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Abstract. The ability to master Chinese orthography is of increasing importance in global education, yet learners from non-
logographic backgrounds encounter persistent and distinctive obstacles. Addressing the specific challenges experienced
by Central Asian students is crucial for informing targeted teaching strategies. The present study sought to elucidate
the procedural difficulties and cognitive factors underlying stroke order errors in Chinese character writing among five
beginning-level international students from Kyrgyzstan and Uzbekistan, all native Dungan speakers fluent in Russian.
Utilising smart pen technology to record and analyse the writing process, the author of this study collected data on stroke
order errors during textbook-based copying exercises. Analysis of 605 error instances across 1,800 characters revealed
an average error rate of 33.6% per student for characters containing errors. The most prevalent error types were stroke
sequence errors (78.5%), stroke direction errors (19.3%), and stroke reversal phenomena (2.2%). Common sequence
errors included horizontal-vertical order reversal (31.4%) and component order reversal (28.6%), while frequent direction
errors involved confusion between ‘ti’ (32) and ‘pie’ (#f) strokes (52.1%). The findings indicated that, although a Dungan
language background may offer certain phonological advantages, it does not inherently support correct stroke order
execution, which is significantly influenced by prior Cyrillic/Russian script habits. This research advances understanding
of the specific procedural barriers faced by Central Asian learners and proposes evidence-based interventions for more
effective Chinese character instruction

Keywords: Chinese character acquisition; stroke sequence; Dungan language; error analysis; smart pen technology;
Cyrillic interference

H INTRODUCTION

The acquisition of Chinese characters poses a formidable
challenge for international students learning Chinese as
a second language, particularly for those whose native
writing systems differ fundamentally from the logograph-
ic nature of Chinese script. Mastery of correct stroke or-
der is widely recognised as essential — not only for the
aesthetic presentation of characters but also for facilitat-
ing character recognition, writing fluency, and long-term
retention (Sun et al., 2024; Yang & Tian, 2024). Empirical
research has shown that adherence to standard stroke or-
der principles enhances motor memory, accelerates char-
acter recognition, and increases the efficiency of charac-
ter production (Hou & Jiang, 2022). Central Asia offers
a unique sociolinguistic context for Chinese language

acquisition. Many students from countries such as Kyr-
gyzstan and Uzbekistan speak Dungan as their first
language — a Sinitic language historically derived from
north-western Chinese dialects, but which has been
written exclusively in Cyrillic script since the Soviet era
(Honkasalo, 2024). This creates an intriguing scenario:
while these learners possess phonological familiarity with
many Chinese morphemes, they lack exposure to Chinese
orthographic conventions. As mentioned by X. Duan &
Z. Cai (2024), the phonological proximity between Dun-
gan and Mandarin may facilitate vocabulary acquisition
and pronunciation; however, the stark orthographic di-
vergence between Cyrillic and Chinese scripts introduces
unique challenges in character production.

Suggested Citation: Lai, Y. (2025). A smart pen-based analysis of Chinese character stroke order errors among beginning Central
Asian students. Bulletin of the Jusup Balasagyn Kyrgyz National University, 17(2), 87-97. doi: 10.58649,/1694-8033-2025-2(122)-87-97.

*Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


https://orcid.org/0009-0005-6220-4310
https://balasagynbulletin.com/en

A smart pen-based analysis of Chinese character stroke order errors...

Recent advancements in digital technology have opened
new avenues for investigating the dynamic process of char-
acter writing. According to N. Ismail & D. Ghani (2021),
smart pen technology, capable of recording real-time
stroke sequence, direction, and timing, has emerged as a
powerful tool for analysing the specific difficulties encoun-
tered by different learner populations. Unlike tradition-
al error analysis, which focuses solely on the final written
product, smart pen data capture the temporal and spa-
tial dimensions of writing, offering valuable insights into
the cognitive processes underlying character formation.

Although prior studies have explored stroke order ac-
quisition among learners from alphabetic, syllabic, and oth-
er logographic backgrounds, research specifically targeting
Central Asian learners with Dungan backgrounds remains
notably limited (Hong et al., 2021; Liang & Ng, 2024). Giv-
en the increasing number of students from this region pur-
suing Chinese language studies, this population presents
a compelling case for examining the interplay between
phonological advantage and orthographic disadvantage
in character acquisition. To address this gap, the present
study investigated stroke order errors among five begin-
ning-level international students from Central Asia with
Dungan as their native language during the initial stages
of Chinese character acquisition. By leveraging smart pen
technology to analyse their writing processes, this research
aimed to identify error patterns, explore their underlying
causes, and propose targeted pedagogical interventions.
The findings have significant implications for curriculum
design, instructional practices, and the development of spe-
cialised learning materials tailored to this unique student
population. Specifically, this study sought to answer three
primary research questions: what types and patterns of
stroke order errors are most prevalent among Central Asian
students with Dungan language backgrounds; how do these
error patterns relate to the students’ prior experience with
the Cyrillic script; what pedagogical recommendations can
be derived from these findings to enhance character in-
struction for Central Asian learners.

M LITERATURE REVIEW
Research on Chinese character acquisition among second
language learners has expanded considerably in recent
years, with increasing emphasis on the role of stroke or-
der in successful character mastery. H. Hsiung et al. (2017)
demonstrated that correct stroke order significantly im-
proves character recognition, writing accuracy, and long-
term retention among learners. This was further corroborat-
ed by J. Xu & X. Jiang (2022), who found a strong correlation
between adherence to standard stroke order and enhanced
character recall and production in beginning learners.
The cognitive mechanisms underlying character acqui-
sition have been explored through neuroimaging studies.
For example, J. Zhang et al. (2022), utilising functional
magnetic resonance imaging (fMRI), revealed that learn-
ers’ neural pathways for processing new writing systems
are profoundly influenced by their first language script
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experiences. Their findings suggest that pre-existing neu-
ral networks, shaped by prior writing experiences, may
either facilitate or impede the acquisition of Chinese char-
acters. Extending this neurocognitive perspective, K. Lui et
al. (2023) employed event-related potential (ERP) tech-
niques to investigate children’s neural responses to stroke
order violations. Their results showed that both anterior
N2 and posterior P3 ERP components were heightened in
response to incorrect stroke order, indicating the brain’s
sensitivity to stroke sequence even at an early age. Nota-
bly, poor spellers exhibited a reduced right lateralised N2
response, which was closely linked to weaker spelling and
reading performance. This suggests the right lateralised N2
as a potential neural marker for Chinese literacy develop-
ment and highlights the foundational importance of stroke
order knowledge in both reading and spelling acquisition.

The distinctive linguistic background of Central Asian
students with Dungan heritage has attracted scholarly at-
tention. E. Allés (2005) offered a comprehensive historical
account of the Dungan language, tracing its evolution from
north-western Chinese dialects and its subsequent adoption
of Cyrillic script during the Soviet era. P. Kokaisl (2025)
found that while Dungan speakers exhibit superior phono-
logical skills in Chinese learning, they do not demonstrate
a significant advantage in character writing compared to
learners from unrelated language backgrounds, underscor-
ing the dissociation between phonological familiarity and
orthographic competence.

Technological innovation has transformed re-
search methodologies in character acquisition. Y. Lai &
X. Zhang (2021) developed quantitative methods for assess-
ing key aspects of handwritten Chinese characters produced
by CFL (Chinese as a Foreign Language) learners, including
stability, symmetry, and inclination. Their comprehensive
analytical framework allows for the objective evaluation of
character writing quality based on calligraphic principles,
providing a solid foundation for further empirical research
in this area. On this basis, they employed digital ink tech-
nology to analyse the dynamic process of Chinese character
writing among beginning-level Chinese language learners,
capturing temporal and spatial dimensions of handwriting
behaviours that are not observable in static written prod-
ucts (Lai & Zhang, 2024). Their research further explored
the factors influencing dynamic stroke writing behaviours,
revealing that variables such as character complexity,
stroke type familiarity, and learner background serve as
significant predictors of stroke writing quality. These find-
ings contribute to a deeper understanding of the dynamic
and multifaceted nature of Chinese character acquisition.

Recent advancements in educational technology have
also shown promise in supporting character writing devel-
opment. L. Wong et al. (2023) introduced Al-Strokes, a ma-
chine learning-powered Chinese handwriting learning tool
that provides real-time, personalised feedback to students. In
a controlled trial, students who used AI-Strokes demonstrat-
ed significantly greater improvements in handwriting accu-
racy, particularly in stroke order, stroke direction, and the




avoidance of extra or missing strokes, compared to those re-
ceiving conventional instruction. The study suggests that per-
sonalised digital feedback and multimodal task design can
foster orthographic awareness and enhance the psycholin-
guistic processes underlying Chinese handwriting acquisition.
The pedagogical value of error pattern analysis has
been emphasised by Y. Hao et al. (2021), who demonstrat-
ed that instructional interventions tailored to identified
error patterns significantly improve character writing ac-
curacy among beginners. The relationship between char-
acter complexity and error frequency has been established
by C. Chan (2020), who observed that error rates increase
proportionally with stroke count and structural intricacy.
In summary, the literature reveals substantial gaps in the
understanding of Chinese character acquisition among
Central Asian learners with Dungan language backgrounds.
The author of the present study sought to address these
gaps by providing empirical insights into the specific chal-
lenges faced by this population, thereby informing more
effective and culturally responsive pedagogical strategies.

B MATERIALS AND METHODS

This study recruited five international students (four males,
one female) from Central Asia, all of whom were enrolled
in an elementary Chinese language programme at a uni-
versity in Gansu Province, China. The participants ranged
in age from 19 to 23 years (M = 20.8, SD = 1.48) and
had been studying Chinese for an average of 4.2 months
(SD = 0.84) at the time of data collection. Three partici-
pants were from Kyrgyzstan and two from Uzbekistan. All
reported Dungan as their first language and demonstrated
native-like fluency in Russian as their second language, re-
flecting the unique multilingual context common among
Central Asian populations. Importantly, none of the partic-
ipants had prior experience with Chinese character writing
before commencing their formal studies. While Dungan
is a Sinitic language historically linked to Mandarin, it is
written exclusively in Cyrillic script in contemporary con-
texts, meaning these learners approached Chinese charac-
ter writing as a novel orthographic system. All participants
were recruited via voluntary participation following an in-
formation session about the research project during their
Chinese language class. The study was conducted from Oc-
tober to December 2023. Informed consent was obtained
from all participants. The study protocol was reviewed and
approved by the university’s Institutional Review Board,
ensuring compliance with ethical standards for research in-
volving human subjects (ASA, 2018).

Character selection. A total of 120 Chinese charac-
ters were selected for the writing task. These characters
were drawn from the textbook Developmental Chinese (Ji-
hua, 2011), which is currently used by the learners, and
represent the vocabulary introduced during the first eight
weeks of instruction. The selection aimed to encompass a
range of structural complexities, with characters varying
from 2 to 12 strokes, and to include diverse structural types
such as left-right, top-down, and enclitic forms. All selected
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characters adhere to the standard stroke order prescribed
by the Stroke Order Specification for Common Characters
in Modern Chinese issued by the State Language Commis-
sion of China (2020). This careful selection ensured eco-
logical validity, as the characters closely reflect the actual
learning content and challenges faced by beginners in the
classroom. Furthermore, the inclusion of both characters
that strictly follow stroke order norms and those that devi-
ate from them enables a nuanced analysis of error patterns
related to both standard conventions and exceptional cases.
Smart pen technology. To accurately capture the
writing process, this study utilised the Evernote Smart Pen
system. This digital pen records handwriting in real time,
transmitting detailed stroke sequence and direction data to
the Evernote application. Used in conjunction with special-
ised notebooks, the system enables precise tracking of pen
movements, including the timing, order, and direction of
each stroke. By leveraging this technology, researchers are
able to analyse not only the final written product but also
the dynamic process of character formation. This approach
yields a rich dataset for identifying stroke order errors, hes-
itations, and self-correction attempts. The digital recording
of the entire writing process offers significant methodolog-
ical advantages over traditional paper-and-pencil tasks. It
enables fine-grained temporal analysis and allows for the
detection of overt errors as well as near-misses or correc-
tions that may not be apparent in the final written form.
Procedure. Data collection was conducted through
individual sessions held in a quiet classroom environment
to minimise distractions. Each participant completed three
sessions, each lasting approximately 60 minutes, with ses-
sions scheduled one week apart to mitigate fatigue and
practice effects. During each session, participants were in-
structed to copy 40 characters from their textbook using
the smart pen and specialised notebook. Characters were
presented individually on a computer screen, and partic-
ipants were asked to write each character as they would
during regular coursework. To ensure that writing behav-
iour reflected participants’ natural strategies and habits,
no explicit instruction regarding stroke order was provid-
ed, and no time limit was imposed. Prior to the first ses-
sion, participants completed a detailed background ques-
tionnaire, which gathered information on their language
learning history, educational background, and any prior
exposure to Chinese characters. After completing all writ-
ing tasks, each participant participated in a semi-structured
interview designed to elicit qualitative data on their char-
acter learning strategies, perceived difficulties, and any
cross-linguistic influences affecting their writing process.
Error classification. Stroke order errors were clas-
sified using a modified taxonomy based on L. Ch’ng et
al. (2018), with additional subcategories developed to ac-
count for patterns specific to this learner population. The
primary error categories included stroke sequence errors,
stroke direction errors, and stroke reversal phenomena.
These categories, along with their definitions, specific
manifestations, and examples, are summarised in Table 1.
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Table 1. Classification and exai

les of stroke errors in Chinese character writing

Error category Definition

Specific manifestation

Examples

Deviations from the prescribed
order of strokes, while
maintaining correct stroke
direction and form

Stroke sequence errors

1. Horizontal-vertical order

2. Component order reversal
3. Outside-inside order reversal
4. Other sequence deviations

1.Writing the vertical stroke before
the horizontal in “+”
2. Writing the right component
before the left in “5F”
3. Writing the inner part before the
enclosure in “[E]”

reversal

Incorrect execution of the

roke direction error: . . e 1
Stroke direction errors direction of individual strokes

1. Confusion between t{ (3&) and

2. Confusion between na (%) and

3. Horizontal strokes written right- direction
to-left 4. Vertical strokes in reverse
4. Vertical strokes written bottom- direction

pi& (0 strokes 1. Writing 2 as #{ or vice versa
2. Writing #% as il or vice versa

pi& (0 strokes 3. Horizontal strokes in reverse

to-top

Violations of principles
governing the general directional
flow of character construction

Stroke reversal
phenomena

1. Bottom-to-top construction
2. Right-to-left construction
3. Other global reversal patterns

1. Assembling the character from the
bottom up
2. Assembling from right to left
3. Other systematic directional
reversals

Source: developed by the author

To ensure the accuracy and consistency of error iden-
tification, two trained raters independently coded the vid-
eo recordings and digital pen data. Inter-rater reliability
was calculated using Cohen’s kappa coefficient. Any dis-
crepancies encountered during the coding process were re-
solved through discussion and consensus with a third rater,
an expert in Chinese orthography and second language
(L2) writing research. This rigorous, multi-rater approach
served to establish the reliability and validity of the error
classification process.

Statistical analysis. Descriptive statistics were com-
puted to summarise the frequencies of different error types,
as well as to examine distributions across various character
features and participant characteristics. Chi-square tests
were conducted to assess the relationship between char-
acter structural features (such as configuration type) and
the occurrence of specific error types. Additionally, corre-
lation analyses were performed to explore the association
between character complexity — operationalised as stroke
count — and error frequency. All statistical analyses were

carried out using SPSS version 28.0, with the significance
threshold set at p < 0.05, unless otherwise specified.

M RESULTS AND DISCUSSION

Overall patterns and structural influences

on stroke order errors

Analysis of the 1,800 characters produced by the five par-
ticipants (360 characters per participant) revealed a total
of 605 characters containing at least one stroke order error.
This corresponds to an overall error rate of 33.6%. Nota-
bly, error rates exhibited considerable individual variation,
ranging from 26.4% to 41.7% (Mean = 33.6%, Standard
Deviation = 5.8%), despite the participants sharing similar
linguistic backgrounds and instructional exposure. The dis-
tribution of identified error types is summarised in Table 2.
Stroke sequence errors emerged as the most prevalent cat-
egory, accounting for 78.5% of all observed errors. Stroke
direction errors constituted 19.3% of the total, while in-
stances of stroke reversal phenomena were relatively infre-
quent, representing only 2.2% of all errors.

Table 2. Distribution of stroke order error types

Error type Number of occurrences Percentage
Stroke sequence errors 475 78.5%
Stroke direction errors 117 19.3%

Stroke reversal 13 2.2%
Total 605 100%

Source: developed by the author

Further analysis within the category of stroke sequence
errors indicated that horizontal-vertical order reversal was
the most common subtype, contributing to 31.4% of these
errors. This was followed by component order reversal
(28.6%), outside-inside order reversal (22.3%), and other
sequence errors (17.7%). Among stroke direction errors,
confusion between ti (}2) and pié (#) strokes was the
most frequently observed subtype, accounting for 52.1%
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of direction-related errors. Other notable direction errors
included incorrect horizontal stroke direction (28.2%),
incorrect vertical stroke direction (12.8%), and confusion
between na (¥5) and pié& () strokes (6.9%).

Chi-square analysis revealed a statistically signifi-
cant association between the structural configuration of
characters and the type of stroke order errors observed
(x*> = 18.74, < 0.01). Specifically, characters with a




left-right structure were disproportionately associated with
component order reversal errors. Conversely, characters
featuring an enclosed structure demonstrated higher rates
of outside-inside order reversal errors. These findings sug-
gest that particular structural configurations present dis-
tinct challenges for Central Asian learners, likely stemming
from the cognitive demands associated with segmenting
and correctly sequencing complex visual forms.

Furthermore, a moderate positive correlation was
identified between character complexity, as measured by
stroke count, and overall error frequency (r (N -2) = 0.42,
p < 0.01). This indicates that, generally, characters with a
higher number of strokes were more prone to stroke order
errors. However, this relationship was not strictly linear.
Notably, some visually simple characters that possess irreg-
ular stroke order conventions (e.g., “/1”, “Z”) exhibited
disproportionately high error rates. This observation under-
scores that visual complexity alone is not the sole deter-
minant of stroke order difficulty, and suggests that the in-
terplay of structural regularity and idiosyncratic exceptions
significantly influences error patterns among L2 learners.

In summary, the overall error patterns and their struc-
tural underpinnings highlight the necessity for a nuanced
approach to character instruction, one that takes into ac-
count not only general complexity but also the specific con-
figuration and conventionality of each character. This pro-
vides a foundation for understanding how learners’ errors
are shaped by the visual and cognitive demands of Chinese
script, which is further complicated by cross-linguistic in-
fluences discussed below.

Cross-linguistic influence

and orthographic learning challenges

Analysis of error patterns in relation to participants’ estab-
lished writing habits revealed distinctive influences stem-
ming from their prior experience with the Cyrillic script.
The predominance of horizontal-vertical order reversal
errors (e.g., executing vertical strokes before horizontal
strokes) appears to reflect the prevalent top-to-bottom
writing orientation characteristic of many Cyrillic let-
ters. Similarly, the observed tendency to write horizontal
strokes from right to left, deviating from the standard left-
to-right direction in Chinese, aligns with certain Cyrillic
handwriting conventions.

Qualitative data gathered from post-task interviews
corroborated these quantitative findings. Several partici-
pants explicitly acknowledged transferring writing habits
acquired from Russian to their Chinese character writing.
For instance, one participant remarked, “When I write in
Russian, I often start from the top and work my way down.
I think I'm doing the same thing with Chinese characters
without realising it.” Another participant noted, “Some
strokes in Chinese characters remind me of parts of Rus-
sian letters, so I write them the same way.” These self-re-
ported observations suggest that deeply ingrained motor
routines, developed over years of writing in Cyrillic, cre-
ate significant interference in the acquisition of correct
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Chinese character stroke order. This phenomenon indicates
that cross-script interference is not confined to abstract or-
thographic knowledge but also manifests substantively in
the procedural and motor domains of writing. The persis-
tent confusion between ti (32) and pié (#) strokes, in par-
ticular, highlights the considerable challenge learners face
when acquiring new stroke types that lack direct analogues
or similar motor execution patterns in the Cyrillic script.

Despite the participants’ Dungan linguistic back-
ground affording a degree of phonological familiarity with
numerous Chinese morphemes, no discernible advantage
was observed in their stroke order execution when com-
pared to typical error patterns documented for learners
from non-Sinitic language backgrounds. This observation
suggests that phonological proximity does not inherently
translate into orthographic proficiency, particularly when
the learner’s first language (L1) employs a fundamentally
different writing system.

Participants themselves acknowledged this apparent
disconnect. As one individual articulated, “I can under-
stand many Chinese words because they sound similar to
Dungan, but writing the characters is completely new to
me because we only use Russian letters for writing Dun-
gan.” This distinction highlights the critical need to differ-
entiate between the potential for lexical and phonological
transfer and the distinct challenges associated with acquir-
ing orthographic and procedural knowledge in second lan-
guage writing. In conclusion, the cross-linguistic influence
of Cyrillic script experience is pervasive and multifaceted,
affecting not only the sequencing and directionality of
strokes but also the very motor routines learners bring to
character writing. This underscores the importance of ad-
dressing both cognitive and procedural aspects of writing
in the instructional design for this learner group.

Pedagogical implications

and instructional recommendations

The distinct error patterns identified in this study carry
significant implications for the design and implementation
of Chinese character instruction tailored for Central Asian
learners. The predominance of stroke sequence errors, par-
ticularly horizontal-vertical order reversals, underscores
the necessity for explicit instruction in the fundamental
principles governing Chinese character stroke order. This
instruction should place a particular emphasis on contrast-
ing these principles with established Cyrillic writing habits.
Instructional materials should be systematically organised
to address structural configurations known to present spe-
cific challenges, such as enclosed characters and left-right
structures. Furthermore, these materials should incorpo-
rate targeted practice designed to help learners internal-
ise crucial sequencing rules, such as ‘outside-before-inside’
and ‘left-before-right’. In addition, it is important for in-
structors to recognise that learners’ previous literacy ex-
periences may shape their approach to Chinese character
writing in subtle ways. For example, the tendency to ap-
ply Cyrillic-based sequencing or directionality rules can
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persist even after initial instruction. Therefore, repeated
and varied practice opportunities — such as copying, dicta-
tion, and guided writing tasks — should be integrated into
the curriculum to reinforce correct stroke order and direc-
tion. Teachers might also consider the use of error analy-
sis as a regular classroom activity, encouraging students
to identify and correct common mistakes both individually
and collaboratively.

Considering the pronounced influence of Cyrillic writ-
ing habits on stroke direction errors, instructors should
explicitly highlight and address differences in writing di-
rectionality, especially concerning horizontal and diagonal
strokes. The observed disconnect between phonological fa-
miliarity and orthographic accuracy strongly suggests that
educators should not presume that Dungan speakers’ lin-
guistic background automatically confers an advantage in
the domain of character writing. On the contrary, system-
atic and explicit character writing instruction remains es-
sential, employing approaches comparable to those utilised
for learners from alphabetic or other non-character-based
linguistic backgrounds.

Furthermore, the integration of technology, such as
smart pen systems, can significantly enhance the provision
of immediate and detailed feedback and facilitate a more
granular analysis of the writing process. This technologi-
cal support can thereby assist both educators and learners
in identifying and remediating persistent error patterns.
Additionally, incorporating kinaesthetic and visual learn-
ing strategies — including techniques like air-writing, fin-
ger tracing, and the use of color-coded stroke order dia-
grams — may prove beneficial in helping learners establish
new motor routines distinct from those habituated through
Cyrillic script. It is also advisable to create a supportive
classroom environment that encourages risk-taking and
values the process of learning from errors. Peer support
networks, collaborative group work, and scaffolded prac-
tice can all contribute to building learner confidence and
resilience when grappling with the complexities of Chi-
nese character formation.

Instructional interventions should also include oppor-
tunities for learners to reflect on their own writing habits,
perhaps through video analysis or peer feedback sessions,
to increase awareness of cross-script interference. This
metacognitive component can empower learners to con-
sciously monitor and adjust their writing behaviours, fos-
tering greater autonomy in mastering Chinese character
stroke order. In summary, effective pedagogy for Central
Asian learners must combine explicit contrastive analysis,
targeted practice, technological support, and metacogni-
tive strategies to address the complex interplay of struc-
tural, cognitive, and procedural challenges in Chinese
character writing.

Comparative analysis of research
on character writing acquisition
The findings of this study both align with and diverge
from previous research on Chinese character writing
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acquisition among diverse learner populations. For in-
stance, M. Kong (2020) found that stroke sequence and
character configuration errors were most common among
Hong Kong children, closely linked to visual discrimination
and spatial memory, and decreased with age and schooling.
This highlights the developmental trajectory of orthograph-
ic knowledge in native learners. For learners of Chinese as
a foreign language, similarities and cross-linguistic differ-
ences emerge. S. Deng & W. Hu (2022) identified stroke or-
der errors as most prevalent but noted that error types and
frequencies varied with learners’ first language and writing
experience. C. Looi-Chin et al. (2018) reported that busi-
ness students frequently made stroke omissions, additions,
and misplacements, particularly with complex or unfamil-
iar characters, and that interference from alphabetic scripts
led to systematic errors in stroke direction and order.

Y. Han & N. Pankitwanitjalearn (2021) observed that
Thai university students showed frequent stroke order er-
rors in complex characters, attributing this to the influence
of Thai script writing habits. This aligns with the present
study’s finding that cross-script interference, such as from
Cyrillic or other alphabetic systems, shapes the types and
frequencies of stroke errors, including horizontal-vertical
order reversals. C. Chen & L. Feng (2016) found that Italian
beginners struggled with universal stroke order rules, but
errors were more pronounced when learners’ native scripts
differed greatly from Chinese in structure and direction,
supporting the idea that L1-L2 script similarity influenc-
es error patterns. J. Xing & M. Yang (2021) analysed Ko-
rean intermediate learners, noting a tendency to process
characters holistically by breaking them into components
and radicals. While these learners could analyse structure
and integrate form, sound, and meaning, they often made
errors like stroke deletion, substitution, and dislocation —
especially with visually or phonetically similar characters.
The study emphasised the need to consider the relationship
between Chinese characters and language when analysing
acquisition and errors.

Overall, this study extends prior research by clarify-
ing how cross-script interference from alphabetic systems
manifests in stroke order and character structure errors.
While stroke sequence errors are common across native and
non-native learners, the specific patterns and causes — such as
L1 script influence, character similarity, and holistic versus
componential processing — underscore the need for tailored
instructional approaches. These insights deepen the under-
standing of the procedural and cognitive aspects of Chinese
character acquisition among second language learners.

B CONCLUSIONS

This study provided a systematic investigation of stroke or-
der errors in Chinese character writing among five begin-
ning-level Central Asian students, all native Dungan speak-
ers, within a university-level Chinese programme in Gansu.
Despite their inherent linguistic closeness to Chinese via
their Dungan native tongue, participants demonstrated a
significant frequency of stroke order inaccuracies, with an




average error rate of 33.6%. The predominant error catego-
ry was stroke sequence errors (78.5%), followed by stroke
direction errors (19.3%), and instances of stroke reversal
(2.2%). The most common sequence errors included hori-
zontal-vertical order reversals and component order mis-
placements, whereas direction errors frequently involved
confusion between ti (}2) and pie (#) strokes.

These results yield crucial insights into the acquisi-
tion of Chinese orthography by this learner demograph-
ic. Notably, the anticipated orthographic benefits from
Dungan-Chinese phonological and lexical similarities did
not materialise in the procedural domain of stroke order.
Conversely, the learners’ profound familiarity with Cyril-
lic script — characterised by distinct stroke directionality
and sequencing conventions — proved to be a considera-
ble influencing factor, leading to discernible patterns of
interference. These patterns were particularly evident in
errors related to stroke direction and the ordering of com-
plex or enclosed character components, highlighting the
cognitive and motoric hurdles involved in adapting to a
fundamentally different writing system. Furthermore, the
investigation uncovered substantial individual differences
in error rates and patterns, emphasising the importance of
personalised instructional strategies. Individuals exhibiting
fewer errors generally approached writing with greater
deliberation and metacognitive awareness, often pausing
for planning prior to execution. This observation implies
that cultivating metacognitive strategies and encouraging
learners to consciously reflect on stroke order principles
may bolster accuracy and aid the internalisation of stand-
ard writing conventions.

Theoretically, this research enriches the broader liter-
ature on cross-linguistic influence and second language or-
thographic acquisition. The emergent patterns lend support
to a multi-faceted model of language transfer, which differ-
entiates between lexical/phonological knowledge and pro-
cedural/motor skills. Although Dungan’s phonological con-
gruence with Chinese might facilitate oral comprehension
and vocabulary learning, the procedural acumen essential
for accurate character composition appears more profoundly
influenced by the learners’ established literacy experiences
in Cyrillic. This emphasises the imperative to account for
the intricate interplay of linguistic, cognitive, and motor fac-
tors within models of second language writing development.

In terms of methodology, the application of smart pen
technology was exceptionally valuable for capturing the
dynamic process of character production. The detailed tem-
poral data on stroke sequencing, hesitations, and writing
rhythm offered visibility not merely into manifest errors but
also into the underlying cognitive processes and self-cor-
rection mechanisms learners employed. Such technologi-
cally augmented methods present encouraging pathways
for future research and pedagogical practices, facilitating
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more precise diagnostics of learning challenges and the
creation of targeted feedback systems. Pedagogically, these
outcomes directly inform Chinese language instruction for
Central Asian learners. The study concludes that effective
teaching must conscientiously address the interference
from Cyrillic script by emphasising comparative analysis of
writing systems and providing targeted training on Chinese
character-specific rules and structures. Furthermore, the
development of metacognitive skills and deliberate prac-
tice is pivotal for learners to supersede ingrained Cyrillic
habits and assimilate new orthographic procedures.

Prospectively, subsequent research endeavours should
explore the longitudinal trajectory of stroke order acquisi-
tion among Central Asian learners, assessing whether the
identified error patterns diminish with augmented profi-
ciency and exposure. Studies evaluating the effectiveness
of targeted instructional strategies — such as explicit con-
trastive analysis, kinaesthetic training, and real-time digital
feedback — would refine best practices in Chinese character
pedagogy. Additionally, comparative studies with learners
from varied linguistic origins could elucidate the relative
impacts of Dungan language background versus Cyrillic lit-
eracy on character learning achievements. Ultimately, with
the intensification of China’s educational and economic
ties with Central Asian nations, particularly through initi-
atives like the Belt and Road, the imperative for culturally
attuned and linguistically sensitive Chinese language peda-
gogy grows more pressing. This research offers empirically
substantiated perspectives for educators, curriculum devel-
opers, and policymakers alike, underscoring the necessity
of customised instructional methods that cater to the spe-
cific difficulties encountered by these learners in mastering
Chinese orthography. Through enhancing comprehension
of cross-linguistic and cross-script dynamics, this work es-
tablishes a foundation for more efficacious and inclusive
Chinese language education within an ever-more intercon-
nected global landscape.
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Bop6op A3usanblK 6awiTanrbiy CTYAEHTTEePAUH KbiTaln
nepornndTepmHUH YepTanap TapTM6UHAErn KatanapbiH
aKblNiAyy KaneM TeXHONOrusacbl MEHeH Tanaoo
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AHHoTauums. Keitail opdorpadusackH ©3A6IITYPYY AYHHOIYK OryinM 6epyyae 6apraH caliblH MaaHWIYy 60J1yn 6aparar,
OUpPOK JiororpaduKaIbIK 3MeC TUJIJUK Y6PeJeH KeJIreH OKyydyyJiap TYPYKTYy KaHa e3re4e KBIHBIHYBUIBIKTApra TYII
6osrymat. Bop6op A3UAJBIK CTyAEHTTEPAUH ©3re46 KbIFBIHYBLIBIKTAPHIH MU3WJIA66 MaKCaTTyy OKYTYyY CTpaTerusaiapbiH
WIITEN YBITyy YYYH MaaHuiayy. Bysn usungee KelpreiscraH xaHa ©30ekcTaHAaH KeJreH, AyHraH TWJIMHAE CYWJIOTOH
’KaHa OpyC TWJIMH SpPKUH OwmireH Oem OamTajrbly JEeHr3JIIerH CTYAEHTTHUH KbITall HeporjmbTepuH Xa3yyAarsl
YepTasiap TapTUOMH/Er'Y KaTaJIap/blH [POLeyPaJIbIK KBIMBIHYBLIBIKTAPBIH XaHa KOTHUTUBANK (HAKTOPJIOPYH aHBIKTOOTO
OarpiTTasirad. JKa3yy MpOLIECCHMH JXasblll aJlyy >XaHa TaJIo0 YYYH akKbUIIyy KaJieM TeXHOJIOTUACHH KOJIOHYII,
U3WJI®6HYH aBTOPJIOPY OKYY KUTEOMH/ery KouypYy KeHYTYYJepy yUypyH/a yepTajap TapTuOuHaeru katajgap 60roHYa
MaaJibiMaTTapAsl yoryJjitkad. 1800 ueporsiud G6oroHuya 605 KaTa yuypyHyH aHaJu3u ap OUp CTYAEHT YYYH KaTacel 6ap
neporudTepArH OPTOYO KaTa JeHr’asu 33,6 % SKeHHMH KepcoTTy. DH Kell Ke3JelIKeH KaTa TYPJIepy: YepTajiapAblH
BIpaAaTTyyJIyry 60toHuYa KaTayap (78,5 %), uepTasiapabiH 6arsiThl 6otoHYa KaTaap (19,3 %) xkaHa yepTasiapIbiH HTHBEPCUSCHI
denomenn (2,2 %). blpaaTTyysyk KaTajapblHBIH WYMHEH TOPU30HTAJIABIK-BEPTUKAJIIBIK TAPTUITUH WHBEPCHUACH
(31,4 %) xxaHa KOMIIOHEHTTEPIUH TAPTUOMHUH UHBEPCUSCH (28,6 %) Ko Ke3/ielice, 6arsT KaTaJlapblHBIH apackiHaa “Tu”
(38) xana “mve” (M) wepranapebn apamamem kerumm (52,1 %) 6ackiMayy 60JroH. YKBIABHTHIKTApP AyHraH TUJIMHUH
(pOHOJIOTHAIBIK APTHIKYBLJIBIKTApEl OOJITOHY MeHeH, OyJ TWJI depTajiap TapTUOWH Tyypa arkapyyra ebesre Ty30eil
TypraHsiH, OyJ1 Ipoliecc KUPUJUIHNIA/0pyC Ka3yyCyHYH alaTTapblHaH OJIyTTYy TaacupJieHepyH KepceTTy. By usmingee
Bop6op A3HATBIK OKyydYyjap Tyl OOJITOH ©3re4e NpoLeaypasblK TOCKOOJAYKTapAbl TYIIYHYYHY TepeHIEeTHI, KbITal
reporjiudTepUH OKYTYYHYH HaTBHIXKAIYYJIyTyH )XOTOpyJaaTyy YYYH AajiiJijepre Heru3aereH yapajgapAbl CyHYIITaluT

Herusru cespnep: keitaii neporaudTepuH e300IITYPYY; YepTaiap bpaaTTyyJIyry; AYHTaH TUJIW; KaTaJdapbl TaJI[oo;
aAKBUIAYY KajieM TeXHOJIOTHACH; KUPUJUTULIAQHBIH TaaCUupU



https://orcid.org/0009-0005-6220-4310

Lai

AHanuns3 oWwMU6OK NopsaaKa HauepTaHUa KUTanckux nepornudos
Y HAUMHAIOLWUX CTYAEHTOB U3 LleHTpanbHOM A3umn
C UCNONb30BaHUEM TEeXHONOMrMU YMHOM PyUKH
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AHHOTauumsa. OpJiafeHne KuTarickon opdorpadueii npuobpetaet Bce H6oJibliee 3HaUeHNE B IJ106aJIbHOM 00pa30oBaHUM,
OIIHAKO yyaIluecs U3 HeJIororpaduyeckux A3BIKOBBIX CPe/l CTAJIKUBAITCA CO ciennudUYecKUMH TPyAHOCTAMU. M3ydeHune
KOHKPETHBIX ITPO6JIeM, ¢ KOTOPbIMH CTAJIKUBAIOTCA CTYOEHTH U3 l{eHTpaspHON A3uu, UMeeT KJII0UeBoe 3HaYeHHue A
pa3paboTKH IlejleHallpaBJIeHHBIX cTpaTeruil obyueHus. Hacrosiiee ucciefoBaHue ObUIO HanpaBjeHO HA BBIABJIEHHE
MpOoLeTyPHBIX TPYAHOCTEH U KOTHUTUBHBIX (PAaKTOPOB, JIeXAI[UX B OCHOBE OMMOOK B MOPAAKE YepT NpU HAMKMCAHUHU
KUTAUCKUX MePOTrIN(OB y IATH CTYIEHTOB HAYaJIbHOTO YPOBHA M3 KbIpreizcrana 1 Y36eKUCTaHa, ABJIAIIINXCA HOCUTEIIAMU
JIYHT'aHCKOTO fA3BIKa M CBOOOJHO BJIAJICIOMINX PYCCKUM. VICMOJIb3ysA TEXHOJIOTHI0 YMHOW PYYKU JUJIA 3alUCU U aHAJIN3a
rpoliecca nricbMa, aBTOp UCCIIeJOBaHUsA coOpaJl JaHHbIe 00 omIMOKax B IOPAJIKE YePT BO BpeMs BBIIIOJIHEHUA YIIPaXKHEHUH
10 KONMMPOBaHUI0 U3 yuebHuka. AHaiau3 605 ciayyaeB omubok B 1800 uepornudax nmokasaja CpeJHIOI 4acTOTY OMIKO0K
33,6 % Ha OgHOTO0 CTyJeHTa AJiA ueporiaudos, cogepxamux ook, Hanbosiee pacrpocTpaHEHHBIMU TUIIAMU OIIMOOK
6bUTH OIIMOKY B mocJyieoBaTesbHOCTU 4epT (78,5 %), omubku B HanpasjeHuu 4epT (19,3 %) u dpeHomMeH MHBEPCUU
uepT (2,2 %). Cpeau omMOOK MOCJIEAOBATEIPHOCTY Yallle BCETO BCTPEYAJIMCh WHBEPCUS MOPSAAKA TOPU3OHTAIBHBIX U
BepTUKaJIBHBIX uepT (31,4 %) u nHBepCcHsA NopsAaKa KOMIOHEHTOB (28,6 %), B TO BpeMs KaK CpeAu OMUOOK HallpaBJIeHUA
npeo6yiafiasia MyTaHuIa Mexay depramu «tu» (32) m «mpe» (M) (52,1 %). PesynbraThl mokasanam, 4TO, HECMOTPS Ha
onpejesieHHbIe GOHOJIOTMYECKHE TPENMYIECTBA AYHIAHCKOTO A3bIKa, OH He CIIOCOOCTBYET NPAaBUJIBHOMY BBIITOJTHEHUIO
MOPAAKA YEPT, KOTOPBII 3HAYMTEJIBHO 3aBHUCUT OT IPUBBIYEK, CHOPMUPOBAHHBIX KUPUJUIMYECKUM/PYCCKUM IHCHMOM.
HWccnenoBanue yrirybJiseT HOHUMaHNe crenuduyecKux IpoleypHbIX 6apbepoB, ¢ KOTOPBIMU CTAJIKUBAIOTCSA y4alluecs
u3 LleHTpanbHOU A3um, U NpeAsaraeT Hay4YHO OOOCHOBaHHBIE MepHl Ui 6oJiee 3G PeKTUBHOro oO0y4deHNs HaNMCaHUIO
KUTANCKUX ueporandos

KriloueBble cnoBa: ocBoeHHEe KUTAWUCKUX HeporjndoB; IMOCJIeAOBAaTEIbHOCTh YepT; AYHTAHCKHUU S3bIK; aHaIu3
OIMOOK; TEXHOJIOTUSI YMHOUM PYYKU; BJIUSHUE KUPUJLJIUIIBI

Bulletin of the Jusup Balasagyn Kyrgyz National University, Vol. 17, No. 2, 2025


https://orcid.org/0009-0005-6220-4310

