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This study explored kanji handwriting behavior of Vietnamese learners of
Japanese as a Foreign Language (JFL), focusing on single-kanji words
with Kun-readings to minimize phonological overlap between Japanese and
Vietnamese. Participants completed a real-time handwriting task using a stylus
and tablet. The study analyzed writing latency, duration, and accuracy, examining
how these were influenced by lexical knowledge, kanji frequency, visual
complexity, and difficulty level. Results showed that higher lexical proficiency and
more frequent kanji led to faster initiation times. Writing duration increased with
visual complexity, as kanji with more strokes took longer to execute. Accuracy
decreased for complex and difficult kanji (e.g., N2 level), especially among lower
proficiency learners. Notably, learners with stronger lexical knowledge could
better compensate for complexity during writing. These findings highlight the
distinct cognitive and motor demands of kanji production and underscore the
value of combining vocabulary exposure with structured handwriting practice in
JFL instruction.

KEYWORDS

Japanese-as-a-Foreign-Language (JFL), kanji handwriting behavior, lexical knowledge,
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1 Introduction

In an age where typing has become the norm, handwriting skills have become
more important than ever to improve memory retention of scripts, as it activates
multiple brain systems involved in fine motor control and spatial awareness
(James and Engelhardt, 2012; Ose Askvik and Van der Weel, 2020; Vinci-Booher et al.,
2016). This is particularly important for orthographically deep scripts such as Chinese
hanzi and Japanese kanji. Unlike shallow orthographies, where sounds can mostly be
predicted from spelling, kanji is highly irregular, requiring a thorough understanding
and practice of stroke order and structural balance to master (Besner and Smith,
1992; Changetal, 2015; Giovanni, 1994; Katzand Frost, 1992; Lawetal., 1998).
As a result, handwriting kanji is more difficult and slower to learn compared to
shallow orthographies, presenting challenges for both native speakers and foreign-
language learners. For Vietnamese learning Japanese as foreign language (JFL learners),
whose native writing system is alphabetic (i.e., a shallow orthography) mastering
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kanji poses difficulties due to significant orthographic differences,
yet, Vietnamese do encounter kanji relatively often in daily life
(e.g., contrasting English speaking countries) due to historical
and cultural aspects. To investigate the factors influencing kanji
writing behavior among Vietnamese JFL learners, this study focused
on their handwriting of Japanese single-kanji words pronounced
with Japanese-origin Kun-readings which have no phonological
resemblance to Vietnamese. The study aimed to measure kanji
handwriting behavior independently of phonological influence
as Vietnamese does share some morphological and phonological
similarities with Chinese and Vietnamese (e.g., the word “embassy”
K{#1E is /dadshi3guan3/ in Mandarin, /taishikan/ in Japanese and
/dai s&’ quan/ in Vietnamese). The study examined how Japanese
lexical knowledge and kanji characteristics, such as usage frequency
and visual complexity, affected kanji writing behavior, providing
insights into the unique challenges faced by Vietnamese JFL learners
which constitute a group of special interest due to their exposure but
not active usage of kanji.

1.1 Background

Historically, the Vietnamese language utilized Chinese
characters (chii’ Hdn) as its primary writing system which were
brought to Vietnam from China at some point during its rule over
Vietnam (~111 BC to 939 AD) (De Francis, 2019) and remained
dominant in administration and literature until the 19th century.
Consequently, many Vietnamese words, particularly in formal
and academic contexts, are derived from Chinese. It is likely that
Vietnamese were using chii’ Hdn to write down Vietnamese as
early as the eighth century (De Francis, 2019). Later, under French
colonial rule, chii’ Quétc ngii’, a Latin-based script developed by
missionaries in the 17th century, gained prominence and became
the official writing system by the early 20th century.

In a similar way, Japan adopted Chinese characters (kanji
in Japanese) and Chinese words into its writing system as well,
with the difference being that kanji remain an integral part of
Japanese today. When kanji were first introduced in Japan, they
were used in their original Chinese forms. Over time, however,
the Japanese adapted kanji to fit their language, developing
two distinct types of pronunciation: On-readings, derived from
the original Chinese pronunciation and Kun-readings, based on
native Japanese words (Hirose, 1998; Kess and Miyamoto, 2000;
Leong and Tamaoka, 1995). For example, the single-kanji word (1,
meaning “mountain,” is pronounced son (/shon/) in Vietnamese
and shan in Mandarin Chinese. In Japanese, it is pronounced
san when using the Chinese-derived On-reading (e.g., & +
(I Fuji-san, “mount Fuji”) and yama when using the native
Japanese Kun-reading (e.g., Ll ! & Yamanashi-ken “Yamanashi
prefecture”). Native Japanese speakers can typically distinguish
between the On- and Kun-readings with relatively high accuracy
(Tamaoka and Taft, 2010).

Although Japanese kanji reading has been amply investigated,
only a few studies have explored Japanese kanji handwriting. In
a real-time handwriting study with auditorily presented stimuli,
Tamaoka and Takahashi (1999) examined how word frequency
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and kanji visual complexity influence handwriting among native
Japanese speakers. They focused exclusively on two-kanji compound
words and found that for low-frequency words, kanji with more
strokes took longer to initiate writing (e.g., B B > & H)), as
visual complexity significantly affected the writing process. Yet,
high-frequency words were seemingly not influenced by visual
complexity (i.e., B B = Bl L), as they were likely processed
more holistically. Similarly, the interval between writing the two
kanji was affected by visual complexity only for low-frequency
words, indicating that these words required additional processing
time. Additionally, the left-side kanji was influenced by both word
frequency and visual complexity, while the right-side kanji was less
affected. These findings suggest that native Japanese speakers rely on
orthographic representations during handwriting, with both word
frequency and visual complexity playing important roles in how
kanji are processed and written.

Hatta et al. (2002) investigated kanji handwriting errors among
Japanese school children, college students, and Australian JFL
learners (native English speakers). Japanese college students
primarily made errors involving phonology (e.g., #& /{» instead
of #5 ##) rather than orthographically or semantically related
ones. In contrast, Japanese Grade 7 students predominantly made
orthographically related errors (e.g., Z&fj instead of Z=§ff), as they
were still in the process of mastering kanji. Australian JFL learners
with no prior kanji knowledge often produced non-existent kanji,
creating figures that resembled kanji or kanji elements but did not
actually exist in Japanese. This likely occurred because they had not
yet fully learned the orthographic structures of kanji. These findings
suggest that the types of kanji writing errors vary depending
on the learner’s stage of kanji acquisition, reflecting differences
in their familiarity with kanji phonology, orthography, and
semantics. Jackson and Malone (Jackson and Malone, 2009) stated
that for native English speakers to “develop general professional-
level proficiency” Chinese and Japanese belonged to “the most
challenging” languages to learn (over 4 times as long with daily
instruction as languages such as French, Dutch or Spanish). This is
likely at least partly due to the task of mastering an orthographic
script with such a large number of novel and complex characters.

Vietnamese learners of Japanese present a particularly
interesting group for examining kanji writing behavior because
they seem to occupy a sort of intermediate position between
learners from purely alphabetic backgrounds, such as Australian
English speakers, and learners whose native language actively
uses Chinese characters, such as Chinese (and Japanese) speakers.
As stated earlier, Vietnamese shares numerous Sino-Vietnamese
words derived from Chinese, embedding structural features
similar to Chinese into the language. Historically and culturally,
Vietnamese still have significantly more exposure to Chinese
characters (ch@’ Hén) than JFL learners with purely alphabetic
backgrounds persisting through historical artifacts, temples, and
traditional contexts (e.g., weddings and other celebrations), even
though these characters are no longer involved in everyday use.
Thus, studying this group can provide valuable insights into how
partial linguistic and cultural familiarity with logographic scripts
influences handwriting and learning behaviors when acquiring
Japanese kanji.
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1.2 The present study

This study only used single-kanji words with Kun-readings
as experimental stimuli, as the Kun-reading has no phonological
resemblance to Vietnamese. This approach aims to eliminate any
potential influence of phonological similarity (Wang and Zhang,
2015, 2022; Zhangand Wang, 2016) between Vietnamese and
Japanese and to exclusively measure kanji handwriting behavior.
While handwriting production involves multiple cognitive stages,
such as lexical access, orthographic retrieval, and motor execution
(Bonin et al., 2001; Han et al., 2012), the present study simplified
the task to investigate two key time-based aspects and accuracy of
writing behavior: (1) kanji writing latency measured from the time
from the auditory presentation of the target kanji to the initiation
of writing, (2) kanji writing duration measured from the time from
the initiation of writing to the completion of the kanji (i.e., the total
time taken to complete writing the target kanji), and (3) accuracy
as a result of writing behavior. Kanji writing latency reflects the
time required for preparatory processes prior to writing initiation,
such as lexical access, retrieval of the orthographic representation
of the kanji, and preparation of the motor program necessary for
handwriting. In contrast, kanji writing duration primarily reflects
processes occurring during the execution of writing, including the
sequential production of strokes and the motor implementation
of the orthographic representation (including online changes).
By examining these temporal measures together with accuracy,
the present study investigates how Japanese lexical knowledge
and kanji characteristics—such as usage frequency and visual
complexity—affect the efficiency of kanji handwriting production in
Vietnamese learners of Japanese as a foreign language (JFL).

2 Methods—single kanji writing
behavior experiment

2.1 Participants

A total of 35 Vietnamese JFL learners (seven males, 28 females)
from Ho Chi Minh City, Vietnam, participated in the experiment.
The average age of the participants was 24 years and 8 months
(SD = 3 years and 6 months). The Japanese Language Proficiency
Test (JLPT) consists of five levels, ranging from N5 (lowest) to
N1 (highest). Among the participants, six had passed N3, 23 had
passed N2, and six had achieved N1. Participants had been studying
Japanese for an average of 5 years and 3 months (SD = 2 years
and 7 months), with study durations ranging from 2 to 10 years.
Regarding residency in Japan, three participants had lived in Japan
for over a year, while seven had stayed in Japan for less than a
year, and none of the N3 participants had any experience living
in Japan. The study was reviewed and approved by the Research
Ethics Committee of Nagoya University (approval number: NUHM-
22-015). Recruitment period was from December 16, 2023 to
January 1, 2024. All participants provided written informed consent
and received monetary compensation for their participation. The
collected data were securely stored, and participants’ identities were
anonymized using numerical pseudonyms to ensure privacy.
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Given that the data were to be analyzed using trial-level
linear mixed-effects (LME) models with crossed random effects
for participants and items, a conventional G*Power analysis
was not suitable for the present design. Instead, sample size is
described in terms of both participants and item-level observations
resulting in 1,400 responses (35 participants x 40 items) for the
accuracy analysis.

2.2 Lexical knowledge test

To evaluate participants’ Japanese lexical knowledge, the Lexical
Knowledge Test for JFL Learners with Non-Kanji Backgrounds
(Yamato et al., 2016) was administered. The test consisted of
three subcategories: Japanese-origin words (wago), Chinese-origin
words (kango), and function words. Each subcategory included
12 questions, resulting in a total of 36 questions. Despite the
small sample size of 35 participants in the present study, the test
demonstrated relatively high reliability, with a Cronbach’s alpha
coefficient of 0.74. The participants’ scores ranged from 28 to 36,
with a mean score of 33.53 (SD = 1.65). These test scores were
included as a fixed factor in the subsequent analysis.

2.3 Stimuli for investigating kanji writing
behavior

Due to the abundance of homonyms in two-kanji compound
words in Japanese (Tamaoka, 2007; Tamaoka et al., 2012), this study
constrained its stimuli to single-kanji words. These kanji are used
independently as single words and are typically all Japanese-origin
words (wago). Notably, these single-kanji words are pronounced
using Kun-readings (Japanese-origin pronunciations) and have no
phonological or orthographic equivalents in Vietnamese. Based on
these criteria, 40 single-kanji words frequently used in daily life
were selected as stimuli (see Appendix). The selected kanji were
classified within JLPT levels N2 to N4, which were used as a fixed
factor for kanji difficulty. The number of strokes ranged from 2 (e.g.,
A “person”) to 18 (e.g., BE “face”), with a mean of 8.58 (SD =
3.89). Stroke count was used as a fixed factor for visual complexity.
Kanji frequencies were obtained from the 2,136 Joyo kanji database,
accessible online at http://www.kanjidatabase.com (Tamaoka et al.,
2017). This database reports frequencies using 11 years of the all-
Japanese version of the Mainichi Shimbun newspaper (2000-2010).
For this study, kanji frequency values excluding proper nouns were
used, resulting in a mean frequency of 138,818 occurrences (SD
= 304,888).

2.4 Procedure

This study conducted a real-time experiment on kanji writing
behavior using a computer tablet (Microsoft Surface Pro) with
a stylus pen. The experiment was programmed using PsychoPy
software (Peirce et al., 2019), allowing continuous measurement of
kanji writing behavior with millisecond (ms) precision. The kanji
stimuli were presented auditorily using the Tokyo standard accent,
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FIGURE 1
Procedure for measuring kanji writing behavior in a single trial.

recorded by a male native Japanese speaker from Tokyo, Japan. As
shown in Figure 1, a fixation point (“*”) appeared at the center
of the tablet screen for 600 ms. Following this, a Japanese kanji
word was presented aurally. Participants were instructed to write
the corresponding kanji as quickly and accurately as possible using
the stylus pen. The experiment recorded three key time points: (1)
the auditory stimulus onset, (2) the initiation of writing when the
participant first touched the pen to the tablet, and (3) the completion
of writing when the pen was finally lifted from the tablet. Using these
time points, the study calculated two measures: (1) kanji writing
latency (the time from auditory stimulus onset to the initiation
of writing) and (2) kanji writing duration (the time from the
initiation of writing to the completion of the kanji). After each kanji
was written, the experimenter recorded its accuracy (correct = 1,
incorrect = 0). The next kanji stimulus was presented 3,000 ms after
the completion of the previous trial. All stimuli were presented in
a pseudo-randomized order for each participant. Before beginning
the main experiment, participants completed eight practice trials
to familiarize themselves with the task. All kanji writing data were
recorded and securely stored on the tablet computer.

2.5 Data analysis

Kanji writing accuracy, initiation latency, and writing
duration were analyzed using linear mixed-effects (LME) models
(Baayen et al., 2008) with the Ime4 package (Bates et al., 2015) in
R. Fixed effects included both participant and stimulus-related
factors. The participant factor consisted of lexical knowledge
[lex.z; scores from the Yamato etal. (2016) lexical knowledge
test, centralized]. The stimulus factors included visual complexity
(stroke.z; number of strokes, centralized), kanji frequency (Infreq;
natural log-transformed, centralized), kanji difficulty [jlpt; based on
Japanese Language Proficiency Test (JLPT) levels], and trial order
(trial.z). Random effects were specified for participants and kanji
stimuli to account for individual and item variability. p-values were
calculated using Satterthwaite’s approximations via the ImerTest
package (Kuznetsovaetal., 2017) with restricted maximum
likelihood estimation (Harville, 1977). For binomial accuracy

data, the glmer function (with a logit link function) was used to
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compute the z-distribution via maximum likelihood estimation
(Laplace approximation). The best-fitting LME model was selected
through Akaike’s Information Criterion (AIC) (Anderson et al.,
2000) comparisons of the models. We aimed to provide the best
fit for the data while maintaining interpretability and avoiding
excessive complexity.

3 Results

3.1 Result of the accuracy analysis

A total of 1,400 responses (35 participants x 40 items) were
analyzed. The mean accuracy of kanji writing among Vietnamese JFL
learners was 62.43% (SD = 48.45%). Based on model comparisons
using Akaike’s Information Criterion (AIC) (Anderson et al., 2000),
the best-fitting linear mixed-effects model (LME) is summarized in
Table 1.

Three fixed factors significantly influenced kanji writing
accuracy: kanji difficulty (z = 3.198, p < 0.01), visual complexity
(z = —3.212, p < 0.01), and kanji frequency (z = 2.007, p <
0.05). These effects are summarized in Figure 2. Accuracy differed
markedly across JLPT levels, with the lowest accuracy observed for
N2 kanji (43.57%), followed by N3 kanji (62.08%), and the highest
accuracy for N4 kanji (83.59%). This trend suggests that learners
encounter increasing difficulty with kanji classified at higher
proficiency levels. Kanji with a greater number of strokes were
associated with lower writing accuracy, indicating that increased
visual complexity hinders accurate reproduction. Conversely,
more frequently encountered kanji (based on frequency counts
from the Mainichi Shimbun corpus, which reflects usage by native
Japanese) were written with higher accuracy, suggesting that
repeated exposure facilitates kanji learning and retention. Despite
the corpus being native-focused, it is likely that non-native speakers
(e.g., Vietnamese learners) also encounter higher-frequency
characters more often, whether through formal study, media, or
daily use. There was no significant main effect of participants’
lexical knowledge on writing accuracy, indicating that overall
performance on the writing task did not depend on vocabulary size.
Furthermore, no significant interaction effects were found between
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TABLE 1 Results of the LME model analysis for kanji writing accuracy.

Variables Estimate SE zvalue Pr(>|z]) p
(Intercept) —3.894 1.517 —2.566 0.010 *
Kanji difficulty 0.753 0.236 3.198 0.001 o
(jlpt)

Visual —0.538 0.167 —3.212 0.001 o
complexity

(stroke.z)

Kanji 0.304 0.151 2.007 0.045 *
frequency

(Infreq)

Lexical 0.223 0.722 0.309 0.757
knowledge

(lex.z)

Infreq:lex.z 0.005 0.067 0.079 0.937
stroke.z:lex.z —0.072 0.066 —1.089 0.276

*p < 0.05. " p < 0.01. Participants = 35. Items = 40. Observations = 1,400. glmer(accuracy
~ 1+ jlpt + stroke.z + Infreq + lex.z + Infreq:lex.z + stroke.z:lex.z + (1 | participant) + (1 |
item), data = mydata, family = binomial).

lexical knowledge and either kanji frequency or visual complexity,
suggesting that these factors independently influenced learners’
writing performance.

3.2 Result of kanji writing latencies
(initiation time)

Kanji writing latency refers to the time from the auditory
presentation of a single kanji word to the initiation of writing,
specifically, the moment when the pen first touches the tablet to
begin writing the kanji. The best-fitting LME model was identified
using Akaike’s Information Criterion (AIC) (Harville, 1977) and
specified as: Imer(RT ~ trial.z 4 lex.z * stroke.z * Infreq + jlpt +
(0 + lex.z | participant) + (1 | item), data = mydata). After selecting
the best-fit model, responses with standardized residuals exceeding
3.0 standard deviation units were excluded as outliers, resulting in
the removal of 13 out of 874 responses. The final analysis included
861 kanji writing latencies. The results are presented in Table 2.

The LME model analysis revealed two significant main effects
for kanji writing latency: lexical knowledge and kanji frequency. As
illustrated in Figure 3, participants with higher lexical knowledge
scores initiated writing significantly faster, as reflected by a negative
estimate [#(436.620) = —2.865, p < 0.01]. This indicates that greater
familiarity with Japanese vocabulary facilitates quicker retrieval and
access to orthographic forms during handwriting tasks. Kanji with
higher frequency were associated with shorter writing initiation
times [£(34.480) = —2.249, p < 0.05], suggesting that commonly
encountered kanji are more readily accessible for production.

Additionally, three interaction effects were found. A significant
interaction of lexical knowledge and visual complexity [#(791.530)
= —2.251, p < 0.05] indicated that participants with higher lexical
knowledge initiated writing faster even for kanji with greater
visual complexity (i.e., more strokes), whereas those with lower

Frontiers in Language Sciences

10.3389/flang.2026.1705688

lexical knowledge exhibited longer latencies for complex kanji.
Another significant interaction between lexical knowledge and kanji
frequency [£(794.310) = 2.913, p < 0.01] suggested that frequent
exposure to kanji could help learners compensate for difficulty in
retrieval, particularly among those with lower lexical knowledge.
A significant three-way interaction of lexical knowledge, visual
complexity and kanji frequency [#(791.380) = 2.095, p < 0.05]
indicated a complex interplay among lexical knowledge, visual
complexity, and kanji frequency in determining the ease of initiating
kanji writing. In particular, high-frequency and visually simpler
kanji appear to be accessed more quickly, especially by learners with
greater lexical knowledge.

3.3 Result of kanji writing durations

Kanji writing duration refers to the time from the initiation of
writing to the completion of writing the kanji. The best-fitting linear
mixed-effects model was identified using Akaike’s Information
Criterion (AIC) for model comparisons. The final model was
specified as: Imer(RT ~ 1 + trial.z + lex.z * stroke.z * Infreq + jlpt +
(1| participant) + (1 | item), data = mydata). After model selection,
potentially influential outliers were removed, and the final analysis
included 860 kanji writing duration observations. The results of the
LME model analysis are summarized in Table 3.

As shown in Table 3, visual complexity emerged as the strongest
significant predictor of kanji writing duration [#(33.950) = 14.265,
p < 0.001]. As illustrated in Figure 4, kanji with a greater number
of strokes required significantly longer times to complete, reflecting
the greater motor demands needed to accurately produce visually
complex characters. This finding was expected, as the physical act
of handwriting inherently requires more time as the number of
strokes increases. In addition, a significant interaction between
lexical knowledge and visual complexity was observed [¢(807.700)
= —3.295, p < 0.01]. Participants with higher lexical knowledge
demonstrated slightly greater efficiency in writing visually complex
kanji, suggesting that stronger familiarity with kanji structures
may help streamline motor execution, even when kanji are more
visually demanding. No significant effects were found for kanji
frequency or kanji difficulty (as measured by JLPT levels), indicating
that once kanji writing is initiated, the process primarily reflects
motor execution demands rather than cognitive retrieval difficulties.
Overall, these findings suggest that while cognitive factors such
as lexical knowledge can assist in managing visually complex
characters, kanji writing duration is largely governed by the physical
and motoric complexity of the character itself.

4 General discussion

This study investigated the handwriting behavior of Vietnamese
JFL learners when writing single-kanji words with Kun-readings,
focusing on three key aspects: kanji writing initiation, writing
duration, and accuracy. The findings highlighted significant
influences of lexical knowledge, kanji frequency, visual complexity,
and kanji difficulty (JLPT level) on the kanji writing process.
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Factors influencing kanji writing accuracy.
TABLE 2 Results of the LME model analysis for kanji writing latencies.
Variables Estimate SE df t value Pr(>|t|)
(Intercept) 7,508.050 1,137.870 35.180 6.598 0.000 o
Trial order (trial.z) 51.610 60.190 809.080 0.857 0.392
Lexical knowledge (lex.z) 2,006.980 700.500 436.620 —2.865 0.004 o
Visual complexity (stroke.z) —942.190 1,070.950 34.390 —0.88 0.385
Kanji frequency (Infreq) —251.230 111.700 34.480 —2.249 0.031 *
Kanji difficulty (JLPT) —195.200 185.710 34.830 —1.051 0.300
Lex.z x Stroke.z 1,292.100 573.890 791.530 —2.251 0.025 *
Lex.z x Lnfreq 174.340 59.840 794.310 2913 0.004 o
Stroke.z x Lnfreq 100.100 98.750 34.010 1.014 0.318
Lex.z x Stroke.z x Lnfreq 110.150 52.580 791.380 2.095 0.036 *

Participants = 35. Items = 40. Observations = 861 (only correct items with outlier editing). Imer(RT ~ trial.z + lex.z * stroke.z * Infreq + jlpt + (0 + lex.z | participant) + (1 | item), data= mydata).

*p < 0.05.%p < 0.01,***p < 0.001.

Figure 5 provides a conceptual framework to illustrate the key
factors influencing kanji writing behavior.

The results indicated that lexical knowledge and kanji frequency
significantly affected kanji writing latency. Learners with higher
lexical knowledge initiated writing more quickly, suggesting
that greater familiarity with kanji facilitates faster retrieval of
orthographic representations. This aligns with previous studies on
native Japanese speakers, which found that word familiarity and
frequency enhance the accessibility of stored kanji representations,
reducing retrieval time (Hatta et al., 2002; Tamaoka and Kiyama,
2013). Additionally, high-frequency kanji were associated with
shorter writing latencies, supporting the notion that repeated
exposure reinforces retrieval efficiency. While visual complexity
did not exert a main effect on initiation latency, an interaction
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revealed that learners with higher lexical knowledge initiated writing
faster even for more complex kanji. This interaction suggests a
compensatory effect in which higher lexical knowledge may help
learners manage the processing demands associated with visually
complex kanji (Van Galen, 1991; Boninetal, 2012). Learners
with larger vocabularies are likely to possess stronger lexical and
orthographic representations of kanji, which may facilitate faster
retrieval of structural information during writing preparation. In
particular, such learners may rely on stored orthographic patterns
or familiar radicals to organize the internal structure of complex
characters. This could allow them to initiate writing more efficiently
even when the visual complexity of the kanji increases. In contrast,
learners with lower lexical knowledge may rely more heavily on
slower, bottom-up processing of individual strokes and components,
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Factors influencing kanji writing latency.
TABLE 3 Results of the LME model analysis for kanji writing durations.

Variables Estimate SE df t value Pr(>|t]) p
(Intercept) 3,826.000 444.700 58.460 8.602 0.000 ok
Trial order (trial.z) —195.100 45.620 823.400 —4.276 0.000 o
Lexical knowledge (lex.z) —340.900 231.000 35.850 —1.476 0.149
Kanji frequency (freq) 0.002 0.001 28.920 1.202 0.239
Visual complexity (stroke.z) 1,481.000 103.800 33.950 14.265 0.000 ek
Kanji difficulty (JLPT) 74.350 122.400 33.610 0.608 0.548
lex.z x freq —0.001 0.001 805.400 —0.747 0.455
lex.z x strokes —174.900 53.080 807.700 —3.295 0.001 o
freq x strokes 0.001 0.001 28.720 1.504 0.143
lex.z x freq x strokes 0.000 0.000 804.800 —0.744 0.457

Participants = 35. Items = 40. Observations = 874 (only correct items with editing).

Imer(RT ~ 1 + trial.z 4 lex.z * stroke.z * Infreq + jlpt + (1 | participant) + (1 | item), data = mydata). **p < 0.01, **p < 0.001.

making them more susceptible to delays when encountering visually
complex kanji.

Unlike initiation latency, kanji writing duration was primarily
determined by visual complexity (number of strokes). More
complex kanji took longer to complete, indicating that the physical
demands of writing kanji play a central role once the handwriting
process begins. This result is consistent with findings from
Tamaoka and Takahashi (1999), who noted that low-frequency kanji
with higher stroke counts required more time to be written for native
speakers. Although there was no interaction between frequency
and visual complexity [as in Tamaoka and Takahashi (1999)] the
same idea might still hold particularly for JFL learners who are
still developing fluency in handwriting. Lexical knowledge did
not exert a main effect on writing duration, but it interacted
significantly with visual complexity. Learners with higher lexical
knowledge completed visually complex kanji more efficiently. This
effect may reflect greater experience with kanji writing rather
than differences in motor ability per se. Learners with larger
vocabularies might have encountered and practiced a greater
number of kanji, which can strengthen orthographic representations
and facilitate the development of more automatized motor programs
for producing stroke sequences (Van Galen, 1991; Bonin etal,,

Frontiersin Language Sciences

2012). Consequently, when writing visually complex characters,
these learners may execute the required motor patterns more
efficiently than learners with less experience.

Kanji writing accuracy was primarily influenced by kanji
difficulty and visual complexity, independently of lexical knowledge
and frequency. Accuracy rates improved progressively from JLPT
level N2 (43.57%) to N3 (62.08%) and N4 (83.59%), suggesting
that learners struggle more with kanji categorized as more difficult.
Additionally, kanji with more strokes were associated with lower
accuracy, indicating that the structural complexity of kanji poses
challenges for learners in maintaining correct stroke order and
balance. These findings align with Hatta et al. (2002), who observed
that Japanese school children and Australian JFL learners frequently
made orthographic errors in kanji writing, particularly with visually
complex characters. Rose (2019) also states that there is a disconnect
between how fast a JSL student is building up spoken Japanese vs.
their written knowledge.

Vocabulary knowledge did not significantly affect the accuracy
of kanji writing, but it did influence the temporal dynamics of the
writing process. Participants with greater vocabulary knowledge
initiated writing more quickly and, in the case of visually
complex characters, completed the writing process faster than

frontiersin.org
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Auditory Presentation
| start | end |
| Kanji writing latency Kanji writing duration
Lexical knowledge* i Visual complexity *** g
Kanji frequency ** Lexical knowledge X Visual complexity *
Lexical knowledge X Visual complexity *
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Kaniji difficulty (JLPT) **
Visual complexity **
Kanji frequency*
FIGURE 5
Key factors affecting kanji handwriting behavior in Vietnamese JFL learners. *p < 0.05. **p < 0.01, ***p < 0.001.

those with lower vocabulary knowledge. One possible explanation  (Van Galen, 1991; Bonin et al,, 2012). Vocabulary knowledge may
is that learners with larger vocabularies have stronger lexical facilitate faster retrieval of lexical and orthographic representations,
representations and more efficient access to the orthographic  thereby reducing writing latency. However, the accuracy of the final
forms associated with those words. According to psycholinguistic ~ written form may depend more strongly on detailed orthographic
models of handwriting production, writing involves several stages, ~ knowledge of stroke composition and structure, which may develop
including lexical access, orthographic retrieval, and motor execution ~ independently of general vocabulary knowledge. Consequently,
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vocabulary knowledge may primarily influence the efficiency of
accessing and producing kanji, rather than the accuracy of the final
written product.

The findings suggest that kanji learning strategies should
balance both cognitive and motor aspects. Since lexical knowledge
and frequency improve writing initiation, frequent exposure to
high-frequency kanji through reading and vocabulary exercises
could help learners retrieve kanji representations more efficiently.
However, since writing duration and accuracy are seemingly
primarily influenced by visual complexity, structured handwriting
practice focusing on stroke order, spatial balance, and fluency
development is crucial. Additionally, instructional approaches
should adapt to learners’ proficiency levels, as accuracy rates
varied across JLPT difficulty levels, indicating that progressive kanji
learning with gradual exposure to complex kanji is essential for
effective acquisition.

We would like to point out that our study would benefit
from chronometric cross-linguistic comparisons (we thank an
anonymous reviewer for suggesting this) with target groups
which have differential experiences with writing and exposure
to Chinese characters (e.g., Mandarin Chinese and English).
Currently, virtually no chronometric studies have been published
on kanji writing, and we aim to ameliorate this gap and
corroborate the current findings in future research with cross-
linguistic comparisons.

This study provides valuable insights into the cognitive and
motor processes involved in kanji handwriting among Vietnamese
JFL learners. The results demonstrate that lexical knowledge
and kanji frequency facilitate faster initiation of kanji writing,
visual complexity significantly prolongs writing duration, and both
visual complexity and kanji difficulty negatively affect writing
accuracy. These findings highlight the importance of integrating
both retrieval-based and handwriting-focused exercises in kanji
instruction, ensuring that learners develop both efficient cognitive
access to kanji and accurate motor execution. These distinctions
underscore the need for kanji instruction to target both cognitive
access (to improve speed) and motoric fluency (to improve accuracy
and efficiency).
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