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Abstract
There have been many studies exploring the advantages that bilingualism confers to individuals’ working memory
and metacognition (see Ransdell, 2006; Del Missier et al., 2010). The hypothesis of language critical period states
that if no language learning and teaching happen during the critical period, an individual will never be able to fully
grasp any language to a full extent (Fromkin et al., 1974). This study investigates whether late bilingualism
(second language acquisition after the critical period) will positively affect a person’s working memory and
metacognition just like early bilingualism (second language acquisition before the critical period) does. Sixty
Chinese persons between the ages of 18 and 35 participated in my online experimental protocol, including a
language experience questionnaire, a reading comprehension exam, and a reading span task. I found that late
bilingualism poses a similar advantage to an individual’s working memory as early bilingualism, while it
negatively affects an individual’s metacognitive awareness of their own language ability.
Keywords: bilingualism, critical period, working memory, metacognition
1. Introduction
Working memory uses information temporarily stored in a person’s brain to perform cognitive tasks such as
reasoning, comprehension, and learning. A part of short-term memory, working memory engages components of
the cognitive system linked to perception and action (Baddeley, 1983). Working memory is one of three functions
(with inhibition and shifting) considered collectively fundamental components of the brain’s executive function. In
recent decades, studies have shown a bilingual advantage in executive function: mastering two languages while
speaking enhances one’s cognitive flexibility (Yang, 2017).
One method researchers use to measure a person’s working memory is the reading span (RS) test (Daneman &
Carpenter, 1980; Daneman & Merikle, 1996). RS gauges a participant’s ability to read a series of sentences and
remember the final words of each sentence for later recall. As Whiteney et al. suggested in their 2001 study, how
well an individual performs on the RS test depends on one’s “manipulation capacity” and “susceptibility to
interference” (Whitney et al., 2001). Bilingual individuals, because of their experiences in navigating two
language systems—constantly activating, inhibiting, and switching between language codes—excel at RS which
requires attention control and ignoring useless information, even in a monolinguistic context (Bialystok, 2007;
Ransdell, 2006).
Metacognition signifies a person’s awareness of their own cognitive ability. Researchers examine metacognitive
accuracy by comparing a person’s self-assessment of a language skill with an observer’s assessment of that
person’s skill (Ross, 1998; Ransdell, 2006). Bilingual communicators tend to be more accurate in self-assessment
than their monolingual peers (Ransdell, 2006; Soleimani & Rahmanian, 2018). Since bilingual individuals’
attention is regularly shifting while speaking different languages, they can judge their facility with a language
more precisely, as demonstrated in Del Missier’s test to examine participants’ ability to apply decision rules and
provide probability judgements for risky events (2010). In addition, bilingual communicators typically recognize
asymmetry in their skill, identifying a higher degree of comfort with one language than the other (Whaley,
personal communication). Both factors contribute to enhanced metacognition in bilingual individuals compared to
monolingual individuals.
However, these prior studies demonstrating bilingual advantages in working memory and metacognition focus on
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people who started learning a second language before the age of 12, an age which most linguists consider the upper
age limit for a language critical period (Paradis, 1999; Munoz & Singleton, 2011; Whaley, Personal
Communication). This “critical period” refers to a period of time in an individual’s cognitive development in
which language learning must occur to ensure that individual’s potential to fully understand how to use any
language. During this period of cognitive development, an individual’s neural circuits have not been fully
specified, which leaves that person extremely sensitive to outside stimulus like language, making this cognitive
period an individual’s most promising opportunity to learn languages. Neural circuits continue to stabilize
language input until they reach the end of the critical period (Kral & Eggermont, 2007; Kuhl et al., 2008; White et
al., 2013). This was the case for Genie, a girl who was deprived of all social interaction until she was found by
police at the age of 13 years and 9 months (Fromkin et al., 1974). Though Genie was able to learn some English
during her time at the hospital after her rescue, it was extremely difficult for Genie to think about language on a
meta level (i.e., using language to talk about language); therefore, she apparently could not understand complex
grammatical structures such as the negative movement transformation in which a language user moves a negative
element from the beginning of a sentence to after a verb (for example, I can go in its negative form is transformed
from Neg + I + can + go to I + can + neg (can’t) + go) (Fromkin et al., 1974).
While the case of Genie remains compelling, research in the 21st century has demonstrated that cortical functions
remain flexible throughout one’s life span (Reuter-Lorenz, 2002; Bialystok, 2007). Studies by Reuter-Lorenz
(2002) and Bialystok (2007) concluded that basic cognitive functions and neurological structures are susceptible to
changes as a result of experiences and exposure. These modifications appear especially prominent in attentional
processing. Reuter-Lorenz and Bialystock seem to challenge critical period theory in their assessment that
cognitive and neurological development continues in response to life experience. To reconcile this difference, we
must assess the role that critical period plays in affecting the cognitive and metacognitive advantages of
bilingualism.
2. Research Question and Hypothesis
This study aims to investigate whether late bilingualism—that is, acquiring facility with a second language after
the end of the critical period—positively affects a person’s working memory and metacognitive awareness in a
similar way to early bilingualism—acquisition of a second language before the critical period. I hypothesize that
the effect of late bilingualism on cognition and metacognition will be positive, just like early bilingualism.
3. Method
3.1 Participants
Sixty Chinese from Shenzhen, China participated in my experiment online. Participants between the ages of 18
and 35 were selected for the likelihood of demonstrating strong working memory (Salthouse & Babcock, 1991).
Of all participants, 20 were monolingual (10 male, 10 female); 20 were early bilingual (10 male, 10 female),
individuals that began to learn a second language before the age of 12 (on average, they began learning at 6.4 years
old); and 20 were late bilingual (10 male, 10 female), subjects that began to learn a second language after the age of
12 (on average, they started learning at 14.1 years old). The qualifications for speaking a second language will be
explained in the next section. All participants listed Mandarin as their native language. All early bilingual
participants listed English as their second language. Of the 20 late bilingual participants, 75% listed their second
language as English, 5% listed Japanese, 5% listed French, 5% listed Russian, 5% listed German, and 5% listed
Arabic. None of the participants spoke a third language, or any Chinese dialect.
Of the 60 participants, 66.7% were college students (who attended different colleges), while the remaining third
held a variety of jobs, ranging from doctor to customer service representative. Participants were not all students
due to difficulty of finding college students who are monolingual in China. Of the 41 college students, 41.5% of
them had study-abroad experience. All participants came from middle-class families. All were experienced laptop
users and performed the tasks for the study on their laptops.
Each participant was given 30 renminbi after completing the study.
3.2 Materials and Procedure
Experiments were conducted in July 2020. The first task was a Language Experience Questionnaire, in Mandarin,
adapted from Ransdell et al. (2006, see Appendix A ). In the questionnaire, participants could put down a second
language only if they believed they could live happily in a place where only that language is spoken for seven days.
By posing the question this way, I aimed to assess the participants’ comfort and satisfaction with their use of their
second language. The questionnaire was made using wjx.cn and was sent to the participants via WeChat, a social
media platform widely used in China. Participants were told that their responses would be confidential, and all
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participants were asked to complete the questionnaire by themselves when it was convenient for them.
Upon completion of the questionnaire, participants were sent via WeChat a reading comprehension exam in
Mandarin, created with wjx.cn. The exam was adapted from the National College Entrance Examination in China
(NCEE), or Gaokao (2018, 2019). None of the participants had previously taken the NCEE in 2018 or 2019. Each
participant received, accompanying the exam, a message in Mandarin saying: “This is the reading comprehension
exam in Mandarin, which includes three reading passages and nine multiple choice questions. Adapted from
Gaokao, the exam is rather difficult; therefore, please open the link ONLY WHEN YOU ARE READY. The exam
is timed, but you have as much time as you need to finish it. Thank you.”
Finally, a reading span (RS) test in Mandarin was conducted for each participant. The RS test was adapted from
Hannon and Daneman (2001) and Ransdell et al. (2006). All of the RS tests were conducted via the Tencent
Meeting application, a Chinese online meeting platform similar to Zoom, in order to accommodate physical
requirements mandated in response to the COVID-19 pandemic in 2020. Participants were instructed that both
they and the researcher would leave cameras turned off but microphones on for the entire RS session. The
participants were also instructed to schedule their meetings with the researcher at a time when they would be in a
quiet space with a good internet connection; internet connections were double-checked once participants
connected to Tencent Meeting. After connecting, the researcher shared her screen with a slide show and read the
following instructions in Mandarin to the participants as displayed on the opening slide: “In this task, you will be
presented with three series of sentences. Within each series, there are five sets of sentences, with each set on a
separate Powerpoint slide. The sets within each series contain 2, 3, 4, 5, and 6 sentences, in increasing order. Please
read these sentences out loud at your own pace. There is no connection between these sentences; half of these
sentences don’t even make sense. Please continue reading, without pausing, until you see a black screen with
“STOP,” indicating that this series is over. Your task is to remember the last two characters of each sentence while
reading. The last two Mandarin characters won’t be randomly combined in these sentences; they make up a word.
You will be asked to recall the last two characters (or the last word) of each sentence after each trial is over. You
can say them in any order, but you should not start with the last word first, unless it is the only one you can
remember.” Participants were then offered the opportunity to ask questions. After this, each participant completed
a practice trial so that the participants could grasp the concept of the task. They then began three evaluated trial sets.
The researcher recorded every word (or last two characters) that each participant stated correctly. Sentences within
sets were written to be unrelated to each other; some were constructed to not make sense, in order to prevent cases
where participants could easily recall the final words because of strong conceptual connections between
sentences.
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4. Results
4.1 Workinng Memory

words recalled among monolinguals, early bilinguals, andd late bilingualls
Figure 1. The percenntage of final w
The mean percentage off correct respoonses for monnolingual subjeects (M = 32.442, SD = 18.400, 95% CI: [23.81,
l
than thaat of early biliingual subjectss (M = 45.58333, SD = 14.255, 95% CI: [38.92,
41.06]) is significantly lower
52.25]) annd late bilinguaal subjects (M = 46.92, SD = 6.74, 95% CII: [37.10, 46.17]), F(2, 57) = 4.690, p = 0.013).
There is noo significant diifference betw
ween the resultss of early bilinggual participannts and late bilingual particip
pants,
p = 0.965.
4.2 Metacoognition
Table 1. Suummary of linnear regressionn analysis for seelf-assessmentt predicting reaading comprehhension scores (N =
60)
Regressor
Constant
Self-Assessmentt
F
Mean Square
R
R2
Numbers of Obsservation

1
33.103*
00.361
00.824
22.476
00.209
00.044
220

2
1.843*
00.788**
10.221
229.319
00.602
00.362
220

3
9.9905*
-1..223*
4.5503
13.397
0.4447
0.2200
200

Note. *p < 0..05; **p < 0.01.

1) For monnolingual indivviduals, data inndicate no signnificant relatioonship betweenn self-assessedd scores for rea
ading
comprehennsion and reseaarcher-assesseed reading com
mprehension sccores (F(1, 18) = 0.824, p = 00.376).
2) For earlly bilingual paarticipants, Reaading Compreehension Scoree = 1.843 + 0.7788*Self-Asseessment (F(1, 18)
1 =
10.22, p = 0.005). Data suggest a possitive correlatiion between self-assessmentt of Mandarinn reading skillss and
researcherr-assessed readding comprehennsion scores.
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3) For late bilingual subjects, Reading Comprehension Score = 9.905 - 1.223*Self-Assessment (F(1, 18) = 4.50, p
= 0.048). Data indicate a negative correlation between participants’ self-assessment scores of Mandarin reading
skills and researcher-determined reading comprehension scores.
4.3 RS and Reading Comprehension
Findings suggest no significant correlation between RS scores and Reading Comprehension scores for
monolingual participants (F(1, 18) = 0.66, p = 0.43), early bilingual participants (F(1, 18) = 0.79, p = 0.39), and
late bilingual participants (F(1, 18) = 3.15, p = 0.09).
4.4 Reading Comprehension
One-way analysis of variance (ANOVA) identifies no significant difference between the reading comprehension
scores of the three groups (F(2, 57) = 1.17, p = 0.32). One-way ANOVA shows no significant difference between
the time taken for reading comprehension for the three groups (F(2, 57) = 0.14, p = 0.87). Linear regression
analysis shows that reading comprehension time does not correlate with reading comprehension scores for
monolingual participants (F(1, 18) = 0.17, p = 0.68), early bilingual participants (F(1, 18) = 0.10, p = 0.76), and
late bilingual participants (F(1, 18) = 0.15, p = 0.71).
4.5 Other Factors
Linear regression analysis shows that gender has no effect on Reading Span test results (F(1, 58) = 0.07, p = 0.93),
reading comprehension scores (F(1, 58) = 2.72, p = 0.11), or on self-assessment scores (F(1, 58) = 3.20, p = 0.079).
5. Discussion and Conclusion
My experiments show that early bilingual subjects and late bilingual subjects show more accurate working
memory than their monolingual peers, as demonstrated by reading span test results (p = 0.013). However, there is
no significant difference between the working memory of early bilingual participants and that of late bilingual
participants (p = 0.965). Despite studies showing that late bilingual subjects are unable to reach a native level in
their second language unless relying on “explicit, analytic, problem-solving capacities” (DeKeyser, 2000;
Bley-Vroman, 1988), the present research suggests that the critical period does not interfere with the cognitive
advantage that bilingualism confers to individuals. This might be explained by Bialystok’s 2007 findings that
neurological plasticity continues for a period of time beyond the critical period in cognitive processing such as
attentional processing. The RS working memory test requires attention control as participants attempt to focus on
only the final words when reading an entire sentence. Whether one is early bilingual or late bilingual, the daily
practice of inhibiting one language while speaking another empowers bilingual communicators to pay attention to
language codes and exercise their short-term memory in a distinct way that monolingual individuals do not in their
daily lives. It may follow that late bilingual individuals might even yield better results on the RS test, since they
would, presumably, be consciously working harder in this process; although a higher mean for late bilingual
participants’ RS score compared to that of early bilingual participants was observed, the difference is not
statistically significant.
Results also demonstrate a positive correlation between self-assessment scores and reading comprehension scores
for early bilingual participants, and no correlation between self-assessment scores and reading comprehension
scores for monolingual participants. Most surprisingly, there was a negative correlation between the
self-assessment scores and reading comprehension scores for late bilingual subjects. This suggests that the theory
that bilingual communicators judge more appropriately in general (Del Missier et al., 2010) only applies to early
bilingual individuals. A possible explanation as to why late bilingual individuals tend to overestimate their
language facility is that they have been speaking their native language for a longer period of time and would be
uncomfortable with the idea that they are losing fluency in their native language. This has been observed in native
speakers of Oroqen, an endangered language. Subjects were late bilingual learners of Mandarin that overrated their
Oroqen ability, likely due to expectations individuals felt to be able to speak their heritage language well (Whaley,
personal communication).
My analysis found no significant difference between the reading comprehension scores of the three groups (F(2,
57) = 1.171, p = 0.317), which is consistent with other studies that compare the reading ability of bilingual and
monolingual readers (for example, Ransdell, 2006). One might argue that bilingual participants would perform
better in reading comprehension since they are able to inhibit language code effectively, thus inhibiting useless
information when reading in a similar way. However, individuals demonstrate significant variation in reading
comprehension ability due, possibly, to external environmental factors such as schooling and family. In addition,
since the reading comprehension was completed in Mandarin, bilingual subjects who have studied abroad may
have been less comfortable in this task than monolingual participants educated in Mandarin for their entire
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academic careers. Therefore, it would be unreasonable to compare the reading comprehension results of the three
groups and expect there to be a difference.
Many confounding variables may confound study of bilingual individuals. One way I tried to eliminate
confounding factors in this study was to correlate RS scores with reading comprehension scores. As shown in the
Results section, the linear regression analysis for monolingual individuals, early bilingual persons, and late
bilingual subjects shows no correlation between RS and reading comprehension scores. A positive result of this
analysis may have indicated that factors other than bilingualism inform findings, factors like the likelihood that
certain people are particularly adept at certain tasks in this experimental protocol. I attempted through linear
regression analysis to ensure that gender and time taken to complete the reading comprehension task did not affect
findings (see Results section).
However, certain factors limited this study. Participants were not all from one college or institution and may not
have received uniform training in working memory and metacognition during their academic careers. Furthermore,
it is possible that the participants did not fully demonstrate their metacognitive ability; research has shown that
participants’ level of motivation to complete a task, as well as their emotional state while conducting tested tasks,
may impact metacognition test results (Bryce, 2015). Finally, each participants’ degree of comfort with
completing tasks on a computer may have varied, though most participants had previous experience with remote
learning and working, given the circumstances of the 2020 COVID-19 pandemic.
The present study is, to the best of my knowledge, the first that examines the effects of the critical period on
cognitive advantages experienced by bilingual individuals compared to their monolingual peers. It may have
important implications for second-language learning, suggesting that it’s never too late, in terms of cognitive
capacities of working memory, to learn a second language. It also suggests educators, employers, and late
bilinguals may wish to keep in mind a tendency to overrate their (late bilinguals’) language facility.
Future research should focus on assessing a larger sample size, as well as designing experiments to examine how
anxiety over losing proficiency in one’s native language contributes to inflated assessment of one’s reading
comprehension skills in the primary language.
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Appendix A
Language Experience Questionnaire (translated from Mandarin)
All responses are coded by subject ID only.
Country of Origin _______
Parents’ Countries of Origin _______
Age ______
Sex ______
Native Language _____
Second Language (if applicable) (the standard of being able to speak a second language is: to be able to live
happily in a place where only that language is spoken for seven days) _______
Since when have you been learning your second language ______
Third Language (if applicable) ______
In comparison to other Chinese of a similar age as you, what is your level of reading in Mandarin from a scale of 1
to 5? _______
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