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This study examined the monitoring abilities of trilinguals in reading comprehension,
addressing the following questions: Is comprehension monitoring related to reading
comprehension across first, second, and third languages? Is comprehension monitoring
shared across the languages of trilingual adults (domain-general) or rather linked to
language proficiency (language-specific)? Eighty undergraduates, trilingual in Arabic,
Hebrew, and English, read three texts in each language, answered multiple-choice ques-
tions, and rated their confidence in their responses. From this we derived the absolute
and relative accuracy of monitoring. The results showed links between accurate mon-
itoring and successful comprehension in all the languages of participants, but these
were weaker in English, the least proficient language. Further, the results lend some
support to the involvement of both domain-general and language-specific processes in
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comprehension monitoring. Specifically, monitoring seems to be utilized similarly by
individuals to support comprehension across the first and second languages, but is less
well generalized to the third language.

Keywords comprehension monitoring; reading comprehension; calibration; bilingual;
multilingual; foreign language; domain-general; second language; third language

Introduction

Students in postsecondary education spend a significant portion of their study
efforts reading course materials. Thus, reading comprehension is a crucial
factor for achievement and success. Reading comprehension is a complex skill
that relies on both lower level lexical skills, such as vocabulary knowledge and
word-reading efficiency, and higher level text processing and metacognitive
abilities, such as inference and monitoring of comprehension (e.g., the RAND
model, developed by the RAND Reading Study Group [2002] defining reading
comprehension as a multi-componential process engaging different elements,
inter alia, the readers’ cognitive abilities: Kintsch, 2002; Perfetti, Marron, &
Foltz, 1996; Snow, 2002).

Increasingly, higher education students worldwide are reading materials in a
second language (L2) or even a third language (L3). In light of the demonstrated
importance of metacognition in facilitating comprehension in the first language
(L1; e.g., Dunlosky & Rawson, 2012), the current study addressed the question
of whether similar patterns can be identified in reading comprehension in
the L2 and L3. Further, we asked whether metacognitive skills in reading
comprehension are a core skill, which can be used similarly by individual
readers across the different languages they read, or might be better conceived
of as language-specific. To this end, we measured trilingual university students’
comprehension monitoring in the three languages they read: Arabic, Hebrew,
and English.

Metacognition is comprised of two main components: evaluation of cog-
nition or monitoring, and regulation of cognition or control (Baker & Brown,
1984; Dunlosky & Thiede, 2013; Flavell, 1979). Monitoring is one’s ability
to actively evaluate ongoing cognitive processes, whereas control refers to the
use of appropriate and effective strategies to regulate cognitive processes (Lin
& Zabrucky, 1998). In the context of reading comprehension, an example of
monitoring is when the reader recognizes comprehension difficulties, and an
example of control is when the reader chooses to reread the paragraph or text
(Lin & Zabrucky, 1998). Hence, the decision to regulate the learning process is
based mainly on ongoing evaluation and monitoring (Ackerman & Goldsmith,
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2008). One measure for evaluating monitoring of comprehension, which is the
focus of the current study, is calibration of comprehension. Thus, in the current
study, we asked readers to directly estimate their comprehension, and we then
compared these judgments with their actual comprehension performance.

Background Literature

Metacognition in L1 Reading Comprehension
Reading comprehension, or the ability of a reader to extract meaning from
written text, is a complex undertaking. The “simple view of reading” (Hoover &
Gough, 1990) suggested that reading comprehension is the product of decoding
ability and language comprehension (R = D × C). Indeed, in young readers,
the lower level skills of decoding and reading ability are highly predictive of
reading comprehension (Garcı́a & Cain, 2014; Kendeou, Van den Broek, White,
& Lynch, 2009; Perfetti & Hart, 2001; Vellutino, Tunmer, Jaccard, & Chen,
2007). However, the contribution of lower level skills to the comprehension of
adults and skilled readers is reduced (e.g., Landi, 2010; Tilstra, McMaster, Van
den Broek, Kendeou, & Rapp, 2009).

More complex, componential models describe reading comprehension as
recruiting additional skills, including cognitive and metacognitive abilities (as
in the RAND model: Johnston & Kirby, 2006; Snow, 2002). The construction-
integration model (Kintsch, 1988) and the landscape model (Van den Broek,
Young, Tzeng, & Linderholm, 1999; Yeari & Van den Broek, 2011) both
emphasize that readers engage in constructive processes to fully comprehend
texts. Such effortful meaning making is often triggered by metacognitive
monitoring processes, when a problem arises in the reader’s unfolding mental
model of the text.

The involvement of metacognitive processes in reading comprehension
has been supported in numerous studies. Metacognitive processes have been
found to distinguish skilled from less skilled comprehenders, and can enhance
students’ comprehension (Dunlosky & Rawson, 2012; Kasperski & Katzir,
2013; Langer, Bartolome, Vasquez, & Lucas, 1990; Zabrucky, Agler, & Moore,
2009). Comprehension strategies in general, and monitoring in particular, are
associated with an active process in which the reader attempts to construct a
coherent representation (Perfetti et al., 1996).

There is clear evidence of differences in comprehension monitoring
between poor and good comprehenders (Dunlosky & Lipko, 2007; Ehrlich,
Remond, & Tardieu, 1999; Glover, 1989; Lin, Moore, & Zabrucky, 2001;
Maki, Shields, Wheeler, & Zacchilli, 2005; Zabrucky et al., 2009). Garner
(1980), for instance, found that good adolescent comprehenders noticed an
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inconsistency in a passage whereas poor comprehenders did not. In other
words, poor comprehenders could not monitor their comprehension of the
passages they read. Nevertheless, Garner speculated that poor monitoring
could be either a cause or a result of poor comprehension.

Along similar lines, Maki, Jonas, and Kallod (1994) reported that better
and faster comprehenders assessed their comprehension performance more
accurately than did poorer comprehenders. Specifically, readers who are less
accurate in responding to comprehension questions tend to provide higher
confidence ratings, leading to an overestimation of their comprehension abili-
ties. Such patterns of performance have been documented in both children (e.g.,
Ehrlich et al., 1999) and adults (Glover, 1989; Klassen, 2007; Maki et al., 2005).
Several studies have specifically investigated college students and demonstrated
that they are relatively poor at accurately judging their comprehension (Baker,
1989; Dunlosky & Lipko, 2007; Lin et al., 2001; Thiede, Griffin, Wiley, &
Redford, 2009).

Metacognition in L2 Reading Comprehension
Most of the literature on reading comprehension in a L2 has investigated the
underlying skills that predict comprehension, focusing mainly on linguistic
and/or cognitive abilities such as word reading, vocabulary, and working mem-
ory (e.g., Lesaux, Koda, Siegel, & Shanahan, 2006). Thus, although models
of native language reading comprehension (e.g., Van den Broek et al., 1999)
should apply to non-native languages as well, few studies have directly in-
vestigated the importance of metacognition and comprehension monitoring in
reading comprehension in a L2 or L3.

These studies seem generally to support a positive contribution of metacog-
nition to reading comprehension in the L2 (mostly English). For example, two
studies have reported that metacognitive knowledge, measured by a question-
naire, made a significant contribution to reading comprehension for L1-Dutch
adolescents reading in English as a L2 (Van Gelderen et al., 2004) or a L3 (Van
Gelderen et al., 2003). In addition, Trapman, van Gelderen, van Schooten, and
Hulstijn (2017) reported that metacognitive knowledge was a significant pre-
dictor of reading comprehension in young low-achieving adolescents reading
Dutch as a L1 or as a L2. Studies of university students have also reported a sig-
nificant positive relationship between reading comprehension and self-reported
metacognitive strategy use in both the L1 and L2 (Sheorey & Mokhtari, 2001;
Taki, 2016).

Thus, these studies suggest that metacognition can contribute to reading
comprehension in both the L1 and L2, but the specific conditions for this and
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the nature of its contribution are still under debate. Importantly, hardly anything
is known about the contribution of metacognition to L3 reading comprehension.
Furthermore, most previous research focused mainly on offline self-reports of
strategy knowledge and examined use of general metacognitive skills and did
not specifically address the issue of comprehension monitoring. Thus, the first
goal of the current study was to directly examine comprehension monitoring
across the L1, L2, and L3 of trilingual adult university students, enabling
us to investigate whether previously identified links between monitoring and
comprehension are also attested across the languages of this understudied
population when using online measures of monitoring.

Comprehension Monitoring: Shared or Language-Specific?
The studies reviewed so far do not speak directly to the question of possible
transfer and sharing of comprehension monitoring skills and strategies across
the languages of multilinguals, because in most cases different participants
performed in the L1 and in the L2.

However, crosslinguistic transfer and sharing of metalinguistic skills in
the two languages of bilinguals is attested in various domains. Thus, a meta-
analysis showed that phonological awareness is correlated across the L1 and
L2 (Melby-Lervåg & Lervåg, 2011; see also Saiegh-Haddad & Geva, 2008;
Verhoeven, 2007). Other studies have found evidence for crosslinguistic transfer
of morphological awareness (e.g., Deacon, Wade-Woolley, & Kirby, 2007;
Pasquarella, Chen, Lam, Luo, & Ramirez, 2011; Ramirez, Chen, Geva, &
Kiefer, 2010). Durgunoğlu (2002) summarized a large body of research showing
cross-language associations in a variety of additional metalinguistic skills,
including functional awareness, decontextualized language use, and meaning-
making strategies (see also Chung, Chen, & Geva, 2019). To the extent that
metacognitive abilities, and specifically comprehension monitoring, can be
conceptualized as similar to such metalinguistic skills, it would stand to reason
that multilinguals would be able to utilize such abilities across the languages
they use.

According to this view, metacognitive skills are seen as a general abil-
ity, even though they may initially develop through literacy acquisition and
practice mostly in the L1. Thus, we would expect individuals to benefit from
applying metacognitive skills to reading comprehension to a similar degree in
the different languages they read. Several studies support this possibility. For
example, Jiménez, Garcı́a, and Pearson (1996) showed evidence of transfer of
some metacognitive strategies (evaluating, monitoring, rereading, and ques-
tioning) from one language to another in Spanish–English bilingual sixth- and

5 Language Learning 00:0, xxxx 2020, pp. 1–37



Silawi et al. Monitoring of Reading Comprehension in L1, L2, and L3

seventh-grade students. Similarly, Langer et al. (1990) examined fifth-grade
Spanish–English bilinguals and found that some students used good meaning-
making strategies in both English and Spanish, regardless of their different
proficiency in the two languages. In addition, students who showed poor use of
meaning-making strategies in their less proficient language showed limited use
in their proficient language as well. A study with Chinese learners of English
as a foreign language also reported a moderate positive relationship between
L1 and foreign language comprehension monitoring (Han, 2013). Lin and Yu
(2015), used a think-aloud methodology, and found that the use of metacognitive
strategies was shared between the two languages of the participants (English L2
and Chinese L1), thus supporting the domain general view of shared high-level
cognitive processes.

However, there are theoretical and empirical reasons to hypothesize that
metacognitive abilities might not apply to the same degree to all the lan-
guages of multilinguals. Specifically, comprehension monitoring is considered
a higher order skill within reading comprehension, and according to models
of reading comprehension (Grabe & Stoller, 2013; Perfetti, Landi, & Oakhill,
2005), higher order skills can only be brought to bear on comprehension when
lower level lexical skills (decoding and vocabulary knowledge) have reached
a threshold of efficiency. Accordingly, the ability of readers to make use of
metacognitive skills and monitoring in reading comprehension might be re-
duced in their less proficient languages (see also Cummins, 1976).

This theoretical explanation is supported by several empirical studies. Tsai,
Ernst, and Talley (2010), in their study of Chinese undergraduates learning
English as a foreign language, found evidence for cross-language transfer of
reading strategies among highly proficient readers, who appeared to use similar
reading strategies in the L1 and L2. However, less skilled readers used different
strategies in L1 and L2 reading, suggesting that the use of these skills might
be dependent on language proficiency. Along similar lines, Han and Stevenson
(2008) reported that Chinese university students learning English as a foreign
language performed significantly better in comprehension monitoring in L1
reading than in L2 reading.

Finally, one study also showed differences in metacognitive performance
across the languages of bilinguals, but in the opposite direction, that is, more
accurate judgments of their own comprehension in the L2 than in the L1. Sarac
and Tarhan (2009) examined comprehension monitoring in the L2 (English)
of Turkish undergraduates and found that students were more accurate in eval-
uating their performance on a comprehension test in the L2 compared to one
in the L1. The researchers explained this counterintuitive finding by claiming
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that a L2 is usually learned with conscious effort, and that readers are therefore
more aware of the processes in their L2 than in their L1 and are able to evaluate
their performance more accurately.

In the current study, we therefore measured trilingual participants’ com-
prehension monitoring across the languages they used, allowing us to directly
test whether such monitoring is shared or language-dependent. In addition,
the study also included a nonlinguistic task, and we measured participants’
monitoring of performance on this task. This allowed us to examine whether
individual differences in monitoring were correlated across the nonlinguis-
tic task and the reading comprehension tasks. Such a finding would support
the claim that the metacognitive skill of performance monitoring generalizes
across language and nonlinguistic performance, suggesting that it is of a wide
domain-general nature.

Measuring Comprehension Monitoring
Monitoring of reading comprehension has been investigated in different man-
ners across studies. Some have investigated it indirectly by presenting inconsis-
tent information in the text (e.g., Block, 1992; Kroll & Ford, 1992; Zabrucky &
Commander, 1993), and others directly by asking individuals to evaluate their
comprehension after reading a text (Kasperski & Katzir, 2013; Lin et al., 2001;
Lin & Zabrucky, 1998; Maki et al., 1994; Sarac & Tarhan, 2009).

The term calibration is widely used in the field of self-regulated learning
(Ackerman & Goldsmith, 2008, 2011; Thiede, Anderson, & Therriault, 2003).
Pieschl (2009) defined calibration as the accuracy of learners’ perceptions of
their own performance, that is, the ability to accurately evaluate comprehension
(see also Alexander, 2013; Glenberg, Sanocki, Epstein, & Morris, 1987). In
order to calculate calibration accuracy, researchers ask participants to provide
confidence judgments, in which they subjectively rate their confidence regard-
ing their comprehension (Ackerman & Goldsmith, 2011; Kasperski & Katzir,
2013; Lin & Yu, 2015; Pressley & Ghatala, 1988; Zabrucky et al., 2009).
Calibration accuracy is then calculated in terms of the discrepancy between
actual performance and confidence judgments, which is termed calibration
bias.

There is much diversity in the literature concerning calibration as a measure
of monitoring in the domain of reading comprehension, which can be summed
up in three orthogonal dimensions:

� the variable being monitored: text comprehension, test performance, text
features (i.e., text difficulty), or others;
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� timing of confidence rating: prediction or postdiction (Lin et al., 2001; Lin
& Zabrucky, 1998; Pieschl, 2009; also called posttest: see Maki, 1998); and

� the statistical measure used to quantify monitoring.

To illustrate such variability, Zabrucky et al. (2009), for example, focused
on text comprehension and test performance as the monitored variables. Thus,
they asked students to evaluate their comprehension of the text after reading it,
and then to estimate their performance on a comprehension test. In contrast, Lin
et al. (2001) asked participants to provide their subjective judgment of text ease
after reading the text, and then compared these judgments with comprehension
test performance.

Confidence judgment timing is also important. Thus, in prediction judg-
ments participants are required to estimate expected test performance prior to
exposure to the test, whereas in postdiction judgments participants are required
to evaluate their performance on a comprehension test after taking it (Acker-
man & Goldsmith, 2011; Lin et al., 2001; Sarac & Tarhan, 2009; Thiede et al.,
2003). In general, postdictions are more accurate than predictions (Pieschl,
2009), due to additional information that is available to the participants about
the nature of the test.

Finally, different statistical measures have been used across studies to quan-
tify monitoring. Dunlosky and Thiede (2013) distinguished between measures
of absolute accuracy and measures of relative accuracy. Calibration bias is an
absolute measure of monitoring accuracy. Theoretically, it addresses the dis-
crepancy between the perception of comprehension or performance and the
actual accuracy on the test. Positive calibration bias reflects overconfidence and
negative calibration bias reflects underconfidence (Ackerman & Goldsmith,
2011). In the current study, we were less interested in the distinction between
overconfidence and underconfidence, and chose to focus on the magnitude of
the discrepancy between confidence and performance. Therefore, we used the
absolute value of the difference scores. Resolution is a relative measure of mon-
itoring accuracy and captures the degree to which confidence judgments reflect
differences in performance across test items. The gamma coefficient is an as-
sociation measure that assesses the accuracy of discrimination independently
of individuals’ response bias (Ackerman & Goldsmith, 2008, 2011; Masson &
Rotello, 2009; Sarac & Tarhan, 2009; Zabrucky et al., 2009). Readers show
high resolution if they rate their confidence as higher when their answers are in-
deed correct but rate their confidence as lower when their answers are incorrect
(Baker & Brown, 1984).
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Despite statistical differences between the absolute and relative measures
of monitoring, some studies have found them to be correlated with one another
within individuals (Hadwin & Webster, 2013). However, others emphasize that
calibration bias and resolution tap into distinct aspects of monitoring and so do
not necessarily correlate (Griffin, Wiley, & Salas, 2013; Wiley et al., 2016).

Given this variability in the literature, in the present study we chose to in-
clude measures of both absolute and relative accuracy (as advocated by Hadwin
& Webster, 2013). We selected the following parameters:

� Confidence ratings were collected for both text comprehension and test
performance.

� Confidence ratings were collected according to both prediction and postdic-
tion paradigms.

� Calibration bias and resolution were the numerical measures derived from
the confidence ratings.

The Current Study

As the studies reviewed above demonstrate, the role of monitoring in reading
comprehension has received a fair amount of research interest. However, there
are still several open issues. We addressed two of these in the current study,
investigating university students in Israel across the three languages they used:
Arabic, Hebrew, and English. Our specific research questions were as follows:

1. How is monitoring related to reading comprehension across the L1, L2,
and L3? Specifically, to what extent is low comprehension associated with
greater calibration bias and lower resolution in the nonnative languages of
adults, as has been demonstrated for L1 reading comprehension?

2. Is the monitoring accuracy of reading comprehension shared across the
languages of trilinguals and across a nonlinguistic domain, or rather, is
comprehension monitoring linked to language proficiency, such that it is
more accurate in languages in which there is higher proficiency?

Method

Participants
The study included 80 undergraduates from the University of Haifa: 74 females
and six males (mean age 21.5, range 19–33). Forty of them were in their
first year at the university, and 40 were in their third year.1 All participants
were native Arabic speakers born in Israel and were living in Arabic-speaking
communities. For all participants, schooling in elementary and high school had
been conducted in their native and dominant language, Arabic. Hebrew, which is
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the majority language in Israel, had been studied as a second language in school
beginning in the third grade; it is also often encountered in the environment and
the media. English had been studied as an additional, foreign language, from
the fourth grade. At the time of testing, participants were enrolled students
at the University of Haifa, where the language of instruction is Hebrew and
where course readings are in either Hebrew or English. None of the participants
had experienced living in a country other than Israel, and none of them had
a history of a learning disability, an attention deficit disorder, or a hearing
or vision impairment. All participants were recruited through advertisements,
gave informed consent, and were compensated by course credits or payment.
The study was approved by the University of Haifa Institutional ethics Review
Board (IRB).

Materials
Language Proficiency
We used one subjective and one objective measure of proficiency.

Language experience and proficiency questionnaire. For the subjective
measure, we used a Hebrew translation (Prior & Beznos, 2009) of the Language
Experience and Proficiency Questionnaire (LEAP-Q; Marian, Blumenfeld, &
Kaushanskaya, 20072). The questionnaire included questions regarding par-
ticipants’ history and context of acquiring the languages they knew and their
present language use. Participants rated on a 10-point scale their proficiency
in speaking, listening, reading, and writing each of the languages (Arabic, He-
brew, and English), and we averaged these ratings to arrive at a single self-rated
proficiency score for each language.

Multilingual naming test. For the objective measure of proficiency, we
used the Multilingual Naming Test (MINT; Gollan, Weissberger, Runnqvist,
Montoya, & Cera, 2012), a picture-naming task developed for English and
Hebrew (as well as Spanish and Mandarin). For the current study, the test was
also translated into Arabic and piloted. Participants completed the MINT in
Arabic, Hebrew, and English (split-half reliability in the current sample was
.549 for Arabic,3 .930 for Hebrew, and .934 for English). Sixty-seven pictures
of different objects were presented to the participants, in order of increasing
difficulty (see the list of items in Appendix S1 in the Supporting Information
online or at https://osf.io/emaz3/). Participants had to name each one of the
objects orally. If a participant could not name a specific picture, it was counted
as an error and the tester proceeded to the next item. The final score on this
task was the number of correctly named pictures in each language.
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Reading Comprehension Task
Participants read three expository texts in each language from a computer
screen, with each text being followed by five four-option multiple-choice ques-
tions (Cronbach’s alpha was .459 for Arabic, .668 for Hebrew, and .599 for
English). Texts and questions were adapted from preparation guides for a uni-
versity entry exam and were on a variety of topics (listed below). We identified
20 texts (seven in Arabic, six in Hebrew, and seven in English) as an initial text
pool, and each text was read by 28 pilot undergraduates (who did not partici-
pate in the main study). Based on the pilot data, we selected three texts in each
language, aiming for a medium level of accuracy, roughly equated across the
three languages. Mean accuracy scores on the texts were 59% for Arabic, 64%
for Hebrew, and 53% for English. We used a one-way ANOVA to test for differ-
ences between scores on the texts, followed by Tukey HSD posthoc tests which
were all ns, p > .136 (for standard deviations, test statistics, and exact p values,
see Appendix S2 in the Supporting Information online). Difficulty levels were
equated across languages because monitoring accuracy and calibration have
been linked to absolute performance levels (Garner, 1980; Maki et al., 1994;
Pressley & Ghatala, 1988). Thus, given the language profile of our participants,
the texts in Arabic (L1) were objectively the most complex, in terms of length,
the inclusion of less-frequent vocabulary words, and syntactic complexity (as
evaluated by the research team), followed by the texts in Hebrew (L2); finally,
the texts in English (L3) were objectively the least complex. The average length
of the chosen texts was 486 words in Arabic, 408 words in Hebrew, and 296
words in English.

The topics of the L1 texts were sign language, human behavior, and the
plaintiff and defendant parties of the judiciary; those of the L2 texts were genetic
engineering, episodic memory, and game theory in politics; and those of the L3
texts were extraversion–introversion, chemical compounds, and a tale of two
revolutions (all texts are available in Appendix S3 in the Supporting Information
online and also at https://osf.io/emaz3/). Participants’ prior knowledge of these
topics was not directly examined. However, the text topics relate to general
knowledge, and topics in all three languages were deemed by the research
team to be of similar familiarity. Each text was followed by five four-option
multiple-choice questions that participants were required to answer, testing
different levels of comprehension such as inference, summarizing, and recall of
details (see questions and correct answers at https://osf.io/emaz3/). Within each
language, the three texts were presented in a random order to each participant.
Further, following each text, the order of the questions and the answers was also
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randomly determined for each participant. Question order was randomized to
control for order effects in the confidence judgments.

Comprehension Monitoring Task
We obtained both prediction and postdiction confidence judgments from the
participants.

Prediction confidence judgments. After reading each text, but before seeing
any of the questions, participants were asked, “How accurate do you think you
will be when responding to comprehension questions regarding the text you
have just read?” They rated their confidence using a continuous analog scale
between 25% and 100% (Ackerman & Goldsmith, 2011).

Postdiction confidence judgments. Following each multiple-choice ques-
tion, participants were asked, “How confident are you that you selected the
correct answer?” They again rated their confidence on a continuous scale be-
tween 25% and 100%.

Monitoring of a Nonlinguistic Task
Raven’s standard progressive matrices test (Raven, 1938) is commonly used to
measure nonverbal intelligence (the odd–even split-half reliability is .96). Fif-
teen matrices were chosen from the original test and presented to participants
item by item. Each item included a matrix of geometric figures with one piece
missing, and participants were asked to choose the correct missing piece to
complete the pattern from a set of eight answer choices. For illustration pur-
poses, the participants were presented first with an example (see Appendix S4
in the Supporting Information online). Questions and answers were completed
nonverbally. The items were presented in an increasing level of difficulty, on
a computer screen. For this task, only postdiction confidence judgments were
collected. Thus, participants were asked to rate their confidence regarding each
item from the Raven test, by answering the question “How confident are you that
you selected the correct answer?” The ratings were recorded on a continuous
scale between 12.5% and 100%.

Procedure
Each participant completed three separate sessions, with an interval of 2–7 days
between sessions. Only one language was tested in each session, randomly or-
dered across participants. Each session lasted up to 60 minutes and took place
individually in a quiet room at a research laboratory at the university. Partici-
pants completed the LEAP-Q questionnaire online before the first session. At
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the beginning of the first session, each participant gave informed consent, and
completed the Raven test (including confidence judgments).

Next, in each session, three texts in the relevant language were presented on
a computer monitor. Participants were first asked to read each text for compre-
hension at their own pace for an unlimited time, and to estimate their compre-
hension of the text. The text was then followed by five comprehension questions,
each presented on a separate screen. Participants were able to return to the text
from the question screens as many times as they wished. After selecting their
response, participants rated their confidence in their answer, and proceeded
to the next question. Once a response was selected and a confidence rating
was entered, they could not be returned to or changed. Participants were given
unlimited time for answering the questions and estimating their confidence.
All performance was self-paced, and participants controlled the presentation of
the subsequent texts and questions. The following data were recorded during
the reading comprehension task: accuracy of responses to the questions and
participants’ confidence judgments (per text and per question).4 Presentation
and response collection were controlled by E-Prime (PST, www.pstnet.com;
Schneider, Eschman, & Zuccolotto, 2002; version 3.0).

In addition, in each session, the MINT test was administered after the
reading comprehension task, according to the language for that session.

Results

An initial examination of results demonstrated that seven participants showed
comprehension performance at less than chance level in at least one of the
languages (average accuracy below 30% across the three texts). These partic-
ipants were excluded from all analyses, so that the final sample included 73
participants.

As expected from their language background, participants were highly pro-
ficient in Arabic, were less so in their L2 Hebrew, and generally showed the
lowest proficiency in English, their L3, both in self-rated proficiency and in the
MINT score (see Table 1).

Computing Monitoring Measures
We calculated calibration bias score in prediction by subtracting the average
performance for each text from the predicted score for the same text. We
computed calibration bias at postdiction by calculating the absolute discrepancy
between the average performance for each text and the average estimated scores
of all questions for that text. Prediction and postdiction judgments were highly
correlated in all three languages (for Arabic r = .904; for Hebrew r = .909;
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Table 1 Descriptive statistics for the study variables in the three languages and in the
nonverbal task (the Raven test)

Note. Values of p indicate significant differences in means between all groups on the
group level in a repeated measures ANOVA test. LEAP-Q = Language Experience and
Proficiency Questionnaire; L1 = first language (here, Arabic); L2 = second language
(here, Hebrew); L3 = third language (here, English); MINT = Multilingual Naming
Test.
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for English r = .884, all ps < .001), so all further analyses focus only on the
postdiction judgments. Because of our interest in monitoring accuracy, we used
the absolute difference between confidence and comprehension.

In addition, we calculated a resolution score for each participant across all
three texts in each language, using the Goodman–Kruskal gamma correlation
of the concordance between the confidence judgment of each comprehension
item and its accuracy. The results for the monitoring measures are shown in
Table 1.

Monitoring and Comprehension in the L1, L2, and L3
To answer our first research question, we examined whether more accurate
calibration and higher resolution were linked with improved comprehension
across all three languages. Thus, we analyzed comprehension performance
using a linear mixed-effects model (Model 1; Baayen, Davidson, & Bates,
2008) in R (R Core Team, 2018), with the lme4 library (version 1.1-7; Bates,
Maechler, Bolker, & Walker, 2015). We created plots using the ggplot2 package
(version 2.3.00; Wickham, 2016).

The dependent variable was the percentage of correct responses per text.
The model included the following fixed effects:

� language (Arabic, Hebrew, English), which was a categorical variable, with
Arabic set as the reference, and was deviation coded;

� absolute values of calibration bias (a continuous variable);
� resolution (continuous);
� language proficiency measured by the MINT5 (continuous); and
� text length (continuous).

We included text length as a control variable in the model, because readers
tend to show better comprehension of shorter than of longer texts (Commander
& Stanwyck, 1997). Continuous variables were log transformed to normalize
the distribution.

The model also included the interaction between language and calibration
bias, and the interaction between language and proficiency. The model included
a maximal random effect structure (Barr, Levy, Scheepers, & Tily, 2013), with
random intercepts by participants and by items (thus controlling for unmeasured
sources of heterogeneity between texts), and random slopes for language by
participant. We assessed significance based on the Satterthwaite approximations
of degrees of freedom in the lmerTest function, as described by Luke (2017),
to produce acceptable Type 1 error rates (see full model in Table 2).
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Table 2 Fixed and random effects for Model 1, predicting comprehension accuracy

Fixed effects β SE t p

Language 121.561 15.586 7.799 <.001
Proficiency 0.165 0.153 1.079 0.281
Calibration bias −0.755 0.042 −17.883 <.001
Resolution −1.925 1.793 −0.677 0.498
Text length −0.105 0.033 −3.152 0.025
Language × calibration bias

Hebrew vs. Arabic 0.065 0.096 0.673 0.501
English vs. Arabic 0.368 0.099 3.726 <.001

Language × proficiency
Hebrew vs. Arabic 0.955 0.427 2.233 0.026
English vs. Arabic 1.178 0.430 2.735 0.006

Random effects Variance σ 2

Subjects 58.33
Items 33.76
Slope:

a
language Hebrew 21.16

Slope:
a

language English 43.80
Residual 240.89

Note. Interactions are presented by the different levels of the categorical variable “lan-
guage,” which were dummy coded to probe the interaction, such that each level is
presented in relation to Arabic (the reference level).
aRandom slope adjustments for language across subjects.

The effect of language was significant (β = 121.561, SE = 15.586, t =
7.799, p < .001), demonstrating higher comprehension scores in Hebrew than
in English and Arabic (see Table 1). The main effect of proficiency, as indicated
by vocabulary knowledge, was not significant (β = 0.165, SE = 0.153, t =
1.079, p = .281), so that, on the level of individual differences, no association
was found between comprehension performance and language proficiency (but
this was modulated by a two-way interaction with language; see below). The
effect of text length was significant (β = −0.105, SE = 0.033, t = −3.152, p =
.025), indicating that longer texts seemed to be broadly associated with poorer
comprehension performance, within each language. Importantly, calibration
bias contributed significantly to comprehension (β = −0.755, SE = 0.042,
t = −17.883, p < .001); specifically, smaller bias was associated with higher
comprehension scores. On the other hand, the main effect of resolution was not
significant (β = −1.925, SE = 1.793, t = −0.677, p = .498).
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Figure 1 The relation between calibration bias and comprehension accuracy by lan-
guage (Model 1).

We also found a significant interaction between calibration bias and lan-
guage (F = 7.348, p < .001). Follow-up contrasts demonstrate that the as-
sociation between comprehension and monitoring was weaker (though still
significant) in English than in Arabic and Hebrew, which did not differ from
each other (see Table 2 and Figure 1). Finally, we found a significant inter-
action between language and proficiency (F = 3.847, p = .023; see Table 2
and Figure 2). In the follow-up analyses, we computed a regression model for
predicting comprehension accuracy by language proficiency for each language
separately. The models indicated that in Hebrew and English, language profi-
ciency predicted comprehension accuracy significantly (p < .001 for both),
whereas in Arabic, language proficiency did not contribute to the model
(p = .132).

To summarize, we found different levels of comprehension accuracy in the
three languages, in which the highest scores were found in Hebrew. Although
texts were selected in accordance with participants’ proficiency profiles (i.e.,
texts in Arabic were objectively more difficult than texts in Hebrew, which
in turn were objectively more difficult than texts in English), this is still a
surprising finding, given that Hebrew was the participants’ L2, a point to
which we return in the discussion section. Further, although an association
was found in Hebrew and English between comprehension and proficiency, no
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Figure 2 The relation between language proficiency and comprehension accuracy by
language (Model 1).

such association was found in Arabic, which we attribute to the low reliability
of the proficiency measure (the MINT vocabulary test) in Arabic (see Note
3) and a likely ceiling effect on the Arabic version of the test given that this
was the participants’ L1 (note that participants scored an average of 58.4 out
of 67 with a relatively low standard error suggesting that there may have
been low variance). Critically, accurate monitoring was associated with higher
comprehension accuracy across all three languages. Finally, the association
between monitoring and comprehension was attenuated in the L3, participants’
least proficient language.

Is Comprehension Monitoring Shared or Language-Specific?
To investigate the second research question, we first analyzed monitoring ac-
curacy using a linear mixed-effects model (Model 2). The dependent variable
was calibration bias. The model included the following fixed effects: language
(Arabic, Hebrew, English), which was a categorical variable, with Arabic set as
the reference, and was deviation coded; language proficiency measured by the
MINT (a continuous variable), which was log transformed to normalize the dis-
tribution; and text length (a continuous variable). The model also included the
interaction between language and proficiency. Subject and item were included
in the model as random effects (see Table 3).
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Table 3 Fixed and random effects for Model 2, predicting calibration bias

Fixed effects β SE t P

Language 4.069 33.939 0.120 0.905
Proficiency 0.382 18.411 0.021 0.983
Text length 0.036 0.026 1.347 0.236
Language × proficiency

Hebrew vs. Arabic −56.421 54.247 −1.040 0.299
English vs. Arabic −46.300 54.085 −0.856 0.392

Random effects Variance σ 2

Subjects 15.18
Items 20.54
Residual 241.76

Note. Interactions are presented by the different levels of the categorical variable “lan-
guage," which were dummy coded to probe the interaction, such that each level is
presented in relation to Arabic (the reference level).

The model yielded no significant effects or interactions. Calibration ac-
curacy was equivalent across the three languages (β = 4.069, SE = 33.939,
t = −0.120, p = .905). Text length also was not a significant predictor of
calibration (β = 0.036, SE = 0.026, t = 1.347, p = .236). Further, we did not
find an association between objective proficiency in the language (measured by
the MINT) and calibration accuracy in that language (F = 0.786, p = .456).
These findings suggest that comprehension monitoring is not associated with
proficiency. Monitoring accuracy was not lower in general in participants’ least
proficient language as a group, nor was lower proficiency in a given language
at the individual level associated with less accurate monitoring.

Next, we wished to address the question of whether a given trilingual in-
dividual showed similar tendencies in monitoring accuracy across the three
languages and the nonlinguistic task. To this end, we calculated Pearson cor-
relations in postdiction calibration bias and resolution across languages (see
Tables 4 and 5). Results demonstrated that calibration bias was positively and
significantly correlated between Arabic and Hebrew (r = .478, p < .001), and
between Hebrew and English (r = .347, p = .003), but not between Arabic
and English (r = .144, p = .226). Alpha levels were corrected using the Holm
Bonferroni correction with a corrected level of 0.025 as each set of language
data was used in two comparisons. For this measure, we also correlated calibra-
tion bias in the reading comprehension task with bias in the nonlinguistic task
and found significant correlations for Arabic (r = .392, p = .001) and Hebrew
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Table 4 Correlations across languages and the nonlinguistic task (the Raven test) for
calibration bias

Hebrew English Raven

r p r p r p

Arabic .478 < .001 .144 .226 .392 .001
Hebrew .347 .003 .353 .002
English .225 .071

Table 5 Correlations across languages and the nonlinguistic task (the Raven test) for
resolution

Hebrew English Raven

r p r p r p

Arabic .021 .861 .173 .152 −.081 .492
Hebrew .003 .980 .018 .940
English .099 .461

(r = .353, p = .002), but not for English (r = .225, p = .071). These results
demonstrate medium-strength correlations among bias in Arabic, Hebrew, and
the nonlinguistic task, which indicates that participants who tended to show
accurate monitoring in L1 Arabic also tended to show more accurate monitor-
ing in L2 Hebrew and in the nonlinguistic task. However, monitoring accuracy
of L3 English reading comprehension was mostly unassociated with the other
tasks, with the exception of a medium-sized correlation with monitoring in the
L2.

In contrast, there were no significant correlations for resolution across the
different languages of the participants, or with the nonlinguistic task (all ps >

.15; see Table 5).

Discussion

The present study investigated comprehension monitoring in trilingual under-
graduate speakers of Arabic, Hebrew, and English, and focused on two main
questions. First, we asked whether monitoring (measured by calibration) is re-
lated to reading comprehension in the L1, L2, and L3. Our results demonstrate a
consistent relationship between monitoring and comprehension across all three
languages, extending previous findings of the importance of metacognition in
reading comprehension in a L1 to nonnative languages as well. Second, we
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asked whether comprehension monitoring is shared across languages and can
be used similarly by individual readers across the different languages they read
or whether it is linked to language proficiency, such that readers will exhibit
more accurate monitoring in more proficient languages. The results lend some
support to both possibilities: Monitoring seemed to be utilized similarly by
individuals to support comprehension across the L1 and L2, but was less well
generalized to the L3.

Monitoring and Reading Comprehension Across the L1, L2, and L3
Across all three languages examined in the current study, better reading compre-
hension was related to low calibration bias, that is, more accurate monitoring.
Good monitoring may have been the reason why individuals were more accurate
on the comprehension test or, vice versa, accurate performance and devoting
more resources to the text may have helped individuals to be more aware of
their cognitive processes. Thus, the present finding of an association does not
allow us to determine the direction of influence, and it is most likely that
relations between comprehension and monitoring are reciprocal (Boulware-
Gooden, Carreker, Thornhill, & Joshi, 2007; Maki, Foley, Kajer, Thompson,
& Willert, 1990). Notably, the current pattern of association between reading
comprehension and monitoring replicates findings from several previous stud-
ies examining readers’ performance in their native language or L1 (Kasperski
& Katzir, 2013; Langer et al., 1990; Zabrucky et al., 2009), and extends them
to the L2 and L3. This finding supports the generality of componential models
of reading comprehension such as the RAND model and the landscape model
(Van den Broek et al., 1999), which describe the importance of metacognition
in supporting reading comprehension, and show that they apply to L2 and L3
reading as well.

Moreover, the current study used online measures of monitoring, unlike
most previous L2 studies, which focused on strategy knowledge, mainly through
questionnaires, think-aloud tasks, or interviews (Lin & Yu, 2015; Sheorey
& Mokhtari, 2001; Trapman et al., 2017; Tsai et al., 2010; Van Gelderen
et al., 2004). The current findings, therefore, extend these previously identified
patterns to encompass processing measures of monitoring as well. This finding
further generalizes the importance of monitoring in reading comprehension not
only in the L1, but in the different languages that individuals use, and suggests
the relevance of developing learning and intervention programs concerning
monitoring in reading comprehension.

Interestingly, the link between monitoring and comprehension was some-
what weaker in the L3, participants’ least proficient language, than in the L1 and
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L2. This finding can most readily be explained by the claim that monitoring, as
a higher order skill, might be easily available to readers who have mastered the
lower level skills required for reading comprehension, such as decoding and
vocabulary (Grabe & Stoller, 2013; Perfetti et al., 2005). Previous studies have
reported that the transfer of reading comprehension strategies and monitoring
might be limited by language proficiency (Han & Stevenson, 2008; Schoonen,
Hulstijn, & Bossers, 1998; Tsai et al., 2010), a notion that also aligns well
the ideas of linguistic interdependence and proficiency thresholds (Cummins,
1976). Importantly, because the current study investigated trilinguals, it allows
us to conclude that multilinguals can use higher order skills in a nonnative
language (as evident in their L2 performance), but that they might be utilized
more easily beyond a specific level of proficiency.

Surprisingly, the analysis showed lower comprehension performance in
Arabic, the L1, than in Hebrew and English. Importantly, text difficulty was
not matched across languages, but rather in a pretest we selected texts that led
to similar levels of comprehension performance across the three languages.
Equating levels of comprehension across language was important, because
previous research has demonstrated that monitoring accuracy and calibration
can vary based on task difficulty (e.g., Maki et al., 1994). To achieve this,
we intended the Arabic texts to be objectively the most difficult, the Hebrew
texts to be less difficult, and the English texts to be the easiest (in line with
participants’ language profile). We relied on pretest data to ascertain text com-
prehension difficulty because there are currently no objective methods of as-
sessing text complexity that can be used across all three languages (such as
the Flesch–Kincaid readability tests https://stars.library.ucf.edu/istlibrary/56 or
Lexile scores https://lexile.com/). We hypothesize that although the pretest data
were collected from participants belonging to the same population as those par-
ticipating in the main study, unexpected differences in prior knowledge of the
text topics might have led to the discrepancy in results between these two
groups of participants. Crucially, however, our research question did not focus
on comprehension levels per se, but rather on the relation between monitoring
and comprehension.

Is Monitoring Domain-General?
The second research question addressed in the current study was whether
monitoring of comprehension is best conceptualized as a general skill that
can be shared across languages within an individual, similar to other met-
alinguistic abilities (Durgunoğlu, 2002; Melby-Lervåg & Lervåg, 2011), or
whether it might be better understood in the framework of language proficiency
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(Cummins, 1976; Perfetti et al., 2005). The current results mostly support the
notion of domain-general monitoring abilities, in that we did not find statisti-
cally significant differences between participants’ monitoring accuracy in the
three languages they used. Further, in the current study calibration bias was
not associated with proficiency in the language. These findings therefore could
suggest that monitoring in reading comprehension was not strongly influenced
by an individual’s proficiency in the language tested (though see below for a
more nuanced interpretation).

However, it is important to qualify this statement, because the participants
tested in the current study were university undergraduates who had achieved
at least moderate proficiency in both of their nonnative languages and were
using them on a daily basis at the time of testing. Thus, it is possible that there
is a threshold proficiency that allows the transfer of monitoring to nonnative
languages (e.g., Schoonen et al., 1998) and that the current participants had
already surpassed that threshold in all three languages. Future studies recruiting
participants with a wider range of proficiency in their foreign languages could
directly test this possibility.

To further understand the extent to which monitoring accuracy is domain-
general, we also conducted correlation analyses. The results mostly demon-
strated significant positive correlations in individual participants’ calibration
bias: Participants who were well calibrated in the L1 also tended to be better
calibrated in the L2, and L2 calibration was linked with L3 calibration. This pat-
tern of results is predicted by the domain-general approach (Chung et al., 2019;
Geva & Ryan, 1993), which claims that metacognitive skills, once acquired,
can be applied by readers in their various languages. Some previous research
on metacognition in reading comprehension across the languages of bilinguals
has also reported cross-language similarities, albeit using questionnaire and
self-report instruments (Han, 2013; Jiménez et al., 1996; Langer et al., 1990).

This domain-general interpretation was further supported by the finding that
calibration bias in L1 and L2 reading comprehension was also significantly and
positively correlated with calibration bias in the nonlinguistic task (the Raven
test). This leads to a conceptualization of monitoring ability, as expressed
through calibration bias, as a domain-general skill that can be applied by
individuals to linguistic and nonlinguistic domains in a similar manner (for a
similar conceptualization, see Stankov, Kleitman, & Jackson, 2015).

However, these conclusions must be somewhat qualified by two other facets
of the current results. First, monitoring accuracy in English, the L3, was not
associated with monitoring accuracy in either Arabic or the nonlinguistic task
(although it was moderately associated with monitoring accuracy in Hebrew,
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the L2). One explanation might be that trilinguals approach reading in their L3,
which is a foreign language, somewhat differently from reading in their two
more proficient languages, which they use for everyday communication. Thus,
perhaps due to the subjective and objective typological distance and differences
in the domains of use between the languages, individuals might apply different
types and amounts of reading strategies and monitoring behaviors, leading to
lower correlations of L3 monitoring with the other tasks. Alternatively, partic-
ipants’ lower proficiency in their L3 (relative to their L1 and L2) might have
limited the ability of some participants to fully transfer their comprehension
monitoring from their L1. This explanation aligns well with our other finding
of weaker links between monitoring and comprehension in the L3 relative to
in the L1 and in the L2. Here as well, future studies investigating participants
with a wider range of foreign language proficiency could further inform our
understanding of this issue.

Second, although we did find significant positive correlations in monitoring
ability across tasks, these were only moderately sized, accounting for less than
half of the variability in performance. This suggests that there are most prob-
ably a number of underlying competencies or skills that contribute to accurate
monitoring, which might be engaged to different degrees by individuals across
tasks and languages. More research is needed to further elucidate the underly-
ing competencies that contribute to accurate calibration. One promising avenue
of research could be an investigation of what confidence judgments are based
on, along the lines of research by Dinsmore and Parkinson (2013). That study
identified various sources for confidence ratings, including reader characteris-
tics such as prior knowledge and task characteristics of the texts and question
items, and found that readers vary in the sources they recruit for confidence
ratings. Future research could usefully compare the sources that multilingual
readers rely on for confidence judgments in the different languages they speak.

Absolute and Relative Measures of Monitoring
The current study included both a measure of absolute accuracy of monitoring
(calibration bias) and a measure of relative accuracy of monitoring (resolu-
tion). Whereas calibration bias was significantly linked with comprehension in
all three languages, resolution accuracy was not linked to comprehension. In
addition, calibration bias was significantly correlated across the L1, the L2, and
the nonlinguistic task, whereas resolution showed no significant cross-language
or cross-task associations.

A possible explanation for this finding is linked to the psychometric charac-
teristics of the resolution measure used in the current study, namely, the gamma

Language Learning 00:0, xxxx 2020, pp. 1–37 24



Silawi et al. Monitoring of Reading Comprehension in L1, L2, and L3

rank correlation coefficient. Gamma does not capture differences in magnitude
of variations in confidence judgments versus performance accuracy, because it
relies only on rank ordering of ordinal variables (Wiley et al., 2016). In cases
where it is possible, Pearson intraindividual correlations have been suggested
to better capture relative monitoring accuracy (resolution), but the design of
the current study, with only three texts per language, did not allow us to use
this measure (Wiley et al., 2016). Moreover, in the current study the compu-
tation of gamma was based on only 15 items, which might not have been a
large enough sample, as the gamma coefficient becomes less reliable and less
sensitive when based on a small number of items (Spellman, Bloomfield, &
Bjork, 2008). Thus, we believe that the measure of relative monitoring accu-
racy in the current study was not of the necessary quality and stability to allow
for meaningful conclusions. Future studies should adopt designs that allow for
better measurement of this important construct.

Limitations and Future Directions

One limitation of the current study is that we did not directly assess prior knowl-
edge of the different text topics, which might have influenced comprehension
performance. This might be one reason for the unexpected lower comprehen-
sion performance in Arabic, the L1, than in Hebrew and English. Another
possible explanation for the low comprehension performance in Arabic is that
we did not assess objective text complexity and compare it across languages,
because there are currently no such objective measures that could be used
across all three languages. Instead, different approaches were adopted to con-
trol for this limitation. First, we determined text complexity based on accuracy
of performance in a pilot, and on that basis selected target texts at the same
level of difficulty. Second, in the mixed-model analyses, texts were used as a
random effect in order to control for the variability in difficulty within and
between languages. Future studies, when possible, should use objective mea-
sures to assess text complexity, such as the Flesch–Kincaid readability tests
(https://stars.library.ucf.edu/istlibrary/56) or Lexile scores (https://lexile.com/),
as well as a precise measure of prior knowledge. Note that text characteristics
such as text difficulty and prior knowledge have been identified as having
possible effects on calibration accuracy (Lin & Zabrucky, 1998).

An additional limitation was that resolution, a relative evaluation of cal-
ibration accuracy, was not of the necessary quality and stability to allow for
meaningful conclusions. We believe that this measure could be very informa-
tive in providing the accuracy of discrimination between items independently
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of individuals’ response bias (Ackerman & Goldsmith, 2008, 2011). Future
studies should better measure this important construct.

Further, the moderate-sized correlations in monitoring across the languages
and the nonlinguistic task suggest that there are several underlying competen-
cies or skills that contribute to accurate monitoring, which might be engaged
to different degrees by individuals across tasks and languages. Thus, additional
research is needed to further explore the underlying competencies that con-
tribute to accurate calibration. One important step in this direction could be a
focus on cue use and identifying the information that participants rely on in
their judgments.

Conclusion

To summarize, the current study clearly demonstrates that metacognitive moni-
toring, as measured by online calibration, is linked to successful comprehension
across all the languages of trilingual university students. Thus, intervention pro-
grams for promoting metacognitive monitoring in reading comprehension are
likely to be important, not only in the L1, but in the additional languages
increasingly used by multilinguals in academic settings. Further, our results
mostly support the notion of monitoring ability as a domain-general skill that
can be applied by individuals to linguistic and nonlinguistic domains in a sim-
ilar manner. Thus, at the group level we found equivalent monitoring accuracy
across the three languages, and calibration bias was mostly correlated across
the languages and the nonlinguistic task. However, at the individual level, our
findings suggest that the specific recruitment of comprehension monitoring
might vary across languages at different proficiencies, being recruited less in a
language in which there is lower proficiency.

These findings could suggest that an intervention program designed to bol-
ster metacognitive skills in a L1 could be successfully generalized to other
languages and domains. Future studies should investigate the underlying skills
that contribute to better monitoring, as well as developing and evaluating in-
tervention programs that promote and assess accurate calibration and link it to
self-regulation skills in learning.

Final revised version accepted 11 January 2020

Notes

1 The study was initially designed to assess development of reading comprehension
and monitoring in undergraduates through their academic career, by comparing
first- and third-year students (Van der Stel & Veenman, 2010). However, when we
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included the study year variable in the linear mixed-effects analysis (Model 1), it
did not contribute significantly to the model. Therefore, all reported analyses
aggregated all participants into a single group, to increase power.

2 The original study included factor analyses, and identified separable components
for L1 and L2 proficiency. Internal consistency for these components was reported
(Cronbach’s alpha was for L1 = .92; for L2 = .88). External validity was measured
by correlations between self-report and objective measures (�.45 for L1; � .65 for
L2). In the current study, we relied only on self-reported proficiency for L1, L2, and
L3 (four items per language), and we are therefore unable to provide similar
information.

3 The MINT findings should be interpreted with some caution, however, because the
Arabic adaptation of this task was used for the first time in the current study and
showed relatively low internal consistency/reliability (.549). The test was used
because no other validated tests exist for the same purpose.

4 The computerized presentation program also collected reading times for texts and
questions, as well as number of returns from question screens to the text, but these
data are not presented and analyzed in the current article.

5 Correlations between the MINT, the objective proficiency measure, and self-reports
from the LEAP-Q were generally high (.42 < R < .44). When we ran an equivalent
model with self-reported proficiency, the same pattern of results was observed.
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Appendix: Accessible Summary (also publicly available

at https://oasis-database.org)

Monitoring of Reading Comprehension Across L1, L2, and L3:
Domain-General or Language-Specific? Maybe Both!
What This Research Was About and Why It Is Important
Being able to understand what we read is critical for academic and professional
success. Increasingly, students in higher education globally are reading not
only in their native language but in other languages as well, notably English.
An important skill that facilitates comprehension is our ability to monitor our
understanding—did I understand what I just read? For reading in the native
language, there is ample evidence that accurate comprehension monitoring
(called meta-cognitive monitoring) contributes to successful comprehension.
The current study asked whether this is also true for reading comprehension in
second (L2) and third L3 (languages). Further, we asked whether metacognitive
skills in reading comprehension are a core skill, which can be used similarly
by individual readers across their different languages, or might be used in
language-specific ways. Our results showed that accurate comprehension mon-
itoring is linked to successful comprehension across all languages of trilingual
adults. We also found that comprehension monitoring was to some extent a core
skill, because it was used similarly by individuals across L1 and L2. However,
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monitoring was less well generalized to L3, readers’ least proficient language,
suggesting that readers might need to achieve some threshold of proficiency
before they can fully implement their core monitoring skills. These findings
could suggest that instruction programs that promote metacognitive monitoring
in reading comprehension are important, not only for the native language but
for additional languages used by multilinguals. Also, the findings could suggest
that instruction promoting metacognitive skills in L1, might also benefit other
languages, and may thus be doubly, or even triply, effective!

What the Researchers Did
� Eighty trilingual undergraduates in Israel participated in the study. They

spoke L1 Arabic, L2 Hebrew, L3 English.
� Each participant read three texts in each language, answered multiple-choice

questions, and rated their confidence in their responses following each ques-
tion.

� These confidence ratings were used to assess comprehension monitoring.
Monitoring accuracy was calculated as the discrepancy between actual per-
formance and confidence judgments, which is termed calibration bias.

� We also measured participants’ proficiency in each language, using a vocab-
ulary test and self-report.

� We also measured calibration bias in a nonlinguistic task, to check whether
it was a general skill (or language specific).

What the Researcher Found
� Better reading comprehension was related to low calibration bias (more

accurate monitoring) in all three languages.
� Participants were equally accurate in monitoring their comprehension in the

three languages.
� Calibration bias was not associated with proficiency in the language, in other

words, comprehension monitoring was not strongly linked to an individual’s
proficiency in the language tested.

� Participants who were well calibrated in L1, also tended to be better cali-
brated in L2, and L2 calibration was moderately linked with L3 calibration.
However, monitoring in L1 and L3 were not related.

Things to Consider
� The pattern of associations between reading comprehension and monitoring

supported findings from previous studies examining readers’ performance in
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their L1 and extended them to L2 and L3, highlighting the role of metacog-
nition in reading comprehension across languages.

� Our results mostly supported the notion of monitoring ability as a core skill
that can be applied by individuals to linguistic and non-linguistic domains
in a similar manner. However, at the individual level, our findings suggest
that the specific recruitment of comprehension monitoring might vary across
languages of different proficiency.

� Future studies should investigate the underlying skills that contribute to accu-
rate better monitoring, and develop intervention programs that assess accu-
rate calibration and link it to self-regulation in learning. Another promising
avenue of research could be an investigation of what confidence judgments
are based on when reading in the native language compared to when reading
in other languages.

Materials and data: Materials and data are publicly available at https://
osf.io/EMAZ3/
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