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Abstract
Success in higher education is highly dependent on students’ ability to efficiently read
and comprehend large amounts of text in the speaker’s first/native language (L1) and also
in a Foreign Language (FL). Good text comprehension requires readers to implement a
variety of metacognitive processes in order to self-regulate understanding. However, most
readers are inaccurate when monitoring their own comprehension level, in the native
language. Several studies have investigated FL comprehension monitoring, mostly using
self-report measures. The current study further explored the relationship between L1 and
FL comprehension monitoring through the paradigm of ‘calibration of comprehension’
(Glenberg and Epstein in Journal of Experimental Psychology: Learning, Memory and
Cognition, 11, 702-718, 1985). Specifically, 145 university students read texts in each
language, answered comprehension questions and rated their confidence. Absolute and
relative monitoring accuracy was calculated (bias and resolution, respectively) to study
whether comprehension monitoring processes are trait-oriented (shared across languages
and domains) or skill-oriented (dependent on language proficiency level). Results sug-
gested that absolute monitoring accuracy is both trait and skill oriented. On the one hand,
confidence ratings and bias were significantly correlated across L1, FL and a non-verbal
task, suggesting trait-orientation. On the other hand, only individuals who were highly
proficient in the FL shared their absolute monitoring skills between the languages,
supporting the notion of a skill orientation. Relative monitoring was not associated across
tasks or languages. Theoretical and practical implications for effective instruction and
learning methods are discussed.
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Reading and comprehending are active processes which require the introspective awareness of
individuals to meaning construction, through which the reader builds a semantic network of
notions to form a “text model of comprehension”(Grabe 2014; Kintsch 2012; RAND model;
Snow 2002). This high order processing, called metacognition, was defined by Flavell (1979)
as “cognition about cognition”, referring to the knowledge students have about the cognitive
processes involved during learning; the regulation procedures taken to control the learning
process (such as planning, monitoring or evaluating); and the cognitive or affective experi-
ences that occur while engaging in cognitive activity. The three components are intertwined so
that metacognitive regulation is based on metacognitive knowledge and experiences; and
metacognitive knowledge is modified by the inner feedback received from metacognitive
regulation and experiences (Zhang and Zhang 2019). Thus, monitoring of reading compre-
hension consists of a range of skills and abilities, which enable readers to engage in different
problem-solving procedures while reading (Grabe 2014). Indeed, comprehension monitoring
abilities were found to be good predictors of text comprehension by their own right (e.g.,
Grabe and Stoller 2011; Hudson 2007; Kolić-Vehovec and Bajšanski 2007). Additionally,
several strategies were found to positively influence comprehension monitoring accuracy, such
as rereading (Rawson et al. 2000), summarizing (Thiede and Anderson 2003), delayed
generation of keywords after reading (Thiede et al. 2003), and a self-explanation strategy
(Griffin et al. 2008). Yet, the relationship between comprehension monitoring and successful
learning is indirect. Specifically, accurate monitoring is supposed to produce more effective
regulation, and regulation in turn produces better learning outcomes (Thiede et al. 2003).

However, research has demonstrated that comprehension monitoring accuracy is generally
low (Dunlosky and Rawson 2012; Dunlosky and Lipko 2007; Maki 1998). Individual
differences between poor and good comprehenders in comprehension monitoring have been
widely documented, suggesting that good comprehenders are also good in monitoring their
knowledge, as opposed to poor comprehenders who also frequently overestimate their com-
prehension performance as better than it actually is. This tendency has been observed in
children (e.g., Ehrlich et al. 1999), in adolescents (Kleider-Tesler et al. 2019) as well as in
adults (e.g., Maki and Berry 1984; Maki et al. 2005). However, since poor monitoring could be
the cause or the result of poor comprehension, the causal relationship between comprehension
monitoring and test performance cannot be directly inferred (Thiede et al. 2003).

All of the above-mentioned studies were conducted in students’ native language (L1). Less
research has focused on comprehension monitoring in English as a foreign language, as often
practiced in our global world today. Previous research on the subject concentrated on self-
report questionnaires of metacognitive knowledge or strategies (e.g., Kolić-Vehovec and
Bajšanski 2007; Sarac and Tarhan 2009; Taki 2016; Van Gelderen et al. 2004; for a review
see Zhang and Zhang 2019). Other studies used error detection or/and think aloud protocols to
measure foreign language (FL) comprehension monitoring (e.g., Block 1992; Khonamri and
Mahmoudi Kojidi 2011). However, none of these studies focus on online measures of
comprehension monitoring (though see Silawi Shalhoub-Awwad & Prior, 2020). The current
study investigated the relationship between L1 and FL comprehension monitoring through the
paradigm of “calibration of comprehension” (Glenberg and Epstein 1985) usually used in
native language (L1) contexts. Specifically, our aim was to explore whether comprehension
monitoring is shared across languages (trait oriented) or is a language specific skill (skill
oriented), dependent on proficiency?
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Reading comprehension and monitoring across L1 and FL

Similarities in the course of reading development in L1 and FL are apparent in studies
which examined early development of single word reading abilities in L1 and FL (for a
review see, Lesaux et al. 2006), as well as parallels in low level linguistic skills such as
phonological awareness, letter identification and rapid naming (e.g., Abu-Rabia and Siegel
2003; Chiappe et al. 2002; Kahn-Horwitz et al. 2005; Lesaux and Siegel 2003). However,
along with the shared cognitive and linguistic component skills, L1 and FL reading
abilities still differ from one another due to the simple fact that FL reading cannot rely
on a broad infrastructure of spoken language, as the native language does (Grabe 2014;
Grabe and Stoller 2011; Hudson 2007). This discrepancy is emphasized when high levels
of text reading and comprehending are required. Students learning in a FL face a wide
range of difficulties, such as lack of fluency in reading, lack of vocabulary and grammat-
ical background knowledge, and limited experience with extensive reading (Geva and
Farnia 2012; Grabe and Zhang 2013; Prior, Zeltsman-Kulick & Katzir, 2020). Specifical-
ly, most studies show that a critical mass of FL knowledge is important in order to achieve
efficient reading and comprehension (Bernhardt and Kamil 1995; Laufer and Ravenhorst-
Kalovski 2010; Lervåg and Aukrust 2010). Research has suggested that for 8th to 10th
graders, vocabulary knowledge is the best predictor of foreign language reading compre-
hension. However, from grade 10 and onwards, the relative importance of vocabulary
decreases, and metacognitive knowledge becomes more prominent (Hudson 2007). Thus,
it seems that at higher levels of reading, reliance on more complex skills such as
comprehension monitoring, knowledge of text structure and inference making, are re-
quired for proper understanding. These demands are common to both first and foreign
languages (Hudson 2007).

Numerous studies have investigated metacognitive knowledge and strategy use in FL
learning (e.g., Wenden 1999; for a recent review, Zhang and Zhang 2019), focusing
especially on the relationship between L1 and FL metacognitive strategies. Some studies
that compared strategy use between L1 and FL reading comprehension found that FL
readers tend to use lower-level linguistic processing strategies (such as vocabulary
meaning construction) rather than higher-level comprehension strategies (such as infer-
ence making and linkage to prior knowledge) (e.g., Stevenson et al. 2007). Other studies
demonstrated that proficiency in the FL was associated with the type of strategy used,
such that proficient FL readers presented a similar pattern of strategy use in both L1 and
FL, but less proficient readers used different strategies in FL than in L1 and employed
fewer strategies in FL than in L1 (e.g., Block 1992; Khonamri and Mahmoudi Kojidi
2011; Lin and Yu 2015; Tsai et al. 2010). Additionally, metacognitive knowledge
(measured by questionnaires) was associated with improved FL reading comprehension
in adolescents (e.g., Trapman et al. 2017; Van Gelderen et al. 2004) as well as in adults
(Dabarera et al. 2014; Sheorey and Mokhtari 2001; Taki 2016).

Hence, the extant evidence on the use of metacognitive strategies and metacognitive
knowledge across languages supports both trait (shared processes) and skill (language-
specific processes) assumptions. Yet, less research was conducted on FL metacognitive
regulation processes, and specifically on comprehension monitoring while reading (cal-
ibration of comprehension paradigm). Thus, in the current study we will elaborate on
this issue.
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Measures of comprehension monitoring

One of the most widely used paradigms to assess comprehension monitoring is calibration of
comprehension (Glenberg and Epstein 1985), in which participants read texts, answer com-
prehension questions and evaluate their confidence in their answers. This paradigm is com-
prised of objective variables (performance accuracy), subjective variables (monitoring of
comprehension and confidence ratings), and indices that are created by the relationship
between them, such as bias and resolution (Ackerman and Leiser 2014). In the current study,
the analysis focuses on monitoring of L1 and FL reading comprehension as subjectively
evaluated by confidence ratings of performance and their corresponding monitoring accuracy,
calculated by two main measures: absolute and relative (Nelson 1996). Absolute monitoring
accuracy measures reflect the difference between the average of judgments for all test items
and the average of performance on these same items, and is usually referred to as bias
(Stankov et al. 2015). This calculation creates the distinction between overconfidence; when
a person is more confident than correct, versus underconfidence; when a person is more correct
than confident (Buratti et al. 2013). Relative monitoring accuracy measures are based on the
discrimination between rated confidence on correct and incorrect items, also referred to as
resolution. It correlates the judgments with the performance of each participant. When
variables are of ordinal scale level, the gamma coefficient is used (e.g., Ackerman and
Goldsmith 2011; Dinsmore and Parkinson 2013; Mengelkamp and Bannert 2010). A partic-
ipant shows high resolution when they tend to have higher confidence judgements on items for
which they give correct responses, and lower confidence judgements on items for which they
give incorrect responses. Several studies have suggested that different measures of monitoring
accuracy assess different underlying aspects of metacognitive monitoring (e.g. Koriat 2007;
Maki 1998; Maki et al. 2005; Schraw 2009). For this reason, there might be a dissociation
between absolute and relative monitoring scores. Namely, resolution can be very high while
bias is very poor and vice versa (e.g., Griffin et al. 2009; Koriat et al. 2002; Maki et al. 2005).

Both measures of comprehension monitoring (absolute and relative) are based on
participants’ self-confidence ratings (Stankov et al. 2015) and can be submitted at two
central time points during task performance; before the task is conducted, thus requiring
prediction or judgment of learning (JOL); and during or after the task is conducted, which
requires evaluation of confidence in performance after an item in a test has been answered,
also referred to as post-diction judgments (Schraw 2009). Generally, post-dictions are
more accurate than pre-dictions/JOL’s (Pieschl 2009), due to the knowledge participants
have gained while doing the task, helping them to evaluate performance (Leonesio and
Nelson 1990; Maki 1998; Moore et al. 2005).

In the present study, we based our analysis on post-diction confidence ratings given after
each question that was answered, hereafter referred to as confidence ratings.

Comprehension monitoring - trait or skill?

An ongoing debate in the field of cognitive and educational psychology concerns the gener-
ality and specificity of monitoring processes - whether they are trait oriented or skill oriented.
A literature review reveals evidence to support both possibilities.

The trait oriented approach relies on the argument that confidence ratings and monitoring
accuracy represent a general personality characteristic which is not influenced by task demands
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(Kleitman and Stankov 2007; Stankov 1999; Stankov et al. 2012). This claim is supported by
studies that calculated monitoring accuracy by either absolute (e.g., Pallier et al. 2002) or
relative accuracy measures (Moore et al. 2005), and found that confidence ratings in a specific
task do not necessarily correlate with performance accuracy on that task, but rather that
confidence ratings and monitoring accuracy of an individual tend to be correlated across
different tasks (Moore et al. 2005; Pallier et al. 2002). For instance, Pallier et al. (2002), in a
confirmatory factor analysis study, tested individual differences in absolute monitoring accu-
racy across a wide range of cognitive, perceptual and personality tasks. They found significant
correlations between the confidence ratings of participants (post-dictions) regardless of their
performance accuracies across tasks. When the absolute accuracy of those confidence ratings
was assessed (through the bias index), individual differences were stable across different tasks
and a variety of difficulty levels. The decisive conclusion of the researchers was that “humans
have a trait that mediates their ability to evaluate the accuracy of their responses” (Pallier et al.
2002, p. 37). In line with these conclusions, using a relative measure of monitoring, Moore
et al. (2005) studied comprehension monitoring over different learning trials. Results showed
that both pre- and post-diction resolution were significantly correlated with one another and
across learning trials, indicating that the ability to monitor comprehension is stable across
learning. Additionally, confidence ratings (both pre- and post- diction) by themselves were
heavily dependent on general self-perceptions aggregated from past experiences, rather than on
the actual performance on a specific task (Moore et al. 2005).

In the area of FL learning, the trait-oriented approach discussed above corresponds with the
common underlying cognitive processes hypothesis (Geva and Ryan 1993), which argues that
the relationship between the native language (L1) and the foreign language (FL) is based on
“shared” cognitive and meta-cognitive abilities. Thus, correlations between parallel tasks in L1
and FL do not have to reflect the action of “transfer” from one language to the other, but rather
indicate the sharing of cognitive processes which underlie performance in both languages
(Chung et al. 2019). Hence, this framework explains how higher-level abilities, such as
comprehension monitoring, which are considered as “language free” abilities, can be shared
across the two languages, regardless of proficiency in each language.

Support for this hypothesis derives from three research directions. First, a recent study
by Silawi et al. (2020) which examined calibration of comprehension in undergraduate
trilinguals (L1-Arabic, L2-Hebrew, L3- English), revealed significant associations in
monitoring accuracy of reading comprehension across L1, L2 and L3, regardless of
language proficiency. Second, an intervention study targeting adolescent reading compre-
hension strategies in L1 (Spanish) and L2 (English) through a think-aloud paradigm
(Jiménez et al. 1996), showed significant differences in strategy use between good and
poor readers rather than between proficient and less proficient language users. Namely,
students who developed good comprehension strategies in their first language, also
implemented those strategies in their second language. Third, evidence for an opposite
generalization of reading comprehension strategies from the less established language
(FL) to the mother tongue (L1) has also been documented, in children (Abu-Rabia et al.
2013), and in adults (Schwartz et al. 2013). These indications for bidirectional sharing of
comprehension strategies between L1 and FL support the notion that comprehension
monitoring might act as a general ability and therefore can be shared between languages.

Alternatively, there is also evidence that supports the skill oriented approach of compre-
hension monitoring, coming from studies in which confidence ratings and monitoring accu-
racy measures were shown to be dependent on test characteristics or test difficulty (e.g., Maki
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et al. 1990; Moore and Healy 2008; Schraw and Roedel 1994; Weaver and Bryant 1995).
Thus, studies which calculated monitoring by both absolute and relative accuracy measures,
reflected variability in monitoring accuracy according to the measure used. To illustrate, Maki
et al. (2005) found that absolute monitoring accuracy in reading comprehension was depen-
dent on students’ verbal ability and text difficulty, such that in difficult tasks high verbal ability
students were under-confident but low verbal ability students were overconfident. In contrast,
relative monitoring accuracy (measured by the gamma coefficient) was not related to verbal
ability or test difficulty. This pattern of results is also demonstrated in other studies comparing
both relative and absolute accuracies in different tasks using either prediction accuracies
(Kelemen et al. 2000) or post-diction accuracies (Mengelkamp and Bannert 2010). Kelemen
et al. (2000) reported that the relative meta-memory accuracy was not consistent across
different tasks and over time, whereas performance accuracy, confidence ratings and even
absolute accuracy were stable (see Appendices B and C in Kelemen et al. 2000). These results
were replicated in a monitoring comprehension learning trial study (Mengelkamp and Bannert
2010), indicating that absolute measures (bias and absolute-bias) were stable across learning
sessions whereas the relative measures (gamma and da) were not.

In FL learning, the skill-oriented approach can be related to the linguistic interdependence
theory (Cummins 1979; Cummins 2012), according to which linguistic transfer from one
language to the other is dependent on proficiency in both languages. Aligned with this theory,
several studies which explored comprehension monitoring in university students using differ-
ent measures such as “think aloud” paradigms (e.g., Block 1992; Lin and Yu 2015), error
detection (e.g., Han 2012; Han and Stevenson 2008) or a combination of both (e.g., Khonamri
and Mahmoudi Kojidi 2011), found that comprehension monitoring was modulated by
proficiency. Students performed significantly better on comprehension monitoring tasks or
used more advanced metacognitive strategies in L1 than in FL. Specifically, Han (2012) found
that more proficient FL readers performed better in comprehension monitoring than less
proficient readers. These findings support the hypothesis that FL reading proficiency level
may influence comprehension monitoring processes.

Finally, there is also evidence supporting both assumptions of trait and skill (Kasperski and
Katzir 2013), suggesting that fourth grade children’s comprehension monitoring (using post-
diction confidence ratings and indexed by bias) is influenced by both reading ability and
personality factors. Low comprehenders had significantly lower confidence ratings and less
accurate monitoring than average and high comprehenders, demonstrating that monitoring
accuracy was specific to reading ability. However, in the same study individual differences in
confidence were found within each level of reading ability.

In sum, it seems that different studies report a variety of findings regarding the orientation
of monitoring processes, depending on the timing of the confidence ratings, the measure of
accuracy used, age of participants, and the type and language of the task.

The current study

Keeping in mind both theoretical frameworks (Cummins 1979, 2012 vs. Geva and Ryan
1993), the current study was designed to investigate whether comprehension monitoring
processes are directed by domain general processes and therefore shared across languages
(i.e. trait oriented), or alternatively, language specific and thus dependent on language
proficiency (i.e. skill-oriented). Comprehension monitoring was measured with the indices
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of bias and resolution (via gamma coefficient) in order to capture the different information
each measure provides. Additionally, to explore monitoring beyond the language domain, we
used an additional non-verbal task, for a control comparison (Raven 1960). In this way, we can
compare confidence ratings and calibration scores in the Raven test with the other two tests
(L1 and FL reading comprehension) and compare performance monitoring between the non-
verbal and verbal domains. The following research questions guided our study: 1. Do
confidence ratings and monitoring accuracy (calculated by bias and resolution), generalize
across languages (L1 and FL) and domains (verbal vs. non- verbal)? If confidence ratings and
their accuracy generalize across languages and task domains, the trait-oriented approach will
be supported. 2. Are confidence ratings and comprehension monitoring (calculated by bias and
resolution) modulated by language proficiency (L1, FL)? If the level of proficiency in the
language dictates the level of confidence and comprehension monitoring accuracy, the skill-
oriented approach will be reinforced.

Method

Participants

The study included 145 undergraduate university students from different departments (mean
age24 = .19 years, SD = 2.72, 112 females), native speakers of Hebrew (L1) who had studied
English as a foreign language beginning at age 8, or the 3rd grade. All students were healthy,
with no history of a learning disability and intact or corrected hearing and vision. All
participants were recruited through advertisements, gave informed consent, and were com-
pensated by course credits or payment. The study was approved by the University of Haifa
Institutional Review Board (IRB).

Measures

Baseline measures

Language proficiency was assessed in five ways in order to cover various aspects of foreign
language proficiency.

I. Vocabulary knowledge – The Shipley Institute of Living scale (part A) (Goodman et al.
1974). A 40-item multiple choice synonym test (English version, Shipley (1940) and
Zachary (1986); Hebrew version, Gilboa (unpulbished); split half internal consistency
reported as 0.87 by Zachary 1991). This scale (0–40) has been successfully used in
previous studies with the same population (Prior 2012).

II. Reading Fluency - Test of Word Reading Efficiency (TOWRE). (Torgesen et al. 1999,
internal consistency ranged from .86 to .98 for word reading efficiency in English and in
Hebrew). TOWRE contains real words (104 words) of increasing level of difficulty
arranged in four columns. The participant is required to read aloud as many words as
possible within 45 s. In the analysis, separate scores were calculated for word reading
efficiency in Hebrew and English. The parallel Hebrew version (Katzir et al. 2012;
Cronbach’s alpha = .95) presented real words without diacritics.
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III. The Language Experience and Proficiency Questionnaire (LEAP-Q). (Marian et al.
2007; Cronbach’s alpha for L1 components = .92, and for L2 components = .88). The
parallel Hebrew version (Beznos and Prior 2009) was adapted to this study. The
questionnaire includes questions regarding participants’ history and context of acquiring
the languages they know, present language use, language preference and proficiency.

IV. English Vocabulary Size Test (Nation and Beglar 2007) - A computerized version of the
test which measures written receptive vocabulary size. The test samples from the most
frequent 14,000 word families of English. It consists of 140 items, ten from each 1000
word level. Each word level consists of 10 multiple choice questions. The test words
appear in a simple non-defining context and participants are required to choose the most
accurate meaning for the test words. The test is terminated when a participant achieved
less than 60% accuracy in four consecutive word levels (Beglar 2010; Rasch item
reliability = .96).

V. English scores from the Psychometric exam, an entrance exam to the university
(National Institute for Testing and Evaluation). Participants were requested to sign
a release form allowing us to access their scores in the English section assessing
reading comprehension and vocabulary. This score provides us an additional objec-
tive measure of a wider range of language related abilities (English section reliability,
Kuder-Richardson-20 formula =. 92).

Study measures

Reading comprehension: participants read expository texts in each language (L1 and FL) and
answered five multiple-choice questions following each text. Prior to initiating the current
study, 24 texts and questions in each language (Hebrew and English) were piloted on 128
undergraduate university students (who did not participate in the main study) to ensure that
they are appropriate for the study population. Participants’ reading comprehension was
indexed by the number of questions they answered correctly. Based on the pilot data, 18 texts
with 5 questions in each language were selected. The goal was to select texts with a medium
level of accuracy, equated as much as possible across the two languages (mean accuracies of
the texts were 69.8% for English, 71.6% for Hebrew). Difficulty levels were planned to be
equal across languages since previous studies have suggested that absolute monitoring accu-
racy scores were linked to performance levels (Dunlosky et al. 2015; Pressley and Ghatala
1988). However, texts in English (the foreign language) were by necessity objectively less
complex than texts in Hebrew (the native language) – because of the population differences in
proficiency, matching performance level required selecting texts of different complexity level
(see more on this point in the results section).

This large number of texts was prepared, because the results presented here came from a
pre-test session of a large longitudinal study. Thus, the 18 texts in each language were divided
into 6 collections of 3 texts each. These collections were roughly equated in difficulty level,
length and content. In the pre-test session reported here, each participant was randomly
assigned one collection, or 3 texts, in each language, Hebrew and English, followed by
corresponding questions. Within each language, the three texts were presented in a random
order to each participant.
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The average length of the texts was 336 words in Hebrew (range: 157–490 words), and 275
words in English (range: 209–405 words). However, since each participant read three texts in
Hebrew and three texts in English, the cumulative number of words in each language was
averaged as well; The average length of Hebrew text collections was 1006 words (range: 901–
1028). The average length of English texts collections was 824 words (range: 746–878).

The topics of the texts in both L1 and FL included: human behavior, human history and
natural phenomena (examples of texts in each language are available as supplementary
materials). Prior knowledge of these topics was not directly examined. However, the texts
topics relate to general knowledge and were considered by the research team to be of similar
familiarity.

Each text was followed by five multiple-choice questions with four possible answers,
testing different levels of comprehension such as inference, summarizing, recall of details
and vocabulary. The order of the questions and the answers was also randomly determined for
each participant. Questions order was randomized to control for order effects in the confidence
judgements. The texts remained available to participants while they responded to the ques-
tions, such that task performance was not based on memory skills.

Hebrew texts were adapted from the Psychometric exam (National Institute for Testing and
Evaluation – NITE, Cronbach’s alpha = .88). English texts were adapted from five different
sources to diversify texts structure, content and language; nine texts were selected from the
Psychometric and Amir exams (NITE), six texts from the Nelson Denny Reading Test (Brown
et al. 1993), two texts from the SAT (Scholar Aptitude Test) (College Board), and one text
from the Read Theory workbooks site (Read Theory) (averaged English texts’ Cronbach’s
alpha = .77). The Hebrew and English texts were each written originally in that language and
did not constitute translations of each other.

1. Judgments of learning: Immediately after reading the text and before answering the
questions, participants were required to predict their future performance on comprehen-
sion questions on a continuous scale between 25%- 100%, by answering the question
“what is the level of accuracy you predict to have on comprehension questions regarding
the text you read?”, by moving an indicator on an analog scale using the computer mouse
(i.e. prediction).1

2. Confidence ratings: Following each comprehension question, participants were asked to
use a scale ranging from 25% (chance) -100% (completely sure) to answer the question
“How confident are you that you responded correctly?” (i.e. post-diction). This scale was
chosen since questions had four possible answers; thus it was based on the chance level of
a correct response (Pallier et al. 2002). It is acknowledged that when calculating absolute
accuracy (bias) the scale of the confidence ratings should be equivalent to the scale of task
performance (Dunlosky et al. 2015). However, since the measure of confidence used for
the calculation of bias was the average ratings across question and texts in each language,
this shortcoming was eliminated. Additionally, we ascertained that in the reading com-
prehension task in both languages there was no single participant who achieved a
comprehension accuracy score below the rate of 25% correct. In the Raven task, 11
subjects had an average accuracy performance below 25% correct and were thus consid-
ered as outliers and were omitted from the relevant analysis.

1 As described in the introduction, these predictive Judgements of Learning were not analyzed in the current
manuscript.
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Monitoring accuracy was calculated using two measures, absolute and relative:

3. Absolute calibration accuracy, Bias, the accuracy of confidence ratings was calculated by
the measure of bias. Namely, the accuracy of performance of each text was subtracted
from the average confidence rating the participant gave for all questions in that text. The
average bias across texts was then calculated for each language.

4. Relative calibration accuracy, Resolution measures the extent to which metacognitive
judgements distinguish correctly between correct and incorrect items; it is calculated using
a within-participant Goodman–Kruskal gamma correlation (Nelson 1996) between item
accuracy and confidence judgement.

5. Bias and resolution in a non-verbal task-In order to examine general monitoring
ability, which is not related to language skills or reading level, five sets of items
from three levels of difficulty (total 15 Matrices) were adapted from the Raven
Standard Progressive Matrices (Raven 1960) (Cronbach’s alpha = .75). The items
were presented in an increasing level of difficulty. Following each item, partici-
pants were asked to answer the question “How confident are you that you
responded correctly?”. The same confidence rating scale used in the reading
comprehension tasks was applied in this test. As mentioned above, 11 subjects
had an average accuracy performance below 25% correct, were thus considered as
outliers and were excluded from the relevant analysis. Bias and resolution were
calculated as described in the reading comprehension tasks.

Design and procedure

The study entailed one session of 90 min, out of six study sessions of a training
study. It was administered individually to each participant in a quiet room at a
research lab at the university. Before the first session, participants completed the
LEAP-Q questionnaire online. At the beginning of the session, each participant
provided informed consent. Next, the reading comprehension texts were presented
on a computer screen in each language (Hebrew or English), with language order
counterbalanced across participants. Following each text, participants responded to the
comprehension questions and rated their confidence level in each answer. While
answering the questions, participants could go back and read the text again, but
responses to the questions and confidence ratings could not be altered once they were
entered by the participant. The presentation of the subsequent text was triggered by
the participant. Each participant completed three reading comprehension texts in each
language. After completing the reading comprehension task in each language, partic-
ipants conducted a battery of baseline measures, including reading ability and lan-
guage proficiency in the same language of the reading comprehension texts,
administered in counterbalanced order across participants. Upon the completion of
reading comprehension in the second language participants conducted language profi-
ciency tasks and the Raven test (including confidence ratings), in random order.

The following data were recorded during the reading comprehension task: accuracy of
responses to the questions and participants’ confidence ratings (per text and per question).
Presentation and response collection were controlled by E-prime (PST, www.pstnet.com,
Schneider et al. 2012, version 3.0).
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Results

As part of an initial examination of results, we calculated the mean scores of each participant in
all base-line measures of language proficiency, reading comprehension and non-verbal task.
Seven participants who had scores which were 2.5 standard deviations above or below the
sample mean for comprehension accuracy were excluded from the sample. The final sample
included 138 participants. Descriptive statistics for all linguistic measures collected are
presented in Table 1. As seen and according to our expectations, students were significantly
more proficient in their L1 (Hebrew) than in their FL (English). This pattern was observed in
all language proficiency measures.

Table 2 presents descriptive statistics of study measures and their corresponding monitoring
accuracies across languages (L1 and FL) and domains (verbal and non-verbal). With regard to
comprehension levels across languages, in our pilot study text difficulty levels were well matched
across languages. Yet, in the main study sample, differences in comprehension accuracy were
detected between the two languages, so that higher accuracy was found in L1 than in FL.
Therefore, we cannot rule out the possibility that the difficulty of the assignment is responsible
for the effects presented between the languages. There is an inherent difference between L1 and
FL, and test difficulty cannot be separated completely from the language inwhich the task is being
transformed. Ercikan and Por (2020) argued that “in reality, variations across assessment versions
or across language and sociocultural groups are inevitable.” Thus, they suggest that when
comparing a construct between languages, establishing the tolerable levels of differences should
be defined through empirical evaluations, as was done in the pilot study of the texts.

1. Are confidence ratings and monitoring accuracy (calculated by resolution and bias)
shared across languages (L1 and FL) and domains (verbal vs. non-verbal), supporting
the trait-oriented approach?

To examine the trait-oriented approach suggesting that monitoring is shared across languages
and domains, we explored the relationship between confidence ratings, absolute monitoring
accuracy (bias) and relative monitoring accuracy (resolution) across the three tasks and
languages (reading comprehension in L1 and FL, and the non-verbal Raven matrices), by
Pearson correlations. Eleven subjects who performed at less than chance level (average
accuracy below 25%) in the Raven task were excluded from this analysis. There were

Table 1 Means (SDs) of language proficiency measures across languages (N = 138)

Language proficiency measure L1 (Hebrew) FL (English)

LEAP-Q*
(scale- 0-10)

9.6 (0.7)
Range 5–10

7.2 (1.3)
Range 3–10

TOWRE*
(Scale- 0-140)

80.9 (11.8)
Range 54–103

72.54 (8.9)
Range 46–96

Shipley*
(Scale- 0-40)

27.4 (6.2)
Range 13–39

18.6 (3.9)
Range 10–36

English Psychometric scores
(Scale 0–150)

115.6 (17.1)
Range 59–146

Vocabulary Size Test
(Scale- 0-140)

30.5 (18.1)
Range 3–90

*P < .05
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significant correlations between confidence ratings and bias scores. Resolution scores were not
correlated across the three tasks (see Table 3).

Additional analysis of the relationship between confidence and performance accuracy in
each task reveals moderate to high significant positive correlations in each task (L1, r = .37,
p < .01; FL, r = .53, p < .01, Non-verbal, r = .48, p < .01), suggesting that students were
generally calibrated - high performance accuracy was in accordance with high confidence
and vice versa, especially in the FL and in the non-verbal task (Raven). Still, overconfidence
was abundant in all three tasks, as evidenced by the fact that 70% of participants were
overconfident` in L1, 73% in FL and 75% in the Non-verbal task (see Fig. 1).

2. Are confidence ratings and comprehension monitoring accuracy (calculated by reso-
lution and bias) language specific (L1, FL), dependent on proficiency, supporting the
skill-oriented approach?

Next, to explore the skill-oriented approach and examine whether the correspondence between
monitoring accuracy in L1 and FL might be influenced by FL proficiency level, we conducted
a moderated regression analysis to examine the possible moderating role of FL proficiency on
the relationship between L1 and FL across three measures: 1. Confidence ratings; 2. Calibra-
tion bias; 3. Resolution. The moderation analysis was conducted using Hayes (2013) compu-
tational versatile tool of PROCESS MACRO version 3.4. We conducted three moderation
models; model 1 examined the relationship between confidence in L1 and confidence in FL
with the moderation of FL proficiency;model 2 examined the relationship between bias in L1
and bias in FL with the moderation of FL proficiency; model 3 examined the relationship
between resolution in L1 and resolution in FL with the moderation of FL proficiency.

Table 2 Means (SDs) of study measures and metacognitive monitoring accuracy (N = 127)

Reading comprehension
in L1 (Hebrew)

Reading comprehension
in FL (English)

Non-verbal
(Raven)

Study measures
Performance accuracy (%) 80.1 (12.4)

Range 46–100
69.4 (15.5)
Range 27–100

55.5 (20.2)
Range 26–100

Confidence ratings (%) 87.4 (8.3)
Range 59–100

78.4 (12.9)
Range 36–99

67.9 (13.5)
Range 26–97

Monitoring accuracy
Absolute monitoring (bias) * 7.3 (12.1) a

Range − 28-47
8.9 (14) a

Range-27-38
12.3 (18) b

Range − 28-58
Resolution - Relative monitoring
(Gamma coefficient) **

0.45 (0.46) a

Range − 1-1
0.44 (0.41) a

Range − 1-1
0.01 (0.52) b

Range − 1-1

*p< .05, ** p< .01. Means in the same rowwith different superscript letters are significantly different from each other

Table 3 Pearson correlations across languages and tasks (N = 127)

Language/task Confidence Bias Resolution

L1 FL L1 FL L1 FL

Non-verbal (Raven) .44** .40** .31** .34** −.05 .08
Hebrew (L1) .55** .24** .03

** p < .01
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Each model was conducted twice, once with the two independent variables (main model)
and the second with the interaction between them (interaction model).

As described in the method section, FL Proficiency was assessed with five measures
examining receptive vocabulary knowledge (2 tasks), reading fluency, self-reported proficien-
cy and the English section of the Israeli psychometric exam. The raw scores in each test were
converted into z scores and then, using principal components analysis, the scores of the five
tasks were combined to create a single composite FL proficiency variable. The first principal
component accounted for 51.1% of the variance and had similar weights for each of the five
variables. All other variables in the model were also converted to Z scores for compatibility.

Model 1- confidence ratings

The first moderation model tested the relationship between L1 and FL confidence ratings with
the moderating role of FL proficiency. Results indicated significant main effects for L1
confidence and FL proficiency, explaining together 50% of the variance in FL confidence,
R2 = .504, F (2, 135) = 68.2, p < .001. The interaction model predicted a significant portion of
the variance, R2 = .502, F (3, 134) = 45.45, p < .001, but this interaction effect did not
significantly increase the variance explained by the main effects, ΔR101 = .003, F (1,
134) = .66, p = .417, suggesting that each variable (L1 confidence and FL proficiency) signif-
icantly explained independent variance in FL confidence (see Table 4).

0 10 20 30 40 50 60 70 80 90 100

L1

FL

Non-verbal

Confidence Accuracy

Fig. 1 Confidence and performance accuracy in the three tasks (L1 and FL reading comprehension and the non-
verbal task) (N = 127)

Table 4 Main and interaction effects of L1 confidence and FL proficiency on FL confidence (N = 138)

Main model:
Z- FL Confidence

Interaction model:
Z- FL Confidence

Predictors β 95%CI p β 95%CI p

(Intercept) −0.00 −0.12 – 0.12 0.993 −0.01 −0.13 – 0.11 0.898
Z - L1 Confidence 0.47 0.35–0.59 <0.001 0.47 0.34–0.59 <0.001
Z - FL Proficiency 0.64 0.47–0.80 <0.001 0.65 0.47–0.82 <0.001
Z - L1 Confidence *
Z - FL Proficiency

0.06 −0.09 – 0.21 0.417
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Analysis of the slopes (beta) indicates a positive relationship between confidence in L1 and
FL, namely, the higher the confidence is in L1, the higher the confidence is in FL. Addition-
ally, FL proficiency was also positively associated with FL confidence - the higher the
proficiency in the FL, the higher is the confidence in FL.

Model 2 - Bias

The second moderation model tested the relationship between L1 and FL absolute
monitoring accuracy, calibration bias, with the moderating role of FL proficiency.
Results indicated significant main effects for L1 bias and FL proficiency, explaining
together 6.7% of the variance in FL bias, R2 = .067, F (2, 135) = 4.81, p < .001.
Inspection of the unique contribution of each independent variable indicates that only
L1 bias positively and significantly predicted FL bias (β = .23, p < .001). FL profi-
ciency did not add any unique contribution to explaining variance in FL bias (β =
−.11, p = .36). Importantly, the model also identified a significant interaction effect,
R2 = .093, F (3, 134) = 4.56, p < .001. Specifically, FL proficiency did not influence
FL bias by its own right, but FL proficiency did moderate the relationship between
L1 and FL bias. The additive value of this interaction was marginally significant,
ΔR101 = .03, F (1, 134) = 3.87, p = .051; see Table 5.

Analysis of the simple slopes indicates that for individuals with low FL proficiency (−1
SD), L1 bias is unrelated to FL bias, β = .08, p = .50, 95%CI (−.15, .30). With medium levels
of FL proficiency (set at the mean), L1 bias and FL bias are weakly associated, indicating that
as L1 bias increases so does FL bias, β = .24, p = .01, 95%CI (.07, .41). Finally, at high levels
of FL proficiency (+1 SD), the association between L1 bias and FL bias is of medium strength,
again showing that as L1 bias increases so does FL bias, β = .40, p < .001, 95%CI (.16, .65);
see Fig. 2.

Model 3 - resolution

The third moderation model tested the relationship between L1 and FL relative mon-
itoring accuracy, resolution (gamma coefficient), with the moderating role of FL
proficiency. Results indicated non-significant main effects, R2 = .002, F (2, 135) =
0.13, p = .776, and a non-significant interaction effect, R2 = .016, F (3, 134) = 0.71,
p = .549. There was no significant association between L1 and FL resolution, and FL
resolution was also unassociated with the moderator variable, FL proficiency, ΔR101 =
.01, F (1, 134) = 1.86, p = .175; see Table 6.

Table 5 Main and interaction effects of L1 bias and FL proficiency on FL bias (N = 138)

Main model: Z- FL bias Interaction model: Z- FL bias

Predictors β 95%CI p β 95%CI p

(Intercept) 0.00 −0.16 – 0.16 0.999 0.04 −0.13 – 0.21 0.639
Z - L1 bias 0.23 0.06–0.40 0.009 0.24 0.07–0.41 0.001>
Z - FL Proficiency −0.11 −0.34 – 0.13 0.361 −0.11 −0.34 – 0.12 0.347
Z - L1 bias * Z - FL Proficiency 0.23 −0.00 – 0.46 0.051
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Discussion

Self-monitoring is highly important for meaningful reading comprehension and therefore has
been extensively studied over the years. Comprehension monitoring is especially important for
reading comprehension in English as a foreign language, as practiced in higher education in
our current global world. Hence, the main goal of the present study was to understand the
underlying sources of confidence ratings, bias and resolution as indicators of comprehension
monitoring in English as a foreign language. More specifically, we aimed to clarify whether
these processes are trait-oriented or skill-oriented.

Our analysis demonstrated a mixed pattern of results, suggesting that comprehension
monitoring involves both domain general and domain specific skills. On the one hand,
confidence and absolute monitoring were associated across L1 and FL, as well as a non-
verbal task. On the other hand, the strength of the association between absolute monitoring
accuracy across the languages was modulated by FL proficiency level, and relative accuracy
was not associated across languages and domains.

The fact that confidence in both reading comprehension tasks was correlated with the non-
verbal task as well strengthens the trait-oriented assumption suggesting shared self-evaluation
processes and supports the claim of a “confidence trait” (Kasperski and Katzir 2013; Moore
et al. 2005; Pallier et al. 2002; Stankov et al. 2015). Further, correlation between confidence
ratings in the L1 and the FL was evident at all FL proficiency levels, and the strength of this
association was not moderated by FL proficiency. These results appeared despite the existing
differences between comprehension accuracy in the L1 and the FL, and thus support the
argument that confidence ratings are trait oriented and are influenced by the general subjective
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Fig. 2 Interaction effect of L1 bias and FL Proficiency on FL bias (N = 138)

Table 6 Main and interaction effects of L1 resolution and FL proficiency on FL resolution (N = 138)

Main model:
Z- FL resolution

Interaction model:
Z- FL resolution

Predictors β 95%CI p β 95%CI p

(Intercept) 0.00 −0.17 – 0.17 1.000 0.01 −0.16 – 0.18 0.931
Z - L1 resolution 0.02 −0.15 – 0.19 0.776 0.03 −0.14 – 0.19 0.770
Z - FL Proficiency −0.05 −0.29 – 0.18 0.662 −0.05 −0.29 – 0.18 0.659
Z - L1 resolution *
Z - FL Proficiency

−0.19 −0.47 – 0.09 0.175
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feelings of competence, such as self-efficacy (Bandura 1982), and not exclusively by objective
performance in the task.

However, inspecting both measures of comprehension monitoring accuracy reveals some
variation across measures. Absolute accuracy (bias) was associated across languages and
domains, whereas relative accuracy (gamma) showed no associations at all. Similar results
were reported in earlier studies exploring both predictive monitoring accuracy (Glenberg and
Epstein 1987; Kelemen et al. 2000; Leonesio and Nelson 1990), postdictive monitoring
accuracy (Pressley and Ghatala’s 1988; Silawi et al. 2020) and postdictive accuracy across a
learning process (Mengelkamp and Bannert 2010). Specifically, Kelemen et al. (2000) did not
detect any consistency in relative monitoring accuracy across different task-domains, different
types of judgments and different time points (in contrast to the associations found in confi-
dence and absolute accuracy). Thus, they concluded conclusively against a “general
metacognitive ability”.

These different patterns between relative and absolute measures of monitoring can be
explained by the way each measure is calculated. Bias scores are derived from the gap between
confidence ratings and performance accuracy, and thus are dependent on the variance of both
confidence and the performance in the criterion test (Nelson 1996). For this reason, it is
possible that the commonality of absolute accuracy simply reflects the consistency in the
estimation of knowledge (confidence) or the knowledge/ability itself (performance accuracy),
or both (Dunlosky et al. 2015; Mengelkamp and Bannert 2010). Thus, in the context of the
current study, it can be argued that the commonality observed in bias scores merely reflects the
stability of comprehension accuracy and confidence ratings rather than the relationship
between monitoring accuracy across tasks.

In contrast, the measure of relative monitoring accuracy (resolution) is a more independent
measure which is not reliant on the overall levels of performance accuracy or confidence
ratings. Thus, it can be regarded as a more precise measure of metacognitive monitoring
(Nelson 1996) which is based on participants’ specific situational experiences (Koriat 2007)
with a task and hence tends to be unstable (Leonesio and Nelson 1990). Additionally, our
findings are aligned with the claim that relative and absolute accuracies capture different
aspects of monitoring (e.g., Maki 1998).

In the metalinguistic domain, these findings align with recently reported findings of cross-
linguistic associations in a population of trilingual university students (Silawi et al. 2020). In
this study, using the same ‘calibration of comprehension’ paradigm, absolute monitoring was
consistently associated across the three languages, whereas relative monitoring was not (also
calculated with gamma coefficient). Additional support derives from a metalinguistic study
which used a think aloud paradigm in first and second language reading comprehension
indicating cross-linguistic associations (Jiménez et al.,1996), as well as from cross linguistic
interventional studies of reading comprehension strategies (Abu-Rabia et al. 2013; Schwartz
et al. 2013). This cumulative evidence lends support for the common underlying cognitive
processes hypothesis (Geva and Ryan 1993; Chung et al. 2019), which suggests that meta-
cognitive skills are shared across languages so that once gained in one language, they can be
applied to other languages as well.

Bearing this evidence for generality in mind, the current results also provide some evidence
for the skill-oriented approach. First, we found significant differences in both absolute and
relative monitoring accuracies between the verbal and non-verbal domains. The bias scores in
L1 and FL reading comprehension tasks were significantly smaller than bias in the non-verbal
task. Similarly, resolution was also more accurate in the verbal tasks than in the non-verbal
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task: In both reading comprehension tasks, mean gamma scores indicated quite high resolution
(L1,M = .45, sd = .46; FL,M = .44, sd = .41), suggesting good distinction between correct and
incorrect responses (Glenberg and Epstein 1987). In comparison, resolution in the non-verbal
task was extremely low, close to zero (M = .01, sd = .52), signifying no discrimination between
correct and incorrect items. These variations might be explained by task difficulty since it is
clearly apparent that the non-verbal task (which contained 15 items from the most challenging
sections of the Raven test), was the hardest task for most students. Yet, the fact that distinctions
between verbal and non-verbal tasks were observed in both monitoring accuracy measures,
and especially in resolution (which is a rather independent measure), reinforces the differen-
tiation across domains. Mengelkamp and Bannert (2010) have suggested that relative moni-
toring accuracies are domain-specific, thus might generalize between tests within the same
domain, but not between different domains. Although our results did not demonstrate gener-
alization of resolution within the verbal domain, our descriptive data is somewhat supportive
of this claim.

Second, the analysis of whether FL proficiency moderated the cross-language association in
absolute monitoring accuracy, revealed an interesting pattern of results. Thus, although bias
scores at the group level were similar across the two languages, at the individual level they were
correlated across languages only for participants who had medium to high proficiency levels in
FL. This pattern suggests that a certain proficiency threshold in the FL might be necessary in
order to successfully share accurate comprehension monitoring across the languages. These
findings are consistent with Maki et al.’s (2005) results showing that verbal ability accounted
for confidence ratings and predictive absolute monitoring accuracy. It also corresponds with
various metalinguistic studies reporting that comprehension monitoring (tested in different
paradigms such as “think aloud”, error detection and questionnaires) was modulated by a
foreign language proficiency threshold (Block 1992; Han 2012; Han and Stevenson 2008;
Khonamri and Mahmoudi Kojidi 2011; Lin and Yu 2015). Finally, this finding also aligns with
the report that in trilinguals, 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 (the least proficient language; Silawi et al. 2020). The linguistic interdependence
theory (Cummins 1979, 2012), which postulates that FL reading proficiency level might
influence comprehension monitoring processes, is in line with these findings.

In sum, our results seem to support both trait and skill as the sources of confidence ratings
and comprehension monitoring accuracies in L1 and FL reading comprehension. Post-diction
confidence ratings, as subjective indicators of monitoring (Ackerman and Leiser 2014), seem
to be mainly domain-general, resting upon theory-based cues such as self-efficacy perceptions
(Bandura 1982), which go beyond the properties of the specific testing tool (Pallier et al.
2002). Absolute monitoring accuracy, as derived from the mean difference between the
components of performance accuracy and confidence, seems to reflect both theory/self-belief
cues (of each student of herself as a learner, a reader etc.) and experience/situational cues
(Koriat 2007) such as the actual experience of effort or difficulty in reading and answering test
items. This finding is aligned with Kasperski and Katzir (2013) which indicated that the over-
and under-confidence in children were dependent on reading ability as well as on personality
traits and reading self-perceptions. This finding is also consistent with Dinsmore and
Parkinson’s (2013) study which investigated students’ explanations of their confidence ratings
in reading comprehension tasks, suggesting that confidence ratings are constructed on the
combination of both personal factors such as prior knowledge (i.e. trait-based) and task factors
such as text characteristics and difficulty (i.e. skill-based).
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With regard to the relative monitoring accuracy, it seems that it acts as a more domain-
specific measure by its own nature (Mengelkamp and Bannert 2010; Nelson 1996) and is thus
more influenced by experience-based cues such as skill and a the specific characterization of a
given test (Koriat 2007).

There are several limitations to the current study. First, previous research has noted that
monitoring accuracy is related to task difficulty (Dunlosky et al. 2015; Maki and Berry 1984;
Pressley and Ghatala 1988). In the current study, there were differences in difficulty between the
three tasks (despite piloting text comprehension in each language), which are probably inherent
when testing comprehension in a mother tongue versus a foreign language (Ercikan and Por 2020).
Future studies should take this confound of underlying comprehension accuracy into consideration.
Second, the fact that texts within each language varied between participants, in difficulty and
content, due to the constraints of the training design, probably added extra “noise” to the data and
might have influenced results. Third, as part of our data analysis was based on correlations, other
variables could have affected individual differences such as intelligence, experience, prior knowl-
edge andmotivation. All our participants were undergraduate students, thus it was assumed that they
share some background knowledge and day to day learning experiences. Future studies may try to
control some of these variables by testing comprehension monitoring outside the lab, in actual
university classroom settings, thus applying results to “real life” learning situations within higher
education systems.

To conclude, the results of the current research add to what is known about the nature of
comprehension monitoring across languages, theoretically and practically. Theoretically, the results
suggest that comprehension monitoring is both trait and skill oriented. It seems that monitoring is
shared across languages, as long as a sufficient proficiency threshold in the language has been
reached. Thus, practically, when building new instructional methods for effective FL reading
comprehension in higher education, both dimensions of domain-general and language-specific skills
should be considered. In addition to direct instruction of FL learning and meaning construction,
specific training of self-monitoring techniques while reading should be implemented.
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WMC tasks (operation-span and Letter-Number sequencing) which will be analyzed in a future manuscript.
Reading times and response times were also recorded in the reading comprehension task, in order to ascertain that
participants were indeed engaged in reading the texts but were not further analyzed. In addition, the participants
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