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Abstract. This study investigates the relationship between temporal measurements
and second language (L2) speaking fluency, focusing on speech rate, mean length of
utterance, and pausing patterns. The study recruited 6o advanced English L2 adult learners
(male and female) who were presented with a picture book where each page included only
one picture representing a specific sequence of the story's development. The participants’
main task was to orally describe the story where their oral descriptions were electronically
recorded using PsychoPy software. The primary goal was to determine which of the above-
mentioned temporal measurements significantly influence L2 speaking assessment. These
participants’ spoken samples were evaluated by five English language instructors using
standardized L2 speaking assessment rubric. A statistical analysis of was conducted to
examine the effect of these three temporal measurements on L2 speaking assessment. The
results showed that average words per minute and average pause duration per minute, but
not mean length of utterance, were significant factors of L2 speaking fluency assessment.
However, the interaction between these factors was not significant. That is, average words
per minute and average pause duration per minute factors provide a listener with a positive
impression about L2 speakers’ speaking performance. These results are consistent with other
studies that examined L2 speaking fluency. The findings also underline the importance of
listeners’ impression when it comes to L2 speaking assessment. In addition, the study
highlights the effect of temporal measurements on L2 speaking assessments and provides
insights for both evaluators and learners on the factors affecting L2 fluency assessment.

Keywords: L2 fluency, temporal measurements, speech rate, pausing patterns, mean
length of utterance, L2 speaking assessment.

Kyp6i Ecca. YacoBi napameTpu OLiHKH IJIABHOCTi TOBOPiHHS JPYrol0 MOBOIO.

AnHoranis. lle gocmimKkeHHsT BUBYA€ 3B'S1I30K MK 4YaCOBHMMM INTapaMeTpPaMH Ta IUJIaBHi-
CTIO TOBOPIiHHS APYTOI0 MOBOIO, 30CepeXKyI0UMCh HA TeMIIi MOBJIeHHS, CepeJHili TpUBaIOCTi
BHMCJIOB/IIOBAHHS Ta Cepe/iHill TPHUBAJIOCTI Nay3 3a XBUJIMHY. Y JOCTiKEeHHI B351JI0 y4acTb 60
JIOPOC/IMX YOJIOBiKiB i JKIHOK, $IKi BMBYAlOTh aHTJIHCBKY MOBY $K Apyry. IM 6yso
3allpONIOHOBAHO KHIDKKY 3 KapTUHKaMH, e Ha KOXXHIM CTOPiHLI MiCTHJ/IAcsl /Mlle OAHa
KapTHUHKQ, 10 MpeACTaB/sIa MeBHY NOC/iOBHICTb PO3BUTKY CIOXKETY. 3aBJAHHSIM y4YaCHHUKIB
6y/I0 CTBOPUTH iCTOPiIO B yCHiM ¢opmi, a iXHi yCHi ONMMCH 3aMMCYyBaUCS B €IEKTPOHHOMY
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Temporal measurements for Second Language speaking fluency

BUIJISIAL 32 JOTMIOMOTOI0 IIporpamMHoro 3a6e3neuenHs: PsychoPy. ['onoBHa MeTa mosnsirana B
TOMY, 1100 BHM3HAYMTH, SIKi 3 BHUILE3raJaHUX YaCOBHX MAPaMeTPiB CYTTEBO BIUIMBAIOTH HA
OILIiIHKy YCHOTO MOBJIEHHsSI Ha piBHi L2. MoB/ieHHEBI 3pa3Ky y4acHHKIB OIiHIOBaJIK I SITh
BUKJIQJIQ4yiB aHTJIIMCHKOI MOBH, BHKOPHCTOBYIOYM CTaHJApPTU30BaHy ILIKa/ly OLIIHIOBAHHS
rOBOPIHHA Ha piBHI L2. /I/11 BUBYeHHs BIJIMBY LIUX TPbOX 4aCOBUX MapaMeTpiB Ha OLIHIO-
BaHHSI FOBOPiHHS Ha piBHi L2 6y/10 mpoBeseHo cTaTUCTUYHMI aHati3. Pe3yibraTy nmokasanu,
IO TeMII MOBJIEHHSI Ta cepejHsI TPUBAJIICTb I1ay3 3a XBUJIMHY, ajie He cepejHsl JOBXWHA
BHICJIOB/IIOBAaHHSI, Oy/IM 3HAYYIIMMH YMHHUKAaMU OL[iHKM BiJIbHOCTi TOBOPiHHS HA piBHi L2.
OpHak B3aemogist MK MMM ¢$aKTopamMu He Oysa 3Hauyloio. ToOTo, paKkTOpU cepesHbOI
KiJIBKOCTI CJIiB 3a XBUJIMHY Ta CepeJHs TPUBAJIICTh Nay3 CTBOPIOIOTH Yy CjlyXaya MO3UTHBHE
Bp)KeHHSI NP0 MOBJIEHHSI HOCIIB Apyroi MoBU. Lli pe3ynbTaTv ys3roJ)KylOTbCsl 3 iHIIMMH
JOC/IIHKEeHHSIMHU 10,0 BUIBHOTO F'OBOPIHHSA JPYro0 MOBOIO. Pe3ybTaTH TaKOX MifIKPeCII0I0Th
BOXJIUBICTb YpaxyBaHHSI BpDOKEHHS CJIyXadiB, KOJIU WAeTbCsl PO OLLIHKY MOBJIEHHSI JPYTrol0
MoBo1o. KpiMm Toro, gociifpKkeHHsI BUCBIT/IIOE BIUIMB YaCOBHUX INapaMeTpiB HA OLIiHIOBAaHHS
TOBOPIHHS APYrol0 MOBOIO Ta HaJa€ iHPOPMALLIO i TUM, XTO OLIIHIOE, i TUM, XTO HAaBYa€ThCS,
po GaKTOPH, O BIUIMBAIOTH HA OL[iHIOBAHHS BI/IbHOTO BOJIOZiIHHS APYTOI0 MOBOIO.

Karouosi cnoea: BiibHe BOJIOJIHHS APYrol0 MOBOIO, YaCcOBi ITapaMeTpH, TeMII MOBJIeH-
Hsl, M1ay3H, cepeHs JOBXWHA BUC/IOBIIOBAHHS, OL[iHIOBAaHHS T'OBOPIHHS APYTrol0 MOBOIO.

Introduction

This empirical study investigated the relationship between some temporal
measurements and second-language speaking fluency. Temporal measurements
are essential for assessing L2 speaking fluency and offer valuable insights into
the speed, smoothness, and timing of speech production. Key measurements
such as speech rate, articulation rate, duration of speech segments, pausing
patterns and others provide a detailed understanding of second language (L2)
speaking fluency. Empirical studies highlight the dynamic nature of L2 fluency
development, which is influenced by various factors. For example, De Jong et al
(2013) found that linguistic knowledge (e.g., grammar and vocabulary
knowledge) and processing speech (e.g., speed of lexical retrieval and speech
rate) were strong predictors of L2 fluency of their Dutch L2 speakers when
performing L2 speaking tasks. However, the study found that the mean syllable
duration was the strongest predictor of L2 speaking fluency. Therefore, the
following section provides a literature review of some of the studies that
investigated the temporal measurements and their relationship with L2
speaking fluency.

Literature Review
Speaking Fluency

Speaking fluency is an important indicator of second language proficiency. It is
often associated with the ease, speed, and smoothness of speech production.
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Despite several definitions of L2 speaking fluency, there is no agreed-upon
definition by psycholinguists. However, most of these definitions have
common features, including fluidity and the speaker's ease of expressing
themselves in the second language (e.g., Fillmore, 1979; Freed, 2000; Kormos,
2006). For example, Nation (2014) defined L2 speaking fluency as "the ability to
process language receptively and productively at a reasonable speed.” (p. n). It
is distinct from overall language proficiency regarding the flow and temporal
measurements of speech (Segalowitz, 2010). Rehbein (1987) defined L2 speaking
fluency as “the activities of planning and uttering [that are] executed nearly
simultaneously by the speaker of the language” (p. 104). This definition
considers the spontaneous process of planning and executing speaking.

Temporal Measurements

Temporal measurements for speaking fluency refer to a number of methods
used to calculate and analyze the timing aspects of L2 speech. These
measurements are indicators of L2 speaking fluency (e.g., Iwashita et al., 2008;
Lennon, 1990; Towell et al., 1996). A number of studies have investigated the
relationship between temporal aspects and L2 speaking performance, where
some of these temporal measurements correlate with L2 speaking fluency
(Berto & Galaverna, 2016; Garcia-Amaya, 2009). These measurements can be
used individually or in combination to provide a comprehensive evaluation of
speaking fluency. Among these temporal measurements are those presented by
Segalowitz (2010):

e Speech Rate (SR)is the number of syllables or words produced per
minute. It reflects the overall speed of speech production. Lennon (1990)
identified speech rate as a robust indicator of fluency, finding that faster
speech rates correlate with higher fluency ratings. Munro and Derwing
(1998) demonstrated that speech rate significantly impacts listeners'
evaluations of fluency, with faster rates often perceived as more fluent.

e Articulation Rate (AR) measures the number of syllables or words
spoken per minute, excluding pauses. This metric provides a more
accurate reflection of speech production speed. Derwing et al. (2004)
highlighted the articulation rate as a significant predictor of perceived
fluency. Cucchiarini, Strik, and Boves (2000) found that the articulation
rate is closely related to overall speech intelligibility, indicating its
importance in fluency assessment.

e Mean Length of Utterance (MLU) calculates the average length of
spoken units, typically in words or morphemes. Foster and Skehan (1996)
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demonstrated that MLU is a useful metric for assessing L2 complexity and
fluency. Ortega (2009) showed that a higher MLU correlates with greater
linguistic complexity in L2 speech, indicating that more fluent speakers
produce longer and more complex utterances.
e Phonation Time Ratio (PTR) is the proportion of time spent speaking
compared to the total time of the speech sample. Riggenbach (1991) found
the phonation time ratio to be a key indicator of fluency, as fluent
speakers tend to have higher ratios of speaking time to total time. Kormos
and Dénes (2004) confirmed its importance in distinguishing fluent from
non-fluent speakers, showing that more fluent speakers have higher
phonation time ratios.
e Pausing Patterns (PP) include the frequency, duration, and distribution
of speech pauses. Kormos and Dénes (2004) showed that excessive
pausing correlates with lower fluency ratings. Tavakoli and Skehan (2005)
found that strategic planning can reduce the frequency and length of
pauses in L2 speech, suggesting that more fluent speakers can manage
their pauses more effectively.
¢ Turn-Taking Latency (TTL) measures the time taken to respond in a
conversation. Rossiter (2009) found that shorter turn-taking latency is
associated with higher fluency, as fluent speakers can respond more
quickly in conversational exchanges. Stivers et al. (2009) highlighted
cross-linguistic variations in turn-taking latency, emphasizing its role in
conversational fluency.
e Duration of Speech Segments (DSS) is the length of continuous speech
segments between pauses. Longer segments can indicate greater fluency.
Approaches for collecting spoken data include structured interviews,
picture description tasks, and narrative retellings. Foster and Skehan (1996)
employed narrative retellings to capture spontaneous speech, while Skehan
and Foster (1999) used structured tasks to control for complexity and accuracy.
These methods provide reliable data for analyzing temporal measurements of
fluency.

Empirical research has extensively investigated temporal measurements of
L2 fluency, employing various methodologies to examine how these metrics
evolve and differ among L2 learners. (e.g., Rossiter, 2009; Tavakoli & Skehan,
2005). Some studies have tracked changes in temporal fluency metrics over
time, providing insights into the developmental trajectory of L2 learners. De
Jong et al. (2013) examined how temporal measurements of fluency develop
over time, finding improvements in speech rate and phonation time ratio as L2
learners gain more proficiency and exposure to L2.
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Suzuki, Kormos, and Uchihara (2021) conducted a meta-analysis to
examine how utterance features relate to perceived fluency in second language
speakers. It posits that faster speech rate and fewer pauses are strongly linked
to higher fluency ratings, while longer pauses, frequent self-corrections, and
hesitation markers negatively affect fluency perception. The study suggests
that fluency is influenced by both speech speed and smoothness, but excessive
emphasis on speed can undermine other language aspects like accuracy.

Other studies have compared different proficiency levels to identify
patterns and differences in speaking fluency measurements. For example,
Freed, Segalowitz, and Dewey (2004) compared learners at different
proficiency levels, showing that more proficient speakers showed faster speech
rates and fewer pauses. These findings highlight the progressive nature of
fluency development, with advanced learners demonstrating more fluent
speech characteristics. In addition, Segalowitz and Freed (2004) explored the
impact of experiences during study abroad on L2 fluency. The results showed
significant gains in speech rates and rates among learners who participated in
L2 immersion programs. These studies show the importance of investigating
the temporal measurements of L2 speaking, as they can provide insight into
understanding both L2 speaking performance and assessment patterns.

However, only three of the above-listed temporal measurements were
used in this study: 1) speech rate (SR), 2) pausing pattern (PP), and 3) Mean
Length of Utterance (MLU). Specifically, the SR represents the average number
of words a speaker produces per minute. This includes pausing time as well.
The PP is related to the average time (in milliseconds) of speech pauses per
minute. In contrast, the MLU is the length of continuous speech segments
(measured by the number of words) between pauses.

Relevance of the Study

Investigating the influence of temporal measurements is crucial for evaluating
L2 classroom speaking. A teacher's impression plays a significant role in L2
speaking assessments. Therefore, there is a need for a better and more accurate
understanding of this subjective assessment. In other words, it is important to
investigate these temporal measurements because they can provide significant
insight into understanding both L2 speaking performance and, more
importantly, assessment patterns. Measuring L2 speaking fluency based on
temporal measurements of L2 speech also contributes to understanding the
cognitive processes and linguistic characteristics of proficient L2 speaking.

146



Temporal measurements for Second Language speaking fluency

Methodology

This study tests the relationship between three temporal measurements: 1) the
speech rate (SR) (average number of words per minute), 2) Mean Length of
Utterance (MLU) (average number of words between pauses), and 3) the
pausing pattern (PP) (the average time of pauses per minute), as a factor to
explain L2 speaking fluency represented by the speaking assessment score. It is
worth mentioning that this paper utilized an Al tool (ChatGPT) for English
grammatical correction to enhance clarity and linguistic accuracy of the
content.

Research Questions

This study aimed to determine whether there is a significant effect of the three
temporal measurements of speaking identified above on L2 speaking fluency.
Two questions are relevant to the scope of the study:
e Question 1: Which of the three temporal measurements under
investigation has a significant effect on L2 speaking fluency?
e Question 2: Do any of these temporal measurements have a greater impact
on L2 speaking fluency than others?
It is assumed that at least one of the three temporal measurements would
significantly impact the speaking fluency assessment.

Participants

The study included 60 L2 English speakers who attended college majoring in
English as a second language (ESL) at the time of the study in the English
Department at Najran University. Their ages ranged from 21 to 25 years; 30
were male and 30 were female. Furthermore, based on an English L2
proficiency questionnaire, they were all in the advanced level of English
(average English proficiency level = 7.6/10). These participants ranged from
semester 5 (3rd year) to semester 8 (4th year) at their four-year bachelor degree
diploma. At this stage, students study a range of advanced English courses like
theoretical and applied linguistics, English literature, translation, and others.
In addition, five English L2 teachers were recruited to evaluate the speaking
performance of the participants.

The five L2 teachers (age mean = 47) were recruited using Prolific's webpage
(https://www.prolific.com/) to evaluate the recorded speaking samples of these
participants. All raters were native speakers of English, and based on their
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responses on the provided questionnaire, and had been teaching English as an
L2 at the postsecondary level for an average of 13.3 years (range = 9-18 years of
experience). They were provided with the speaking skill rubric of the New York
State Education Department to use for assessment. This rubric comprises four
speaking categories (five points for each category): appropriate word choice,
grammar errors, fluency, and pronunciation. This ensured that the L2 speech
raters used the same assessment scale for every speech sample.

Tasks and Procedures

Each participant was presented with a wordless picture book. Each page
included only one picture representing a specific sequence of the story's
development; this was the speech elicitation task in this study. The participants
were asked to orally describe the story in the book. Their responses were
electronically recorded using PsychoPy software (https://www.psychopy.org/).

After reading the study instructions and signing the consent form on the
computer screen, each participant was asked to press the space bar to move to
the next window to start the study. After each participant had completed the
task, their spoken responses were automatically saved on the researcher's
webpage in Pavlovia, a site created by the PsychoPy team to conduct
studies online (https://pavlovia.org/). These responses were then provided to
the L2 raters to assess and score each participant's speaking performance.
Besides, the speaking samples were analyzed using Audacity software
(https://www.audacityteam.org/) and the Online Forced Aligner tool
(https://web.uwm.edu/forced-aligner/) to analyze each speech sample’s
number of words, pausing time, and the mean length of utterance. These are
authentic and free tools used for auditory data analysis.

Results

The data were initially analyzed using three-way ANOVA in R software. The L2
raters provided the assessment score as the dependent variable explained by
the three temporal measurements investigated in this study (SR, MLU, and
PP). The results showed a significant effect of only the SR and the PP. In
contrast, neither MLU nor any of the interactions between these factors
showed a significant effect on the assessment score. Thus, the MLU factor was
dropped from the statistical model to include only the SR and the PP factors in
a two-way ANOVA.
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Table 1
Descriptive Results

Mean SD  Median Range Skew Kurtosis
Speech_Rate (SR) 6218 1.28 63.0 39.0 -10  -1.28
Mean Length of Utterance
(MLU) 5.08 .75 5.20 3.40 ~.02  -.42
Pausing_Pattern (PP) 562 177  5.20 6.99 .32 -1.04
Speaking_Score 12.74 2.54 12.50 10.0 -.07  -1.23

The results showed a significant primary effect of both the SR (F(1,56) = 19.937, p <
.0001 at alpha o.05, effect size = .26) and the PP (F(1,56) = 97.6, p < .0001 at
alpha .05, effect size = .64). However, the interaction between these two factors
was not significant (F(1,56) = 2.124, p = .151, effect size = .04).

Table 2
Two-Way ANOVA Results

Df Sum Mean F p-value
Sq Sq value
Pausing_Pattern (PP) 1 212.24 212.24 97.610  .0000 ***
Speech_Rate (PR) 1 4335 43.35 19.937  .0000 ***
Pausing_Pattern (PP) x 1 4.62 4.62 2.124 151

Speech_Rate (PR)
Residuals 56  121.76 2.17

Discussion

This study assessed the effect of three temporal measurements on L2 speaking
assessment. Temporal measurements represent the cognitive processes
underlying the speaking performance of Li and L2 speakers. The study
included the SR (represented by the average number of words per minute), the
MLU (represented by the average number of words between pauses), and the
PP (represented by the time of pause between speech runs) to determine their
effect on second language (L2) speaking assessment. Sixty English L2
participants participated in this study to provide a spoken response to a given
prompt. In addition, five English language teachers were recruited to evaluate
the participants' speaking performance. A statistical analysis of the results was
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then conducted, including the assessment score as the dependent variable
explained by the three temporal measurements as the independent variables of
this study. As shown in the results section above, a significant positive effect
was observed with the SR and the PP factors on the speaking score, whereas
the MLU showed no effect.

The analysis concluded that some temporal measurements could be a
reliable indicator of L2 fluency. The PP and SR both represent the pace of
speaking production. They provide an impression of the speaker's confidence
on the listener's part. On average, the SR was 62.18 words per minute
(including pausing time), ranging from 41 to 8o words per minute. The PP
was 5.62 milliseconds per minute, ranging from 2.1 to 9.1 for this group of
L2 speakers.

Therefore, for Question 1, the results indicate that two of the three
temporal measurements under study are significant in L2 speaking assessment.
That is, both the SR rate and the PP played a crucial role when evaluating the
L2 speaking samples. However, the results showed that the MLU was not
significant for the L2 speaking assessment.

Regarding Question 2, the PP had a greater impact on the speaking score,
with an effect size of .64 compared to .26 for the SR. In other words, 64 % of
the variability in the speaking assessment score is determined by the PP factor,
a significant effect size. On the other hand, about 26 % (a medium effect size)
of the variability in the speaking assessment score was determined by the SR
factor. Although this is a considerable effect size, it is not comparable to that of
the PP.

The results show that raters of L2 speech are influenced by the pausing
pattern (PP) of the L2 speaker. This could indicate confidence and competence
on the speaker's part in that lower pausing time would lead to better L2
speaking fluency. While the speech rate (SR) affected the speaking performance
score, its lower impact could be because speaking fast might lead to
mispronunciation or misunderstanding, and it is prone to more incorrect word
choice.

The results are consistent with other studies that examined different
speaking fluency levels. For example, Lennon (1990) found that SR was a strong
indicator of speaking fluency in that faster PR correlated with higher fluency
ratings. Munro and Derwing (1998) found that PR significantly impacts
listeners' evaluations of speaking fluency, with faster rates often perceived as
more fluent. In addition, the findings of the present study are similar to those
of Kormos and Dénes (2004), which showed that excessive pausing correlates
with lower speaking fluency ratings. Tavakoli and Skehan (2005) also found
that strategic planning can reduce the frequency and length of pauses in
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L2 speech, suggesting that more fluent speakers can manage their pauses more
effectively.

A finding of no significant effect of MLU was also presented by Iwashita et
al. (2008), who found that mean length of run (i.e., MLU) yielded no significant
associations with L2 proficiency level. This differs from that of Ortega (2009),
who found that higher MLU correlated with greater linguistic complexity in
L2 speech, where more fluent speakers produce longer and more complex
utterances. This study, however, found no effect of MLU on L2 speaking
fluency ratings.

Conclusions

This study examined the influence of three temporal measurements on the
assessment of L2 speaking fluency. The results showed that both speech rate
and pausing patterns significantly impacted L2 speaking fluency, as assessed
by the speaking scores provided by the English L2 teachers. Specifically, SR,
which measures the number of words produced per minute, and PP, the
average duration of pauses, emerged as critical factors in determining
fluency. Conversely, the Mean Length of Utterance, which measures the
average length of spoken units between pauses, did not significantly affect
fluency ratings.

The significant effect of SR on L2 speaking fluency observed in this study
supports previous research indicating that faster SR are often associated with
higher fluency ratings (Lennon, 1990; Munro & Derwing, 1998). A faster SR can
reflect a higher level of language processing efficiency and confidence, as fluent
speakers tend to produce speech at a faster pace without frequent
interruptions. However, it is crucial to recognize that excessively rapid speech
might lead to mispronunciations or misunderstandings, which can detract
from overall fluency. Therefore, while a moderate to fast SR is beneficial, it
should be balanced with clarity and accuracy. Pausing patterns (PP), on the
other hand, were found to have an even more substantial effect on fluency
ratings than speech rate. The duration of pauses can significantly influence a
listener's perception of speaking fluency. Prolonged pauses can suggest
hesitation, lack of confidence, or difficulties in language processing, which
negatively affect the impression of fluency. This result is consistent with
previous studies (e.g., Kormos & Dénes, 2004) that found longer pauses
correlate with lower speaking fluency ratings.

The study's finding that MLU did not significantly affect L2 speaking
fluency diverges from some prior research suggesting that longer utterances
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correlate with greater linguistic complexity and fluency (e.g., Ortega, 2009).
Although longer utterances can indicate complexity, they do not necessarily
reflect smoothness or ease of speech production. Therefore, while MLU
remains a useful measure for assessing linguistic complexity, it might not
directly correlate with perceived fluency in the same way as temporal
measurements related to SR speed and PP.

The significance of these results is that they identify a number of temporal
measurements that L2 speaking evaluators might use when making judgments
about L2 speaking fluency. Future research could explore the interaction
between different temporal measurements and their collective impact on L2
speaking fluency. For instance, investigating how SR and PP interact with other
factors, such as pronunciation and vocabulary use, could provide a more
holistic view of L2 speaking fluency. Additionally, longitudinal studies tracking
changes in these temporal measurements over time could offer insights into
how fluency develops with increased language exposure and practice.
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