proficiency HS that was elicited by low-frequency word of .85 ipm). The predictor of word
length was centered and scaled; the frequency was log-transformed (to base 10). Eye-movement
duration measures (FFD, SFD, GD, and TT) were log-transformed to ensure normal distribution
of models’ residuals. To exclude the possibility of multicollinearity of model predictors, we
ensured that the variance inflation factor (VIF) was less than 3 for all predictors.

For binary outcome variables (fixation, skipping and regression probability), we used
mixed-effects linear logistic regression. Both linear mixed-effects and generalized linear mixed-

effects models were fit with the function (g)lmer from the R-package Ime4 (Bates et al., 2015).
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The comparison tables (A3-Al1) for (G)LMM outcomes were created with the sjPlot package
(Ludecke, 2017).

High-proficiency HSs. Confirming canonical effects in reading, the lexical factors of
word length and frequency reliably affected all measures of interest (see Tables A3—A5). High-
proficiency HSs fixated longer words for longer time and frequent words for shorter time, and

they regressed to longer words more often and rarely skipped them (see Figure 2.2).

A= 2000 B 1.00
>
£ 1500 = 075 |
c o) i
S 1000 ‘A0 ® o050 N
% ‘/_.——'"—‘ N '8 /‘ ;-'h- 1
500 - = 025 TN L L
S T T s e £ +
a 0 , 0.00
1 3 5 7 9 11 13 1 3 5 7 9 11 13
Word length Word length
TT--GD- -SFD- -FFD Skipped - -Fixated once - -Fixated twice +
C D
o 2000 - 1.00
£ 1500 = 075
C -Q ‘,—"-—..__~
o 1000 © 050 P 4
TU [ k. @] ISl ‘\
0 5001 T TUeel T = 025
5 0 | FmATELESm e o e 3 D_
a 0 : : _ 0.00
40 1 2 3 4 10 1 2 3 4
Log10 frequency Log10 frequency
TT--GD- -SFD- -FFD Skipped - -Fixated once - -Fixated twice +

Figure 2.2. High-proficiency HSs. All corpus words: Means for four time durations measures as
a function of word length (A) and logarithmic word frequency (C); probabilities of skipping or

fixating the word as a function of word length (B) and frequency (D).

The effect of the previous (n-1) and upcoming words (n+1). When the upcoming word

was longer, the time spent fixating the current word (GD, TT) decreased. Similarly, higher
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frequency of the upcoming word decreased total time (TT) spent reading the current word. In
regards to the preceding word, longer preceding words led to decreased total reading times (TT)
on the current word. When the preceding word had low frequency, high-proficiency HSs fixated
the current word (TT) longer. In addition, the regression probability decreases when preceding
word length and frequency increase (see Tables A3—Ab). As effects appeared mostly in total
reading time or regression rate measures, we cannot draw any decisive conclusions concerning
parafoveal processing, as the word in parafovea could have been fixated before these effects

occurred.

Reading assessments. Higher scores in the ORF-Rus were associated with faster reading
times for all fixation duration measures (FFD, SFD, GD, and TT). Reading assessments in

English did not predict any time duration measures (see Table A9).

Low-proficiency HSs. Low-proficiency HSs were also sensitive to word length and
frequency (see Tables A5-A6) except that the first (FFD) and single fixation duration (SFD) as
well as regression rates were not affected by the word length (same finding for SFD for Russian
monolingual adults and children). All measures of interest were affected by word frequency (see
Figure 2.3). We did not analyze factors affecting skipping probability as it was very low in

general (10%).
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Figure 2.3. Low-proficiency HSs. All corpus words: Means for four time durations measures as
a function of word length (A) and logarithmic word frequency (C); probabilities of skipping or

fixating the word as a function of word length (B) and frequency (D).

The effect of the previous (n-1) and upcoming words (n+1). Only the regression
probability (RG) was affected by the upcoming word frequency wherein more frequent words
led to a decreased chance of regression. Longer upcoming words led to reduced first fixation
duration (FFD). With respect to the preceding word, longer preceding words led to longer
reading times in single fixation duration (SFD). Longer and more frequent preceding words were
also associated with lower probability of regressing to previous words (RO) (see Tables A5-A6).

Thus, low-proficiency HSs were similar to high-proficiency HSs: They did process some

51



information parafoveally (e.g., length of the parafoveal word), but most of the effects appeared in

the late eye-tracking measures (i.e., regression rates).

Reading assessments. None of the reading assessments in Russian or English predicted

any of the time duration measures (see Table A10).

L2 learners. L2 learners were sensitive to word frequency in all duration measures except

first fixation duration (FFD). Longer words led to increased gaze duration (GD), total reading

times (TT), and a higher probability of multiple fixations on words (P1, P2+) (see Tables A7-

A8).

Duration (ms)

Duration (ms)’

4000
3000
2000
1000

4000
3000
2000
1000

o CRF
™= % -

Word length
TT--GD- -SFD- -FFD

4 0o 1 2 3 4

Log10 frequency
TT--GD- -SFD- -FFD

Probability ~

Probability ~

52

1.00
0.75
0.50
0.25
0.00

1.00
0.75
0.50
0.25
0.00

Word length

Skipped - -Fixated once - -Fixated twice +

Log10 frequency

Skipped - -Fixated once - -Fixated twice +



Figure 2.4. L2 learners. All corpus words: Means for four time durations measures as a function
of word length (A) and logarithmic word frequency (C); probabilities of skipping or fixating the

word as a function of word length (B) and frequency (D).

The effect of the previous (n-1) and upcoming words (n+1). None of the measures were
affected by upcoming or preceding word length or frequency with exception of regression
probability (RG), wherein upcoming longer words led to decreased regression rates (see Tables
AT7-A8).

Reading assessments. None of the reading assessments in Russian or English predicted

any of the time duration measures (see Table A11).

2.4. Discussion

In this eye-tracking study, we presented the Bilingual Russian Sentence Corpus (BiRSC)

available at the OSF (https://osf.io/tcrba/) that characterizes literacy skills by adult and

adolescent HSs of non-Roman-based HL, i.e., Russian. BiRSC contains basic eye-movement
characteristics in HL reading as a factor of the HL proficiency level. Then we compared the HSs’
eye-movement benchmarks to those of skilled monolingual Russian readers (baseline), children
learning to read, and L2 learners. In what follows, we separately discuss the HSs’ eye-movement

benchmarks and the effects of the lexical characteristics of the words, i.e., length and frequency.

2.4.1 Proficiency and eye-movement benchmarks in reading in HL
High-proficiency HSs were classified as such in our study as those who had high scores
on reading assessment tests; these scores were also positively correlated with the self-reported

amount of Russian language exposure per day, self-reported comprehension ability in Russian,
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and age of arrival to the USA. Somewhat surprisingly, our high-proficiency HSs were
quantitatively different from the skilled monolingual readers in all of the eye-movement
measures. If anything, high-proficiency HSs more resembled monolingual children in early
duration fixations (except gaze duration), probability of skipping, mean number of fixations,
regression rate (probability of making a regression from fixated word), and the saccade landing
position. Thus, basic eye-movement benchmarks of high-proficiency HSs characterize them as
bilingual readers with child-like eye-movement patterns in reading isolates sentences.

Proficiency, however, turned out to have a weak effect on HL reading. It affected only
some eye-movement benchmarks, namely, high-proficiency HSs read faster (gaze duration and
total reading time), skipped more words, and had fewer fixations than the low-proficiency HSs.
However, there were no differences between the two groups in many other measures, i.e., in the
earliest (first fixation duration, single fixation duration, saccade landing position) and some of
the late eye-movement measures (both saccade rates). We conclude that even proficient HSs
experience difficulties in HL during both lexical (early) and post-lexical (late) processing.

One possible limitation of our study is that skilled monolingual adults and high-
proficiency HSs read one, more difficult, set of the sentences whereas children, low-proficiency
HSs, and L2 learners read another, simpler set of sentences. It was our intention to have the high-
proficiency HSs face more complex sentences so that we can compare their eye-movement
characteristics to those of adult native speakers and estimate the extent of the gap in reading
abilities between these two groups during natural uninterrupted comprehension. The sentences
that low-proficiency HSs and L2 learners read were deliberately simplified and were identical to
the materials read by the children to allow the direct comparison between children and bilingual

readers (recall that children were not able to read the sentences from the RSC). The obtained
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results of the L2 learners and low-proficiency HSs’ eye-movement characteristics, therefore,
represent a liberal overestimation of their potential performance on the advanced version of
BiRSC. The key differences that we found comparing low- to high-proficiency group would also
hold for more difficult reading materials but with greater dissimilarities between the proficiency
levels. As for similarities (in first and single fixation durations, regression rates and saccade
landing position), we speculate that while high-proficiency HSs would be likely to outperform
low-proficiency readers, we are now confident that they still do not reach the reading fluency of
monolingual adult counterparts. Therefore, we can speak of a continuum of literacy skills in
high-proficiency HSs that range between “L2 learner” and “monolingual baseline” stages.

So why is it that the reading abilities in even high-proficiency HSs in our study differ so
much from skilled monolingual readers while resembling monolingual children learning to read
more than any other group? We suggest that these differences follow from two theories, one of
bilingualism and another of HL. First, as expected, our results support the weaker links account
(Gollan et al., 2008) of lexical access delays in bilinguals. Second, the similarities between HSs
and monolingual children are consistent with the divergent attainment hypothesis in HL theory
(Benmamoun et al., 2013; Montrul, 2008; Polinsky, 2006; Polinsky & Kagan, 2007; Scontras et
al., 2015). When HSs switch to the dominant language in childhood, their competence in HL
often slows down or even stops to develop beyond this point. Reduced input in HL and varying
exposure to literacy that are difficult to control leave many HSs at the ‘child’ state of language
development even as they reach adulthood.

Turning now to the low-proficiency HSs, we found that they were on par with the L2
learners in the majority of the eye-tracking measures but less so with the children. They lagged

behind the children (as evident from findings of this study and previous research) in mean gaze
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duration, total reading times, fixation counts, and skipping probability (Blythe et al., 2009;
Blythe & Joseph, 2011). Thus, despite some overlap in early fixation duration measures, the low-
proficiency HSs group resembles more ‘typical’ unbalanced L2 learners.

Finally, we would like to point out one important finding that concerns the saccade
landing position. Bilingual readers differed from the skilled adult readers in where they first
landed the gaze in the word: Their saccade landing position was shifted significantly towards the
beginning of the word (i.e., 44% for monolingual adults vs. 36% and 38% for L2 learners and
HSs, respectively) compared to the expected word-centered OVP (O’Reagan & Jacobs, 1992). In
that sense, they were similar to the children (36% into the word). This is a pattern reported for
less proficient readers, readers with dyslexia or children who read texts too difficult for their age
(e.g., Barnes & Kim, 2016; Hawelka et al., 2010; Kuperman & Van Dyke, 2011). The shift to the
beginning of the word signals difficulties in grapheme-phoneme conversion, the process that is
automatized in skilled readers. Struggling readers process words in a sequential manner, starting
with the beginning and slowly progressing along the word, which leads to multiple refixations.
For HSs reading in HL Russian, this grapheme-phoneme conversion could be exacerbated by
differences between Cyrillic and Roman scripts, in which only 16 letters out of 33 are shared.
We hypothesize that grapheme-phoneme conversion of the weaker HL is inhibited by the

dominant language (i.e., English).

2.4.2 Lexical effects on the eye movements in HL
Our study has confirmed the universal effect of lexical characteristics of the words on eye
movements, such as length and frequency (e.g., Inhoff & Rayner, 1986; Staub et al., 2010) for

reading in HL. Regardless of the proficiency level, both groups of HSs showed sensitivity to
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frequency (in all measures) and length (in all measures in high-proficiency HSs, some measures
in low-proficiency HSs) of the currently fixated words.

One exception is the lack of length effect on first fixation duration and single fixation
duration in low-proficiency HSs, but it also lacked for single fixation duration in the
monolingual adult (Laurinavichyute et al., 2019) and child data (Korneev et al., 2017).
Laurinavichyute and colleagues attribute this finding to specific reading strategy in Russian,
namely, that single fixation duration only serves as a quick check for the predictions made for
the word before it was fixated, and therefore, the fixation does not trigger the start of lexical
processing and does not depend on the length of the current word. However, we doubt that the
same explanation can apply for the low-proficiency HSs considering their low skipping
probability and a high number of fixations per word. The exact same pattern was found in L2
learners. The reduced lexical access for low-proficiency readers might be a more appropriate
explanation that led to the chain reaction in the form of low skipping rates and high regression
probabilities resulting in multiple and longer fixations (including first fixation) on most words
regardless of their length.

The length and frequency of parafoveally presented words had very limited effects on the
eye-movement measures in HSs and L2 learners in our study. With a few exceptions, we found
that the characteristics of parafoveally presented words had a significant impact only on the late
eye-movement measures. Specifically, longer and more frequent words in the parafovea
decreased the total reading times in high-proficiency HSs and reduced regression rates on the
currently fixated word in all bilingual groups. However, these findings do not allow us to make
strong conclusions concerning parafoveal processing in HSs as the effects occurred mostly

beyond the first pass reading (i.e., parafoveal words can receive fixations in second, third etc.
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passes). This pattern of results suggests that while HSs and L2 learners show some sensitivity to
the lexical characteristics of parafoveal words, parafoveal processing has little impact on the
initial stages of lexical access of the currently fixated word.

Finally, the frequency effects for HL reading were partially confirmed in our data.
According to the weaker links account (Gollan et al., 2008), the connection between word forms
and their mental representation is weakened due to the reduced exposure to the bilinguals’
languages. Accordingly, HSs showed larger frequency effects in their weaker language relative
to monolinguals or relative to reading in their dominant language (Gollan et al., 2011; Whitford
& Titone, 2012; cf. Cop et al., 2015; Duyck et al.; 2008). The weaker links account also suggests
that less proficient bilinguals should show larger frequency effects in the non-dominant language
compared to more proficient bilinguals. Our findings are only partially consistent with this
prediction; although the low-proficiency HSs showed numerically larger frequency effects,
significant differences were found only for gaze duration, total reading time, and the probability
of fixating the word only once. It is plausible, therefore, that at the earliest stages of lexical
access (reflected in single fixation and first fixation durations, skipping probability), greater
proficiency in HL does not lead to more efficiency although it plays some role during later stages
of HL processing.

In conclusion, this is the first study that has investigated and described basic eye-
movement benchmarks in reading in HL and compared them to those of monolingual skilled
readers, 8-year-old children learning to read, and L2 learners. Our findings suggest that although
the proficiency level in HL reading had some effect on the early and late eye-movement
measures in reading isolated sentences, its effect was limited. Both high- and low-proficiency

HSs were more similar to monolingual children learning to read than to skilled readers. Low-
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proficiency HSs were at a particular disadvantage and resembled unbalanced L2 learners more
than any other group, suggesting that early exposure to spoken HL does not seem to facilitate
literacy and reading fluency in HL. We hope the findings reported here will serve as the first step
for future research on reading in the HL field. Taken into account high variability in spoken HL
skills of HSs, an investigation of HSs” individual differences in reading constitutes the next

logical step in systematic study of HLs.
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CHAPTER 3. MONOLINGUAL AND BILINGUAL READING STRATEGIES IN

RUSSIAN: EXPLORATORY SCANPATH ANALYSIS

This chapter is reproduced from an article under review in Reading Research Quarterly (for

consistency, we have adjusted the format of the manuscript for the thesis). The full reference to

the article:

Parshina, O., Sekerina, I.A., Lopukhina, A., & von der Malsburg, T. (2020). Monolingual and
Bilingual Reading Strategies in Russian: Exploratory Scanpath Analysis. [Manuscript

submitted for publication]. Psychology, City University of New York.

Abstract

In the present study we used a scanpath approach to investigate reading strategies along with
factors that can shape these strategies among bilingual Russian-speaking readers, monolingual
Russian-speaking adults and 8-year-old children. We found that monolingual adults employ a
fluent reading strategy which suggests effortless processing of the written materials: They read
straight from left-to-right at a fast pace, skip words, and do not regress much. High-proficiency
HSs and children share the same intermediate reading strategy which is characterized by short
regressive saccades, longer fixations, and absence of word-skipping. L2 learners as well as low-
proficiency HSs exhibit what we call a beginner reading strategy which involves frequent re-
reading of the whole sentence and particular words, long fixations and no word skipping. We
suggest that, unlike ‘intermediate’ readers who use the respective strategy to resolve local
processing difficulties (e.g., word recognition failure), ‘beginner’ readers experience global-level

challenges in semantic and morphosyntactic information integration. Among individual
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difference factors that we tested, proficiency in Russian for HSs and comprehension scores for
L2 learners were predictive of the reading strategy used in bilingual speakers. Overall, the
scanpath analysis revealed qualitative differences in reading strategies among various groups of
readers and thus adds to the picture furnished by conventional word-level eye-tracking measures

which produce results of a more quantitative nature.

3.1. Introduction

Over the last decade, eye-tracking has become a widely used methodology in bilingual language
processing research during reading (Cop et al., 2015; Cop et al., 2017; Kang, 2014; Parshina et
al., 2020; Whitford & Titone, 2012). Silent reading without imposed experimental tasks provides
an opportunity to study language processing during comprehension in real time, and therefore,
reflects the ‘natural’ reading behavior of bilingual readers (for review, see Roberts & Siyanova-
Chanturia, 2013). The previous research provided us with a general understanding of
conventional local quantitative differences between bilingual and monolingual reading behavior
in the form of fixation durations and counts, skipping, and regression probabilities calculated on
a word-by-word basis. The current study focuses on a yet unexplored perspective on bilingual
reading: global qualitative differences in reading behavior between bilingual and monolingual
speakers which we investigate using a scanpath approach to eye movements in reading.
Scanpaths are sequences of eye movements, or gaze trajectories, that extend beyond the
word level to an entire stimulus. In contrast to conventional eye-movement measures in reading
which answer questions like ‘how many fixations or how much skipping or regressions occur per
word’, scanpaths inform us about eye movements beyond these word-based local measures. For
example, scanpath analysis for regressions allows us to distinguish among qualitatively and

functionally different types of regressions (e.g., single short leftward saccade, long regressive
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saccade to the beginner of the sentence, multiple leftward saccades for ‘reverse reading’, etc.).
Similarly, reading left-to-right or right-to-left can produce similar fixation duration measures
even though they represent different cognitive processes. However, scanpaths can distinguish
between these two reading behaviors because they take the whole sequence of events into
account. Furthermore, scanpaths differentiate among various types of word skipping instances
(e.g., skipping followed by re-reading, skipping only in the 2" or 3" pass reading, absence of
skipping) or among fixation distributions (e.g., increase fixation durations during first-pass
reading and decrease of durations throughout subsequent re-readings). In sum, scanpath analyses
can potentially render a more detailed picture of differences between groups of readers than
conventional eye-tracking metrics alone.

If one type of scanpath occurs frequently within a group of participants (i.e., gaze
trajectories are similar to each other) but rarely in another group, this scanpath pattern may
represent a reading strategy, i.e., a specific reading behavior exhibited by readers in one group
that distinguishes them from readers in another group. Therefore, we apply a scanpath approach
in this study to compare reading strategies among monolingual (adults and children) and
bilingual readers — Heritage Speakers (HSs) and L2 learners — in a Russian sentence reading task.
The two main questions were 1) what reading strategies do readers use when reading simple
sentences in Russian; and 2) how does group membership (i.e., monolingual adults, children, L2,
and HSs) determine the reading strategies a reader employs to efficiently decode sentences.

Our introduction starts with a brief overview of sentence processing studies that used the
scanpath approach to determine reading strategies. Then we provide a short discussion of what is

already known about the reading strategies of monolingual adults, children, HSs, and L2 learners
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of Russian based on our recent investigation of conventional eye-movement measures (Parshina

et al., 2020) and spell out hypotheses and specific research questions for the current study.

3.1.1. Reading strategies in sentence processing as determined by scanpaths

Since the seminal work of Yarbus (1967), which demonstrated that participants looking
at the same picture produce different sequences of eye fixations depending on the task, scanpaths
have been repeatedly used to test psycholinguistic theories in different language domains. For
example, Frazier and Rayner (1982) examined scanpaths to investigate how participants resolve

temporary structural ambiguities in sentences like (1):

(1) The doctor knew the diagnosis was not correct.

Frazier and Rayner proposed three hypotheses of how readers resolve it: 1) forward reanalysis:
readers stop parsing the sentence immediately after the interpretation error occurred and re-start
parsing from scratch; 2) backward reanalysis: readers undo the sentence interpretation in a
backward step-wise manner until they find a branch point; and 3) selective reanalysis: readers
correct the interpretation in a targeted fashion at the point where the temporary ambiguity is
located.

These three hypotheses are reflected in different reading strategies: 1) a regressive
saccade to the beginning of the sentence after reading was; 2) word by word reverse-gear
reading; and 3) targeted regressive saccades specifically to the region that caused the ambiguity.
After conducting a visual inspection of gaze trajectories, Frazier and Rayner (1982) observed
that most participants directly regressed to the ambiguous region, thus confirming the selective

reanalysis hypothesis (see also Meseguer et al., 2002, cf. Mitchell et al., 2008). One limitation of
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Frazier and Rayner’s as well as other earlier scanpath studies is that their formal analysis focused
only on fixation sequences as reflected in regression probabilities, without considering more
complex spatio-temporal patterns in gaze trajectories.

Von der Malsburg and Vasishth (2011, 2013) addressed this limitation by applying a
scanpath analysis to longer scanpaths instead of single regressive saccades. Von der Malsburg
and Vasishth (2011) started by re-examining the data in Meseguer et al. (2002) and used a
scanpath clustering procedure that classified all regressive scanpaths into three categories. One
such category was re-reading the whole sentence (i.e., forward reanalysis of Frazier & Rayner,
1982) instead of producing a regressive saccade back to the ambiguous word. Therefore, for
some of the readers, forward reanalysis was the preferred reading strategy in resolving
ambiguities.

In a follow-up study with Spanish-speaking participants (von der Malsburg & Vasishth
2013), the same scanpath analysis revealed reading strategies associated with functionally
different types of regressions: rapid saccades from the end of the sentence to the disambiguating
word (checking), a regressive saccade from the end of the sentence to the beginning followed by
re-reading (re-interpretation), and rapid leftward regressions from the disambiguating word to
the ambiguous region (re-analysis). The study also measured working memory ability of the
participants as a potential predictor of a reading strategy. Somewhat surprisingly, participants
with high working memory capacity produced more regressive eye movements in response to
disambiguation than low-capacity readers indicating that they had greater difficulty processing
temporarily ambiguous sentences. The authors interpreted this in accordance with the good-
enough parsing account (Ferreira et al., 2002)—unlike high-capacity readers, low-capacity

participants did not immediately commit to one of the two available sentence interpretations,
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thus leaving the sentence interpretation initially underspecified. As a result, low-capacity readers
did not have to reanalyze the sentence when they encountered the disambiguating word.

More recently, von der Malsburg, Kliegl and Vasishth (2015) confirmed the sensitivity of
the scanpath analysis to factors that are known to influence conventional eye-movement
measures, such as word length (Clifton et al., 2007), syntactic difficulty (Boston et al., 2008;
Boston et al., 2011; Demberg & Keller, 2008), and age (Kliegl et al., 2004; Whitford & Titone,
2017). For this investigation, the authors used the Potsdam Sentence Corpus which contains
simple unambiguous sentences (Kliegl et al., 2004). The dependent measure in this study was the
scanpath regularity, or the extent to which one scanpath is (dis)similar to a bulk of scanpaths
recorded for a sentence (e.g., has more regressions or word skipping). Collectively, the results of
these studies suggest that scanpath analyses might also be a useful method for investigating
global reading strategies in different populations of participants. Therefore, in the current study,
we use it to investigate differences in reading behavior in four groups of Russian speakers—
monolingual adults and children, L2 learners, and HSs—who read simple Russian sentences

similar to those in the Potsdam Sentence Corpus.

3.1.2. Reading strategies in monolingual and bilingual speakers

Bilingual HSs are quite different from typical L2 bilinguals because, despite their
generally sound command of spoken language, they often do not read in their HL, especially in
the case of different orthographies between the dominant (e.g., English) and HL (e.g., Russian).
According to the divergent attainment hypothesis (Benmamoun et al., 2013; Montrul, 2008;
Scontras et al., 2015), HSs’ literacy often resembles that of 8-year-old monolingual children (for
review of reading in children, see Blythe & Joseph, 2011) due to their switch to the majority

language in childhood that happens approximately at the age they start school.
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