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Abstract

Nowadays, use of a second language (L2) has taken a central role in daily activities. There

are numerous contexts in which people have to process information, acquire new knowl-

edge, or make decisions via a second language. For example, in academia and higher edu-

cation, English is commonly used as the language of instruction and communication even

though English might not be students’ native or first language (L1) and they might not be pro-

ficient in it. Such students may face different challenges when studying and learning in L2

relative to contexts in which they study and learn in their L1, and this may affect their meta-

memory strategies. However, little is yet known about whether metamemory processes

undergo significant changes when learning is carried out in L2. The aim of the present study

was to investigate the possible consequences on learning derived from studying materials

in L2 and, more specifically, to explore whether the interplay between monitoring and control

(metamemory processes) changes as a function of the language involved. In three experi-

ments, we explored whether font type (Experiment 1), concreteness (Experiment 2), and

relatedness (Experiment 3) affected judgments of learning (JOLs) and memory perfor-

mance in both L1 and L2. JOLs are considered the result of metacognitive strategies

involved in the monitoring of learning and have been reported to vary with the difficulty of the

material. The results of this study showed that people were able to monitor their learning in

both L1 and L2, even though they judged L2 learning as more difficult than L1. Interestingly,

self-perceived difficulty did not hinder learning, and people recognized L2 materials as well

or better than L1 materials. We suggest that this might be an example of a desirable difficulty

for memory.

Introduction

Over the past decades, use of a second language (L2) has become part of daily life for many.

There are numerous contexts in which bilingual people with very different linguistic profiles

process information, acquire new knowledge, or make decisions via a second language. For

example, in academia and higher education, English is commonly used as the language of

instruction and communication [1] even though English might not be students’ native or first

language (L1) and they might not be proficient in it. Such students may face different
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challenges when studying and learning in L2 relative to contexts in which they study and learn

in their L1. Despite the fact that bilingual instruction contexts tend to be the norm and that L2

use has grown over the years, research on whether the processes underlying learning undergo

significant changes when the learning context is not L1 is still scarce [for an attempt at explor-

ing the mechanisms underlying non-native primary students’ underachievement, see [2]. The

focus of the present study is to investigate the factors that regulate metacognitive processes of

learning in L2 contexts.

Even for highly proficient bilinguals, working in L2 can be cognitively challenging [3–5]. A

large number of studies have established that the two languages are co-activated within the

bilingual brain when producing or comprehending in both written and spoken modalities and

even in contexts where only one of the languages is involved [6–10]. If the alternative language

remains active when using the context-appropriate language, additional cognitive resources

are recruited to control the interference and actively select the desired language [11–14]. In

this respect, brain imaging studies have revealed that neural bases of bilingual language control

share brain networks with processes that enable domain-general cognitive control [e.g., 15].

According to the adaptive control hypothesis [16], bilingual people need to recruit control and

meta-control processes so as to maintain the language goal, monitor the conflict, and suppress

possible interference from language co-activation. The type and form of control exerted

depends on the context and on the type of language experience of the bilingual person [14].

Language control might be especially costly for unbalanced bilinguals, since the interference

from the dominant L1 to the less-dominant L2 has been shown to be greater than the other way

around [e.g., 13, 17, 18]. Moreover, unbalanced and late bilinguals rely primarily on transfer

from L1 to L2. Semantic representations are weaker in L2, and some concepts are activated

through L1-L2 translation [19]. Moreover, some studies have shown that L2 processing takes

20% more time, word recognition is slower, and a smaller amount of information is processed

simultaneously compared to L1 [20]. All this suggests that L2 processing is more challenging

and might take place within a presumably overloaded cognitive system [3, 21–23]. The question

is then whether this cognitive overload has consequences for learning strategies and cognitive

resources allocated when processing, studying, and acquiring new information in L2.

From a learning perspective, metacognition is a key function that serves a self-regulatory

purpose whereby the brain monitors the learning conditions and regulates the resources and

processes devoted to learning. Metacognition is one of the key components of self-regulated

learning [24–26] and is involved in the development of successful learning strategies linked to

academic achievement [25, 27, 28].

According to Nelson and Narens’ [29] classic model, there are two mechanisms underlying

metacognitive strategies in the learning process: monitoring and control. Monitoring refers to

the online supervision and assessment of the effectiveness of cognitive resources. Monitoring

processes, such as judgements regarding the ease/difficulty of the material and tasks or the

level of learning achieved after studying, are crucial to unfolding control processes, such as

selecting a strategy, regulating the cognitive resources devoted to the task, and adjusting them

when necessary [29, 30]. Thus, a task’s perceived difficulty, uncertainty, complexity, or novelty,

for example, may serve as cues to trigger control strategies. These two functions of metacogni-

tion (monitoring and control) are inextricably connected and, in turn, have consequences on

memory. Some theories assume that accurate monitoring leads to appropriate regulation for

the benefit of learning and memory performance [31–34].

The interplay between monitoring and control is assumed to be effortful and cognitively

demanding [35]. For these two processes to occur, sufficient cognitive resources must be avail-

able and executive control must be engaged, as the flow of bottom-up (monitoring) and top-

down (control) processes is simultaneous [29]. In support of this assumption, research with
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younger and older people suggests that metacognitive processes recruit cognitive resources. For

example, Stine-Morrow et al. [36] showed that learning in an older group was reduced relative

to a group of younger participants when memory monitoring was required, suggesting that

metacognitive monitoring might compromise performance in the age group whose executive

control skills might be in decline. Similarly, Tauber and Witherby [37] showed that, unlike for

younger adults, instructions to use metacognitive strategies did not improve memory perfor-

mance in older adults, suggesting that age-related deficits might make it difficult for older par-

ticipants to implement these strategies. Similarly, neuropsychological studies provide evidence

that the neural correlates of metamemory are driven by frontal lobes [38]. Finally, a review of

brain imaging studies reveals that midfrontal and frontoparietal areas are involved in metacog-

nition [39, 40], which suggests that executive functioning is involved in metacognition [41].

Judgments of learning (JOLs) are one of the procedures used to assess monitoring processes.

In a classical task, participants are asked to rate (usually with a percentage) the likelihood of

remembering in the future the learning material they have just studied. They can be based on a

full-list evaluation (e.g., lists of words, texts) or an item-specific assessment (e.g., single words,

pictures, etc.) [42]. JOLs are inferential in nature and combine information from different

sources. These include inherent features of the material, such as perceptual characteristics

(e.g., size and clarity), association strength, word frequency, concreteness, or relatedness; con-

ditions of encoding and testing (time frame, test format, presentation rate, retention interval,

etc.); and one’s own memorial experience of the material [43].

Therefore, people’s JOLs have been shown to be sensitive to variations in the to-be-studied

material, such as perceptual, lexical, and semantic features or the degree of coherence and elab-

oration. For instance, participants tend to judge that their memory will be better for easy-to-

read items in contrast to difficult-to-read items [44], for concrete in contrast to abstract words

[45–47], and for related pairs [48, 49] and semantically related word lists [50] in contrast to

unrelated words, even under conditions of divided attention while studying [51]. Whether the

effects of JOLs on memory performance rely on the ease of processing at encoding, on general

beliefs, or on a combination of both factors is still debated, but overall, the evidence suggests

that people use cues at different processing levels to assess the difficulty of the learning process.

Generally, JOLs tend to be quite accurate in predicting recall performance (e.g., concrete

and related words usually receive higher JOLs and are usually better remembered than abstract

and unrelated words [46, 49, 52]). However, some studies have demonstrated dissociations

between JOLs and memory, with participants exhibiting underconfidence or overconfidence

regarding their predictions about their success in remembering the targets [e.g., 53]. Accord-

ing to the cue-utilization approach [43], JOLs reflect inferential processes based on cues pro-

vided by the materials and tasks, and mispredictions may arise because the cues used by the

learner are not diagnostic, informative, or related to actual memory performance [e.g., see 54]

for mixed results in the fluency effect of JOLs and memory].

Taken together, previous research indicates that people are sensitive to different character-

istics when judging the likelihood of remembering the studied material. However, given that

monitoring is cognitively effortful, it is also possible that when studying in L2, people have less

cognitive resources available to devote to such metacognitive and learning processes. Whether

the language of study plays a part in the monitoring process and whether it interacts with

other cues is yet to be known.

Present studies

In three experiments, we aimed to investigate the consequences of studying in L1 or L2 on the

interplay between memory monitoring and control. We explored the effects of manipulating
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font type, concreteness, and relatedness on JOLs and recognition to discover to what extent

unbalanced bilinguals can monitor and control their memory both in L1 and L2. Previous

research exploring the consequences of studying in L1 vs. L2 on memory have found different

effects depending on the type of test. For example, Vander Beken et al. [55, 56] found that

essay questions hindered performance in L2 presumably due to difficulties in writing produc-

tion while no differences between L1 and L2 performance were found with True/False recogni-

tion questions when students studied short expository texts.

Additionally, Mizrahi et al [57] predicted that bilinguals would be disadvantaged in free

recall, but advantaged in recognition in the nondominant language. In this vein, previous stud-

ies confirmed that bilinguals recalled fewer items, exhibited worse memory for item order, and

weaker primacy effects in the nondominant than the dominant language [58–60]. In addition,

two more studies reported better recognition memory for words in bilinguals’ nondominant

compared to their dominant language [61, 62]. Thus, the process of writing seems to be more

complex and challenging in L2 due to linguistics aspects and proficiency. In order to avoid

confounding effects with writing complexity, in our experiments we used recognition tests to

assess memory performance.

In the experiments, participants studied lists of words and provided JOLs for each of the

study words (Experiments 1 and 2) or for short study lists (Experiment 3). All participants per-

formed the tasks in both L1 and L2, with language being blocked and counterbalanced. Across

experiments, we varied the features of the materials that could be considered cues for metacog-

nitive assessment. Experiment 1 concerned perceptual features (font type); Experiment 2 con-

cerned lexical-semantic features (concreteness); and Experiment 3 concerned semantic-

relational features (relatedness among words in a short list). Thus, our manipulation involved

different types of processing that may interact with the language of study in different ways [3,

4, 13, 20, 63]. Note that these manipulations are not equally predictive of learning success

since, intrinsically, perceptual manipulation does not necessarily imply increased difficulty of

the material [64] neither when encoding nor during retrieval. However, people do encode and

retrieve concrete and categorically related words better than abstract and unrelated words,

which makes them more memorable [65, 66]. Hence, manipulations of the different features of

the to-be-studied materials might reveal interesting interactions between language and

monitoring.

Overall, our hypothesis was that the extra cognitive demands involved in L2 processing rel-

ative to L1 processing may reduce metacognitive processing and monitoring as they both (L2

processing and monitoring) require cognitive control. We expected to observe less accurate

use of possible cues for monitoring in L2 than in L1, meaning that manipulations to increase

or decrease the intrinsic difficulty of the material–such as concreteness or relatedness of the

to-be-studied material–might not be detected when the task is performed in L2. In addition,

we wanted to assess whether participants adjust their overall perception of learning to the con-

text provided by the language. Since each block in the experiments defined a language context

(either L1 or L2), it was possible to assess if the participants perceived learning success differ-

ently depending on the language and adjusted their JOLs consequently. Overall, we expected

that participants considered learning in L1 to be easier and more successful than learning in

L2, with higher JOLs in the L1 context than in the L2 context.

Experiment 1: Easy-to-read vs. difficult-to-read font type

Experiment 1 represents an initial attempt to explore how the language of study interacts with

a perceptual manipulation of the to-be-studied material. With this purpose, we examined the

effect of font type on JOLs and memory when the study materials were presented in L1 or in
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L2. Interestingly, the evidence for the effect of perceptual manipulations on JOLs and memory

performance is mixed and seems to depend on specific conditions [see 54 for a review]. Over-

all, results suggest that the use of perceptual fluency as a cue for JOLs is evident when there are

no other cues available (e.g., item relatedness, study time) and when the fluency is manipulated

within participants [67]. Regarding memory performance, results are also mixed. Some studies

indicate that perceptual disfluency may function as a desirable difficulty since it provides a

metacognitive cue for “difficulty,” leading to more effortful processing and, in turn, to better

performance [44, 68, 69]. Yet, some other studies have concluded that perceptual disfluency

does not affect memory [44, 64, 70]. The question then is whether perceptual fluency might be

boosted as a cue for learning monitoring when more effortful processing is dedicated to study

due to the L2 condition. In Experiment 1, we manipulated font type (easy- vs. difficult-to-

read) and language of study (L1 vs. L2) within participants, but language was blocked and

counterbalanced so that, within each block, font type was the main cue on which to base the

JOLs whereas the language acted as the contextual setting of learning (i.e., within each block

words appeared in the same language). As mentioned, we were interested not only in whether

there were differences in the way participants assessed their learning within each language

context, but also in whether they adjusted their JOLs as a function of the language context

(e.g., higher JOLs for L1 than L2).

Methods

Participants. We conducted a power analysis using G*Power [71] to determine the

required sample size. We calculated it considering a mixed factor analysis of variance

(ANOVA) with language and font type as repeated measure variables, and order of the lan-

guage block as a between-participants variable. We estimated a required sample size of 28 par-

ticipants, assuming a small-to-moderate effect size (partial eta squared of 0.05) to observe

significant (α = 0.05) effects at 0.8 power. This estimation applies for all three experiments, as

they are all of similar design and characteristics. We recruited some more participants in order

to ensure a representative sample after removing those who did not perform the task correctly:

participants who did not vary JOLs across items, had a low hit and/or high false alarm propor-

tion (d-prime< 0.5) in the recognition test [72], and/or had a rate of fast anticipatory

responses (<300ms) of over 10% [73] were excluded from the study. Participants had normal

or corrected-to-normal vision and reported no neurological damage or other health problems.

Participants gave informed consent before participating in the experiment. The experiment

was carried out following the Declaration of Helsinki [74]. The protocol was approved by the

institutional Ethical Committee of the University of Granada (857/CEIH/2019) and the Uni-

versidad Loyola Andalucı́a (201222 CE20371).

Thirty-seven psychology students from the University of Granada participated in Experiment

1. We removed from all analyses a participant who rate every item at the maximum possible value.

We therefore had a total sample of 36 (18–40 years old, M = 23.67, SE = 5.34). Participants were

tested in person and individually in the laboratory and received course credit as compensation.

We recruited non-balanced Spanish-English bilinguals who started acquiring English as

their L2 during late childhood (M = 7.90, SE = 2.86). They were moderately proficient in

English, as proven by subjective [Language Background Questionnaire, LEAP-Q; 75] and

objective (MELICET Adapted Test, Michigan English Language Institute College Entrance

Test, and verbal fluency task) language measures. S1 Table in S1 File shows descriptive statis-

tics for the participants in this and all other experiments.

Materials and procedure. The experimental session lasted approximately 100 minutes.

The main task consisted of a JOL task with a study phase, a distractor task, and a recognition
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test. Additionally, participants completed other cognitive tasks, a metacognitive questionnaire

regarding the strategies used when studying the words, a language background and sociode-

mographic questionnaire [LEAP-Q; 75], a verbal fluency test in L1 and L2, and the MELICET

Adapted Test. We presented stimuli and collected data for all tasks with E-Prime Professional

2.0 software [76].

The JOL task was modeled after Halamish [77]. This paradigm included two consecutive

blocks with identical procedure with the exception of the language in which words were writ-

ten (Spanish–L1 vs. English–L2). The assignment of L1 and L2 to the blocks was counterbal-

anced across participants as a between-subject factor. For each block, participants studied a list

of words for a later recognition test and were informed that the words would be presented in

two different font types. For each block, words could appear in either an easy-to-read (Arial 18

points black color, RGB (Decimal) 0, 0, 0 and RGB (Hex) 0x0, 0x0, 0x0) or difficult-to-read
font (Monotype Corsiva 18 points silver color, RGB (Decimal) 192, 192, 192 and RGB (Hex)

0xC0, 0xC0, 0xC0), following the procedure established by previous studies [78–80]. Each

study phase lasted eight minutes, and the recognition test took approximately four minutes.

During the study phase, words were presented one at a time in the middle of the computer

screen. For each trial, a fixation point appeared for 500 ms; then, a slide with the study word

remained for 5,000 ms. Immediately after the presentation of each word, participants gave a

judgment of learning (JOL). They predicted the likelihood of remembering it on a 0–100 scale

(0: not likely at all, 100: very likely). They typed in the JOL using a regular computer keyboard.

This screen advanced automatically after the prescribed time (4,000 ms) or when the partici-

pant pressed ENTER.

For each block, the to-be-studied list comprised 44 words, with the first and last two words

serving as the primacy and recency buffers and the remaining 40 as targets. Language was

blocked such that all words within each study/recognition block appeared either in L1 or L2.

Within each language block (L1 or L2), participants studied 40 words (after removing primacy

and recency buffers), half of them in an easy-to-read font and half of them in a difficult-to-

read font type, which was counterbalanced across participants. For assignment to the easy/dif-

ficult-to-read conditions, we created two lists (list A and list B) of 20 words in each language.

The assignment of each list to the easy-to-read or to the difficult-to-read font was counterbal-

anced across participants (word lists for this and the next two experiments can be found in

S2 File).

We selected English and Spanish words from the CELEX English Corpus [81] and the LEX-

ESP database [82] and used the N-Watch [83] and BuscaPalabras programs [84], respectively,

to compute and control for psycholinguistic indices. Within and between lists and languages,

words were matched for estimated frequency (L1-List A: M = 2.2, SD = 0.4; L1-List B: M = 2.2,

SD = 0.5; L2-List A: M = 2.3, SD = 0.4; L2-List B: M = 2.3, SD = 0.4) and number of letters

(L1-List A: M = 4.8, SD = 1.0; L1-List B: M = 4.8, SD = 0.9; L2-List A: M = 5.1, SD = 1.1; L2-List

B: M = 4.8, SD = 0.8). Within the blocks, words were presented in a pseudo-random order,

with the restriction that no more than three items from the same font type appeared

consecutively.

In between the study phase and the recognition test of each block, participants did a distrac-

tor task for 10 minutes. We chose a short version of the AX- Continuous Performance Task

[AX- CPT; 85], which is a cognitive control task with minimum verbal load.

With regard to the recognition test, studied words (excluding the primacy and recency buff-

ers) appeared along with 40 new words in a random order. Studied and new words were two

independent sets that remained constant for all participants, but they were matched for mean

estimated frequency (L1: M = 2.1, SD = 0.3; L2: M = 2.3, SD = 0.3), and mean number of letters

(L1: M = 4.7, SD = 1.2; L2: M = 4.4, SD = 0.8), so that any possible effect that may arise would
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not be explained by those psycholinguistic parameters [see 44, 86, 87 for a similar procedure].

First, a blank slide was displayed for 100 ms. Then, the target stimulus remained on the screen

for 3,000 ms or until the participant gave a response. For each word, participants indicated

whether it had appeared in the study phase by pressing a ‘YES’ or ‘NO’ key. The assignment of

the keys (Z and M) to the correct responses (‘YES’ and ‘NO’) was counterbalanced between

subjects and kept constant across tasks.

Results. We performed 2 x 2 x 2 (language x font type x block order) mixed-factor ANO-

VAs for JOLs in the study phase and accuracy (d-prime) in the recognition test. Language (L1

vs. L2) and font type (easy-to-read vs. difficult-to-read) were within-subject factors, and block

order (L1-first vs. L2-first) was a between-subject factor. We included block order in the analy-

ses because participants’ calibration and expectations when performing the task may vary as a

function of whether the first block was performed in L1 or L2. For all analyses, the alpha level

was set to 0.05, and we corrected by Bonferroni for multiple comparisons. Effect sizes are

reported in terms of partial eta squared (ηp
2) for ANOVAs and Cohen’s d for t-tests.

We also conducted the same analyses but including MELICET scores as a covariate (ANCO-

VAs), which yielded identical results. MELICET did not interact with language F(1, 33) = 0.749,

p = .393, ηp
2 = .002, or font type F(1, 33) = 0.05, p = .829, ηp

2 = .000 for JOLs or recognition

task–language F(1, 30) = 0.29, p = .593, ηp
2 = .001 and font type effect F(1, 30) = 0.02, p = .887,

ηp
2 = .000). Therefore, for the sake of simplicity, we report ANOVAs outcomes in the main text.

We removed three duplicate items in the L1 block, which resulted in 76 valid trials (37 stud-

ied and 39 new items) in the L1 block and 80 valid trials (40 studied and 40 new items) in the

L2 block. Measures were adjusted for the total number of valid items in each language block.

Study phase (JOLs). To evaluate the effect of language and font type on the magnitude of

JOLs, we computed the mean across participants after removing trials with blank responses

(0.63%) and trials with responses over 100 (0.77%, presumably due to typography errors, as

participants were instructed to rate their JOLs on a 0–100 scale by key-pressing a value).

We found no significant main effects of language (F(1, 34) = 0.63, p = .432, ηp
2 = .02), font

type (F(1, 34) = 2.18, p = .149, ηp
2 =. 06), or block order (F(1, 34) = 0.01, p = .922, ηp

2 = .000).

We observed a significant interaction between language and block order (F(1, 34) = 9.47, p =

.004, ηp
2 = .22). Post-hoc comparisons revealed that when L2 was studied first, JOLs for L2

items were lower (M = 57.8, SE = 4.7) than for L1 items (M = 66.8, SE = 3.9), although these

differences were marginal (t(34) = 2.74, p = .059). In contrast, when participants started with

the L1 block, they rated comparably the probability of remembering items in both languages

(M = 60.2, SE = 3.9 and M = 65.5, SE = 4.7 for L1 and L2 items, respectively; t(34) = -1.61, p =

.696). No other interaction was significant: font type did not interact with block order (F(1, 34)

= 0.61, p = .44, ηp
2 = .02) or with language (F(1, 34) = 0.39, p = .535, ηp

2 = .01). Block order

and language did not interact neither (reporter) and the three-way interaction between font

type, language, and block order was not significant (F(1, 34) = 0.47, p = .499, ηp
2 = .01). Over-

all, it seemed that font type did not have an effect in either L1 or L2.

Recognition test (accuracy). Following the procedure of Undorf and Zander [88], we

removed from the analysis trials with a reaction time shorter than 300 ms (0.14% of the total

number of trials). We calculated d-prime as a sensitivity index on the basis of hits and false

alarms. Greater d-prime indicates better discrimination between studied and new items. We

followed Hautus [see 89] and the 1/(2N) rule to apply corrections for extreme false-alarm or

hit proportions (p = 0 or p = 1). Due to a technical error, we did not record data from the rec-

ognition test for the first three participants. Therefore, we analyzed data from 33 participants

in this measure.

The analysis showed that d-prime did not differ across conditions. Neither language (F(1,

31) = .61, p = .441, ηp
2 = .02), font type (F(1, 31) = 0.70, p = .41, ηp

2 = .02), nor block order (F
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(1, 31) = 3.55, p = .069, ηp
2 = .10) reached significance. None of the interactions were signifi-

cant. Block order did not interact with language (F(1, 31) = .15, p = .701, ηp
2 = .01) or font type

(F(1, 31) = .10, p = .751, ηp
2 = .003). Neither did font type interact with language (F(1, 31) =

1.85, p = .184, ηp
2 = .06). The three-way interaction between the factors did not reach signifi-

cance (F(1, 31) = 0.72, p = .40, ηp
2 = .02). Participants recognized items similarly across condi-

tions. Additional information about estimated means (and standard deviations) for hits, false

alarms, misses and correct rejections by language, font type and block order can be found in

S1 File. See Table 1 for estimated means and standard deviations for JOLs and d-prime.

Goodman–Kruskal gamma correlation. We used a Goodman–Kruskal (GK) gamma

correlation [90] as a nonparametric measure of the association between JOL and subsequent

recognition. This analysis permitted us to examine participants’ metamemory accuracy–reso-

lution–across conditions. We calculated one gamma correlation for each participant in each of

the four conditions of interest (L1 easy-to-read, L1 difficult-to-read, L2 easy-to-read, L2 diffi-

cult-to-read). We then ran mixed-factor ANOVAs to examine whether the GK gamma corre-

lations differed across conditions, including block order as a between-subject variable. Note

that the degrees of freedom may differ from the previous analyses because the correlation can-

not be computed when there is not enough variance in participants’ responses [91].

We found a marginal effect of font type (F(1, 16) = 4.18, p = .058, ηp
2 = .207), with the diffi-

cult-to-read font type (M = 0.3, SE = 0.1), having better resolution than the easy-to-read font

type (M = 0.2, SE = 0.1). This was mediated by a marginal interaction between language and

font type (F(1, 16) = 4.18, p = .058, ηp
2 = .207). We observed a tendency towards having better

resolution for the difficult materials in L2, whereas easy-to-read and difficult-to-read materials

did not differ in L1 (see Table 2). The main effect of block order was not significant (F(1, 16) =

0.04, p = .85, ηp
2 = .002). Neither was any of the other interactions (all ps > .05).

With regard to the learning strategies used in the study phase, in this experiment partici-

pants reported grouping words by their semantic meaning (86.1%), creating mental images

(69.4%) and rehearsal of words (52.8%) as the strategies most used.

Discussion

In Experiment 1, we were interested in two possible effects. First, we wanted to observe if a

perceptual cue, such as font type, produced different JOLs and recognition accuracy and if

Table 1. JOLs and d-prime across conditions.

Easy-to-read Difficult-to-read

Language Block order JOL d-prime JOL d-prime

L1 L1-first 60.0 (4.0) 2.9 (0.2) 60.4 (4.1) 2.9 (0.2)

L2-first 67.9 (4.0) 2.4 (0.2) 65.8 (4.1) 2.5 (0.2)

L2 L1-first 66.4 (4.6) 2.8 (0.2) 64.7 (4.7) 2.7 (0.2)

L2-first 58.8 (4.6) 2.5 (0.2) 56.8 (4.7) 2.4 (0.2)

https://doi.org/10.1371/journal.pone.0286516.t001

Table 2. Goodman–Kruskal gamma correlations across conditions.

Easy-to-read Difficult-to-read

Language Block order JOL JOL

L1 L1-first 0.2 (0.2) 0.2 (0.2)

L2-first 0.3 (0.1) 0.2 (0.2)

L2 L1-first 0.0 (0.2) 0.3 (0.2)

L2-first 0.1 (0.1) 0.3 (0.2)

https://doi.org/10.1371/journal.pone.0286516.t002

PLOS ONE Judgments of learning in bilingual participants

PLOS ONE | https://doi.org/10.1371/journal.pone.0286516 December 1, 2023 8 / 24

https://doi.org/10.1371/journal.pone.0286516.t001
https://doi.org/10.1371/journal.pone.0286516.t002
https://doi.org/10.1371/journal.pone.0286516


they differed as a function of the language context in which the task was performed. Second,

we were interested in assessing if the linguistic context (L1 or L2) had an effect on the overall

perceived learning difficulty of the task.

Regarding font type, we did not find an effect of font type on JOLs in either language (L1 or

L2). Participants predicted similar memory performance for words in a difficult-to-read and

easy-to-read font. Correspondingly, recognition accuracy was similar for both font conditions.

This pattern of results is in line with Magreehan et al. [67], who did not find an effect of font

type when other cues were available. It can be argued that with our design and materials, font-

type was the only cue available for the participants since language was blocked. However, par-

ticipants had been fully informed of the procedure, and they knew from the beginning that

they were going to study words in two languages and that within each language block, words

could appear in two different font types. They were instructed to judge their learning based on

the difficulty perceived with all the information available, which includes font type and lan-

guage. In fact, even when participants reported similar JOLs in both font type conditions,

gamma correlations indicated that they seemed to actually monitor the difficult material better

than the easy material, especially in L2, where the correlation between JOL and recognition

seems to suggest better adjustment between perceived degree of learning and actual recogni-

tion performance. That is, when participants performed the task in L2, JOLs for remembered

difficult-to-read items were higher than for unremembered ones in L2, suggesting they moni-

tored difficult materials better. However, this interaction was only marginal, and it should be

considered with caution.

Interestingly, the language effect was dependent on the order in which the languages were

presented. Thus, participants’ JOLs increased for L1 when L2 was presented first, whereas

when the L1 block preceded the L2 block, differences in the perceived difficulty of the language

did not reach significance. Although block order did not modulate the GK correlations, still

this effect might be due to the possible anchor point for further comparison provided by the

first block. It is possible that participants were cautious in judging their degree of learning dur-

ing the initial L2 block and increased their JOLs when confronted with the following, easier L1

block. This increase in perceived learning for the second block was not evident when the sec-

ond block was L2. Note, however, that the greater perceived difficulty of L2 when L2 was pre-

sented first did not correspond with performance in the recognition test, since recognition did

not vary with language or language order.

In sum, the results of Experiment 1 suggest that when font type was manipulated, there

were very small variations in JOLs and recognition accuracy, and the latter did not vary with

language.

Experiment 2: Concrete vs. abstract words

In Experiment 2, we introduced a lexical-semantic manipulation by including concrete and

abstract words in the study list. Concrete words have richer and more interconnected semantic

representations than abstract words, and have been shown to enhance item memory [92–94].

Concreteness effect have been demonstrated not only in memory but also in JOLs [46, 52].

Concrete words are more easily processed, and this encoding fluency serves as a cue for meta-

cognitive judgements, such as JOLs [46].

We expected that this manipulation might interact with language, since conceptual process-

ing has been shown to differ across languages [95–97]. Thus, associations between words and

their meanings have been shown to be weaker in L2 than in L1 [19], especially for unbalanced

bilinguals (see the Revised Hierarchical Model by Kroll and Stewart [19]), and this may have

an effect when the cue for learning monitoring also involves conceptual processing.

PLOS ONE Judgments of learning in bilingual participants

PLOS ONE | https://doi.org/10.1371/journal.pone.0286516 December 1, 2023 9 / 24

https://doi.org/10.1371/journal.pone.0286516


Thus, we expected that, consistent with previous studies, participants might give higher

JOLs to concrete relative to abstract words in L1 [52]. However, for L2, concreteness might

not be so evident in JOLs and/or memory, as participants might not be able to monitor and

detect the difficulty and to adjust to it. In addition, we wanted to explore if, similar to Experi-

ment 1, we would observe a language-by-block interaction, indicating that participants adjust

their JOLs depending on the anchor point provided by the language of the first block.

Methods

Participants. Participants were selected following the same criteria and procedure

described in Experiment 1. Thirty-nine psychology students from the University of Granada

participated in this experiment. We removed a participant who gave JOL values of 100% to all

items, suggesting he/she did not perform the main task correctly, resulting in a final sample of

38 (18–31 years old, M = 21.37, SD = 2.86). Participants were tested individually in an online

experiment and received course credit as compensation. In this experiment, we included self-

reported measures for L1 in LEAP-Q. Comparisons of all self-reported measures and of the

verbal fluency test results showed that participants were unbalanced and significantly more

fluent in L1 than in L2. All p values were below .05. See S1 Table in S1 File for descriptive

statistics.

Materials and procedure. Participants were tested in a single online remote session that

lasted approximately 120 minutes. We programmed, presented the stimuli and collected data

for all tasks with Gorilla Experiment Builder, an online platform [98]. Participants accessed

the experiment individually and on their own. They were forced to full-screen presentations so

as to prevent them from opening other windows in the computer while doing the tasks. Recent

research supports the validity and precision of experiments run online [98–100].

The procedure was similar to that of Experiment 1, since the same cognitive and linguistics

tasks were administered, although they were administered through an online platform in this

case. In addition, for the memory and JOL tasks, word concreteness was manipulated. In this

experiment, for the JOL task, participants responded by using the mouse to move a handle

slider to the desired number and pressed the spacebar to continue to the next word. As in

Experiment 1, the language of the study phase and test (L1 and L2) was blocked and counterbal-

anced. The study lists were composed of 44 nouns (4 primacy and recency buffers and 40 tar-

gets), and the subsequent recognition tasks included 80 words (40 targets and 40 new words).

Half of the study and recognition words were concrete (concreteness for L1: M = 5.8, SD = 0.5;

L2: M = 4.6, SD = 0.4) and half were abstract (L1: M = 3.8, SD = 0.7; L2: M = 2.6, SD = 0.7), and

they were presented in random order. We selected words from Brysbaert et al. [101] and trans-

lated them to obtain words in Spanish–L1. Across participants, the L1-L2 versions of the words

were counterbalanced in such a way that words that appeared in L1 for one participant would

not appear in the L2 block. All selected words were composed between 3 and 7 letters and

medium frequency. Within languages, concrete and abstract studied and new words were

matched in estimated frequency (L1: M = 2.0, SD = 0.3; L2: M = 2.2, SD = 0.3) and numbers of

letters (L1: M = 5.3, SD = 1.2; L2: M = 5.0, SD = 1.2). Note that we used two language specific

norms to select the words. Concreteness ratings for English words were based on Brysbaert

et al., [101] using a 5-point scale for English, whereas values for the Spanish words were based

on LEXESP [82] using a 7-point scale. Thus, the descriptive statistics are in different scales.

However, the criteria to consider a word abstract or concrete was equivalent for both data set.

We calculated the concreteness mean for each language, and words with ratings above the

means in both languages were considered concrete, while words with values below the means

were considered abstract. See S5 Table in S1 File for concreteness ratings of each list.
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Results

As in Experiment 1, we report mixed-factor ANOVAs for JOLs and d-prime in the recognition

test. Language (Spanish–L1 vs. English–L2) and concreteness (abstract vs. concrete words)

were within-subject factors, and block order (L1-first vs. L2-first) was a between-subject factor.

As in Experiment 1, we conducted the same analyses but including MELICET scores as a

covariate (ANCOVAs), which yielded identical results. Scores in the MELICET did not inter-

act with language F(1, 35) = 2.67, p = .112, ηp
2 = .071, or concreteness F(1, 35) = 0.66, p = .420,

ηp
2 = .019 for JOLs or for recognition–language F(1, 33) = 0.11, p = .739, ηp

2 = .003, and con-

creteness effect F(1, 33) = 3.56, p = .068, ηp
2 = .097).

We removed two items that were erroneously duplicated in both blocks (Spanish–L1 and

English–L2). This resulted in 79 valid trials (40 studied and 39 new items) in both blocks. Mea-

sures were adjusted for the total number of valid items in each language block. We removed

from all analyses a participant who did not vary the JOLs across the items, suggesting he/she

was not performing the task correctly.

Study phase (JOLs). The results showed no significant main effects of language (F(1, 36)

= 0.17, p = .684, ηp
2 = .005) or block order (F(1, 36) = 0.15, p = .904, ηp

2 = .000). We observed a

significant main effect for concreteness (F(1, 36) = 18.34, p< .001, ηp
2 = .34) such that con-

crete words received higher JOLs (M = 59.4, SE = 3.0) than abstract words (M = 55.0,

SE = 2.8).There was a marginal interaction between language and block order (F(1, 36) = 4.00,

p = .053, ηp
2 = .10). Follow-up tests revealed non-significant effects. Neither was there a signifi-

cant difference between languages depending on whether the L1 block (L1: M = 54.5, SE = 4.3;

L2: M = 59.1, SE = 4.5) or L2 block (L1: M = 59.1, SE = 4.1; L2: M = 56.0 SE = 4.3) was placed

first. However, we observed a tendency of crossover effects such that L1 had lower JOLs when

the L1 block was placed first and L2 received lower JOLs when the L2 block was placed first.

No other interaction was significant: concreteness did not interact with block order (F(1, 36) =

0.44, p = .513, ηp
2 = .012), or with language (F(1, 36) = 2.08, p = .158, ηp

2 = .055). The three-

way interaction was not significant (F(1, 36) = 0.00, p = .931, ηp
2 = .000).

Recognition test (accuracy). Following the procedure in Experiment 1, we filtered out tri-

als with fast responses (<300ms, 0.21%). We removed a participant who had a reaction time

below 300ms in more than 10% of trials [73] and another participant whose d-prime was

below 0.5 (low hit or high false alarm proportion) [72].

For d-prime, the analysis showed a significant main effect of concreteness (F(1, 34) = 29.95,

p< .001, ηp
2 = .468). Participants recognized concrete words (M = 2.6, SE = .12) better than

abstract words (M = 2.3, SE = .11). In addition, there was a significant language-by-block

order interaction effect (F(1, 34) = 6.96, p = .013, ηp
2 = .170). Thus, words in L2 were better

recognized (M = 2.7, SE = 0.17) than words in L1 (M = 2.3, SE = 0.17), but only when the L2

block was placed first (t(34) = -3.03, p = .028). When participants started with the L1 block,

they recognized items in both languages similarly (L1: M = 2.5, SE = 0.18; L2: M = 2.4,

SE = 0.18, t(34) = 0.76, p = .100). We did not observe other significant main effects or interac-

tions (p> .1 for all). Additional information about estimated means (and standard deviations)

for hits, false alarms, misses and correct rejections by language, concreteness and block order

can be found in S1 File. See Table 3 for estimated means and standard deviations for JOLs and

d-prime.

Goodman–Kruskal gamma correlation. In the mixed-factor ANOVA, we found no sig-

nificant effect of block order (F(1, 19) = 0.19, p = .665, ηp
2 = .01) (L1-first: M = 0.2, SE = 0.1;

L2-first: M = 0.2, SE = 0.1), language (F(1, 19) = 0.60, p = .449, ηp
2 = .031) (L1: M = 0.2,

SE = 0.1; L2: M = 0.3, SE = 0.1), or concreteness (F(1, 16) = 0.14, p = .709, ηp
2 = .008) (concrete:

M = 0.2, SE = 0.1; abstract: M = 0.2, SE = 0.1). None of the interactions were significant.
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With regard to the learning strategies used in the study phase, in this experiment partici-

pants reported creating mental images (68.8%), words rehearsal (59.4%), grouping words by

their semantic meaning (59.4%), and relating words to personal experiences (56.3%) as the

strategies most used in the study phase.

Discussion

The results of Experiment 2 replicated the concreteness effect that has been commonly

reported in previous metamemory studies; that is, concrete words produced larger JOLs and

better recognition rates than abstract words [52, 102]. Consistent with previous studies [103],

despite judging abstract words as more difficult than concrete words, participants did not

seem to allocate sufficient resources to compensate and achieve the same recognition as con-

crete words. Importantly, these effects were evident independent of whether participants per-

formed the tasks in L1 or L2.

As for the language cue, there was a tendency to judge L1 words as better learned than L2

words. Interestingly, when the L2 block was placed first, participants seemed to compensate

and achieve better memory for L2 words than for L1 words. The fact that L2 words were recog-

nized better than L1 words is in line with previous studies reporting better recognition in the

less-fluent language [61, 62]. It is possible that participants devoted more resources to what

they slightly perceived as slightly more difficult (L2) and ultimately achieved better learning.

Interestingly, this compensatory effect was evident in Experiment 2 but not in Experiment 1.

Materials in Experiment 2 included concrete and abstract words, which might have induced

semantic processing, and this may be the factor underlying the effect. In Experiment 3, we

assessed this explanation by introducing a relational-semantic dimension which might make

these compensatory effects even more evident.

Experiment 3: Words grouped into semantic categories vs.

unrelated words

In Experiment 3, we introduced a semantic manipulation, namely the degree of within-list

semantic organization, which requires relational processing and semantic integration [66].

Relational processing and organization are among the most efficient processes for learning

[104]. Organization involves awareness of the sematic relations of the material during encod-

ing and the use of this organization at retrieval. Hence, organization as a learning strategy

involves a high degree of metacognitive processing at both encoding (assessment of possible

word relations) and retrieval (controlled organizational strategies). Previous research on meta-

memory has reported on the effect of relatedness in memory and JOLs. People systematically

give higher JOLs, and indeed recall and recognize related information (pairs or lists), better

than information that is unrelated [49, 105, 106]. However, research across older and younger

participants has also shown that organization at encoding and retrieval is often impaired in

older participants [66, 107–111], suggesting that the use of these strategies involves the

Table 3. JOLs and d-prime across conditions.

Concrete Abstract

Language Block order JOL d-prime JOL d-prime

L1 L1-first 56.9 (4.6) 2.7 (0.2) 52.1 (4.2) 2.4 (0.2)

L2-first 62.1 (4.4) 2.5 (0.2) 56.1 (4.0) 2.1 (0.2)

L2 L1-first 60.5 (4.7) 2.5 (0.2) 57.8 (4.5) 2.3 (0.2)

L2-first 58.1 (4.4) 2.8 (0.2) 53.9 (4.3) 2.6 (0.2)

https://doi.org/10.1371/journal.pone.0286516.t003
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engagement of fully intact control processes. Previous research on L2 language processing has

also shown that processes such as inferencing or mental model updating during text compre-

hension are impaired when the texts are presented in L2 relative to L1 [3]. Hence, it is possible

that engagement of language control during L2 processing might also reduce the use of costly

encoding and retrieval strategies relative to L1 processing.

Consistent with previous literature, we expected to find an effect of relatedness in both

JOLs and recognition in L1. However, as this material requires deeper associative processing,

we also expected that it would be affected by the possibly costlier monitoring and memory pro-

cesses in L2.

Methods

Participants. Forty-two psychology students from the University of Granada (45.2%) and

Universidad Loyola Andalucı́a (54.8%) participated in this experiment. They were recruited

and selected following the same procedure and criteria as in Experiments 1 and 2. We removed

a participant who recorded the default JOL value of 50% for all items, suggesting he/she did

not correctly perform the main task. This resulted in a final sample of 41 (18–29 years old,

M = 20.54, SD = 2.41). Participants were tested individually in two remote sessions and

received course credit as compensation. Comparisons for all self-reported measures and for

the verbal fluency test showed that participants were unbalanced and significantly more fluent

in L1 than in L2. All p values were below .05. See S1 Table in S1 File for descriptive statistics.

Materials and procedure. The experiment consisted of two online sessions, each of which

lasted approximately 60 minutes. The procedure was similar to that of Experiment 2, with the

same cognitive and linguistics tasks programmed and administered with the same experiment

builder [98]. However, the procedure for the memory task differed in the materials used and

the moment when JOLs were solicited. In this case, participants studied 10 short lists of six

words for a later recognition test and gave a JOL after the study phase for each list. We used an

adapted procedure, modeled after Matvey et al. [50]. Lists comprised either words grouped

into a semantic category (e.g., musical instruments: horn, bass, drum, keyboard, harp, saxo-

phone) or unrelated words (e.g., hole, blind, tower, kingdom, wheel, bishop). Nevertheless,

unlike Matvey et al. [50], participants in our study gave JOLs after studying each list instead of

giving JOLs after each target word. Note that the relatedness manipulation affects the complete

list (related word lists vs unrelated-word lists), differently from experiments 1 and 2 were the

manipulation affected specific words within the list (e.g., concrete words vs. abstract words),

and therefore, in this case, we could assess the difficulty of the list as a whole.

Within each list, words were presented randomly, one at a time, in the middle of the com-

puter screen. Within each session, participants completed the JOL and recognition task in the

two language blocks (L1 vs. L2). Similar to previous experiments, the order of the language

blocks was counterbalanced across participants.

Semantic categories were selected from Van Overschelde et al. [112] for English words and

Marful et al. [113] for Spanish words. We excluded English and Spanish cognates and filtered

categories with less than six exemplars. Unrelated and new words were randomly selected from

Brysbaert et al. [101]. Studied semantic-category words and unrelated studied and new words

within and between languages were matched for estimated frequency and number of letters (see

S6 Table in S1 File for frequency and number of letters descriptive of each study list).

Materials for the study phase consisted of 20 lists of six words. For half of the lists, words

belonged to the same semantic categories, whereas for the other half, the lists were composed

of unrelated words. We randomly assigned five semantic-category lists and five unrelated lists

to the Spanish–L1 and English–L2 block. List assignments were counterbalanced across
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participants, and participants were randomly assigned to one of the counterbalanced condi-

tions. The lists within a counterbalanced condition were pseudo-randomly presented with the

restriction that no more than two consecutive lists belonged to the related or unrelated condi-

tion. For the recognition task, participants were presented with all studied words and 60 unre-

lated new words, for a total of 120 words. Note that new words in the recognition task were

always unrelated because given the restriction in the selection procedure, there were not

enough categories to be used as new-distractor words. However, this was true for the two lan-

guage conditions, and therefore the critical between-language comparison was fully controlled.

Words appeared randomly one by one in the center of the screen, regardless of the condition

(words grouped into semantic related categories and unrelated words).

Results

As in Experiments 1 and 2, we introduced the JOLs from the study phase and d-prime for rec-

ognition into ANOVAs with language (Spanish–L1 vs. English–L2) and relatedness (related

list vs. unrelated list) as within-subject factors and block order (L1-first vs. L2-first) as a

between-subject factor. As in Experiment 1 and 2, we conducted the analyses but also includ-

ing MELICET scores as a covariate (ANCOVAs), which yielded identical results. Scores in the

MELICET did not interact with language F(1, 38) = 3.30, p = .007, ηp
2 = .080, or type of list F

(1, 38) = 0.001, p = .972, ηp
2 = .000 when considering both the JOLs and recognition test–lan-

guage F(1, 31) = 0.42, p = .520, ηp
2 = .013, and type of list F(1, 31) = 0.001, p = .970, ηp

2 = .000.

Following the same exclusion criteria as in the previous experiments, we removed one par-

ticipant from analyses.

Study phase (JOLs). The results of the ANOVA yielded a significant main effect of lan-

guage (F(1,39) = 9.29, p = .004, ηp
2 = .192), with L1 lists (M = 64.4, SE = 2.5) receiving higher

JOLs than L2 lists (M= 59.3, SE = 2.1). We also observed a main effect of relatedness (F(1,39)

= 84.10, p< .001, ηp
2 = .683), such that related lists (M = 71.6, SE = 2.4) received higher JOLs

than unrelated lists (M = 52.1, SE = 2.4). The main effect of block order was significant (F
(1,39) = 5.41, p = .025, ηp

2 = .122). JOLs tended to be higher when the L2 block was placed first

(M = 66.9, SE = 3.12) compared to JOLs when L1 was first (M = 56.8, SE = 3.1). There were no

significant interactions (p> .1 for all).

Recognition test (accuracy). In this task, we excluded two participants for having a fast

response (<300ms) in more than 10% of trials [73] and five participants with d-prime below

0.5 [72], resulting in a sample of 34 participants. We filtered out 0.16% trials with reaction

times shorter than 300 ms.

We found a language effect (F(1, 32) = 5.51, p = .025, ηp
2 = .147), with L2 lists (M = 2.4,

SE = 0.15) being recalled better than L1 lists (M = 2.2, SE = 0.13). This effect was mediated by a

significant interaction effect of language and block order (F(1, 32) = 7.29, p = .011, ηp
2 = .186).

Thus, participants recognized L2 words (M = 2.7, SE = 0.21) better than L1 words (M = 2.1,

SE = 0.18) only when the L2 block was placed first. We also observed a type-of-list effect (F(1,

32) = 35.56, p< .001, ηp
2 = .526). Words grouped into semantic categories (M = 2.5,

SE = 0.13) were better recognized than unrelated words (M = 1.9, SE = 0.13) regardless of lan-

guage or block order. There were no other significant main effects of block order or interac-

tions (p> .1 for all). Additional information about estimated means (and standard deviations)

for hits, false alarms, misses and correct rejections by language, type of list and block order can

be found in S1 File. See Table 4 for estimated means and standard deviations for JOLs and d-

prime.

Goodman–Kruskal gamma correlation. In order to calculate the Goodman–Kruskal

gamma value for each subject and condition, we correlated the JOLs with the proportion of
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words correctly recognized in each list. The mixed-factor ANOVAs revealed no significant dif-

ference across conditions. There was no significant main effect of block order (F(1, 25) = 2.48,

p = .128, ηp
2 = 0.09) (L1-first: M = -0.2, SE = 0.1; L2-first: M = 0.0, SE = 0.1), language (F(1, 25)

= 0.95, p = .339, ηp
2 = 0.037) (L1: M = -0.2, SE = 0.1; L2: M = -0.1, SE = 0.1), or relatedness (F

(1, 25) = 0.02, p = .903, ηp
2 = 0.001) (words grouped into semantic categories: M = -0.1,

SE = 0.1; unrelated words: M = -0.1, SE = 0.1). None of the interactions were significant (p> .1

for all).

With regard to the learning strategies used in the study phase, in this experiment partici-

pants reported words rehearsal (76%), grouping words by their semantic meaning (68.3%),

and creating mental images (56.1%) as the strategies most used in the study phase.

Discussion

We replicated the relatedness effect in both JOLs and memory. As expected, JOLs and recogni-

tion were higher for related lists of words in L1, and this was also true for L2-word lists. More-

over, JOLs were lower for L2 than for L1 lists, indicating that with these materials, participants

found the L2 block more difficult than the L1 block. Interestingly, they recognized L2 words

better, especially when the L2 block was placed first. Thus, as in Experiment 2, we found an L2

recognition advantage [61, 62]. The perceived difficulty might have triggered some kind of

deeper processing to compensate and achieve successful learning.

General discussion

The goal of the present study was to explore the consequences of studying in L2 contexts on

the metacognitive processes required for successful learning. In three experiments, we found

that learning in L2 did not fully compromise the monitoring of learning. Participants could

judge the materials accurately in both L1 and L2, and they only found difficulty in L2 blocks

under some circumstances and with certain materials. More interestingly, language of study

seems to have a differential effect on monitoring depending on the features of the material of

study.

The three experiments differ in the type of cues provided by the materials to guide learning

monitoring: perceptual (font type, Experiment 1), lexical-semantic (concreteness, Experiment

2), or semantic-relational (relatedness, Experiment 3), both in L1 and L2. While we did not

find differences in JOLs due to perceptual cues (people did not find the difficult-to-read font

less likely to remember than the easy-to-read font in Experiment 1), participants did report

differential JOLs due to the lexical and semantic cues (giving lower JOLs to abstract and unre-

lated words than to concrete and related words in Experiments 2 and 3, respectively). These

results are in line with previous research—concreteness and relatedness effects consistently appear

in the JOL literature [50, 52], whereas font type effects are not so consistently found [67], and they

do not usually appear in recognition [64, 114, 115]. More importantly, language did not impede

monitoring under any of our manipulations; learning monitoring was similarly performed in L1

Table 4. JOLs and d-prime across conditions.

Semantic category Unrelated words

Language Block order JOL d-prime JOL d-prime

L1 L1-first 69.9 (4.0) 2.3 (0.2) 50.0 (4.0) 1.8 (0.2)

L2-first 77.4 (4.1) 2.4 (0.2) 60.2 (4.1) 1.8 (0.2)

L2 L1-first 63.1 (3.2) 2.3 (0.2) 44.1 (3.4) 1.7 (0.2)

L2-first 75.9 (3.3) 2.9 (0.2) 54.2 (3.5) 2.6 (0.2)

https://doi.org/10.1371/journal.pone.0286516.t004
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and in L2. The fact that our late, unbalanced bilinguals were equally able to assess their degree of

learning for features such as concreteness and relatedness in L1 and L2 has clear practical implica-

tions, since it suggests that, at least for simple materials, learning monitoring and control are not

impaired for bilinguals with medium-high level of proficiency; therefore, L2 instruction and mate-

rials can be safely introduced in educational and academic settings.

Regarding the language context for the study, participants judged L2 blocks as more diffi-

cult than L1 blocks. However, this effect varied across experiments, such that in Experiments 1

and 2, where JOLs involved single words, this pattern was only evident when the L2 block was

placed first. In contrast, in Experiment 3, where JOLs involved judging short lists, the language

effect appeared independently of list or block order. These language effects were independent

of the type of font (Experiment 1), the degree of concreteness (Experiment 2), or the degree of

relation between the words in the list (Experiment 3). It is possible that when considering com-

plete lists, learners might be required not only to activate mental representations of the word

but also to access representations of associated words. Memory links between words and con-

ceptual representation have been shown to be stronger in L1 than in L2 [19], and therefore,

words might have stronger links in L1 than in L2, and this, in turn, might manifest in differen-

tial judgements for L1 and L2. Different relational representations for L1 and L2 would be

independent of whether the L2 block was presented first or second, and therefore, the language

effect in Experiment 3 is independent of the block order. In contrast, when the task involved

single words and no further relational processing was required, JOLs depended on the calibra-

tion between the two blocks; thus, participants considered L1 to be easier (increased their

JOLs) after first experiencing the more difficult L2 language condition. Hence, it seems that

participants used the first block as a baseline for comparison and considered L1 to be easier

when contrasted with the more difficult L2 block. The reason why this contrast effect was only

obtained when participants were first presented with L2 is not evident and might be due to a

number of reasons (e.g., more interference from L1 that balances out the possible benefits of

greater effort for L2); therefore, this should be a subject of further research. However, in line

with many previous bilingual studies [14, 116, 117], these results provide evidence that the

obtained L2 effects are dependent on the context in which L2 learning is achieved.

These context effects were also evident when looking at memory performance; L2 materials

were better recognized than L1 materials when the L2 block was performed first. This interac-

tion effect between language and block order in recognition is also in line with previous studies

reporting that bilinguals performed worse in their L1 if they were first tested in their L2 [e.g.,

118–120]. However, this interaction was only present in Experiments 2 and 3, where our

manipulations induced semantic-type processing (concreteness and relatedness), and it was

not preset when the manipulation induced superficial processing (font type). The bilingual L2

advantage in recognition memory has previously been attributed to the greater episodic dis-

tinctiveness and lower familiarity of L2 words and to greater demand for cognitive resources

[61, 62]. Thus, in our experiments, it might be the case that control regulatory mechanisms

engaged more cognitive resources to the task even though the monitoring process had not

clearly identified a potential deficit in learning. Thus, participants might have paid more atten-

tion to L2 words because they believed they would be less likely to be remembered, which in

turn made them learn the materials better. Were this mechanism operating, L2 could be acting

as a desirable difficulty that promotes learning [121].

Interestingly, this compensatory mechanism did not work to completely compensate for

the difficulty of the materials; concrete words and related lists were still better recalled than

abstract words and unrelated lists. Thus, although participants’ JOLs were sensitive to the

objective difficulty of the materials, they did not spontaneously use this knowledge to compen-

sate for abstract and unrelated words and achieve the same level of learning as with the easier
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materials. Note, however, that this pattern is in agreement with previous research in which

participants did not compensate for the difficulty of the material even though the difficulty

was perceived [e.g., 103]. It is possible that the mental representations for abstract and unre-

lated words, although objectively more difficult to encode and retrieve from memory than

concrete or related words [65, 106, 122], might not provide a sufficient level of awareness to

induce participants to engage in control strategies for compensation.

The fact that our participants were able to compensate for language difficulty but not for

the difficulty of the materials may have to do with the differential distinctiveness of the cues

for learning monitoring. Thus, it has been suggested [e.g., 43, 53] that the cues introduced in

the materials and used by the learners to infer their degree of learning might be more or less

distinctive, diagnostic, or informative. Therefore, it is possible that language may have been

more distinctive for our participants than other features of the word, and they engaged regula-

tory learning strategies to compensate for the perceived difficulty of L2 contexts. Note that our

participants, although proficient in their L2 language, were unbalanced and, therefore, might

be highly aware of the difficulties associated with their less-proficient knowledge of L2. How-

ever, this explanation is speculative at the moment, since participants’ JOLs indicated sensitiv-

ity to the difficulty of abstract and unrelated words, and we do not have direct comparisons of

the participants’ degree of awareness of the language cues. In the three experiments, language

was manipulated between blocks to provide steady linguistic contexts (L1 vs. L2) where partici-

pants could use their metacognitive processes during learning, and therefore, it is not possible

to assess the extent to which participants use language as a cue to assess their learning and con-

trol processes. Further research should address this question.

It is also important to note that our participants were selected because they were proficient

late learners with an unbalanced use of their two languages. We thought this is crucial, since it

mimicked the many situations in which proficient late L2 learners are required to use their sec-

ond language, but it would be very relevant to investigate if lower levels of proficiency under-

mine learning monitoring and control. Note that, in all experiments, we also introduced

proficiency as a covariate, and it did not have any effect in varying our results. However, our

participants were selected to be very homogeneous in their languages, and it is possible that

larger individual variations might modulate the results. How these effects differ depending on

the linguistic characteristics, experience, and background of the participants (e.g., exposure,

contexts and frequency of use) would be an intriguing avenue to explore in the future.

Two additional points have to do with the memory task and the learning strategies. As men-

tioned in the introduction, L2 (dis)advantages in memory are more evident in recall than in

recognition tests. Hence, our pattern of results might have been different if we had included a

recall test instead of a recognition one. The fact that tests in academic settings tend to include

both formats make it relevant to assess and compare L2 memory by using both of them. Future

studies would need to address this issue.

Finally, with regard to the learning strategies used by participants in the study phase, we

found some commonalities and differences across experiment. Grouping words by their

semantic meaning (86.1%), creating mental images (68.8%) and words rehearsal (76%) were

the most prevalent strategies in experiments 1, 2 and 3 respectively. Interestingly, all these

strategies reflect prevalence of semantic processing across the three experiments, although we

observed subtle differences among them. The underlying reason that modulates such differ-

ences is not evident and further research should also address this issue. More importantly, this

research should also address whether language related differences modulate the use of this

strategies.

In sum, our results suggest that the complexity and characteristics of studied material

might be a central aspect of the monitoring and control of learning in L2. Perceptual
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manipulations might not have an impact on the semantic access of the word nor its mental

representation and might not interfere in how people monitor their learning. Concrete and

abstract word lists, along with related and unrelated word lists, required deeper processing,

and language played a role in the monitoring and learning itself. Whether learning in L2 could

be considered a desirable difficulty is a question that remains to be answered. The evidence

presented here leans towards the idea of L2 learning leading to lower expectations but ulti-

mately resulting in greater performance. The next step might be exploring this effect with

increasingly complex materials and various L2 proficiency levels.
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54. Kühl T, Eitel A. Effects of disfluency on cognitive and metacognitive processes and outcomes. Meta-

cognition Learn 2016; 11:1–13. https://doi.org/10.1007/s11409-016-9154-x.

55. Vander Beken H, De Bruyne E, Brysbaert M. Studying texts in a non-native language: A further investi-

gation of factors involved in the L2 recall cost. Q J Exp Psychol 2020; 73:891–907. https://doi.org/10.

1177/1747021820910694.

56. Vander Beken H, Brysbaert M. Studying texts in a second language: The importance of test type. Bil-

ing Lang Cogn 2018; 21:1062–74. https://doi.org/10.1017/S1366728917000189.

57. Mizrahi R, Wixted JT, Gollan TH. Order effects in bilingual recognition memory partially confirm predic-

tions of the frequency-lag hypothesis. Memory 2021; 29:444–55. https://doi.org/10.1080/09658211.

2021.1902538 PMID: 33783316

58. Francis WS, Arteaga MM, Liaño MK, Taylor RS. Temporal dynamics of free recall: The role of

rehearsal efficiency in word frequency and bilingual language proficiency effects. J Exp Psychol Gen

2020; 149:1477–508. https://doi.org/10.1037/xge0000732 PMID: 31916838

59. Francis WS, Baca Y. Effects of language dominance on item and order memory in free recall, serial

recall and order reconstruction. Memory 2014; 22:1060–9. https://doi.org/10.1080/09658211.2013.

866253 PMID: 24303779

60. Yoo J, Kaushanskaya M. Serial-position effects on a free- recall task in bilinguals. Memory 2016;

24:409–22. https://doi.org/10.1080/09658211.2015.1013557 PMID: 25730660

61. Francis WS, Gutiérrez M. Bilingual recognition memory: Stronger performance but weaker levels-of-

processing effects in the less fluent language. Mem Cogn 2012; 40:496–503. https://doi.org/10.3758/

s13421-011-0163-3 PMID: 22086650

62. Francis WS, Strobach EN. The bilingual L2 advantage in recognition memory. Psychon Bull Rev 2013;

20:1296–303. https://doi.org/10.3758/s13423-013-0427-y PMID: 23606134
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98. Anwyl-Irvine A, Massonnié J, Flitton A, Kirkham N, Evershed JK. Gorilla in our midst: An online behav-

ioral experiment builder. Behav Res Methods 2020; 52:388–407. https://doi.org/10.3758/s13428-019-

01237-x PMID: 31016684

PLOS ONE Judgments of learning in bilingual participants

PLOS ONE | https://doi.org/10.1371/journal.pone.0286516 December 1, 2023 22 / 24

https://doi.org/10.1044/1092-4388%282007/067%29
http://www.ncbi.nlm.nih.gov/pubmed/17675598
https://doi.org/10.3758/s13421-018-0816-6
https://doi.org/10.3758/s13421-018-0816-6
http://www.ncbi.nlm.nih.gov/pubmed/29725876
https://doi.org/10.1080/00220671.2012.736430
https://doi.org/10.1080/00220671.2012.736430
https://doi.org/10.1007/s11251-016-9387-8
https://doi.org/10.1016/j.learninstruc.2017.02.004
https://doi.org/10.3758/bf03206399
http://www.ncbi.nlm.nih.gov/pubmed/16097345
https://doi.org/10.3758/BF03192738
https://doi.org/10.1037/a0034309
https://doi.org/10.1037/a0034309
http://www.ncbi.nlm.nih.gov/pubmed/24001021
https://doi.org/10.1007/s00426-003-0162-5
http://www.ncbi.nlm.nih.gov/pubmed/14722769
https://doi.org/10.3758/s13423-016-1189-0
http://www.ncbi.nlm.nih.gov/pubmed/27815819
https://doi.org/10.3758/BF03203619
https://doi.org/10.1037/0033-2909.95.1.109
http://www.ncbi.nlm.nih.gov/pubmed/6544431
https://doi.org/10.1016/j.actpsy.2018.04.004
https://doi.org/10.1016/j.actpsy.2018.04.004
http://www.ncbi.nlm.nih.gov/pubmed/29689481
https://doi.org/10.3758/s13423-012-0271-5
http://www.ncbi.nlm.nih.gov/pubmed/22638985
https://doi.org/10.1017/S1366728917000591
https://doi.org/10.1177/1362168812436910
https://doi.org/10.1177/1362168812436910
https://doi.org/10.3758/s13428-019-01237-x
https://doi.org/10.3758/s13428-019-01237-x
http://www.ncbi.nlm.nih.gov/pubmed/31016684
https://doi.org/10.1371/journal.pone.0286516


99. Anwyl-Irvine A, Dalmaijer ES, Hodges N, Evershed JK. Realistic precision and accuracy of online

experiment platforms, web browsers, and devices. Behav Res Methods 2021; 53:1407–25. https://doi.

org/10.3758/s13428-020-01501-5 PMID: 33140376
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