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Introduction

In this chapter, we extend our investigation of heritage-language processing 
using an online task, namely a self-paced reading paradigm. The focus of 
the present study was therefore to examine whether the effects found in 
Chapter 3 replicate across methodologies and extend our understanding 
of time course of evidentiality processing. Recall that in Chapter 3, we 
examined and compared the evidentiality processing of two groups of 
bilingual Turkish speakers, namely heritage language speakers and emigrant 
speakers (late bilinguals, see Chapter 2 for details), using an auditory 
sentence verification task. Our aim was to measure heritage language 
speakers� sensitivity to evidentiality marking violations and compare this 
to that of a reference group of bilinguals (instead of a monolingual group). 
The task was to listen to sentences presented in the heritage language and 
to respond as fast as possible whenever they heard a word that made the 
sentence unacceptable and/or semantically inappropriate. We found that 
the heritage language speakers were slower and less accurate in detecting 
these unacceptable sentences compared to the emigrant speakers. 

Most studies conducted with heritage language speakers report results 
from o�ine tasks including paradigms tapping sentence comprehension 
(sentence-picture matching, Montrul et al., 2008), oral production 
(structured elicitation, Bayram et al., 2019; picture naming, Hulsen et al., 
2002; story-telling (retelling), Montrul, 2002; Montrul & Sanchez, 2013; 
Polinsky, 2008; Polinsky & Kagan, 2007), written production (Montrul, 
2002; Montrul et al., 2008), sentence judgement tasks (aural acceptability 
judgement task, Fuchs et al.2015; sentence conjunction judgement task, 
Montrul, 2009; written acceptability judgement task, Montrul & Bowles, 
2009; context / sentence-matching task, Rothman, 2007). �ese tasks 
measure the competence of heritage speakers in terms of whether they are 
aware of the grammatical rules in the language. In contrast, online methods 
(e.g., self-paced reading, eye-tracking, EEG) allow the measurement of 
real-time processing, which is not possible to investigate with discreet per-
item responses (Clackson et al., 2011; Felser and Cunnings, 2012; Felser 
et al., 2009; Lago et al., 2018). According to Keating & Jagerski, the real-
time component of online methods �tap participants� implicit knowledge 
of language� (2015, p. 2) since these methods measure processing 
and knowledge as it happens rather than giving speakers a chance to 
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evaluate, deduct and make a decision based on their learned knowledge. 
In bilingualism research, online measures have been shown to have an 
advantage for disentangling sentence processing mechanisms (Keating & 
Jagerski, 2015). 

Here we focus on self-paced reading. During a self-paced reading task, 
language users are presented with a single segment consisting of a word 
or a phrase, which disappears on command (usually a button press on the 
keyboard) allowing a new segment to appear. �e time passing between 
each command/ button press gives an indication of the processing load or 
cost of the segment on the language user. By contrasting di�erent stimuli, 
di�erences in reading times at each segment and across the sentence provide 
information on the relative processing loads and time courses of processing 
of the di�erent stimulus types (Just & Carpenter, 1980). Consequently, as 
an online method, self-paced reading enables recording of segment-by-
segment reading times when a reader is presented with each word or group 
of words in a sentence, and how they process and react to them (Chen et al., 
2005; Keating & Jagerski, 2015).

�ere is extensive research using self-paced reading tasks with 
monolingual speakers (e.g., Carminati, 2002; Filiaci et al., 2011; Lee & 
Fraundorf, 2022; Xu et al., 2018) and second language learners (for review 
see Nicklin & Plonsky, 2020) examining the processing of various linguistic 
phenomena. Self-paced reading experiments with heritage language 
speakers are, on the other hand, relatively scarce. However, those studies 
that have been carried out found that although heritage language speakers 
were slower and/or less accurate than reference groups (monolinguals and/
or late bilinguals and second language speakers), their processing patterns 
had qualitative similarities and showed di�erences to those measured with 
o�ine tasks (Di Pisa et al., 2022; Jegerski, 2018a; Jegerski, 2018b; Keating et 
al., 2016; Mikhaylova, 2018). For example, Keating and colleagues (2016) 
investigated monolingual and heritage language speakers� antecedent choice 
for ambiguity resolution between null vs. overt pronouns in Spanish. �ey 
used an online self-paced reading task with sentences like Cuando la diva 
visitó a la directora, �/ella ofreció cantar un aria en Italiano (translation: 
When the diva

F
 visited the directorF , �/she o�ered to sing an aria in 

Italian). In Spanish, it is more accurate to assign the null pronoun (�) to the 
word in the subject position (i.e., diva), whereas the overt pronoun she is 
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preferentially attributed to the director which is the object of the preceding 
clause (Keating et al, 2016 supplementary materials). In an earlier o�ine 
study, heritage language speakers showed no such processing preferences 
for null versus overt pronouns (Keating et al., 2011). In contrast, in Keating 
et al.�s (2016) self-paced reading study heritage language speakers did 
show the preference for attributing null pronouns to antecedents in the 
subject position that is shown by monolingual native speakers. However, 
they did not show a preference for overt pronouns. Nevertheless, the key 
point here is that they showed dissimilar processing of null versus overt 
pronouns during this online task. In contrast, in the responses to end-of-
sentence comprehension questions (Keating et al. 2016), heritage language 
speakers showed no preference between null and overt pronouns, just as 
they had not in the earlier o�ine study (Keating et al., 2011). Although the 
heritage language speakers’ processing was not completely parallel to that 
of monolinguals, this study clearly illustrates that tasks tapping online and 
o�ine processing can provide di�erent insights and thereby underlines the 
importance of contrasting experimental methods.

Jegerski (2018b) also reports a study that supports the utility of 
self-paced reading tasks, for identifying which linguistic phenomena 
are challenging for all speakers of that language and which are only 
challenging for heritage language speakers. �ey tested heritage language 
speakers� Di�erential Object Marking (DOM) in Spanish compared to a 
group of late Spanish-English bilinguals using an online self-paced reading 
task interspersed with an o�ine end-of-sentence acceptability judgement 
task. In the o�ine end-of-sentence acceptability judgements, heritage 
language speakers were less accurate and slower than the late bilinguals 
and did not show any di�erences between the conditions. �is result was 
similar to that of Montrul and Bowles� (2009) �nding, also from an o�ine 
acceptability judgement task, which showed that Spanish heritage language 
speakers could not distinguish sentences that were ungrammatical for 
DOM from grammatical sentences. However, Jegerski (2018b) found that 
online, during self-paced reading, both groups showed slower RTs for the 
ungrammatical DOM of the inanimate direct object, but no sensitivity 
to the ungrammatical omission of DOM for animate direct objects (the 
only condition where a direct object can be marked with �a� in Spanish) 
(Jegerski, 2018b). Indeed, they report similar online sensitivity in both 
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heritage language speakers and late bilinguals that highlighted the fact that 
the variability in DOM processing could not be attributed to incomplete 
attainment of DOM markers. �is study particularly highlights the fact 
that di�erences between heritage language speakers and a reference group 
of bilingual speakers were no longer apparent during online processing. 
Consequently, these studies demonstrate how the self-paced reading task 
can provide additional information to facilitate the unravelling of heritage 
language speakers� processing. It is important to note, that, in these studies, 
a phrase-by-phrase presentation was employed. However, it has been 
suggested that a word-by-word presentation would allow more re�ned 
analysis (Keating et al., 2016).

�e studies of self-paced reading cited above found heritage language 
speakers to show some qualitative similarity to reference groups and/
or provided more insights into heritage language speakers� processing. 
Consequently, we were interested in whether the same would hold for 
heritage language speakers� processing of evidentiality in Turkish, especially 
given that in the primarily o�ine measures used both in the study in 
Chapter 3 and earlier studies, heritage language speakers showed slower 
reaction times and lower accuracy compared to monolingual (Arslan et al., 
2017) and bilingual (Schmid & Karayayla, 2019) reference groups. 

Evidentiality is the speci�cation of how speakers received the 
information in their utterance (Aikhenvald, 2004). Information can 
be received through di�erent sources (i.e., visually, aurally, from a third 
person, etc.) and the evidential markers available in a particular language 
are used to specify this source. In some languages, such as Indo-European 
languages like English, evidential meanings are conveyed by means of 
lexical elements, such as I saw for direct visual evidence, or  I have been 
told or I assume for inferred or reported knowledge (e.g., I saw John ate the 
apple yesterday vs I was told/I assume that John ate the apple yesterday). 
�ese forms are optional, yet they indicate the amount of evidence for a 
speaker�s assertion (de Haan, 1999). However, in a quarter of languages, 
evidentiality is a grammatical unit and speci�cation of the evidence type 
is obligatory in one�s utterance (Aikhenvald, 2004). Turkish, the heritage 
language under investigation in this paper, is one such language and, in 
Turkish, it is obligatory to use evidential markers when referring to the past. 
Evidentiality in Turkish is marked as a verb in�ection that indicates the 
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source of a past event: the evidential marker speci�es whether the speaker 
witnessed and/or personally carried out the action �rsthand or received 
that information non-�rsthand, as in hearsay or inference (Aikhenvald, 
2004; de Haan, 2015). In the case of �rsthand information, the direct 
evidential marker -DI10  is used. For example, in �Bahç�van çiçekleri sulad��, 
(I know/saw that) the gardener watered the plants. Information that is non-
�rsthand is marked with the indirect evidential marker -mI�: �Bahç�van 
çiçekleri sulam���, (I infer it from the wet plants or someone else told me 
that) the gardener watered the plants.

Acquisition studies conducted with monolingual Turkish children have 
shown that children start producing evidentiality in their utterances very 
early (e.g., 1,5 years in Aksu-Koç, et al., 2009); and that the acquisition of the 
indirect evidential marker follows the direct evidential marker (e.g., Aksu-
Koç, 1988; Aksu-Koç, et al., 2009). It has also been shown that it may take 
up to the age of seven for children to fully master the distinctions between 
the evidentiality markers (Öztürk & Papafragou, 2008; Ünal & Papafragou, 
2016). �is makes evidentiality a �late-mastered� language component 
and late-mastered linguistic items have been shown to be challenging for 
heritage language speakers (e.g., Montrul, 2002, 2008; Polinsky, 2008).  

In addition to our work reported in Chapter 3, Karaca (2018), in an 
unpublished Master�s thesis, presented a relevant study using a self-paced 
listening task to compare three groups of Turkish speakers: a bilingual 
group of heritage language speakers of Turkish born in, or moved to, 
Canada before the age of 5, a bilingual group of �rst-generation migrants 
from Turkey to Canada and, a monolingual group of Turkish speakers 
residing in Turkey. Karaca administered a self-paced listening task, where 
participants listened to dialogues including congruent and incongruent 
evidentiality sentences and answered yes/no comprehension questions 
(for a quarter of the stimuli). While listening to the critical segment that 
included the verb marked with indirect evidential, monolinguals showed 
di�erences between incongruent and congruent conditions (and sustained

  10  The capitalization of the letters indicates that the letter follows harmonization rules in Turkish. As an agglutinative 
language, in Turkish letters/sounds may be modified when appended through suffixation.
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this effect in the following segment). In contrast, the heritage language 
speakers showed no processing differences at any point. However, the 
migrant speakers mirrored the effect that the monolinguals showed for 
the indirect evidential sentences but only on the third segment � a delayed 
effect (Karaca, 2018). In the third segment, monolingual speakers also 
showed a difference between congruent and incongruent sentences for 
the direct evidential; such effect was missing both for heritage language 
speakers and migrant speakers. However, Karaca argued that without the 
presentation of a fourth segment, we cannot exclude the possibility of 
heritage language speakers and/or migrant speakers showing a late effect. 
Karaca did not present the results for the comprehension questions. In 
sum, during this online study monolingual speakers showed processing 
differences between grammatical and ungrammatical evidential conditions 
and rejected mismatches to the indirect evidential marker particularly 
quickly early in processing. The migrant speakers showed some similarities 
to the monolingual speakers while heritage language speakers showed no 
evidence of evidentiality processing preferences. 

In the present study, we aimed to further explore the online and 
temporal processing of evidentiality of heritage language speakers relative 
to a reference group of migrant bilingual speakers by using a self-paced 
reading task with longer stimuli presented with a word-by-word moving 
window paradigm.

Specifically, we addressed the following research question:

1) Does the online processing of Turkish heritage language speakers and 
Turkish speakers who are also late second language speakers of English 
(emigrant Turkish speakers) differ during the time course of reading 
sentences with evidentiality marking?

Previous studies using self-paced reading have shown heritage language 
speakers can pattern with late bilinguals in their sensitivity during 
sentence reading, even when they differ in offline end-of-sentence 
judgement responses (e.g., Jegerski, 2018b). Therefore, although, in other 
studies Turkish heritage language speakers showed different patterns of 
evidentiality processing to the reference group (e.g., Arslan, 2015, 2017; 
Schmid & Karayayla, 2019; Chapter 3, this thesis), we hypothesised that 
using an online task may reveal qualitative similarities between these groups 
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and thereby gain more information on the time course of evidentiality 
processing by heritage language speakers. We would nevertheless expect 
heritage language speakers to process the sentences more slowly than the 
emigrant Turkish speakers, given the differences in their Turkish exposure.

2) Does the online processing of evidentiality by Turkish heritage language 
speakers and emigrant speakers of Turkish differ depending on the 
evidentiality distinction -direct vs. indirect? Do the two groups differ in 
this regard? 

Based on previous research showing that the direct evidentiality condition 
is mastered earlier in children�s acquisition and that the indirect evidential 
has more semantic connotations, and therefore cognitively more complex, 
we expected both groups to show better processing of direct evidential 
which would be manifested in shorter reading times for the verbs marked 
with the direct evidential compared to the indirect evidential (Aksu-
Koç, 1988; Aksu-Koç et al., 2009; Öztürk & Papafragou, 2008; Ünal & 
Papafragou, 2016).

3) Are there differences between online and offline processing of 
evidentiality for Turkish heritage language speakers and emigrant speakers 
of Turkish? Do the two groups differ in this regard?

Similar to the previous studies described above (e.g., Keating et al., 2016), 
we expect online and offline tasks to show differences in processing of 
evidentiality, with more similarities between heritage language speakers 
and emigrant speakers of Turkish during online processing.

Method

Participants

A total of 53 bilingual speakers of Turkish and English (28 F; M AGE= 34.4 
years; SD= 9.1; four left-handed) living in Sydney, Australia participated in 
this study. Forty-one of these participants (20 heritage language speakers 
and 21 emigrant speakers) had also participated in the auditory study 
reported in Chapter 3. All participants performed this self-paced reading 
task first. The participants were recruited via student organizations, Turkish 
cultural and language centres, the Turkish Consulate Sydney, schools that 
deliver Turkish education, and advertisements posted on social media and 
in neighbourhoods with large Turkish communities. Inclusion criteria were 
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that participants were 20-54 years of age, had to have started acquiring 
Turkish from birth, used English actively in daily life, and had no previous 
psychological, neurological, or communication disorders. To maximize 
recruitment, participants were tested by the first author in multiple locations 
across Sydney. After signing the consent form, the participants were given a 
bilingualism language background questionnaire constructed based on the 
Language and Social Background Questionnaire (LSBQ; Anderson et al., 
2017) with adaptations tailored to our research questions. The participants 
were asked about their social background (education, occupation, parents� 
language history, countries they had lived, etc.), language background 
(age of onset for both languages for -comprehension, reading, speaking, 
writing, etc.), language use (percentage of language use at different periods 
in their lives, amount of exposure to each language, etc.), reading habits 
in both languages. Table 4.1. provides a summary of outcomes from the 
questionnaire (see Appendix A for the full questionnaire and Appendix 
A.1 for individual answers). 

�e participants were divided in two groups according to their 
bilingualism onset, heritage language situation and characteristics: heritage 
language speakers of Turkish and emigrant speakers.

Heritage language speakers (n = 23)

Twenty-three heritage language speakers of Turkish, speaking both Turkish 
and English from early childhood, were recruited. Their age ranged between 
20 and 45 years. While the age onset of Turkish was always from birth 
in this group, the onset for English ranged between birth and 5 years of 
age, and these participants were either born in Australia or migrated there 
at a very young age (i.e. at or before the age of  5). Although they spoke 
Turkish as their �home� language and it was their first learned language, 
most of them learned to read and write in Turkish after they had acquired 
these skills in English. They began acquiring English in kindergarten in 
Australia and received all their education in English11.

  11  Nevertheless, many children from Turkish backgrounds have access to some Turkish schooling in Australia. Most of 
the participants reported here either received Turkish instruction at school or attended �Saturday Schools�, at which they 
carried out activities in Turkish once a week for a couple of hours. One participant reported having been home schooled in 
Turkish by her/his parents, and another participant had received Turkish as a second language lessons during her regular 
schooling. 
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They were exposed to Turkish at home and within the Turkish community 
they lived in and in social environments, but their use of English became 
dominant over time.

Emigrant Speakers (n = 30)

The emigrant speakers (age range 23�54 years) comprised participants who 
were raised in Turkey during their childhood and emigrated to Australia 
due to professional or educational circumstances at or after adolescence. 
They were non-native speakers of English who had started learning this 
language between the ages of 6 and 17 (M = 11.50, SD = 2.0), at school 
in Turkey as a second/foreign language. The duration of their residence 
in Australia was from 1 month up to 31 years (see Table 4.1 for details). 
As skilled migrants, most of them had an upper intermediate level of 
English and reported using English more than Turkish since they moved 
to Australia.
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Stimuli

The stimuli comprised 134 sentences. There were 104 target evidentiality 
sentences (26 in each of the four conditions, see Table 4.2) and 30 filler 
sentences. Twenty-six unique verbs referring to different actions were 
selected and each verb was inserted into a sentence frame which was then 
adapted for each of the four conditions of the evidentiality manipulation as 
described below.

Evidentiality sentences were 12 words long. �e �rst three words 
constituted the contextual support which included a statement of the 
information source, speci�cally whether it was �rsthand or non�rsthand. If 
the information source was �rsthand, it indicated the event was witnessed 
by the speaker her/himself (using ben gördü�üme eminim; �I am sure that I 
saw�). A non�rsthand information source, on the other hand, speci�ed the 
event was witnessed by others and that they transferred this knowledge, 
meaning that the speaker had heard about the event from others (ba�kalar� 
gördü�ünü söylüyor; �others say they saw it�). 

�e statement of the information source (contextual clause) was 
followed by the critical clause, which included the target verb region (R-
TV) - the verb in�ected with the evidentiality marker. �e last part of 
the sentence was the padding phrase which included the spillover region 
(divided into two spillover regions R-SO1 and R-SO2, two words in each 
region) and the �nal word region (R-FW). �e evidential marker on the 
verb was either direct or indirect (condition) and either matched or did not 
match the information source (�rsthand or non�rsthand) in the contextual 
clause. In the match sentences, the evidentiality marker appended on the 
main verb of the critical clause matched the preceding information source: 
the direct evidential marker (-DI) was used in �rsthand information source 
sentences (�rsthand - direct; see Table 4.2) and the indirect evidential 
marker (-mI�) was used in the non�rsthand information source conditions 
(non�rsthand - indirect). In the mismatch sentences the evidential marker 
on the verb did not evidential marker (-DI) was given (non�rsthand-direct*) 
and following a �rsthand information source the indirect evidential marker 
(-mI�) was provided (�rsthand-indirect*). 
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Each sentence ended with a padding phrase (last �ve words), which 
included extra information regarding the event to facilitate the meaning 
without revealing the tense/time of the whole sentence. �ese phrases were 
presented in the present continuous or simple future tense to avoid any 
confusion in the judgement of the participants.

�e 30 �ller sentences were sentences without speci�cation of an 
information source, half of which were ungrammatical sentences created 
either by person/number disagreements or semantically incorrect verb 
choice (for the full list of stimuli see Appendix C). 
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Norming of stimuli

The 26 critical action verbs used to construct the sentence stimuli described 
above were chosen from a larger stimulus database. These sentence stimuli 
were normed with monolingual Turkish speakers based on frequency and 
cloze probability.

Surface frequency

The frequency per million for the action verb stimuli was retrieved from 
the TS Turkish Corpus (Sezer & Sezer, 2013). Object noun phrases were 
chosen to match with moderate to high collocation frequency with action 
verbs (e.g., button & pull off). The surface frequencies of the action verbs 
used with direct evidential markers were higher than those with indirect 
evidential markers (M direct evidential = 51.90, SD = 96.54; M indirect evidential = 12.32, 
SD = 24.22, t = 2.86, p = .005). Since, the form frequency of evidentials 
differed (see also Uzunda� et al., 2018) to control for this difference, we 
included log surface frequency as a factor in our analysis. 

Cloze probability 

This task aimed to determine whether the critical verbs were equally 
probable in both information source contexts (i.e., firsthand vs. nonfirsthand 
information). We, therefore, gave a cloze probability task to 28 Turkish 
monolingual speakers living in Turkey (M AGE = 28.6; female = 11). We used 
a Latin square design; the participants saw sentences either in witnessed 
or in reported information conditions (see Examples 1a. & 1b). Sentences 
were counterbalanced across two lists of participants with an equal number 
of items from both the witnessed and reported information conditions.

(1a) Witnessed Information

Ben gördü�üme     eminim, Mehmet ceketinin dü�mesini  ______.     

I       see direct evidential 1SG sure         Mehmet  jacket GEN button ACC   ______. 

I have certainly seen that Mehmet _________ his jacket�s button� 
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(1b) Reported Information

Ba�kalar� gördü�ünü söylüyor,         Mehmet ceketinin dü�mesini ______.

Others see direct evidentail 1SG say PRES CONT 3PLMehmet jacket GEN  button ACC ______. 

�e others reported to have seen that Mehmet _________ his jacket�s button

�e sentences were presented with the contextual clause followed 
by the sentence subject and object and the participants were asked to 
complete these to make a meaningful sentence. �e cloze probability 
score was obtained by calculating the proportion of direct evidentials in 
witnessed contexts and those of indirect evidentials in reported contexts. 
Cloze probability for direct evidentials in witnessed contexts was 0.59 
(SD = 0.36), and for indirect evidentials in reported contexts was 0.60 
(SD = 0.36), showing no critical condition di�erences (t = 0.17, p = .43). 
Hence, use of evidentials within our stimulus material�s information source 
contexts were equally expected. 

Procedure

The sentence materials were programmed in a non-cumulative self-paced 
reading design with end-of-sentence acceptability judgement (Just et al., 
1982) using the web platform Ibex Farm (Drummond, 2013). The sentences 
were presented in black font (96px) on a white background. The stimulus 
sentence advanced segment-by-segment with each press of the SPACE 
button in a moving-window paradigm: the introduction of the information 
source was presented as a phrase, followed by the remainder of the sentence 
presented word-by-word. The uninformative mask technique was employed 
to the sentences with the word boundaries shown on the screen. With the 
first press, the information source for each sentence was presented as a 
single chunk of three words (e.g. ba�kalar� gördü�ünü söylüyor; �others say 
they saw it�) at the beginning of the sentence. Following a space bar press, 
this first segment disappeared from view, and the next word appeared to 
the right, such that only one segment (comprising a single word) was visible 
at any one time. At the end of each sentence participants were required to 
judge whether the sentence was �grammatically coherent�. After the answer, 
the next sentence appeared automatically. 
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The experiment started with an explanation of the task and what was 
expected. Participants were shown the first practice item and instructions 
in Turkish were given with a demonstration of the first practice item �This 
is a sentence. You will read each word by pressing the space key on the 
keyboard. After each press, a word will appear and with the next press that 
word will disappear and the next one will appear. You will see each word 
and consequently each sentence only once and will not be able to go back. 
This long line here [pointing to a line that indicates where the information 
source phrase will appear] gives you [relevant] information and then the 
rest of the sentence will follow.  At the end of each sentence, you will decide 
if this sentence was grammatically coherent or not by choosing the smiley 
face emoji for yes and sad face emoji for no that will appear on the screen 
which corresponds to the f and j keys, respectively, on the keyboard�. 
They were not given any instructions regarding the speed of reading or 
responding (to the judgement questions). Testing started after four example 
trials. Each participant was presented with sentences in all four conditions 
together with the filler items, as described in Table 4.2. The presentation 
order of the sentences was randomized for each participant. Participants 
were given the opportunity to have breaks when needed. 

Data Pre-processing and Analyses

All data pre-processing and analyses were conducted in R studio version 
1.2.5 (R Core Team, 2020). First, sub-datasets were created for the analysis 
of each region of interest and acceptability question answers. Accordingly, 
five separate datasets were created: four for the analyses of reading times 
included the following regions: Target Verb (R-TV; target verb inflected with 
the evidentiality marker), SpillOver 1 (R-SO1; comprising the individual 
reading times to the two words following the target verb), SpillOver 2 
(R-SO2; comprising the individual reading times to the next two words 
following the R-SO1), and Final Word (R-FW; the final word of the sentence 
seen before the presentation of the sentence acceptability judgement). A 
separate dataset was created for the response time analyses for the Sentence 
Judgements (SJ-RT; the acceptability question after the presentation of 
each sentence), and for the analyses of the sentence judgement accuracy 
(SJ-Acc; accuracy for the sentence judgements). Each dataset consisted of 
5512 data points initially (26 sentences * 4 conditions * 53 participants). 
For data cleaning procedures, we followed Nicklin & Plonsky (2020), which 
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presents a comprehensive overview of data pre-processing practices in 
bilingual studies and adopted those that fitted our population and research 
objectives. Specifically, we started with a visual inspection of the data and 
looked at histograms and Q-Q plots (for data visuals see Appendices C.1 
C.2 and C.3) to determine appropriate cut-offs to exclude outliers: Trials 
in the reading time data sets that were faster than 100ms (e.g., Jagerski, 
2016; Kim, 2018; Luce, 1991; Litcofsky & Van Hell, 2017) and slower than 
8000ms (R-TV and R-SO) and 15000ms (R-FW) were excluded. Eight 
trials at R-TV, 12 at R-SO1 (6th word � 8 trials; 7th word � 3 trials), 14 at 
R-SO2 (8th word - 8 trials; 9th word - 6 trials), and 40 at R-FW regions 
were excluded. Lower and upper boundaries for SJ response times were 
100 and 15000 ms respectively, which resulted in the exclusion of 46 data 
points. This pre-processing resulted in the exclusion of less than 1% of the 
data for each dataset. The accuracy analyses were computed on the same 
data set that was created for the SJ-RT analysis. We analysed response times 
for both accurately and inaccurately judged sentences as these responses 
have been shown to be informative (Jegerski, 2015). 

Statistical analyses of the reading/response times were performed 
using mixed-e�ects models computed with the �lme4� package in R (Bates 
et al., 2015). We started by constructing a maximal model including 
random intercepts and slopes for participants and items (Barr et al., 2013) 
and also used an optimizer in the models analysing the reading time 
data (optimizer=’bobyqa; Powell, 2009). As the maximal models failed 
to converge, we simpli�ed them by removing the random slopes. Each 
�nal model included both participant and item as random intercepts. �e 
two-level factorial interaction variables, evidentiality (direct, indirect), 
grammaticality12 (match, mismatch), and group (heritage speakers, 
emigrant speakers) were sumcoded. All reading times were log-transformed 
in the models to reduce the positive skew.

  12  Although we labelled this variable �grammaticality� the mismatching sentences are not ungrammatical per se. It is 
possible in some contexts for these sentences to be plausible. Nevertheless, without the presentation of a full context (as is 
the case in this experiment) these mismatching sentences are not acceptable, as they present opposite sources of information.
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As the participant groups differed significantly in age and verbal working 
memory, we controlled for these variables by adding them as fixed effects. 
Since it is known to affect reading speed, region length, that is the number 
of letters composing each word, was also included as a control variable 
(Jegerski, 2014). To explore the accuracy differences between groups, 
similar models to those outlined above were built and the scores were 
analysed using logit generalized mixed-effects models. Post hoc pairwise 
comparisons to explore the nature of the interactions were conducted using 
the �emmeans� package (Lenth, 2019) and adjusted using Holm correction 
for multiple comparisons.

Results

Online processing: Reading time results

The reading time analysis of each critical region revealed, as expected, slower 
reading times for heritage language speakers compared to the emigrant 
speakers at every time point (heritage language speakers overall M reading times  
= 907.1, SD = 834.0; emigrant speakers overall mean M reading times  = 683.6, 
SD = 690.9). Figure 4.1 shows by-region reading time averages.  

Outputs of the mixed-e�ects models, computed at each region, 
are presented in Table 4.3. At all four regions, as expected, there was a 
signi�cant e�ect of Speaker Group on reading times: heritage language 
speakers were slower in their reading times at the target verb compared to 
emigrant speakers. We will discuss the remaining results for each region 
in turn.

Target Verb. Reading times at the target verb showed a significant two-
way interaction between evidential and group (see Table 4.3, column A 
and Figure 4.2, panel A). Post hoc analysis indicated that the source of 
this interaction was that, while the emigrant speaker group showed 
no significant difference between the direct and indirect evidentiality 
conditions (� < 0.01, SE = 0.02, t = 0.23, p = .816), the heritage language 
speaker group did show a significant difference (� = -0.05, SE = 0.02, t = -2.60, 
p = .040*). Irrespective of grammaticality, the heritage language speakers 
read verbs marked with direct evidentiality faster than those with indirect 
evidentiality (see Appendix C.4 for the full pairwise comparisons outputs 
of the emmeans analyses).

�e  t�me course of ev�dent�al��ty process�ng us�ng a self-paced read�ng task
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Spillover Region 1. In the first spillover region, comprising the responses 
to the first two words following the evidentiality-marked verb, there was 
a significant three-way interaction between group, grammaticality and 
evidential (see Table 4.3, column B and Figure 4.2, panel B). This reflected 
that in the indirect condition (when the verb is marked with the indirect 
evidential) the emigrant speakers were faster when the evidentiality marker 
did not match with the information source than when it did (� = 0.07, 
SE = 0.016, t = 4.42, p < .001*), but this was not the case in the direct 
condition (� = 0.01, SE = 0.017, t = 0.60, p = 1). In addition, emigrant 
speakers were faster in the indirect condition compared to the direct 
condition for mismatch sentences (� = 0.06, SE = 0.02, t = 3.65, p = .002) 
but in the match sentences, there was no significant condition difference 
(� < 0.00, SE = 0.02, t = -0.17, p = 1). However, for the heritage language 
speakers, there were no significant differences in any of the comparisons 
(see Appendix C.4 for the full results of the emmeans analyses).

Spillover Region 2. In the second spillover region, comprising the responses 
to the third and fourth words following the evidentiality-marked verb, there 
was also a significant three-way interaction between group, grammaticality 
and evidential (see Table 4.3, column C and Figure 4.2, panel C). In the 
indirect condition, similar to R-SO1, the emigrant speakers were faster 
when the evidentiality marker did not match with the information source 
than when it did (� = 0.11, SE = .02, t = 6.18, p < .001*), and also showed 
a significant but much smaller difference between match and mismatch 
sentences for the direct evidential (� = 0.05, SE = .02, t = 2.64, p = .036*).

�e heritage language speakers also showed signi�cantly faster reading 
times for mismatch than match sentences for both the indirect (� = 0.06,  SE = .02   
t = 3.14, p = .009*), and direct conditions (� = 0.08, SE = .02, t = 3.93,   
p<.001*). 

When comparing the direct and indirect conditions, the patterns were 
the same as for R-SO1, in the mismatch sentences emigrant speakers were, 
once again faster in the indirect condition compared to the direct condition 
(� = 0.06, SE = .02, t = 3.57, p = .003*), but not in the match sentences 
(� < 0.001, SE = .02, t = 0.02, p = 1). Similar to the R-SO1, the heritage 
language speakers did not show any signi�cant di�erences between direct 
and indirect conditions neither in the R-SO2 (match: � = 0.01, SE = .02, t = 0.51, 
p = 1; mismatch: � = 0.03, SE = .02, t = 1.31, p = .577).
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