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Abstract: Ample evidence suggests that monolingual adults can successfully generate lexical and
morphosyntactic predictions in reading and that correct predictions facilitate sentence comprehension.
In this eye-tracking corpus reading study, we investigate whether the same is true for reading in
heritage language. Specifically, we ask whether heritage speakers (HSs) of Russian are able to
anticipate lexical and/or morphosyntactic information of the upcoming words in the sentence and
whether they differ in the predictions from monolingual children and L2 learners. We are also
interested in whether the literacy level (i.e., Russian literacy experience or reading fluency in English)
influences lexical and morphosyntactic prediction. Our results indicate that HSs as well as other
groups were able to anticipate the specific lexical item, and the ability was contingent on the Russian
literacy experience and reading fluency in dominant English as evident in some of the early and
late eye-tracking measures. Similar to children and L2 learners, the word class and the verb number
predictability affected reading times in HSs, but HSs were the only group to anticipate the number of
the upcoming noun. We discuss findings in respect to the utility account of the bilingual prediction
and divergent attainment trajectory of the heritage language development.

Keywords: prediction; lexical prediction; morphosyntactic prediction; heritage speakers; Russian;
reading; eye-tracking

1. Introduction

Research on language prediction in monolinguals has provided ample evidence that
monolingual adults can predict the upcoming information in listening and reading (see
Pickering and Gambi 2018, for review). Specifically, when monolingual adults read, they can
successfully generate both lexical (i.e., activation of a specific lexical item and its grammatical
form) and morphosyntactic predictions (i.e., activation of morphosyntactic features such
as word class, noun gender, number, person and verb tense) from the context of the
sentence. These predictions greatly facilitate language comprehension (Balota et al. 1985;
Boston et al. 2008; Demberg and Keller 2008; Huettig 2015). Although the findings from the
second language (L2) research are not as straightforward, there is an emerging consensus
that L2 learners also can predict the upcoming linguistic information, but the extent of the
prediction varies greatly dependent on multiple factors. One of the most important factors
is the L2 exposure that includes the manner of L2 acquisition, i.e., when, where and how
the L2 was learned (Kaan 2014; Kaan and Grüter 2021).

Surprisingly, very little is known about prediction abilities of heritage speakers (HSs),
a bilingual group that differs from L2 learners in the timing, environment and mode of
non-dominant language acquisition (Montrul 2008). Unlike typical L2 learners who study
how to read and write in the L2 in schools or universities starting in late childhood or
adolescence, HSs acquire heritage language at home from birth with most of the input being
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in the auditory modality. HSs then switch to the majority language at around the school age.
With the onset of this switch, the amount of heritage language input and output typically
plummets, resulting in the developmental ‘freeze’ of the heritage language abilities. In the
literature, such developmental outcome is termed as ‘divergent attainment’ and it predicts
that adult HSs would resemble young school-age monolingual children in language abilities
(Polinsky and Scontras 2020), including reading skills (Parshina et al. 2021a, 2021b) and
likely including prediction abilities in reading.

In this eye-tracking study, we extend an investigation of predictive processing in
bilingual comprehension to HSs and address the question of whether the differences in
the manner of the non-dominant (i.e., heritage) language acquisition between HSs and L2
learners and similarities between HSs and children influence their prediction abilities in
heritage language comprehension. Specifically, we examined whether English-dominant
HSs of Russian are able to predict the upcoming lexical and morphosyntactic information
when reading isolated sentences in the heritage language and whether these predictive
abilities differ from those of monolingual children and L2 learners of Russian.

We start with a brief overview of one of the most recent accounts of the prediction in
bilingual language comprehension and discuss what this account implies for the prediction
in the heritage language. Next, we review what is already known about how HSs predict
reading in Russian. We conclude the introduction with specific research questions and
hypotheses for this study.

1.1. Prediction in L2 Bilingual Comprehension

The research on predictive processing in L2 comprehension provides a full range of
findings, from no evidence of the prediction in some studies (Grüter et al. 2012; Ito et al. 2017;
Lew-Williams and Fernald 2010; Martin et al. 2013; Mitsugi and Macwhinney 2016) to
native-like prediction in others (Foucart et al. 2014; Hopp 2013). In a recent review,
Kaan and Grüter (2021), following Kuperberg and Jaeger (2016), suggest that the explana-
tion for such variability lies in the utility of the prediction for L2 learners, encompassed by
the question: is it worth engaging in the prediction considering all the factors that can aid
it or, vice versa, make comprehension even more laborious? To answer this question, L2
learners, according to the utility account, adjust the predictive behavior after conducting the
“cost-benefit analysis”: they weigh the benefits of engaging in prediction (e.g., speeding up
the comprehension) against its cost. If the task is too demanding, as in, for example, reading
in a script that is different from their L1 (e.g., Cyrillic vs. Roman), and the L2 proficiency is
very low, then the most efficient strategy is likely to not engage much in prediction (i.e.,
lexical or morphosyntactic) but ‘focus’ exclusively on the current information integration.
On the other hand, for a balanced bilingual with lots of exposure to written materials in the
L2, reading itself should not represent an issue and prediction is likely to be an efficient
and not too costly way to facilitate language comprehension.

Indeed, in an eye-tracking study with 124 fairly proficient younger and older English–
French and French–English bilinguals, Whitford and Titone (2017) reported that higher
predictability of the words in the paragraph decreased reading times in all eye-movement
measures under investigation (gaze duration, total reading time, skipping, and regression
probabilities). The predictability effect stayed age-invariant (i.e., both younger and older
adults were sensitive to the word predictability in reading) and language-invariant (i.e.,
the word predictability affected eye-movement measures both during L1 and L2 reading)
(see also Libben and Titone 2009; Martin et al. 2013). Accordingly, in the few studies with
unbalanced bilinguals or bilinguals reading in different scripts, the word predictability
effects, while still present, were larger when reading in L2 compared with reading in L1
(Gollan et al. 2011 in overt naming) and were detected only in late eye-movement measures
(e.g., Mor and Prior 2021).

Kaan and Grüter (2021) also suggest that another factor that L2 bilinguals weigh into
the cost-benefit analysis is whether predictive cues from L1, especially morphosyntactic
ones, can be transferred to L2. For example, gender- or case-marking cues for prediction in
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L2 can be used more efficiently when bilinguals’ L1 is also a gender-marked language and
has the case system (Dussias et al. 2013; Foucart et al. 2014, 2016; Frenck-Mestre et al. 2019;
Hopp and Lemmerth 2018). Such prediction is less likely when the transfer of the cues
from L1 is not possible (Dussias et al. 2013 for L2 English speakers; Foucart 2021 for review;
Mitsugi and Macwhinney 2016) or they are not as salient as in L2 (Molinaro et al. 2017).
With higher global proficiency in L2, including greater L2 exposure, however, bilinguals
show more sensitivity to the L2-specific morphosyntactic features and are able to use them
as stand-alone predictive cues in L2 comprehension (Dussias et al. 2013; Henry et al. 2020;
Hopp 2013, 2015; cf. Mitsugi 2020). In addition, as L2 bilinguals reach higher levels
of proficiency in L2, they begin to spend less time and resources on the lexical access
and engage more in morphosyntactic planning which in turn results in a better ability to
anticipate morphosyntactic information in a native-like manner (see Ito and Pickering 2021,
for review).

1.2. Prediction in Heritage Language Bilingual Comprehension

Most of the research that directly or (more often) indirectly examines prediction
in heritage language comprehension focuses on morphosyntax, specifically on the HSs’
ability to anticipate the morphological features of gender, number or case. Since HSs often
struggle with written language comprehension, the majority of the studies investigated
the facilitatory effects of the grammatical cues in auditory comprehension. In general,
the findings indicate that HSs are able to rely on the grammatical cues to anticipate the
upcoming linguistic information in the auditory modality, especially in studies with high-
proficient HSs or with language pairs that have close typological proximity (in line with
theoretical predictions of the utility account, Kaan and Grüter 2021).

In a recent visual world eye-tracking (VWP) study, Fuchs (2021) showed that HSs use
gender information on the preceding article to speed up word recognition of the upcoming
nouns in the same manner as the monolingual control group. Twenty-one English-dominant
HSs of Spanish listened to the auditory stimuli containing the definite article with either
masculine or feminine gender marker. At the same time, participants were presented with
the visual images of two objects whose names either matched or mismatched the article
in the grammatical gender. The results indicate that similar to monolinguals, HSs were
faster in fixating the target object in the mismatch condition than in the match condition,
although overall slower than monolinguals across two conditions.

Very similar results were obtained in the earlier set of the VWP studies, now with
English-dominant HSs of Russian (Sekerina 2015, for review). Thirty-nine HSs (along with
monolingual adults and children) viewed animated scenes while listening to the sentences
that contained double cues on grammatical gender and number agreement (agreement
markers on the adjective and the verb preceding the noun). As in Fuchs (2021), HSs of
Russian again used gender markers to anticipate the upcoming noun, but they were slower
than monolinguals and only used the feminine markers predictively. Notably, all three
groups used the plural marker as the most consistent cue for prediction with no quantitative
difference between monolinguals and HSs.

In general, based on the findings of the previous research, it appears that for HSs,
the morphosyntactic cues that can be transferred from the dominant language (e.g., noun
number or verbal tense for HSs of Russian with dominant English) or the cues that have
consistent, transparent and perceptually salient markers (e.g., feminine markers on ad-
jectives modifying nouns in Russian) have the strongest predictive power, at least in the
spoken modality. This trend corresponds to what we typically observe in heritage language
when analyzing the production errors or accuracy in auditory comprehension: the most
difficulties occur in gender agreement with markers that are not perceptually salient or
when the agreeing constituents are not adjacent. In auditory comprehension (and also in
written comprehension in Gor 2019), verbal aspect and verbs of motion seem to present the
most challenges (Gor 2019; Polinsky and Scontras 2020). Verbal tense, on the other hand,
confirms to be the morphosyntactic phenomenon that is resilient to errors in many heritage
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languages (Polinsky and Scontras 2020, for review). These observations from production
and auditory comprehension give us some insights as to which morphosyntactic cues might
be used as predictive (i.e., noun number and verb tense) and which might not (i.e., noun
gender and noun case) in written comprehension by HSs. Notably, they are remarkably in
line with the predictions of the utility account as well (Kaan and Grüter 2021).

However, what do we know already about the heritage language prediction in the writ-
ten modality? The studies that touch upon both full lexical prediction and morphosyntactic
prediction in heritage language comprehension in the written modality are hard to find. For
example, to test if HSs engage in the full lexical prediction (i.e., the prediction of the specific
lexical item and its form, Luke and Christianson 2016), one should examine the HSs’ perfor-
mance on a cloze probability task (i.e., filling in the blanks while reading) (Taylor 1953) after
it was normed in the HS population. Unfortunately, we are not aware of any studies with
such norming procedures, as they are difficult to carry out from the practical standpoint
(e.g., the majority of HSs cannot write). However, there are a few studies that used the
cloze task, either non-normed or normed with the adult native speakers, as an approximate
measure of HSs’ proficiency level. These studies report higher performance accuracies of
HSs on these tests compared with L2 learners (Luchkina et al. 2021) and greater predictive
value of the cloze test for the assessment of the grammatical knowledge of HSs (Gor 2019).
Thus, there is some initial evidence that literate HSs can generate predictions in heritage
language written production. We are not aware of any studies, however, that take a step
further and investigate prediction in heritage language comprehension online, specifically
prediction in reading. In this eye-tracking corpus-based reading study, we aim to fill in the
gap by examining both full lexical and morphosyntactic prediction in the written modality
in heritage Russian.

1.3. Prediction in Reading in Russian: What Do Eye Movements Tell Us?

Recently, Lopukhina et al. (2021) directly investigated lexical and morphosyntactic
prediction in monolingual reading in Russian. In this eye-tracking experiment, 96 adult native
speakers of Russian read 144 sentences from the Russian Sentence Corpus (Laurinavichyute
et al. 2019) that were previously normed in a cloze task by another 603 Russian adult speakers.
The findings for the lexical prediction confirmed the predictability effect (Kliegl et al. 2004): in
all dependent eye-movement measures (first fixation, single fixation, gaze duration and total
reading time), the fixation duration on the current words decreased when the cloze probability
of the lexical item increased.

Among morphosyntactic features, Lopukhina et al. (2021) investigated the prediction
of the word class (both content and function words) as well as number, gender and case for
nouns and tense, person, number and gender for verbs. As in the lexical prediction, the
higher cloze probabilities of the word class decreased reading times on the current word,
suggesting that readers anticipated part-of-speech of the upcoming words in the sentence.
Higher morphological probabilities for the noun gender and the verb tense (future and
present) decreased reading times of the currently fixated words (total reading time for noun
gender and verb tense plus gaze duration for the verb tense). In general, the results of the
study indicate that monolingual skilled readers of Russian pre-activate both lexical and
morphosyntactic information in reading to facilitate language comprehension.

Of course, the situation can be different for less skilled readers, such as HSs who
have difficulties with reading in a non-dominant language in general; as we found in
Parshina et al. (2021a), they are slower, skip less and re-read more compared with their
monolingual adult peers, much more resembling 9-year-old monolingual children or be-
ginning L2 learners. The previous research with monolingual adults and children has
repeatedly confirmed that literacy in general and reading skill in particular are important
determinants of the predictive processing both in written and spoken language compre-
hension (Favier et al. 2021; Huettig and Pickering 2019, for review). Although HSs (and L2
learners) are highly literate in their dominant language, it is likely that lower levels of liter-
acy experience with Russian diminish the ability to predict in the non-dominant language.
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1.4. Present Study

This study presents the first, novel systematic investigation of the online prediction
abilities in heritage language reading. Specifically, we examine whether HSs of Russian
can successfully generate full lexical and morphosyntactic predictions in the silent reading
of simple isolated sentences in Russian. To that end, we conducted a secondary analysis
of the previously collected eye-movement data from children and bilingual HSs and L2
learners of Russian (data from Parshina et al. 2021b). Our first two research questions
follow from what we already know about reading in Russian as a heritage language
(Parshina et al. 2021a, 2021b) and the recent utility model of prediction in L2 language
comprehension (Kaan and Grüter 2021).

RQ1: Can English-dominant HSs of Russian anticipate lexical information (i.e., the upcom-
ing words in the sentence)? Does the sensitivity of HSs to the lexical predictability differ
from children or L2 learners?
RQ2: Can English-dominant HSs of Russian anticipate morphosyntactic information (i.e.,
the word class, noun gender, case and number and verb tense and number) and if yes, what
types of morphosyntactic information (i.e., features) have the highest predictive value?
Does the sensitivity of HSs to the morphosyntactic predictability differ from children or
L2 learners?

We expect HSs to engage in both types of predictions similarly to monolingual children
because HSs read on par with children (Parshina et al. 2021a) and in general show com-
parable language processing skills (Polinsky and Scontras 2020). It is likely, however, that
the morphosyntactic features that have the highest predictive power are different in bilin-
gual and monolingual reading. According to the utility account (Kaan and Grüter 2021),
we expect that only noun number and verb tense will be used predictively and facili-
tate reading in non-dominant Russian for HSs (and L2 learners), as these features are
(1) present and function as reliable predictive cues in the dominant English and thus can be
transferred to the non-dominant language (Dussias et al. 2013; Hopp and Lemmerth 2018;
van Bergen and Flecken 2017) and (2) transparent and salient features in Russian that are
taught early in the L2 Russian classrooms and generally do not pose difficulties in heritage
language acquisition (Benmamoun et al. 2013; Polinsky and Scontras 2020) or have already
confirmed to be effective predictive cues in the spoken modality (e.g., Sekerina 2015).

Our last research question concerns the influence of the individual differences on the
prediction ability:

RQ3: Do Russian literacy level or (oral) reading fluency in dominant English aid lexical or
morphosyntactic prediction ability of bilingual readers?

Following the discussion in Huettig and Pickering (2019) for monolingual readers,
we expect that HSs’ ability to predict lexical information will be modulated by their levels
of literacy experience with Russian. In particular, only HSs who have more experience
with reading in Russian will be able to successfully anticipate the specific lexical item in its
grammatical form. HSs, regardless of their Russian literacy levels and reading fluency, will
be able to engage in morphosyntactic prediction as it is more common and more accessible
(Luke and Christianson 2016) as well as more efficient in languages with rich morphology
(Lopukhina et al. 2021).

To answer these research questions, we selected both early (first fixation duration
[FFD], single fixation duration (SFD, i.e., duration of the first fixation in case the word
receives one and only one fixation), gaze duration (GD, i.e., sum of all fixation durations in
the first-pass reading), skipping probability) and late (total reading time (TT)) measures to
see if they are affected by the lexical and morphosyntactic predictability of the words in
the corpus. These measures are assumed to reflect the early (i.e., grapheme-to-phoneme
decoding and early word recognition) and late stages (i.e., semantic and morphosyntac-
tic integration to the context) of lexical processing, respectively (Rayner 2009). As we
do not have the norming data for the words in the corpus from the HSs, we used the
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cloze probabilities obtained in a norming study with monolingual children (see Section 2
for details).

2. Materials and Methods

Previously, we collected the cloze probability data from monolingual adults. For
this study, we also collected close probability norms from monolingual Russian-speaking
children. The probabilities between adult and child groups across lexical items and all
morphosyntactic features were strongly correlated (all rs ≥ 0.73, ps < 0.001), suggesting the
cloze probabilities can be used interchangeably. As we mentioned above, the data from the
previously published corpus study of eye movements of HSs in reading in Russian that we
used here for our secondary analysis (Parshina et al. 2021b) do not contain cloze probability
norms. Thus, in the absence of the cloze probability norms for Russian HSs, we opted to
use the child-normed data to approximate word cloze probability in heritage language.

2.1. Coze Probability Norming Study
2.1.1. Participants

Forty-six Russian-speaking children (24 girls, Mage = 11.3, SD = 0.82 and range 9–12)
participated in the predictability norming study. All participants were recruited through
social networks and the data collection was conducted online.

2.1.2. Materials

All materials were taken from the child version (Korneev et al. 2017) of the Russian
Sentence Corpus (Laurinavichyute et al. 2019) and consisted of 30 sentences that were
constructed to be read by primary-school typically developing Russian-speaking children
(see Example (1) for illustration). Sentences represent diverse grammatical structures
typical for Russian, namely, various word orders, active and passive voice constructions
and various types of relative clauses. The mean length of the sentence was 8 words (range
6–9), the words were on average 5.6 letters long (range 1–13). All words were annotated
for length and frequency (Lyashevskaya and Sharov 2009, the frequency was determined
by means of the sub-corpus of texts for children of the years 1920–2015 of the National
Corpus of the Russian Language at http://ruscorpora.ru, accessed on 1 June 2017). The
words were tagged for word class (nouns, verbs in finite forms, infinitives, adjectives,
adverbs, numerals, personal pronouns, prepositions, conjunctions and particles), noun
gender (masculine, feminine or neuter), noun number (singular or plural), noun case
(nominative, genitive, accusative, dative, vocative and prepositional, including locative
and ablative), verb tense (past, present or future) and verb number (singular or plural)
using the PyMorphy2 analyzer (Korobov 2015).

(1) B вocкpeceньe вcя дpyжнaя ceмья пoexaлa нa дaчy.
On Sunday all friendly family went to dacha
‘On Sunday, the whole friendly family went to the dacha.’

2.1.3. Procedure

The task was to type a word that can be a natural continuation of the sentence, starting
with a blank screen for the first word. After the response was provided, the actual target
word was presented visually above the response box along with the prompt to type in the
next word. Participants were not allowed to skip words or revisit previous responses, but
they could exit the task at any point. Before data analysis, misprints or spelling mistakes
were manually corrected, and the first words in all sentences were excluded from the
analysis. In addition, we excluded data from participants who made guesses for fewer than
20 words.

Each response was binary coded (‘1’—the guess matched the target response, ‘0’—
the guess did not match). For lexical prediction, the response was coded as ‘1’ only in
the case when it fully matched the target word orthographically. For morphosyntactic
prediction, each response was coded as ‘1’ when it matched the target word in respective

http://ruscorpora.ru
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morphosyntactic features: word class, noun gender, case and number, as well as verb tense
and number. For subsequent data analyses, cloze probabilities were log-transformed, zero
cloze probabilities were replaced with 1

2 *number of guesses for the word (Kliegl et al. 2004).

2.2. Secondary Analysis of Eye Movements from the Previously Published Corpus
Dataset

For all analyses, we used previously collected eye-movement data (Parshina et al. 2021b)
freely available on the Open Science Framework project page (https://osf.io/ek827, accessed
on 25 February 2022). The participants read the same 30 sentences from the child version
(Korneev et al. 2017) of the Russian Sentence Corpus (Laurinavichyute et al. 2019) that we
used for the child norming study described in Section 2.1 above. The data came from
90 participants distributed in 3 groups, with 30 participants in each group: (1) English-
dominant HSs of Russian, (2) English-dominant L2 learners of Russian and (3) monolingual
second graders (see Table 1 for participant characteristics).

Table 1. Participant characteristics and reading assessment scores.

HSs L2 Learners Children

N 30 30 30
Women:Men 14:16 21:9 11:19
Age (range) 17.5 (13–24) 21.2 (16–43) 8.5 (8–9)
Age of Arrival to the USA 3.9 (4.8) 0.1 (0.7)
Oral Reading Fluency in English (ORF-Eng) 26.6 (6.3) 27.6 (5.5)
Literacy experience measures (Russian):
Age of reading start (years) 8.4 (5.1) 18 (5.6)
Oral Reading Fluency in Russian (ORF-Rus) 12.3 (6) 8.3 (2.7)
Self-estimated reading score (1–5) 3 (0.8) 2.6 (0.9)
Daily Russian exposure, including printed text (%) 25.6 (18.6) 8.0 (9.4)
Russian literacy PC1 score −0.096 (1.46) 0.894 (0.91)

In addition to the eye-tracking reading task, the HS and L2 participants filled out the
language background questionnaire which (among other questions) asked them to estimate
their reading skills in Russian on a scale from 1 to 5 and the approximate age when they
started to learn how to read in Russian. Furthermore, HS and L2 bilingual participants
performed the Russian Oral Reading Fluency (ORF-Rus) and the English Oral Reading Fluency
(ORF-Eng) tasks. The ORF-Rus test estimates the speed and the quality of reading out loud
of the short (202 words) text in Russian, constructed for the neurolinguistic assessment of
reading skills in 2nd-grade Russian-speaking children (Kornev 1997). The sentences in the
text vary in complexity: they include a wide range of grammatical constructions typical for
Russian as well as words of different frequencies.

The ORF-Eng test is the subtest of the standardized Woodcock Reading Mastery Tests
(WRMT 3rd edition, Woodcock 2011). In the ORF-Eng test, participants read out loud the
connected text (217 words) which contained English sentences of increasing difficulty. The
average score (see Table 1) in both ORF-Rus and ORF-Eng tasks was calculated based on
the formula that takes into account the time and number of errors readers made while
reading the text (Woodcock Reading Mastery Tests formula, Woodcock 2011).

As the literacy measures for Russian were strongly intercorrelated, we performed
a principal component analysis (using FactoMineR package, Lê et al. 2008) on the four
measures (ORF-Rus, age of reading start, self-estimated reading competence and daily
exposure to the Russian language). As a result, we derived the ‘Russian literacy experience’
variable (the first principal component, PC1) that explained 57% of the variability in the
data (Russian literacy PC1 score in Table 1, note that the low score indicates a higher Russian
literacy level). All four measures contributed to the PC1, with the highest contribution
by the ORF-Rus measure (28%) and the lowest by the self-estimated reading competence
measure (23%).

https://osf.io/ek827
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3. Results
3.1. Cloze Probability Norming Study

Table 2 presents mean cloze probabilities obtained in the cloze reading task by children.
The results indicate that the morphosyntactic information (i.e., features of the words) was
much more predictable than the lexical information (i.e., the specific lexical items and their
grammatical forms). Specifically, the noun case and number were the most predictable
morphosyntactic features, with the average accuracy of guessing at ceiling, followed by
verb number and tense and noun gender. For example, children guessed the noun number
(singular) and noun case (accusative) of the upcoming word dachu in Example (1) above
with high accuracy (93% and 98%, respectively). The word class was the least predictable
morphosyntactic feature. Finally, children were below chance in generating the full lexical
prediction (see similar results in Lopukhina et al. 2021 for monolingual adults). For instance,
even though being the final word in the sentence, the exact word dachu and its grammatical
form (noun, feminine, singular and accusative) was fully predicted only with 6% accuracy
in children.

Table 2. Mean cloze lexical and morphosyntactic probabilities (SDs).

Cloze Probability

Lexical Information 0.163 (0.063)
Morphosyntactic Information

Word class 0.546 (0.110)
Nominal:

Case 0.913 (0.090)
Number 0.926 (0.057)
Gender 0.708 (0.090)

Verbal:
Number 0.917 (0.062)
Tense 0.853 (0.113)

3.2. Secondary Analysis of Eye Movements from the Previously Published Corpus

We performed all data analyses in R (version 4.1.0; R Core Team 2021). Only the
sentences with the correct answers to the comprehension questions were included in the
analyses (HSs: Macc = 91%, SD = 29%; L2 learners: Macc = 85%, SD = 36%; Children:
Macc = 99%, SD = 10%). Fixations that were less than 100 ms were excluded as well as the
first and last words in each sentence. Table 3 presents means and standard deviations for
the dependent measures for all groups of readers.

Table 3. Means (SDs) for the FFD and skipping probability measures for three groups of readers.

Measure Children L2 Learners HSs

FFD (ms) 316 (114) 358 (99) 361 (146)
SFD (ms) 386 (101) 387 (267) 340 (144)
GD (ms) 754 (374) 782 (227) 769 (351)
TT (ms) 1066 (588) 1436 (627) 1210 (577)
Skip (%) 10 (9) 7(9) 7 (4)

We used (generalized) linear mixed models implemented through R (R Core Team 2021)
package lme4 (1.1-13, Bates et al. 2015) and sjPlot package 2.8.3 (for data visualization and the
computation of p-values; Lüdecke 2017). In all models, the outcome measures were:

1. First fixation duration (FFD);
2. Single fixation duration (SFD);
3. Gaze duration (GD);
4. Total reading time (TT);
5. The skipping probability of the target word.
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We ran a separate set of models for each outcome measure for investigating pre-
dictability of lexical and morphosyntactic information. All models included the following
fixed predictors: the interaction between cloze probabilities (log-transformed) and group
(treatment-coded, with HSs always being the reference level), centered and scaled word
length, logarithm (base 10) of word frequency and relative position of the word in a sen-
tence. The example of the R code for the model that estimates the impact of the lexical cloze
probability on the FFD for HSs, L2 learners and children is in (2):

(2) log(FFD) ~ frequency + length + relative position + group * lexical cloze probability +
(1 | participant) + (1 | sentence) + (1 | word)

For the bilingual groups (HSs and L2 learners), we also ran a set of models that esti-
mated the series of the three-way interaction effects among the Russian literacy level (PC1
score), oral reading fluency in English (ORF-Eng, centered and scaled), group (deviation
coded, ‘1’ for HSs, ‘−1’ for L2 learners) and cloze probabilities. We also added an interac-
tion term for the word frequency because it was reported to interact with predictability in
L2 reading in the previous study (Mor and Prior 2021). The example of the R code for the
model that estimated the impact of the word class cloze probability on the FFD for HSs and
L2 learners is in (3):

(3) log(FFD) ~ length + relative position +
word class cloze probability *frequency*group +
word class cloze probability * PC1*group+
word class cloze probability * ORF-Eng * group +
(1 | participant) + (1 | sentence) + (1 | word)

The random predictors in all models included random intercepts for words, sentences,
and participants (random intercept was removed in case the model failed to converge);
all p-values were corrected using the Bonferroni–Holm correction. The full outputs for all
(g)LMMs are located in the Supplementary Files with Tables S1–S6 at the OSF project page:
https://osf.io/ek827, accessed on 25 February 2022. The full outputs with the results of the
post-hoc simple slopes analyses for interaction effects are embedded as text in the R script
that is freely available at the same page.

3.2.1. Can English-Dominant HSs of Russian Anticipate Lexical Information? Does the
Sensitivity of HSs to the Lexical Predictability Differ from Children or L2 Learners?

For HSs, the effect of lexical predictability was significant in GD (Est. = −0.103,
SE = 0.02, t = −4.33 and p < 0.001) and TT eye-tracking measures (Est. = −0.162, SE = 0.03,
t = −6.37 and p < 0.001) (Table 4): the more predictable the lexical item was, the shorter
the fixation durations. Following-up the group interactions in TT measure (L2: Est. = 0.08,
SE = 0.02, t = 4.16 and p < 0.001; children: Est. = 0.10, SE = 0.02, t = 5.47 and p < 0.001), the
simple slopes analysis (using sim_slopes function in jtool R package function, Long 2019)
showed that in TT measure, HSs differed from L2 and children in that the slope for the
prediction effect was significantly steeper for the HSs, suggesting that in the late eye-
movement measure, HSs were more sensitive to the lexical predictability than other groups
(L2s: Est. = −0.08, SE = 0.03, t = −3.09 and p < 0.001; children: Est. = −0.06, SE = 0.02,
t = −2.28 and p = 0.020) (Figure 1). In addition, the post-hoc simple slopes analysis for the
interaction in the skipping probability (OR = 1.67, SE = 0.27, z = 3.13 and p = 0.004) indicated
that L2 learners, but not HSs, skipped more words with increasing lexical probability
(Est. = 0.57, SE = 0.16, z = 3.52 and p < 0.001). Thus, we confirm that HSs do indeed
engage in lexical prediction and are similar to children (and L2 learners) in sensitivity to
the predictability effect in the early GD measure but show higher sensitivity in the later
TT measure.

https://osf.io/ek827
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Table 4. The (g)LMMs summary for the lexical probability (HSs is the reference group). Significant effects are highlighted in bold.

FFD SFD GD TT Skip
Predictors Est. SE p Est. SE p Est. SE p Est. SE p Est. SE p

(Intercept) 5.498 0.065 <0.001 5.564 0.061 <0.001 6.048 0.083 <0.001 6.585 0.101 <0.001 0.021 0.007 <0.001
Frequency −0.042 0.009 <0.001 −0.055 0.011 <0.001 −0.114 0.012 <0.001 −0.148 0.013 <0.001 1.373 0.097 <0.001
Length 0.041 0.012 0.002 −0.032 0.016 0.112 0.258 0.016 <0.001 0.283 0.019 <0.001 0.523 0.054 <0.001
Relative position 0.165 0.045 0.001 0.171 0.051 0.002 0.072 0.055 0.218 −0.224 0.060 <0.001 1.896 0.532 0.041
Group [L2] 0.058 0.077 0.453 0.106 0.063 0.164 0.134 0.097 0.216 0.334 0.121 0.006 1.164 0.366 0.642
Group [CH] −0.058 0.076 0.453 −0.043 0.063 0.556 0.051 0.097 0.595 0.034 0.120 0.781 1.187 0.364 0.642
Lexical probability −0.042 0.023 0.128 −0.018 0.023 0.533 −0.103 0.024 <0.001 −0.161 0.025 <0.001 1.068 0.151 0.642
L2 * Lexical probability 0.026 0.027 0.453 −0.010 0.024 0.685 0.034 0.022 0.211 0.081 0.020 <0.001 1.664 0.271 0.004
CH * Lexical probability 0.022 0.026 0.453 −0.021 0.023 0.533 0.031 0.021 0.211 0.104 0.019 <0.001 0.831 0.109 0.239
Random effects
σ2 0.24 0.22 0.38 0.30 3.29
τ00 0.01word 0.01word 0.01word 0.02word 0.28word

0.06subject 0.05subject 0.13subject 0.21subject 1.05subject
0.00item 0.00item 0.00item 0.01item 0.08item

Observations 7008 5613 12,709 12,709 13,780
R2/Ω02 0.029/0.243 0.031/0.224 0.216/0.429 0.287/0.600 0.211/0.446
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3.2.2. Can English-Dominant HSs of Russian Anticipate Morphosyntactic Information and
If Yes, What Morphosyntactic Features Have the Highest Predictive Value? Does the
Sensitivity of HSs to Morphosyntactic Predictability Differ from Children or L2 Learners?

Again, as with the effect of predictability on lexical information (Section 3.2.1), the
same two eye-tracking measures, i.e., GD and TT, revealed that HSs were sensitive to the
word class predictability (Est. = −0.090, SE = 0.02, t = −3.82 and p = < 0.001; Est. = −0.095,
SE = 0.04, t = −2.66 and p = 0.014, respectively) (Table S1 in Supplementary Files), with
shorter fixation durations on the word that had higher word class predictability. Following
up the group interactions in TT measure (Est. = 0.07, SE = 0.03, t = 2.53 and p = 0.013), the
simple slopes analysis indicated that there was no effect of the word class probability for
L2 learners (Est. = −0.02, SE = 0.04, t = −0.61 and p = 0.54) (Figure 2).

Among nominal morphosyntactic features (Table S2: noun gender, case and number),
the only effect that was present was the effect of the noun number predictability in TT
measure (increasing noun number cloze probability resulted in decreasing fixation duration,
Est. = −0.41, SE = 0.17, t = −2.41 and p = 0.035). Following up on the significant interactions
in TT measure between noun number predictability and group (children: Est. = 0.42,
SE = 0.12, t = 3.45 and p = 0.002; L2: Est. = 0.32, SE = 0.14, t = 2.32 and p = 0.038), the post-
hoc simple slope analysis indicated that there was no effect of noun number for children
(Est. = 0.01, SE = 0.17, t = 0.04 and p = 0.097) or L2 learners (Est. = −0.10, SE = 0.18, t = −0.54
and p = 0.059). Children were sensitive to the noun gender predictability in TT measure
(Est. = −0.29, SE = 0.10, t = 2.76 and p = 0.014): the post-hoc analysis revealed that for
them, the total reading times for words decreased with increasing noun gender probability
(Est. = −0.30, SE = 0.14, t = −2.20 and p = 0.030).

Finally, with increasing verb number predictability (Table S3), HSs had shorter fixation
durations in GD and TT measures (GD: Est. = −0.359, SE = 0.13, t = −2.77 and p = 0.017;
TT: Est. = −0.352 SE = 0.14, t = −2.60 and p = 0.022). There were no significant interaction
effects with the other groups. In sum, we confirmed that HSs anticipated the morphosyn-
tactic features of the words in early GD and late TT measures and were similar to children
in sensitivity to the word class and verb number predictability. HSs differed from children
(and L2 learners) in prediction of the nominal features.
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3.2.3. Do Russian Literacy Level or (Oral) Reading Fluency in Dominant English Aid
Lexical or Morphosyntactic Prediction Ability of Bilingual Readers?
Individual Differences and Lexical Predictability

The first thing to mention is we found strong effects of the levels of literacy experience
with Russian (PC1) for both groups in all fixation duration measures (FFD, SFD, GD and
TT) and skipping probability (Table S4). The lower level of literacy was associated with
the longer fixation durations and lower rates of skipping the words (all ps < 0.001). There
were, however, significant interaction effects between PC1 and the lexical predictability in
SFD (Est. = 0.03, SE = 0.12, t = 2.48 and p = 0.034), TT (Est. = −0.04, SE = 0.01, t = 4.39 and
p < 0.001) and skipping probability (OR = 0.78, SE = 0.07, z = −2.76 and p = 0.021) measures.
The post-hoc simple slopes analysis with set values at 1 SD below and above the PC1 mean
suggested that with increasing lexical predictability, participants with a higher literacy
level (at −1 SD) fixated words for shorter times in SFD measure (Est. = −0.08, SE = 0.03,
t = −2.64 and p = 0.010). When the literacy level was lower (1 SD above the mean), the
slope for the prediction effect was non-significant (Est. = 0.02, SE = 0.03, t = 0.66 and
p = 0.510). In TT measure, however, only the participants with lower Russian literacy scores
(at +1 SD) were sensitive to the lexical predictability of the words, with shorter fixations
on the words that had higher lexical predictability (Est. = −0.16, SE = 0.03, t = −4.96
and p < 0.001). Finally, in skipping probability, we found that the participants with lower
Russian literacy level skipped fewer words as the lexical predictability became higher
(Est. = −0.48, SE = 0.23, z = −2.15 and p = 0.030).

The oral reading fluency in English alone did not affect any of the dependent mea-
sures, but there was an interaction with lexical predictability in TT measure (Est. = −0.03,
SE = 0.01, t =2.64 and p = 0.015): Those who performed better in the ORF-Eng task (at
1 SD above the mean) fixated on highly predictable words for shorter times than those
who received lower scores (at −1 SD) (Est. = −0.12, SE = 0.03, t = −3.89 and p < 0.001;
Est. = −0.07, SE = 0.03, t = −2.16 and p < 0.003, respectively).
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Individual Differences and Morphosyntactic Predictability

We found the interaction effect (Table S5) between the word class predictability and the
Russian literacy in the GD measure (Est. = −0.04, SE = 0.02, t = −2.28 and p = 0.033). The
follow-up post-hoc simple slopes analysis on this interaction indicated that bilinguals with
lower Russian literacy level (at +1 SD) fixated words with higher word class predictability
for shorter times (Est.= −0.12, SE = 0.03, t = −4.03 and p < 0.001), whereas participants with
better Russian literacy skills (−1 SD) were not sensitive to the word class predictability
(Est.= −0.00, SE = 0.04, t = −0.06 and p = 0.095). In addition, the interaction effect in
the FFD measure between group, Russian literacy and word class probability predictors
(Est. = −0.04, SE = 0.02, t = −2.38 and p = 0.045) suggested that L2 learners with better
Russian literacy skills (but not HSs) produced shorter first fixation durations on words
with higher word class predictability (Est. = −0.16, SE = 0.07, t = −2.23 and p = 0.03).

We also tested the interaction effects of the individual difference factors with nominal
and verbal morphosyntactic predictability for the eye-movement measures that were
influenced in the group comparison models, but there were none (Table S6). In sum, we
confirmed the impact of the Russian literacy experience and (oral) reading fluency in
dominant English on the lexical and morphosyntactic word class predictability, but the
expected effect was evident only in some of the eye-tracking measures.

4. Discussion

In this study, we investigated the ability of bilingual HSs to predict lexical information
(i.e., anticipate the upcoming word forms) and/or the morphosyntactic features of the
words in reading isolated sentences in non-dominant Russian. In general, we established
that HSs (and L2 learners) indeed pre-activate lexical and morphosyntactic features of the
words as evident in early and late eye-movement measures. Our general hypothesis was
that HSs would resemble children in their prediction ability and indeed, in the early GD
measure, all the effects (or their absence) were similar between the groups. In the late TT
measure, HSs were more sensitive to the lexical predictability of the words than children
and HSs were the only group who showed prediction of the noun number feature. Notably,
we also observed similar predictive preferences and trends between HSs and L2 learners,
although for the latter group the effects were prevalent in the early eye-tracking measures
(FFD, GD and skipping probability).

Finally, we partially confirmed our hypotheses concerning the influence of the levels
of literacy experience with Russian on the ability to predict—higher levels of Russian
literacy experience aided prediction as evident in the earliest eye-tracking measures. In a
later measure (TT), however, higher lexical and morphosyntactic predictability was only
beneficial for HSs (and L2 learners) with less Russian literacy experience. Below, we discuss
the findings in more detail with respect to our research questions articulated in Section 1.4.

4.1. RQ1: Can English-Dominant HSs of Russian Anticipate Lexical Information (i.e., the
Upcoming Words in the Sentence)? Does the Sensitivity of HSs to the Lexical Predictability Differ
from Children or L2 Learners?

To begin with, we hypothesized that HSs would be able to engage in lexical prediction
(modulated by the Russian literacy levels) and that they would resemble children in this
ability. The expectations were based on previously reported similarities in eye-movement
characteristics in reading among HSs and children (Parshina et al. 2021a, 2021b) and theo-
retical accounts that suggest similar language development trajectories of these groups (see
the discussion of the divergent attainment trajectory, Scontras et al. (2015)). For children,
our analyses show that the increase in lexical cloze probabilities decreases the gaze duration
and total reading times of the words even though the accuracy of the lexical prediction
in the cloze probability norming study by children reached only 16% (and 18% in mono-
lingual adults in Lopukhina et al. 2021). In line with findings in Lopukhina et al. (2021)
and Luke and Christianson (2016), these results indicate that although young and adult
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monolingual speakers are able to anticipate the specific lexical item in reading to a certain
extent, this type of prediction does not occur frequently and does not reach high accuracy.

We only partially confirmed the general hypothesis of similarities between HSs and
children. In early GD measure, the sensitivity to the lexical cloze probabilities of the words
did not differ, not only between HSs and children, but also between HSs and L2 learners.
However, in late TT measure, HSs were considerably more sensitive to the change in the
lexical predictability of the words, as the words with higher lexical predictability received
overall shorter reading times. This difference suggests that HSs may be more effective in
lexical prediction than their 9-year-old peers, at least at the ‘later’ stages of the semantic
and morphosyntactic information integration. Future studies, however, should investigate
the question further, starting with the direct comparison of cloze probabilities obtained
from the HSs and children.

4.2. RQ2: Can English-Dominant HSs of Russian Anticipate Morphosyntactic Information and If
Yes, What Morphosyntactic Features Have the Highest Predictive Value? Does the Sensitivity of
HSs to the Morphosyntactic Predictability Differ from Children or L2 Learners?

Among the morphosyntactic features we investigated (word class, noun gender, case
and number, as well as verb number and tense), only a few had the predictive value in
reading in heritage language but those few showed a strong effect. In early GD and late TT
measures, similar to children and L2 learners (in GD only), HSs successfully predicted the
upcoming word class. HSs were the only ones to rely on the noun number predictability (in
TT measure), but the three groups (HSs, L2 learners and children) were equally sensitive to
the verb number predictability (GD and TT). Finally, the children group was the only group
who produced shorter fixation durations (in TT) with increasing noun gender predictability,
on par with the monolingual adults in the previous study by Lopukhina et al. (2021).

In general, our results for monolingual children support previous findings in
Lopukhina et al. (2021) for monolingual adults that such features as noun case and number,
despite being the most predictable features as assessed through the cloze task, do not
affect the reading speed or skipping probability for children. Lopukhina and colleagues
suggest two possible explanations. First, it is likely that the morphosyntactic predictability
of some features does not account for enough variance in the eye-movement behavior in
reading in comparison with other well-known factors such as word length, word frequency
or relative position of the word in a sentence (see Staub and Rayner 2007, for review).
Another possibility is that morphosyntactic cues weigh differently in comprehension and
production. For example, in the cloze task in our study, the noun case and number were
highly predictable for children, but they did not affect eye-movement measures in reading.
Word class and noun gender, on the other hand, were the least predictable features in the
cloze task, but they reliably facilitated reading.

So where do HSs stand on the morphosyntactic prediction in reading in Russian?
Recall that our expectations for their ability to anticipate the morphosyntactic information
were based on the knowledge that morphosyntactic prediction is a more common and more
efficient type of prediction (Luke and Christianson 2016), including prediction in reading in
Russian (Lopukhina et al. 2021), and thus should be accessible to HSs (and L2 learners) even
before the full lexical prediction. However, following the utility account, we hypothesized
that not all, but only those morphosyntactic features that serve as reliable predictive cues in
the “cost-benefit” analysis (Kaan and Grüter 2021), will affect reading speed and skipping
rate in bilingual reading. The reliable predictive features are the ones that can be transferred
from dominant English (Foucart 2021), namely noun number (singular/plural) and verb
tense (past/present/future). These features are reported to not pose many difficulties in
heritage language development (Polinsky and Scontras 2020 for discussion of the verb
tense). In addition, there is already some evidence of the number feature functioning as a
predictive cue in heritage language processing (Sekerina 2015).

First, we indeed found that both HSs and L2 learners were sensitive to the predictabil-
ity of some morphosyntactic features, supporting the views that such partial prediction is
accessible for bilinguals, and it facilitates language comprehension (e.g., Dussias et al. 2013;
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Hopp 2021; Morales et al. 2016; Schlenter and Felser 2021). However, except for HSs who
were sensitive to the noun number predictability in the late processing stages (TT), we did
not observe any verb tense predictability effects. Instead, similar to children, HSs and L2
learners successfully pre-activated the verb number information, which is largely absent in
dominant English. We can speculate, therefore, that for these groups, agreement between
nouns and verbs in Russian is reliable and perceptually salient enough to have a facilitative
effect on the eye movements in reading, even though the feature is not present in L1. It
may be because the agreement morphology in Russian, especially in number, is the most
accessible type for acquisition (and quantification in general; Gor 2019; Sekerina 2015). In
addition, the verbal agreement in heritage languages is believed to be more resilient to
attrition in comparison with noun agreement (Polinsky 2018, for review; Polinsky 2006).

We also found that similar to children (in GD and TT) and L2 learners (in GD), the
fixation durations for HSs were shorter for the words with high word class cloze probability.
In L2 learners, the same effect was present for the first fixation duration but only for those
participants who had a high Russian literacy level. We suggest that the results indicate that
the word class predictive cues might also be transferrable across languages but as a generic
representation or general cognitive skill. Bilinguals are ‘trained’ to predict the upcoming
word class in dominant English based on the word order and the context of the sentence
(Luke and Christianson 2016). It is likely that the skill is also implemented in reading in the
non-dominant Russian, taken that the reading skill is developed in general and in Russian
in particular.

4.3. RQ3: Do Russian Literacy Level or (Oral) Reading Fluency in Dominant English Aid Lexical
or Morphosyntactic Prediction Ability of Bilingual Readers?

In some of the early eye-tracking measures (SFD and FFD), our results for lexical and
morphosyntactic (word class) predictability were contingent on the degree of the Russian
literacy experience; participants with more Russian literacy experience fixated the words
with higher cloze probability for shorter times. The results are consistent with the discussion
of the role that literacy plays in the prediction in Huettig and Pickering (2019). More skilled
readers experience benefits in prediction from the primary reading influences (the ‘trained’
eye-movement behavior in reading, e.g., landing the saccade in the optimal viewing
position (O’Regan and Jacobs 1992)) and secondary influences (e.g., greater vocabulary
knowledge and working memory). In addition, we also found that sensitivity to lexical
predictability for HSs and L2 learners depends on the oral reading fluency in dominant
English (in TT measure), which can indicate that the primary and some of the secondary
literacy influences on prediction are transferrable across languages, even when languages
do not share the script (see Kuperman et al. (2020) for the discussion of the similarities in L1
and L2 eye-movement reading behavior, but cf. Mor and Prior 2021). Except for the word
class, we did not observe the impact of the Russian literacy experience on the predictability
effects in any other morphosyntactic features.

We did, however, find somewhat unexpected trends in lexical predictability and word
class predictability in other eye-tracking measures (TT and GD measures, respectively):
the Russian literacy skills aided the prediction but only for participants with less Russian
literacy experience. We suggest that for our bilingual participants, greater literacy in
the non-dominant language is especially beneficial for prediction at the earliest stages
of word recognition when the word is fixated for the first time (FFD and SFD), as these
readers are likely to experience fewer difficulties with the initial lexical access. At the
same time, the prediction ability is advantageous at later stages of lexical access (GD) and
post-lexical information integration (TT), but only for bilinguals with less exposure to
written materials in Russian, after the grapheme-phoneme conversion process is completed
and all initial difficulties are resolved. We also saw that these bilinguals skipped fewer
words as lexical predictability increased. We can speculate that for readers who have
less experience in reading in the second language, more predictable words are also more
recognizable, and thus the readers ‘choose’ to fixate them for further lexical processing.
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In contrast, words with lower predictability are skipped as a possible strategy to avoid
lexical processing and as an attempt to derive the meaning of the word from contextual
information. This hypothesis is supported by the interaction between word frequency and
lexical predictability that we found in our study in the early SFD measure and skipping
probability (the latter was marginally significant at p = 0.056, see Table S4). Specifically,
with increasing lexical predictability, bilinguals fixated only more frequent words for a
shorter time and skipped less the low-frequency words (cf. Mor and Prior who found L2
readers skipped less low-frequency words that were also less predictable).

4.4. Conclusions

Ultimately, our findings support the predictions of the utility account (Kaan and Grüter
2021), according to which the bilinguals who have more non-dominant language experience
and for whom the reading task is not too resource-demanding, should ‘opt’ to engage in
lexical prediction while reading, starting from the early stages of the word recognition
(see Whitford and Titone 2017 for similar results). In morphosyntactic prediction, the
results also speak in favor of the utility account but perhaps with a more complex system
of weighing the reliability of the predictive cues in heritage language than we initially
anticipated. For HSs, the cost-benefit analysis likely includes not only the factors of the cue
transferability, reliability, the task demands and the proficiency level, but also the reliability
of the cues within the heritage language grammar per se, and those can differ from one
heritage speaker to another (Polinsky 2018; Scontras et al. 2015) and heavily depend on
the frequency and regularity of the cues occurring in the heritage input. Future studies,
therefore, should focus on the investigation of the predictive values of various cues (lexical
or morphosyntactic) solely based on the input provided by HSs.

In our study, we also saw a lot of similarities in the predictive preferences between
HSs and children in the early eye-tracking measures and some differences in the late total
reading time measure (i.e., greater sensitivity to lexical predictability and noun gender vs.
noun number predictability effects). These results, while providing further evidence for
similar reading behavior of these groups at the early stages of lexical access (as predicted
by the divergent attainment trajectory, Polinsky and Scontras (2020)), also indicate that
prediction facilitates the stages of semantic and syntactic integration more for HSs than for
children and that the facilitative use of some predictive morphosyntactic cues is different
for these groups. The explanation may be intuitive: HSs have more experience with reading
materials (in English and Russian combined) and they can experience the cross-language
transfer effects.

In comparison with L2 learners, HSs in general also showed more sensitivity to
lexical and morphosyntactic predictability in late TT measure, whereas L2 learners (with
higher Russian literacy level) had more effects in early eye-tracking measures. Future
studies should further examine whether it is the manner of language acquisition that led to
these differences: could early exposure to the spoken language that HSs receive in early
childhood lead to ‘better’ prediction abilities that aid semantic and syntactic information
integration in sentence reading? Or could L2 learners’ formal instruction in the non-
dominant language (including reading and writing) help develop prediction abilities that
aid the earliest stages of word recognition in reading? We believe that exploring these
questions will provide researchers with more insights about bilingual prediction, including
the four central questions of language prediction (Huettig 2015): ‘why’, ‘what’, ‘how’ and
‘when’ do readers predict the upcoming information.
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