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ABSTRACT 

Investigating Relationships Among Measures of English and Chinese Handwriting 

Fluency in Early-Elementary Chinese Dual Language Immersion Students 

by 

Petra Mei Wah Sin Chou, Doctor of Philosophy 

Utah State University, 2023 

Major Professor: Kathleen A. J. Mohr, Ed.D. 

Department: School of Teacher Education and Leadership 

The purpose of this study was to investigate the relationships between English and 

Chinese handwriting fluency measures in early-elementary Chinese Dual Language 

Immersion (DLI) students. Data from five handwriting fluency tasks were collected to 

compare the students’ English and Chinese handwriting fluencies. These five handwriting 

fluency tasks included a common English number-writing task, an English alphabet task, 

an English sentence-copy task, and a comparable Chinese number-writing task and 

Chinese copy task.  

Correlational analyses (including multiple regression and ANOVA) were used to 

measure the relationships between English and Chinese handwriting fluencies of DLI 

students who had been previously exposed to alphabetic English before learning 

logographic Chinese. General demographic data were collected via the school 

stakeholder report. A simple open-ended survey was administered in which six 

participating teachers were asked to provide information regarding their handwriting 

instruction to help inform the educational context of the participants. The analyses 
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rendered three major outcomes. First, the findings indicated that the participants’ English 

and Chinese handwriting fluencies were moderately correlated, and that English fluencies 

predicted Chinese fluencies. Importantly, the English handwriting scores greatly 

exceeded those for Chinese. Study participants were less automatic in Chinese than in 

their English handwriting fluency. Second, Chinese DLI participants showed a positive 

developmental trend overall in both Chinese and English handwriting development. 

There were moderate differences among the three memory-based handwriting fluency 

tasks (English number, English alphabet, and Chinese number task) across all grade 

levels. Third, unanticipated underperformances among third-grade participants in both 

English number and English Chinese number tasks indicated that the developmental 

trajectory did not continue as expected. Gender was not found to be a meaningful 

variable among these participants or grade levels. 

The study sought to provide research and educational implications for the Chinese 

DLI program. Importantly, it evidenced the need for ongoing attention to the role of 

handwriting in support of writing in DLI programs, especially for young students. 

Instructional time and quality of instruction, especially of Chinese writing, might need to 

be increased to support more handwriting parity. Moreover, English and Chinese partner 

teachers could collaborate more closely and complement each other’s handwriting 

instructional efforts. Some differences in English and Chinese handwriting fluencies were 

identified in this study, and future study could further explore ways to narrow these 

differences. 

 (214 pages) 
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PUBLIC ABSTRACT 

Investigating Relationships Among Measures of English and Chinese Handwriting 

Fluency in Early-Elementary Chinese Dual Language Immersion Students 

 

Petra Mei Wah Sin Chou 

The purpose of this study was to investigate the relationships between English and 

Chinese handwriting fluency measures in early-elementary Chinese Dual Language 

Immersion students. This was done by conducting five handwriting fluency tasks among 

Chinese Dual Language Immersion students and comparing the findings. First, the 

findings showed that there was a moderate correlation between the participants’ English 

and Chinese handwriting fluencies and that English fluencies predicted Chinese 

fluencies. However, the students could write English numbers and letters much faster 

than Chinese characters. Second, as expected, Chinese DLI participants showed that 

handwriting fluency improved as grade level increased. Third, third-grade students were 

not much faster than second-grade students on both English number and English Chinese 

number tasks.  

The study informs Chinese DLI programs as it shows that supplemental 

handwriting instruction is likely necessary to narrow the differences between English and 

Chinese handwriting fluencies. Instructional amount and quality could be improved to 

increase Chinese fluency, and English and Chinese partner teachers should collaborate 

more closely and complement each other’s handwriting instructional efforts. In summary, 
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this study identifies significant differences in English and Chinese handwriting fluencies, 

and further studies may be necessary to consider ways to address these differences.  
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CHAPTER 1 

INTRODUCTION 

 Literacy development entails a complex interaction of listening, speaking, 

reading, and writing; as well as substantial time and effort. This multi-modal 

competency, including the ability to read and write at a moderate level, is an 

indispensable skill set needed to function in school, at work, and in society as part of 

everyday life (Harris et al., 2019; Keefe & Copeland, 2011; Snow et al., 1998). However, 

despite time and opportunity, about 30% of children encounter literacy difficulties and 

struggle to develop proficient reading and writing skills (National Center for Education 

Statistics [NCES], 2012). These early difficulties can persist into later grades and 

negatively affect future writing and reading development (Thomas et al., 2020). Students 

who experience literacy problems early on are more likely to dislike reading and writing 

(Li et al., 2014; Puranik & Lonigan, 2014), experience disadvantages academically, and 

drop out of school (Thomas et al., 2020) compared to their peers without such 

difficulties. Although proficient writing is a critical skill set to have and more than 80% 

of workers view writing as important for job success (Harris et al., 2019), writing is 

complex and requires sufficient instruction and practice to develop. Diagnosing writing 

difficulties as early as possible allows educators to address these problems before they 

negatively influence writing and literacy development. 

Writing difficulties are not unique to a particular language. In fact, inadequate 

writing competencies are a universal challenge (Harris et al., 2019) for students across 

languages (Li et al., 2014; Thomas et al., 2020). Thus, it is imperative to identify, 

evaluate, and find solutions for writing problems as early as possible. Research shows 
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that early writing development targets handwriting skills (Berninger & Amtmann, 2003) 

because handwriting fluency is a significant predictor of writing achievement (Berninger 

et al., 1997; Graham, 2010), and writing development can be shaped by handwriting 

fluency (Graham et al., 2000b). Many factors can affect handwriting performance, 

including insufficient instruction (Graham & Miller, 1980). For many, explicit 

handwriting instruction is a necessary aspect of preventing writing difficulties (Graham 

& Harris, 2000; Graham & Miller, 1980), as well as enriching writing performance 

among emerging learners (Graham et al., 2008). The importance of handwriting skills is 

emphasized in a theoretical writing model: the simple view of writing.  

The Simple View of Writing and the Role of Handwriting 

One theoretical model advocated by Berninger and Amtmann (2003), known as 

the simple view of writing (SVW), emphasizes the role of lower-level cognitive functions 

(i.e., handwriting and spelling) to support higher-level skills (i.e., text generation and 

executive functions) in the writing process (Limpo et al., 2017). Theorists contend that 

children’s cognitive resources, such as attention, working memory, and executive 

functions can be focused on higher-level writing tasks when handwriting skills are 

sufficient or automatic (Limpo et al., 2017; Medwell et al., 2009). 

Although distilled by the SVW, handwriting actually involves a combination of 

multifaceted skills, including sensorimotor, visual, perceptual, and cognitive skills (Tse et 

al., 2017). One must master different handwriting subskills in order to automatize 

handwriting and develop handwriting fluency. Handwriting is a tool for students to 

quickly write down their ideas and thoughts onto paper or other platforms. The goal for 

handwriting is to develop handwriting automaticity. Automaticity in handwriting is an 
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important step to produce quality texts (Graham & Harris, 1997). Often, poor writers who 

suffer handwriting miscues—incorrect or illegible forms (Graham & Harris, 1997) lag 

behind their peers in writing development (Feder & Majnemer, 2007; Graham, 1999; 

Laszlo & Bairstow, 1984), which negatively affects their academic performance. Mastery 

of handwriting skills is central in becoming a proficient writer, but handwriting skills do 

not come naturally without explicit instruction. 

Handwriting Instruction 

Handwriting skills take effort and practice to develop. Handwriting instruction is 

pivotal for students mastering handwriting skills, especially early on. Graham (2010) 

pinpoints the importance of handwriting instruction in developing handwriting fluency to 

improve students’ writing. Graham suggests providing 50 to 100 minutes of handwriting 

instruction weekly to help students master handwriting fluency. For primary-grades 

students, Troia and Graham (2003) suggest providing 75–100 minutes per week and 

frequent speed trials to promote handwriting fluency. Special emphasis should be placed 

on letters that are difficult to form (e.g., j, k, q, and z). In addition, letters sharing 

common strokes, such as the printed a, d, and g should be grouped together for 

instruction; while the introduction of frequently reversed letters such as b, d, p, and q 

should be staggered. Students should be monitored frequently and provided with 

immediate help if they do not form letters legibly. When sufficient fluency is developed, 

text production mechanics no longer obstruct the process of composing (Graham & 

Weintraub, 1996). Because handwriting fluency is expected in daily school practices, 

handwriting instruction should be included in school curriculum. Educators should not 
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expect students to understand and produce adequate handwriting skills themselves 

without sufficient instructional support.  

Statement of Problem 

The ability to write is one of the most basic skills that students use for effective 

communication throughout their lives, ranging from completing school assignments, 

constructing an essay for a college application, to writing a work-related report. As a 

complex skill, writing demands multiple cognitive functions while composing. Writers 

need to formulate their ideas before transcribing them into written texts with correct 

spelling, punctuation, and capitalization. They also need to constantly check the flow of 

the passage and edit it to communicate their message to their intended audiences.  

With the development of other writing tools such as keyboarding and voice 

recognition, many contemporary writing tasks can be computer generated. In the modern 

age of computers, the people of the world are spending an increased time typing rather 

than handwriting (Lam & McBride, 2018). Handwriting may seem to be a less important 

skill for students to develop in order to complete their assignments, and educators may 

feel the same; however, writing by hand is still expected and beneficial. Graham and 

Harris (2000) indicated that handwriting is not an obsolete skill, nor is it ready to be 

replaced.  

Alves et al. (2016) conducted an experimental study to examine 55 Grade 2 

students’ compositional fluency by randomly assigning them to one of three 10-week 

interventions programs (handwriting, spelling, and keyboarding). This study found that 

students in the handwriting group had better handwriting fluency and produced longer 
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and more quality compositional texts. Writing is especially difficult for young children 

when their handwriting skills are not automatic or fluent (Graham et al., 2018). 

Theoretically, insufficient handwriting may impede children’s writing 

performance in a few ways. First, children’s working memory is taxed and hindered 

when they must switch their attention between mechanical demands, such as formation of 

letters, to text generation or planning (Berninger, 1999; Graham & Harris, 2005). 

Children can forget the ideas (Graham, 1999) held in their working memory (Medwell & 

Wray, 2014) before writing them down, which in turn affects their writing products. 

Second, if excessive attention is devoted to handwriting demands, children may have 

difficulty translating words into sentences and communicate fewer expressions in the 

writing process. Third, too much attention allocated to the handwriting process during 

planning may also affect the overall coherence and complexity of text organization, 

negatively impacting writing quality (Graham & Harris 2005). Consequently, weak 

handwriting skills become obstacles to achieving full academic success, and can also 

diminish students’ motivation and persistence in writing (Graham, 1990; 1999). 

Handwriting Development in Different Languages 

Various scholars support the need to focus on handwriting development, also 

known as handwriting fluency, as a key component in early writing development across 

language systems, including alphabetic languages and logographic systems such as 

Chinese (Graham, 1999; Limpo et al., 2020; Yan et al., 2012). Despite considerable 

research of English (Feder & Majnemer, 2007; Graham et al., 2000b) and other 

alphabetic languages’ handwriting and writing development (Limpo et al., 2017; Limpo 

et al., 2020), there is less research on handwriting and writing development in non-
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alphabetic languages. Further research on handwriting in non-alphabetic systems could 

contribute to the existing body of research. 

 Research of both handwriting in non-alphabetic languages and handwriting 

fluency of bilingual students are especially limited, although the rise of bilingual students 

indicates a need for this research. Dual language immersion (DLI) programs have 

become increasingly popular and grown in number in the United States since the 1970s 

(Gort, 2006; Schwartz, 2011; Valdez et al., 2016). One of the fastest growing populations 

in the U.S. is dual language learners (Guzman-Orth et al., 2017). The influx of DLI 

programs has also resulted in an increase in research regarding the various aspects of 

these programs. Most of the research has reported on the success of the programs, 

including achieving high proficiency in two languages (Lindholm-Leary, 2012; 

Montanari et al., 2016), and academic achievement such as DLI students performing at or 

above grade level on standardized reading and math tests (Lindholm-Leary, 2012; 

Watzinger-Tharp et al., 2018). Most of the research examines reading and mathematics 

proficiency of DLI students (Lindholm-Leary, 2012; Sandoval et al., 2010), but few 

studies investigate DLI learners’ writing skills (Gort, 2006; Montanari et al., 2016). 

Furthermore, limited research has been conducted to address practicalities of the DLI 

program as they pertain to the scope of the program, associated materials, and 

instructional applications for improving dual learners’ writing proficiencies. Notably, no 

study appears to have examined DLI learners’ dual handwriting fluencies in relation to 

their writing performance.  
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Significance of the Problem 

 The importance of studying dual handwriting fluency can be observed in the 

alarming national statistics of students’ poor writing proficiency. The National Center for 

Educational Statistics (NCES, 2012) indicated that only about 28% of elementary- and 

secondary-school students met the benchmarks for writing proficiency in the United 

States (Nation’s Report Card, 2020). More specifically, the NCES (2017) conducted a 

preliminary comparability study on 3,000 Grade 8 students’ writing skills using tablets 

and laptops. The results showed that 2017 Grade 8 students had a lower performance in 

both tablet and laptop conditions compared to their 2011 counterparts. The 

underperformance in writing proficiency was not only a problem in the United States but 

also a global issue that has affected many students in other countries (Graham et al., 

2018). These distressing numbers in students’ writing proficiency strongly indicate that 

there is an urgent need to improve students’ writing performance. Although multiple 

factors contribute to low writing proficiency, the basic handwriting skills which are 

related to writing performance cannot be ignored.  

Although handwriting automaticity is a foundational skill that is essential in 

mitigating writing issues, handwriting is a universal challenge for a significant number of 

children. Handwriting disfluency affects between 12–20% of school-aged students 

(Graham & Weintraub, 1996; Medwell & Wray, 2007), although other sources indicate 

that number may be as high as 30–40% (Chang & Yu, 2010; Feng et al., 2019; 

Karlsdottir & Stefansson, 2002). The number of students who struggle with handwriting 

problems is of concern because handwriting disfluency is a precursor of compositional 

difficulty (Graham & Harris, 2005). Writing disfluency is not restricted to certain groups 
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of students but affects students across languages. Importantly, if poor handwriters have 

difficulty in English handwriting, it is reasonable to assume that they may struggle with 

handwriting in another language.  

The significance of handwriting instruction is often de-emphasized in school 

curriculum (Blazer, 2010; Dinehart, 2015; Graham et al., 2008), even though 

considerable research shows a positive relationship between handwriting and writing 

development (Graham et al., 2000b; Limpo et al., 2017; 2020; Yeung et al., 2017a). 

Many states and schools have forsaken explicit handwriting instruction, rather than attend 

to its development as part of the language arts curriculum. Following the adoption of the 

Common Core State Standards, relatively few states included handwriting as part of their 

mandated curricula. Utah is one state that retained handwriting instruction as part of the 

state-approved standards for early grades (Jones & Hall, 2013). 

Although handwriting instruction is included in the Utah State Standards, the 

current Chinese portion of the Utah DLI program focuses largely on oral proficiency, 

including speaking and listening during the early-elementary grades. Although oral 

proficiency provides a foundation for later reading and writing development (Wang et al., 

2009), writing development should arguably be an instructional emphasis from the 

beginning as writing takes a long time to acquire. Chinese handwriting skills are not 

primarily emphasized in some early Chinese DLI curricula, which may result in delayed 

writing development in a challenging language system. Further study addressing DLI 

English and Chinese handwriting fluencies is necessary to inform dual writing curricula.  



  9 

 

   

 

Purpose of the Study 

A number of researchers have indicated that handwriting fluency is positively 

correlated with the quantity and quality of text composition (Graham & Harris, 2005; 

Graham et al., 2000b: Limpo et al., 2020; Reutzel et al., 2019). Although handwriting 

fluency has been examined in various languages, these studies generally do not focus on 

learners who speak multiple languages. Despite the increasing dual language immersion 

(DLI) population (Gort, 2006), limited research exists regarding the relationship between 

handwriting fluency of the same learners studying primary and secondary languages 

concurrently, especially among novice Chinese DLI learners in the United States. The 

popularity of the DLI programs in Utah creates a unique opportunity to examine the 

handwriting fluencies of two disparate languages in individuals learning to write in dual 

language programs.  

The different writing systems and distinct scripts characterizing English and 

Chinese compound handwriting expectations and add complexity to the process. 

Synchronized instruction of the two disparate languages of English and Chinese can be 

challenging. English and Chinese represent significantly different and respectively deep 

orthographies, which further complicates the writing process for young dual language 

learners. It is reasonable to believe that students who struggle with handwriting in 

English could also have problems with handwriting in Chinese. How do students learn to 

write in two disparate writing systems simultaneously? How do students learning to write 

in one language transfer those skills to writing in another language? The unique group of 

Chinese DLI students creates rich opportunities to examine how handwriting fluencies of 

two dissimilar language systems relate. Addressing such relationships, which has been 
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overlooked in current research literature, could potentially inform instruction and provide 

support for writing development among the growing number of Chinese DLI students in 

Utah and throughout the United States. The purpose of this study was to provide a 

broader picture and understanding of the role of dual handwriting fluencies and elucidate 

ways to improve handwriting skills among young DLI learners, which could in turn 

improve dual writing performances. The proposed study examined potential correlations 

between English and Chinese handwriting fluencies of early elementary Chinese DLI 

students.  

Research Questions 

This proposed study is guided by the following research questions to examine 

handwriting fluencies among Chinese dual-immersion elementary students: 

1. How do handwriting fluencies of young DLI students measured as writing 

English digital numbers and Chinese numbers as characters correlate? It was 

hypothesized in this study that the proficiency levels of writing English digital 

numbers correlate with the proficiency levels of writing Chinese numbers as 

characters, and that English number task scores would be higher than Chinese 

number task scores. 

2. How do English and Chinese number tasks correlate with their respective copy 

tasks? It was hypothesized that the English and Chinese number task scores 

positively correlate with their respective copy task scores with scores on English 

tasks greater than scores on Chinese tasks. 

3. How do handwriting fluencies on an English letter-writing task correlate with 

sentence-copying tasks? It was hypothesized that both English and Chinese 
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handwriting letter/character and sentence copying fluencies positively correlate 

within and across the language with scores on English tasks higher than scores on 

Chinese tasks.  

4. How do handwriting fluencies in English and Chinese develop across grade levels 

and by gender in an early DLI elementary program? It was hypothesized that age 

and gender would predict English and Chinese handwriting fluencies of 

elementary students. Older students would demonstrate greater fluency than 

younger students, and girls would perform better than boys. 

Assumptions 

 This study of English and Chinese handwriting fluencies among Chinese DLI 

learners assumes the following. First, it was assumed that the selected standardized 

measures of handwriting fluency would provide the data necessary to assess the students’ 

handwriting skills and answer the proposed research questions. These measures included 

alphabet and number-writing tasks, as well as copy tasks appropriate for beginning 

English and Chinese language learners (Graham et al., 1997; Wagner et al., 2011). For 

the selected handwriting tasks, both legibility and speed were considered to appropriately 

evaluate handwriting fluency (Limpo et al., 2017). Second, it was assumed that students’ 

English handwriting fluency was greater than Chinese handwriting fluency as English 

was the dominant language, the students’ L1. Third, it was likewise assumed that a 

comparison between the English and Chinese number-writing tasks could provide an 

important and parallel comparison of students’ handwriting development in the targeted 

language. A common consecutive number-writing test, used to test handwriting fluency 

in various languages (Stievano et al., 2016; Yan et al., 2012) was included in this study. 
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This study also assumed that the Chinese number-writing task was a comparable and 

acceptable fluency proxy for the English alphabet writing task. For Chinese DLI 

programs in Utah, the first thing that new Chinese DLI students learn is how to write the 

numbers 1 to 10 in Chinese because it is an initial pre-writing activity in the DLI 

curriculum. In addition, it helps students learn the basic stroke orders used to write all 

Chinese characters (Guan et al., 2011). 

Delimitations 

 This study sought to investigate and explore the relationship between English and 

Chinese handwriting fluencies and included certain delimitations. First, this study 

investigated the relationship of English and Chinese handwriting fluencies exclusively. 

Second, participants were limited to only early elementary-school students (e.g., Grades 

1–3) participating in a single Chinese DLI program in Utah. Third, the proposed research 

only included the data of students whose parent or guardian granted consented for using 

their children’s data in this study. Fourth, the study assessed basic handwriting fluency as 

measured on simple assessment tasks, rather than other writing skills. These simple 

assessment tasks included alphabet and number-writing and sentence copy tasks. 

Limitations 

 A few conceivable limitations were expected. First, some potential personal bias 

by the researcher could have affected the validity of the study, which the researcher 

sought to minimized by acknowledging this possibility by standardizing the 

administration of the assessments for all classes participating in this study. Second, the 

sample size was limited by the number of parents consenting use of their children’s data 
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in this study across grade levels. Smaller sample sizes partially constrained the analyses 

and generalizability of this study. In an effort to improve the sampling, all parents in the 

selected DLI classrooms were contacted for permission to use the data by initial and 

follow-up invitations. Third, the findings were generalizable to the early Chinese DLI 

students and programs only, and not necessarily to other DLI students and programs. 

Fourth, testing effects that may have threatened the reliability of the data collection were 

minimized. By recognizing these limitations, the researcher anticipated and accounted for 

them in the data collection and analytic phases. Lastly, individual development was not 

established in this cross-sectional correlation study. 

Definition of Terms 

 Alphabetic languages: Languages in which symbols correspond with the 

pronunciation of the words, such as English, Spanish, Portuguese, and French (Bialystok 

et al., 2005). 

 Alphabet writing task: Writing lower-case alphabet letters in order from memory, 

as quickly and accurately as possible within a certain time interval (Graham et al., 1997).  

 Chinese number-writing task: Writing numbers 1 to 10 in order using Chinese 

characters, as quickly and accurately as possible within a certain time interval (Yan et al., 

2012).  

 Dual language immersion (DLI) program: Educational programs in which 

students receive instruction to learn content-specific material in two languages 

concurrently, including one-way with mostly English-speaking learners and two-way 

with both English and heritage speaking leaners (Watzinger-Tharp et al., 2021). 
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 Handwriting automaticity: The execution of swift, precise, and efficient 

handwriting output (Christensen, 2005). 

 Handwriting fluency: A measure of writing legibility and speed. (Graham et al., 

1997).  

 Logographic languages: Languages characterized by individual symbols or 

characters that represent a complete or partial meaning of a word, as is the case in 

Chinese (Birch, 2007). 

Summary of Introduction 

 One important focus of today’s education system is to ensure that students 

develop sufficient writing skills to meet the educational demands in schools and prepare 

them for the 21st century workforce. To support their writing development, students need 

to fundamentally acquire handwriting fluency, which includes legibility and speed. 

Handwriting automaticity is one of the skills students need to produce quality texts and 

achieve academic success when writing by hand. Despite numerous research studies 

addressing the significance of handwriting fluency and writing development in various 

languages, limited research has been conducted to investigate the relationship of 

handwriting fluency within and between two languages, particularly among Chinese DLI 

learners. Additional research would illuminate the role of handwriting fluency for 

Chinese DLI students learning two languages that represent disparate writing systems. 

 The purpose of this study was to provide additional insights on handwriting 

fluency by exploring, firstly, the correlation between English and Chinese handwriting 

fluencies of Chinese DLI students; secondly, understanding how correlations between 

English and Chinese handwriting fluences might differ by age and gender; and lastly, 
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providing insights on improving dual language learners’ overall handwriting fluencies in 

both languages. This research also offered instructional insights and recommendations to 

strengthen students’ overall writing development in current Utah Chinese DLI programs. 
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CHAPTER 2 

REVIEW OF LITERATURE 

Writing ability is critical for scholastic development because it enables expression 

of knowledge and critical thinking (McMaster et al., 2018), which are essential for 

academic success in school and in the workforce (Feder & Majnemer, 2007, McCloskey 

& Rapp, 2017). Writing orchestrates a vast number of language and cognitive 

components (Kim & Schatschneider, 2017) and physical operations (Troia & Graham, 

2003). Writers need to formulate their thoughts and ideas before translating them into 

handwriting output to generate written texts using language-specific skills such as 

phonological, lexical, semantic, and syntactic knowledge (Jones & Christensen, 1999). 

Handwriting greatly influences one’s ability to generate well-written products, especially 

among young learners (Jones & Christensen, 1999; Limpo et al., 2017; 2020; Reutzel et 

al., 2019). Handwriting fluency is a strong predictor of elementary students’ writing 

quality and quantity (Graham et al., 1997). Handwriting is a fundamental skill required 

for writing development and has been widely researched to better understand its role in 

overall writing development.  

Search Process 

To gather the relevant research on handwriting development and to understand 

relevant aspects related to young students learning two languages, a combination of five 

databases was searched: EBSCO, ERIC, Education Source, APA PsycInfo, Academic 

Search Ultimate, and Professional Development Collection. The initial search served to 

find relevant publications examining the relationships between handwriting skills and 
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writing development in early elementary grades and in language programs. Using 

Boolean operators (e.g., AND, OR and NOT) with key terms such as transcription skills, 

handwriting skills, dual language immersion, bilingualism, language acquisition, 

Chinese, writing theories, elementary, early childhood, and children, generated over 300 

results in the initial search. Through manual screening of titles, abstracts and references, 

the 300+ articles were reduced to approximately 250 published in academic journals for a 

more comprehensive literature review. 

These articles were sorted according to inclusionary criteria (e.g., transcription, 

handwriting, writing theories, elementary, and Chinese) and exclusionary criteria (e.g., 

technology only, speaking skills, validity testing, speech, assessment, and transcription as 

transcripts). Consequently, 107 articles were deemed pertinent for this review to address 

(1) writing theories; (2) handwriting fluency tasks and assessments, (3) English and 

Chinese handwriting fluencies; (4) analyses of English and Chinese writing systems; and 

(5) writing in Chinese-immersion programs. The following sections attend to these broad 

topics.  

Theoretical Framework 

 As a sophisticated competency, writing has been extensively scrutinized by 

consumers, producers, theorists, and researchers. Such scrutiny has striven to analyze 

what writing entails and how to support the development of writing competency. 

Transferring words and ideas into a written format involves critical behavioral and 

cognitive functions. Flower and Hayes (1981) proposed a cognitive process model 

emphasizing that writing originates from an interplay of mental functions. The writing 

process is described as a set of distinct cognitive thinking processes used to plan and 
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organize thoughts while composing a written text (Flower & Hayes, 1981). The model 

features three distinct components of the writing process: task environment (the topic and 

audience of the writing assignment), long-term memory (the writer’s knowledge 

regarding the topic and audience), and monitoring (writing subprocesses such as 

planning, translating, and reviewing [Hayes, 2012; Hayes & Flower, 1980]). As 

contended, writers interact with three related cognitive subprocesses in planning 

(generating ideas), translating (transforming ideas into written text), and reviewing 

(editing) in a recursive rather than in a linear manner (Hayes & Flower, 1980; Medwell & 

Wray, 2007; Swanson & Berninger, 1996). 

Hayes (1996) updated the model placing greater emphasis on the relationship 

between the external (i.e., task environment) and internal components of the writer’s 

working memory, cognitive processes, and motivational factors that interact with long-

term memory. Hayes’ (1996) updated model identifies working memory as a central 

component in writing. Whereas unlimited amounts of information can be stored in long-

term memory, working memory is a temporary cognitive workspace with a limited 

capacity to hold new information needed for conducting tasks during processing 

(McCutchen, 1996) before it is transferred into long-term memory (Berninger & 

Amtamann, 2003). Working memory is a resource upon which writing processes draw 

(Hayes, 2012) and must compete for cognitive attention (McCutchen, 1996; Swanson & 

Berninger, 1996). During writing and other complex processes, there is a constant trade-

off between lower- and higher-order processes. Working memory is limited by how long 

and how much information it can hold (Hayes, 2006). Before children can write what is 

intended, they need to decode the message in their short-term phonological memory. 
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They must also retrieve information from their long-term memory and use their working 

memory to manage what the task is, why they must write it, and how to accomplish the 

written task (Swanson & Berninger, 1996). 

The role of working memory in writing has been tested in several studies, and 

results show that working memory contributes to individual differences in writing skills 

(Hayes 2012; Hayes & Chenoweth, 2006; McCutchen 1996). If an individual mentally 

constructs an idea and wants to remember it before writing it down, then articulatory 

rehearsal, which is the process of refreshing the material by repeating it to oneself in a 

short period of time, helps keep the memory fresh and memorable (Hayes, 2006; Hayes 

& Chenoweth, 2006). 

To test the role of working memory in the process of storing information, Salame 

and Baddeley (1982) used two methods of interference within articulatory rehearsal in 

their digit memory study: a) exposing the person to irrelevant speech and b) articulatory 

suppression. For example, participants in this study were shown a list of nine digits on a 

screen and asked to write them down. This was done while irrelevant speech was given 

over a loudspeaker, and then using articulatory suppression by repeating the in each 

syllable. Although both irrelevant speech and articulatory suppression reduced 

participants’ memory for digits, the articulatory suppression effect was significantly 

greater in reducing working memory. The less working memory available, the fewer 

resources were saved for other writing processes. Chenoweth and Hayes (2001) also 

found that second-language learners were more skillful in editing their texts after 

composing than editing during composing (Hayes & Chenoweth, 2006) because the 

process of translating and editing taxed the limited working memory resources.  
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Flower and Hayes’ (1981) model of writing delineates the composing process of 

skilled writers, but it does not describe all writing components relevant to children. One 

important component lacking in the model is that the model does not attend to the visual-

motoric challenge of producing script. Young children initially must focus on 

handwriting and its processing demands that then lend to writing compositions. Berninger 

et al. (1992; 1994) concluded that transcription plays a crucial role in children’s early 

writing development as part of their simple view of writing.  

The Role of Handwriting in the Simple View of Writing 

The simple view of writing (SVW) provides a framework to understand the 

importance of lower processes such as handwriting in greater writing processes. The 

SVW focuses primarily on three interrelated motoric and cognitive functions: 

transcription, executive functions, and text generation (Berninger & Amtmann, 2003). 

The SVW can be represented by a working memory triangle where transcription and 

executive functions are the vertices of the base that facilitate text generation at the apex 

as illustrated in Figure 2.1 (Berninger & Amtmann, 2003; Berninger et al., 2002). 

Transcription is the act of transforming sounds into written symbols (Kim & 

Schatschneider, 2017), and is one of the most basic tools for writing, especially for 

beginning or neophyte writers. Handwriting is commonly defined as the usage of a 

writing implement to arrange verbal language into written symbols through the execution 

of motor skills (Berninger, 2000; Graham & Harris, 2000; Limpo et al., 2017; Yeung et 

al., 2013b). The executive functions of writing include self-regulating processes that 

facilitate the writers’ planning, organizing, and revising. Text generation pertains to the 

transfer or organization of ideas or verbal language into written texts (Berninger & 
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Amtmann, 2003). Transcription and executive functions facilitate text generation and are 

therefore foundational to composition. 

Figure 2.1 

Simple View of Writing 

 

Note. The figure was adapted from “Preventing written expression disabilities through 

early and continuing assessment and intervention for handwriting and/or spelling 

problems: Research into practice,” by V. Berninger and D. Amtmann, 2003, in H. 

Swanson, K. Harris, & S. Graham (Eds.), Handbook of learning disabilities, p. 350. 

Guilford Press. Copyright 2003 by Guilford Press. 

With an emphasis on the role of working memory, the SVW demonstrates that 

children’s capability of transcribing thoughts into handwriting can be affected by 

individual capacity and ability to use working memory. Stage and Wagner (1992) concur 
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that younger children’s ability to spell and handwrite may be inhibited by linguistic 

(phonological and orthographic) and working memory capacity. Their research insights 

are supported by Gathercole et al. (2004) who found a close relationship between 

working memory capacity and literacy achievement in younger children (age 7), but not 

in adolescents (age 14). 

Generally, individuals can only focus their attention and accomplish one cognitive 

task at a time (Sweller, 1988; Sweller & Chandler, 1994). The way young writers manage 

and redirect their attentional resources (McCutchen, 1996) to fulfill different aspects of 

writing is central for producing well written products (Medwell & Wray, 2007). 

Individuals can limit the demand on working memory in two ways: first, by sequencing 

cognitive tasks and second, by automatizing some subprocesses (Christensen, 2005). 

Following the steps of planning, drafting, and revising is an attempt to sequence tasks and 

reduce the cognitive demand on the working memory of young writers. 

In addition, Graham (1990) stated that the mechanical handwriting requirement 

can interfere with writing for several reasons. First, before handwriting is automatic, 

inexperienced writers must think carefully about how to shape letters, which competes 

with the limited attentional resources in their working memory as they plan, organize, 

and translate thoughts into written texts. Second, there may be restrictions in their rate of 

writing production because young writers may not write fast enough to keep up with their 

thoughts. Third, novice writers may avoid writing words they cannot spell or complex 

sentences that take too long to write, which may interfere with their content generation. 

Graham (1990) examined Grades 4 and 6 learning-disabled students who had insufficient 

handwriting skills and found that such students generated more quality and longer written 
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products when they dictated their essays to a scribe to write down than when writing their 

own compositions. This finding illustrated that if poor handwriters were free from the 

mechanics of handwriting, they could attend to higher-order process, allowing them to 

produce longer and more quality text. Their results demonstrate that automaticity of 

handwriting is a critical part of the lower-level process (Berninger & Amtmann, 2003, 

Berninger et al., 2002) that writers need to acquire early to eventually produce quality 

texts (Alves et al., 2016; Limpo et al., 2017; Limpo & Graham, 2020).  

The SVW explains the complexity of writing and describes multiple skills that are 

involved in the production of quality writing, but it does not explain other specific 

component skills, such as oral language, that are also leveraged for writing (Kim & 

Schatschneider, 2017). The SVW has been largely used to investigate L1 writing 

research, with limited L2 (e.g., English as a Second Language) writing inquiries. In a 

notable study, Graham and Eslami (2020) conducted a meta-analysis of the SVW in L2 

writing. As indicated by SVW, oral language may be an indicator of ideation. The 

authors analyzed 30 studies, using three components: oral language, vocabulary, and 

transcription in accounting for L2 (students who speak a non-English L1) writing. Their 

meta-analysis suggests that transcription explained 31.22% of the variance in L2 writing, 

whereas vocabulary and oral language explained 24.83% and 15.76% of the variability in 

English L2 learner writing respectively. That study aimed to explain L2 English writing 

from the viewpoint of SVW, but it did not address L2 writing in a non-English language. 

Other factors may affect the variance in L2 writing achievement that could be 

addressed in future studies. For example, further research is needed to determine (1) how 

English L1 learners’ handwriting skills affect their English L1 and non-English L2 



  24 

 

   

 

writing, (2) how bilingual learners utilize their L1 and L2 handwriting skills to write in 

two languages, and (3) other factors that might help predict non-English L2 writing 

achievement.  

The Developmental Components of Handwriting Production 

Handwriting is a developmental process, which can be supported by explicit 

instruction. Different components of the handwriting process, including the integration of 

visual, auditory, and tactile skills (Alston & Taylor, 1987), are generated mentally 

(Planton et al., 2013; Van Galen, 1991). Whereas the process of generative writing is 

recursive, the process of handwriting is typically perceived as a linear and modular 

process in which ideas from one level inform the next in service of the final motor output 

(Van Galen, 1991). The orthographic representation of letter formation (graphemes) is 

activated and passed on to the next level to consider which letter and its capital or 

lowercase form is needed before moving to the executive motor sequence of hand 

muscles and finger movement (motoric movement) to produce the shape of the letter 

(Allen, 2011).  

More specifically, handwriting competency involves a combination of perceptual-

motor skills, including visual perception (Feder & Majnemer, 2007), visual-motor 

integration and execution (Berninger et al., 1992), finger functioning (Weintraub & 

Graham, 2000), kinesthesia (Feder & Majnemer, 2007), and orthographic coding (Abbott 

& Berninger, 1993). Handwriting skills usually improve with time, clear instruction, and 

practice. Nevertheless, the maturation of the aforementioned handwriting subskills affects 

individual handwriting competency (Maeland, 1992; Tseng & Chow, 2000; Tseng & 

Murry, 1994). 
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Visual Perception 

Visual perception is the ability to receive and react to external visual stimuli. 

Visual perception includes several aspects: “discrimination, memory, spatial 

relationships, form constancy, sequential memory, figure ground, and figure closure” 

(Tseng & Chow, 2000, p. 85). Although several studies have identified the role of visual 

perception in handwriting development (Kushki et al., 2011; Tseng & Murray, 1994), the 

results have been inconclusive, and more research is needed to determine to what extent 

visual perception affects handwriting development (Feder & Majnemer, 2007). 

Extant handwriting research does indicate that children need to know how to 

differentiate each letter or word (e.g., p/q, saw/was), recognize the unique shape of each 

letter (visual discrimination), and recall the shape to form each letter (visual memory). 

Writers need to retrieve letter shapes in order to formulate words (visual sequential 

memory), as well as recognize the spacing between each letter and write words within the 

lines (spatial relationships). Visual form constancy allows student to know when a letter 

is the same, even though it may be written in a different style such as manuscript versus 

cursive. Students must recognize letters from a page of information (visual figure ground) 

or when the letter is partially formed (visual figure closure). Some children struggle with 

visual figure ground perception and are less able to distinguish an object or a figure from 

a busy background, which may affect their handwriting skills. Thus, even the visual 

perception aspect of handwriting entails several components that are typically presumed 

to function normally. Research has found that children vary in their visual perception 

skills that influence handwriting (Feder & Majnemer, 2007; Kushki et al., 2011; Tseng & 

Murray, 1994). 
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Tseng and Murray (1994) administered a copy task and multiple perceptual motor 

measures to test good and poor handwriters’ visual perception, motor, and handwriting 

skills. They tested students’ visual-motor integration, motor function, non-motor visual 

perception, ability to measure muscle receptors, hand-eye coordination, motor accuracy, 

and finger position imitation. The result showed that good handwriters performed better 

on perceptual-motor measures than did poor handwriters. Handwriters’ visual motor 

integration correlated moderately with handwriting accuracy. Later, Tseng and Chow 

(2000) suggested that students with poor handwriting focused on visual processing more 

than motor skills, whereas good handwriters focused more on upper-limb motor control. 

Visual perception was deemed essential in developing handwriting legibility, but motor 

skills were required for handwriting automaticity.  

Visual-motor Integration 

Accompanying the roles of visual perception and motor skills as summarized 

above, visual-motor integration (VMI) is another critical component in handwriting 

performance. Visual-motor integration is defined as the coordination of received visual 

information that is translated into a motor response, allowing children to retrieve and 

reproduce letters and numbers into written text. Several studies have indicated that 

visual-motor integration is viewed as the most important predictor in handwriting 

performance among younger and older students; this is due to a strong correlation 

between visual-motor integration and writing legibility (Feder & Majnemer, 2007). 

Strong correlations have been identified from several detailed studies of handwriting 

subskills. 
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For example, Maeland (1992) conducted a study that examined 59 Grade 4 

clumsy (N=19), nonclumsy (N =22), and normal children (N =18) in Norway using six 

measures of perceptual-motor tests (visual-motor integration, finger tapping test, grooved 

pegboard test, motor accuracy test, figure-ground visual perception test, and 

handwriting). The term “clumsiness” was used to describe children with difficulties in 

motor skills. Using a regression model of analysis, Maeland (1992) found that only 

visual-motor integration substantially predicted handwriting accuracy performance 

among all groups of children. In this study, VMI was assessed by having students to copy 

24 geometric figures. Handwriting performance was not rated based on speed, but it was 

evaluated for legibility and accuracy of letter formation, letter size, letter spacing, and 

letter alignment using a 7-point scale. No strong relationship between handwriting and 

other perceptual-motor tests was determined. Their finding of visual-motor integration as 

a strong predictor in handwriting accuracy performance was also supported in another 

study by Weil and Cunningham Amundson (1994). 

Weil and Cunningham Amundson (1994) examined the relationship of visual-

motor integration and handwriting legibility, using an author-developed letter form 

copying test called the Scale of Children’s Readiness in PrinTin (SCRIPT), which was 

administered to 60 kindergarten children. Handwriting legibility was measured by the 

ability to copy letters legibly without guidelines. The results showed that visual-motor 

integration was a main factor in predicting kindergarteners’ handwriting legibility 

performance. The possible explanation of these findings is related to Tseng and Chow’s 

(2000) finding that emergent handwriters rely heavily on visual perception skills in 
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producing handwriting outputs to compensate for their inefficient motoric movement 

because they have not yet fully developed handwriting automaticity.  

Finger Functioning 

Finger functioning is part of fine motor control that plays a prominent role in 

handwriting development. Writers use their fingers to manipulate writing tools to form 

intact representations of letters. Some scholars have investigated the role of finger 

functioning in handwriting development. For example, Weintraub and Graham (2000) 

examined the handwriting status of 56 fifth-grade good and poor handwriters to 

understand relationships among orthographic coding, finger function, and visual-motor 

processes. Students’ handwriting legibility was tested using a 9-point scale with the Test 

of Legible Handwriting (TOLH) (Larsen & Hammill, 1989) and a Written Expression 

subtest requiring examinees to write a letter. Three finger functioning tasks: finger 

succession (five cycles of touching the thumb with each finger in order), finger lifting 

(raising the finger that was touched by the examiner), and finger recognition 

(identification of the finger that was touched without seeing it) were examined. 

Weintraub and Graham (2000) concluded that only finger functioning and visual-motor 

integration uniquely contributed to the students’ handwriting development.  

Kinesthesia  

Kinesthesia or proprioception is the awareness of body movement and the ability 

to position a body part without visual or auditory prompts (Feder & Majnemer, 2007; 

Kushki et al., 2011), making kinesthetic perception relevant in handwriting development. 

Kinesthetic ability affects how children grasp a writing tool, how much pressure they use 

to hold the writing tool, and their ability to write within the given space. (Feder & 
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Majnemer, 2007). Kinesthesia provides feedback on bodily movement. Laszlo and 

Bairstow (1984) argued that kinesthetic awareness is required to continuously detect and 

correct mistakes in handwriting. They noted that kinesthesia provides two functions in 

executing motor skills. First, kinesthetic information gained through repeated movement 

is stored in and ready to be retrieved from memory as needed. Second, kinesthetic 

information provides ongoing feedback regarding error detection and correction. 

Consequently, insufficient kinesthetic skills can hamper children’s handwriting ability. 

Cornhill and Case-Smith (1996) investigated factors that were related to good and 

poor handwriting with a sample of 48 first-grade students. Each child’s motor accuracy, 

visual-motor integration, kinesthesia, and handwriting were assessed. The Minnesota 

Handwriting Test (Reisman, 1993) was utilized, and penmanship was judged by the 

alignment of letters, legibility, letter spacing, appropriate letter size, and accuracy. 

Kinesthesia was tested in terms of in-hand manipulation tasks: translation, and rotation of 

1-inch pegs. In the translation task, the participants were asked to hide pegs in their hands 

one by one and then put them back in the pegboard. For the rotation task, students were 

instructed to pick up five pegs, turn them over, and put them back in the original hole. 

The time to complete each translation and rotation task was recorded. Handwriting 

performance was predicted by both translation and rotation tasks. Apparently, children 

need to have precise control of finger functioning to allow for the implementation of 

swift handwriting control. 

Orthographic Coding 

Handwriting development is also affected by orthographic coding, which is the 

ability to encode visual information of the letters of the alphabet swiftly, precisely, and 
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automatically (Abbott & Berninger, 1993) from memory (Weintraub & Graham, 2000). 

While performing the motor function of writing letters, students retrieve the orthographic 

codes or graphemes from long-term memory as they process the visual and phonological 

cues in their working memory (Van Galen, 1991; Weintraub & Graham, 2000). 

Orthographic coding has been shown to contribute to handwriting fluency significantly 

among students from Grades 1–6 (Abbott & Berninger, 1993).  

As demonstrated above, handwriting is a complex skill set that is accomplished 

only after children have developed and integrated its various components and subskills. 

Handwriting automaticity facilitates higher-level cognitive functioning related to writing 

production. 

Handwriting Automaticity 

Handwriting automaticity refers to the ability to write letters promptly, 

effortlessly, and without exerting much thought (Berninger et al., 1991; Christensen, 

2005; Jones & Christensen, 1999). Automatic handwriting has a substantial effect on 

children’s capacity to produce written texts (Medwell et al., 2009). Handwriting involves 

several subskills, including the training of memory and hand to work together. 

Handwriting is not merely a habitual motor act of transferring thoughts into written 

symbols; it also involves the orthographic and memory processes of letter retrieval and 

formation (Medwell & Wray, 2007; Medwell et al., 2009). Automaticity is usually 

assessed by orthographic-motor integration (or automatic letter production) and 

handwriting speed using alphabet-writing and copy tasks (Berninger et al., 1991; Graham 

et al., 1997; Jones & Christensen, 1999). In one study, Medwell et al. (2009) investigated 

the relationship of handwriting automaticity and compositional ability of 198 Year 6 (10–
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11-year-old) students and found that the alphabet task accounted for 21.5% of variance in 

composition ability. Graham et al. (1997) concluded that handwriting automaticity 

accounted for a significant amount of the variance in compositional quality at both lower 

(66%) and upper (25%) elementary grades. As children grow older, they develop greater 

fluency in handwriting and the mechanics of handwriting interfere less with the writing 

processes. In other words, their handwriting becomes more refined as they get older. 

They begin by learning how to handwrite by remembering the mental images of the 

shape, form, and stroke of letters, before they can focus on improving their handwriting 

speed. 

Handwriting Fluency: Legibility and Speed 

Handwriting fluency, measured by speed and legibility, is defined as how quickly, 

legibly, and accurately an individual is able to access, retrieve, and write letters of the 

alphabet (Graham, 1999). Some may write quickly but not legibly, while others may 

write slowly but with greater legibility. Although both speed and legibility contribute to 

writing production, speed constrains compositional production more than legibility 

(Limpo et al., 2017; Santangelo & Graham, 2016). 

Handwriting fluency has been examined in relation to compositional fluency 

(defined as writing speed) and compositional quality (defined as writing quality), using 

alphabet writing, a copy task, or compositional prompts in several studies (Graham et al., 

1997; 2001). These studies administered similar tasks to assess handwriting, but the 

scope, size and sample of the studies varied. Graham et al. (1997) examined 600 students 

from Grades 1–6 (i.e., 100 students per grade), while 300 students from Grades 1–3 (50 

boys and 50 girls from each grade) were examined in Graham et al.’s (2001) study. 
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Across such studies, students were instructed to quickly and legibly write the English 

lowercase letters in alphabetical order and copy a sentence or a short paragraph in 1 or 

1.5 minutes (Berninger et al., 1991; Graham et al., 1997; 2018; Jones & Christensen, 

1999), and then complete an expository and a narrative composition within five minutes 

each (Graham et al., 2000b; Medwell et al., 2009; Wagner et el., 2011). The sentence 

used most often for the copy task was “the quick brown fox jumps over the lazy dog” 

because it contains all the letters in the English alphabet (Medwell et al., 2009, p. 333). 

The number of legible letters produced in the prescribed time interval was used to 

measure the level of automaticity (Pontello, 2008). 

Legibility has been evaluated by various elements including letter formation, size, 

slant, spacing, alignment, and stroke smoothness (Medwell et al., 2009; Ziviani & Elkins, 

1986). For the writing assessment, students’ compositions were scored based on sentence 

structure, punctation, text structure, and organization (Graham et al., 2000b; Medwell et 

al., 2009). These studies demonstrated how handwriting fluency is generally determined 

by a combination of both legibility and speed. Upper-elementary students write faster and 

more legibly than lower-elementary students.  

Developmental Process of Speed and Legibility 

As noted, handwriting speed and legibility mature over time. Graham et al. (1997) 

tested Grades 1–3 students confirming that legibility of manuscript handwriting skills 

improved, especially from first to second grade. Other scholars have found that with 

additional formal handwriting instruction, handwriting legibility experienced most of its 

growth by third or fourth grade (Hamstra-Bletz & Blöte, 1990), followed by minimal 

steady improvement in Grades 5–6 (Mojet, 1991). More specifically, Graham (2010) 
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reported children’s writing speed means increased by roughly 10–12 letters per minute as 

they moved from Grades 1–9. Normally, students handwriting improvement should 

follow a positive trajectory over time depending on handwriting instruction. In other 

words, children increase their handwriting speed with better legibility via explicit 

instruction and practice as they grow older. Indeed, the early elementary grades are the 

most important grades for building foundational handwriting skills before they level off 

in the later elementary grades. 

Although handwriting speed and legibility are critical in accounting for 

automaticity, there is indeed a trade-off or inverse relationship between them; for 

instance, increased speed results in less accurate letters (Graham et al., 2001; 1998). 

Scholars point out that students with slower handwriting are generally better in letter 

formation and have greater accuracy than students with faster handwriting (Graham et al., 

2001). A developmental trend is also evident in Hamstra-Bletz and Blöte’s (1990) study. 

As children approach upper elementary grades, their handwriting becomes more 

personalized and varied in style. They make modifications to handwriting forms that have 

been taught in early grades (Blöte & Hamstra-Bletz, 1991). Research shows that there is 

also a gender difference in handwriting fluency (Graham, 2010).  

Gender Differences in Handwriting 

The development of handwriting speed, or how quickly alphabet letters are 

produced (Graham et al., 2018), has been shown to vary by gender. Blöte and Hamstra-

Bletz (1991) suggested that both boys’ and girls’ handwriting development was unsteady 

and irregular at the beginning and progressed to being steady and smooth in later grades 

as they gained greater control in motor ability. In an extensive study examining age and 
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gender, Graham (2010) reported that there was a steady increase for both girls and boys 

from Grades 1–5. Generally, girls wrote faster and more legibly than boys. From Grades 

1-5, girls usually wrote four more letters per minute than boys. Girls’ speed increased an 

average of 17 letters per minute each year from Grades 5–7, compared to 10 letters for 

boys. Although boys gained more speed in eighth grade, they still wrote fewer letters per 

minute than girls. Boys also experienced greater handwriting legibility difficulties than 

girls (Berninger et al., 1997; Graham et al., 2000b). When examining writing 

performance of early-elementary-grade students, Berninger and Fuller (1992), as well as 

Kim et al. (2015), found that boys produced less quantity and quality texts than girls in 

composing their responses to both narrative and expository prompts. Although children 

tend to progress in their handwriting legibility and speed naturally over time, some 

students, especially boys, struggle with handwriting challenges and deal with one or a 

combination of developmental issues.  

Handwriting Difficulties and Possible Effects 

Handwriting difficulties may be the result of deficits in a combination of 

developmental skills (Tse et al., 2019). It is reasonable to believe that handwriting 

difficulties are associated with deficits in developmental skills such as perceptual-motor, 

fine motor functions (Maeland, 1992), or visual perception skills (Tse et al., 2019). Some 

children may have problems recognizing letter shapes, or perceiving letter sizing and 

spacing due to visual perceptual problems (Vinter & Chartel, 2010). Some students 

encounter motor problems including increased difficulties with pencil grip and 

manipulation (Maeland, 1992). Others may experience difficulty forming letters, which 

may be a problem derived from orthographic coding and memory retrieval issues (Tse et 
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al., 2019). Poor handwriting may be the result of individual differences in developmental 

processes or external factors, such as inadequate teaching methods, or a combination of 

these (Vinter & Chartel, 2010). Regardless of the reasons for their challenges, 

handwriting difficulties can interfere with the writing process, diminish self-efficacy for 

writing (Berninger et al., 1991; Graham et al., 1998), and lead to stressful and painful 

experiences, which results in negative feelings and dislike for writing (Limpo & Graham, 

2020; Weintraub & Graham, 2000). 

Other researchers have found that students who encounter handwriting problems 

during their early years are more prone to experiencing learning issues in their later years 

(Graham et al., 1997; Harvey & Henderson, 1997). Early attention and remediation that 

emphasize lower-level mechanical skills are more likely to prevent future writing 

problems (Berninger & Hooper, 1993). Specifically, handwriting instruction targeting 

handwriting fluency and automaticity is an important external component to improve 

handwriting development (Abbott & Berninger, 1993; Graham et al., 2008; Maeland, 

1992; Tse et al., 2019; Weil & Cunningham Amundson, 1994). Consequently, many 

handwriting programs have been designed to target handwriting skills, particularly in the 

early years.  

Handwriting Programs 

The teaching philosophy and concepts of popular handwriting methods or 

programs may vary, but their shared goal is to improve handwriting legibility and 

increase automaticity via systematic handwriting practice. Besides printed versions, 

handwriting programs have evolved over time and now include digital platforms to 

enhance sound and visual effects for young learners. Traditionally, manuscript print is 
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taught before cursive writing because some argue that legibility of manuscript print is 

easier than its cursive form (Groff, 1960), and simplified letters in manuscript form 

accelerate the process of reading and spelling (Arnold, 1933). However, cursive writing 

is generally performed with greater handwriting fluency as cursive letters are written in 

continuing strokes (Trap-Proter et al., 1984). Usually, manuscript handwriting is taught in 

kindergarten and continues until children transition into cursive handwriting in third-

grade because the muscular coordination required to learn cursive typically matures by 

third-grade (Freeman, 1958).  

The Zaner-Bloser (2020) program is a very popular and long-standing 

handwriting program, which is described as the “ball-and-stick” style (Pontello, 1999), 

used to teach manuscript forms. The vertical style of manuscript print focuses on four 

basic strokes: vertical, horizontal, circle, and diagonal. Letters of the alphabet are 

presented in groups that share common strokes, formation patterns, and visual attributes 

(Zaner-Bloser, 2020). Their sequenced instruction is reportedly closely matched to the 

children’s stage of handwriting development. The Zaner-Bloser method is based on the 

developmental theory that children generally begin drawing vertical and horizontal 

straight lines (Alston & Taylor, 1987; Zin & Hooper, 2012) before attempting to draw 

circles (Alston & Taylor, 1987; Feder & Majnemer, 2007) because vertical lines are 

easier to process visually (McCormack, 2008; Olsen, 1997).  

Handwriting Without Tears (HWT) is another method of teaching manuscript 

print (Handwriting Without Tears, 2022). Using a multisensory approach, HWT employs 

visual, auditory, tactile, and kinesthetic systems simultaneously in an effort to teach and 

practice handwriting skills (McCormack, 2008; Olsen et al., 2008). Purportedly, the 
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child’s nervous system is activated through several channels to produce handwritten 

forms. The program design targets the complexity of handwriting subskills including 

different aspects of sensory integration and handwriting practice. 

Derived from the most popular cursive handwriting—the Palmer method—from 

the early 19th century, the D’Nealian approach was developed to ease the transition from 

manuscript to cursive handwriting (Trap-Porter et al., 1984). Most of the D’Nealian 

manuscript letters are written in single continuous strokes at a slant to resemble cursive 

handwriting (Trap-Porter et al., 1984). D’Nealian letters are presented as abstract 

symbols and not combined with letter-sound instruction. 

Unlike the aforementioned programs, the Sunform approach (Sundberg, 1994) 

uses letter-sound symbol correspondence in conjunction with handwriting instruction 

(Shaw, 2011). Sunform is marked as a neurologically integrated approach (Shaw & 

Sundberg, 2008) to teaching letter names and formations using phonetic associations. 

One colored picture is designed for each letter, associated with its name, sound, and 

shape for meaningful connections. Each picture emphasizes critical features of the 

respective letter and children are able to visualize these as they practice writing letters 

(Sundberg, 2021). Although all these handwriting programs employ a slightly different 

approach in teaching handwriting, their designs seek to match children’s developmental 

stages with the goal of automatizing handwriting skills. The selection of which program 

to use generally depends on respective state standards and the decision of school 

administrations. 

Children’s handwriting development may start off similarly in the beginning; 

however, some may improve faster than others due to individual differences (Graham & 
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Weintraub, 1996; Weintraub & Graham, 2000) in developmental skills, linguistic 

proficiency, and amount of writing experience. Santangelo and Graham (2016) conducted 

a meta-analysis to determine which kind of handwriting instruction yielded better 

handwriting legibility and fluency and promoted better compositional performance. They 

found that motor skill instruction did not result in better handwriting skills with an effect 

size of 0.10 for legibility and -0.07 for fluency. Whereas motor skills accounted for a 

small portion of variance (Graham & Weintraub, 1996; Santangelo & Graham, 2016), 

orthographic coding accounted for a substantial portion of the variance in individual 

differences among primary-aged children’s handwriting (Abbott & Berninger, 1993; 

Weintraub & Graham, 2000). Other variables, including differences in language 

orthography, may also influence a writer’s handwriting fluency. 

The Role of Writing Systems in Handwriting Fluency 

 Linguistic and language-specific elements, such as the complexity of the 

language’s orthography and written system, likely contribute to the variance in 

handwriting fluencies of bilingual learners. Handwriting is more than a motor act. 

Scholars such as Abbott and Berninger (1993) claim that “handwriting is fundamentally a 

linguistic act—producing the alphabet symbols in the motor channel” (p. 503). The 

ability to encode visual information (orthographic coding) to print words automatically 

contributes to handwriting fluency (Abbott & Berninger, 1993). Thus, the nature of the 

language’s orthography may affect an individual’s orthographic coding ability. 

For example, Spanish learners have a reliable 1:1 phoneme-grapheme 

correspondences for phonetic reading (Peake et al., 2017). Spanish dual language 

immersion (DLI) learners are likely to apply the same handwriting subskills to handwrite 
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in another alphabetic language, as some of these phonetic components are more likely to 

be transferrable when the two languages with similar writing systems. 

But, if the two languages have very different writing systems, like English and 

Chinese, then such transfer would be less positive. For example, unlike English or 

Spanish, Chinese learners need to focus on morphology and visual-orthographic structure 

for word recognition (McBride-Chang et al., 2003; 2005). In fact, Chinese DLI learners 

have to cope with different orthographic coding systems when learning these two 

dissimilar writing systems. For students already struggling with handwriting issues in 

their native English, learning to handwrite in a new and dissimilar writing system like 

Chinese only compounds the problem and hinders language acquisition. 

Language Transfer 

 According to Yuan (2021), language transfer is often discussed in relation to 

foreign language acquisition efforts, in which a learner draws on their prior knowledge 

from their native or mother tongue (L1) to mitigate the lack of knowledge in the target 

language (L2). Language transfer includes the conscious and unconscious use of native 

language rules or patterns to communicate ideas in the target language. Generally, 

positive or successful language transfer occurs when two languages share similar 

structures (e.g., English and Spanish) and provide a common ground for literacy 

acquisition (Bialystok et al., 2005); whereas negative language transfer can occur when 

two languages entail disparate structures, which can be an obstacle for second language 

acquisition (Yuan, 2021). Strictly speaking, the similarity or difference of language 

system of L1 may help predict the ease or difficulty in acquiring L2.  
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The Orthographic Depth Hypothesis 

The orthographic depth hypothesis (ODH; Katz & Frost, 1992) addresses the way 

learners apply orthographic coding as part of language acquisition. The ODH aims to 

explain how the degree of transparency in terms of phoneme-grapheme mappings affect 

the process of language acquisition (Perfetti et al., 2013). It predicts that children learn to 

decode faster when the orthographies are more transparent (Ellis et al., 2004; Katz & 

Frost, 1992). Shallow or transparent orthographies, like Spanish, involve reliable one-to-

one phoneme-grapheme correspondences which makes it easier to read words. In 

contrast, a deep orthography, such as English, is more complex due to less consistent 

graphophonic correspondences and irregularity in orthography (Pérez Cañado, 2005). 

Children often spend significantly more energy and effort to decode a deep orthography 

than a transparent orthography (Katz & Frost, 1992; Lerkkanen et al., 2004).  

The Chinese language is also considered a deep orthographic language because of 

a weak mapping between phonemes and written symbols or characters (Lerkkanen et al., 

2004) and the substantial complexity and quantity of Chinese characters (McBride-Chang 

et al., 2003; 2005; Wang et al., 2009; explained further below in the Phonology section). 

Concordantly, Chinese orthography is also considered dense because it involves many 

morphological and visual-orthographic structures instead of phoneme-grapheme 

correspondences for reading and writing. For this reason, Chinese writing takes 

significant effort and time to learn. Learning to handwrite in English and Chinese 

simultaneously is a challenge for DLI learners because both language systems represent 

deep orthographies. The next section provides a more in-depth focus regarding the 

differences between alphabetic (i.e., English) and logographic (i.e., Chinese) writing 
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systems and how handwriting fluency may facilitate the learning of these two deep 

orthographic systems.  

Alphabetic Writing Systems 

Alphabetic writing uses individual abstract symbols, known as graphemes, to 

represent sounds (phonemes). Handwriting conventions in alphabetic languages include 

making strokes, forming letters, and spacing them correctly (Feder & Majnemer, 2007; 

Limpo & Graham, 2020). The process of integrating orthographic and motor skills 

(Christensen, 2004; Limpo et al., 2017) includes the use of both single and complex 

strokes to form letters (Reutzel et al., 2019). For example, the letter “l” is formed by a 

single stroke while the letter “m” includes three vertical and two curved strokes. Young 

English learners must first learn to recognize and distinguish letter shapes before learning 

how to write them. The process of handwriting solidifies the awareness of letter shapes 

and motoric memories of letter forms (Reutzel et al., 2019), which is a basic lower-level 

cognitive skill for composition. 

As noted repeatedly, handwriting fluency is correlated with composition quality. 

Wagner et al. (2011) conducted a correlational study to investigate the relationship 

between handwriting fluency (using an alphabet and a copy task) and composition 

quality. Compositional quality was determined by four factors: macro-organization 

(calculated by number of topic sentences, key elements, and logical ordering of ideas), 

productivity (counted by number of words and diversity of word choice), complexity 

(totaled by clause density), and spelling and punctuation (checked by spelling and 

punctuation errors). The authors were also interested in the developmental differences of 

208 Grades 1 and 4 students. Their findings indicated that handwriting fluency of Grades 
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1 and 4 students significantly correlated with three factors of written composition: macro-

organization, complexity, and productivity. In particular, the productivity of the 

composition was highly correlated with Grade 1 handwriting fluency. Writers with 

greater handwriting fluency generated longer compositions. The role of handwriting 

fluency in composition quality has also been examined in logographic writing.  

Logographic Writing 

Alphabetic orthographies, like English, use fewer letter-phoneme 

correspondences combined into larger units—morphemes, syllables, and words. The 

pronunciation of an alphabetic word can be one or multiple syllables, whereas a 

logographic word is monosyllable. Logographically written languages utilize written 

symbols or characters (logograms) to represent meaning or partial meaning of a 

morpheme or word (Birch, 2007). Examples of logograms include Chinese characters and 

Japanese kanji. The Chinese orthography, phonology, tonal features, and the complexity 

of Chinese characters (Perfetti & Liu, 2005; Shen & Ke, 2007; Sung & Tsai, 2019) are 

summarized next. Importantly, teachers who understand the complexities and differences 

between English and Chinese writing systems are better equipped to increase students’ 

awareness and facilitate learning and acquisition of these two distinct languages. 

Phonological Aspects of Chinese 

Written Chinese characters do not communicate the phonetic components without 

“pinyin,” the romanization guide used to facilitate literacy development. To learn 

Chinese, alphabetically oriented students generally begin by associating pinyin with 

characters. For example, the character 注 (pronounced as zhu, fourth tone) means “to 

pour” and is a combination of the left part (the semantic radical—a morpheme that 
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implies the meaning is related to water) and right phonetic part (an approximate 

pronunciation but not an exact one). Reading and writing Chinese characters relies 

heavily on the knowledge of grapheme-morpheme correspondences because Chinese 

characters do not usually yield consistent phonological features (McBride-Chang et al., 

2003; 2005; Wang et al., 2009). 

Stroke Features 

Like English letters, the writing of Chinese characters also entails legible stroke 

features. A Chinese character can consist of a single stroke or multiple strokes. Chinese 

stroke patterns are filled with rich visual-spatial properties as shown in Table 2.1 (e.g., 

linearity, parallelism, closure, and symmetry), which provides a visual guide for writing 

Chinese characters (Chen & Kao, 2002). 

Table 2.1 

Visual-spatial Properties of Chinese Characters 

Visual-spatial Properties Chinese Character Meaning (in English) 

Linearity 
一 

One 

Parallelism 
二 

Two 

Closure 因 Because 

Symmetry 林 Forest 

Note. The table demonstrates the visual-spatial properties of Chinese characters. From 

“Visual-spatial properties and orthographic processing of Chinese characters,” by X. 

Chen and H. S. Kao, in H. S. Kao, C. K. Leong, & D. G. Gao (Eds.), Cognitive 

neuroscience studies of the Chinese language, 2002, Hong Kong University Press. 

Copyright 2002 by Hong Kong University Press. 
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The formation of Chinese characters follows a precise order that abides by 

specific rules and forms. (Giovanni, 1994; Yeung et al., 2013b). The order of the strokes 

forms a mental cue in writing Chinese characters (Shen & Ke, 2007). The stroke 

sequence components of Chinese characters provide the building blocks for scribing 

characters. 

Chinese Radicals 

In Chinese orthography, radicals are fundamental components of each character 

(Sung & Tsai, 2019) and can be placed in different orders and combinations. These 

characters represent morphemes or units of meaning that can be either simple or 

compound. Characters are considered simple if they contain only one radical (月, 

pronounced yuè, translated moon), whereas compound characters combine more than one 

radical (林, pronounced lín, translated forest, which is a combination of two 木, 

pronounced mù, translated wood; [Sung & Tsai, 2019]). 

About 96% of Chinese characters are compound characters (Shen & Ke, 2007), 

consisting of a semantic and a phonetic radical (Lam & McBride, 2018). There are 

exactly 214 semantic radicals as well as 895 phonetic radicals used to facilitate Chinese 

reading and writing (DeFrancis, 1989; Yeung et al., 2013a). Learners must account for 

numerous combinations of radicals, as well as deal with a great number of frequently 

used characters. About 4,600 to 4,900 Chinese characters are commonly used in daily life 

(Cheung & Bauer, 2002), and over 201 semantic radicals are used in 7,000 characters 

listed in the Statistics of Commonly Used Chinese Characters 现在汉语通用字表 (1998; 

Shen & Ke, 2007). 
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Dealing with a large volume of unfamiliar characters without exact phonetic 

guidance can be exhausting for novice learners in a Chinese DLI program. Grade 1 

Chinese DLI learners in Utah are expected to read and write 47 target characters during 

the first year in the program. Furthermore, these DLI learners need to learn how to read 

and write increased number of Chinese characters with each subsequent grade (Utah Dual 

Language Immersion, 2023a).  

Chinese Characters Configuration 

Reading Chinese characters is a process that constitutes a combination of 

synchronous meaning and pronunciation efforts. Semantic radicals offer meanings while 

phonetic radicals highlight the character’s phonological cues (Wang et al., 2017; Yeung 

et al., 2013a). Radicals are essentially “chunks” with phonetic and semantic elements. 

These chunks are the smallest orthographic units that are used to form a Chinese 

character. Chunks can be radicals or whole characters, which can be combined to form 

another Chinese character. Interwoven and orderly strokes configure radicals and 

characters into a square-shaped form (Shen & Ke, 2007; Sung & Tsai, 2019; Wang et al., 

2009). Chunking can also facilitate a learner’s ability to write and memorize Chinese 

characters (Xu & Padilla, 2013). 

There are 12 Chinese character configurations, which provide the 12 major 

structural formations of Chinese characters. These configurations, as illustrated at Figure 

2.2, provide mental images of how Chinese characters are systematic organized. Teachers 

are encouraged to explain the character configurations to facilitate Chinese characters 

learning (Liu et al., 2017). 
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Figure 2.2 

Basic Character Structures 

 

Note. The figure was adapted from “Basic character structures” by Y. Liu, T. Yao, N. Bi, 

L. Ge, and Y. Shi, 2017, Integrated Chinese: Level 1 Textbook (4th ed.), p. 16. Cheng & 

Tsui Company. Copyright 2017 by Cheng & Tsui Company. 

Differences in Chinese and English 

In an alphabet writing system, it is important to remember the formation of each 

letter to produce letters and words. Similarly, Chinese learners must memorize the 
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formation of each character using the knowledge of radicals to form characters. A notable 

difference is that there are only 26 letters to form the written language in English, while 

more than 1,000 Chinese radicals are used to form 7,000 Chinese characters. Writing 

Chinese characters is a laborious effort and relies heavily on rote memorization. 

However, learning the stroke sequences helps to mitigate the cognitive demand in 

Chinese character writing (Law et al., 1998, Yeung et al., 2017a). 

In a traditional Chinese classroom, young students rely on heavy repeated 

memorization and drilling to learn to write Chinese characters. Teachers model how to 

write each character by teaching radical knowledge (morphological awareness), and 

following the respective stroke-to stroke sequence. Students copy the characters until 

they are memorized and stored in long-term memory (Yeung et al., 2017a). 

Yeung et al. (2013b) examined the interrelationships between Chinese writing 

performance and transcription skills (handwriting skills and spelling). As part of 

investigating cognitive-linguistic skills, these researchers conducted a longitudinal study 

of young children in Hong Kong. Yeung and colleagues were especially interested in the 

contributions of transcription, ideation, and syntactic skills in the children’s word and 

text-level writing development. A sample of 340 Grade 1 students were tested on 

reasoning ability, orthographic knowledge, syntactic skills, morphological awareness, 

word spelling, handwriting fluency, and text generation at Time 1. The same students 

were tested at Time 2 and Time 3 when they were in Grades 2 and 4 respectively. All 

testing variables and associated tasks are listed in Table 2.2. This is one example of how 

Chinese handwriting fluency can be tested. 
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Table 2.2 

Chinese Writing Testing Variables and Tasks 

Testing Variable Tasks 

Reasoning Ability Raven’s Standard Progressive Matrices: pick one 

out of six to eight alternatives to best complete the 

target matrix. 

Orthographic Knowledge Circle one of four pictures that represented the 

semantic radical of a pseudo character. 

Syntactic Skills A word order knowledge task: put the word in 

correct order to form a logical sentence. 

Morphological Awareness A homophone awareness task: identify two words 

that contain the same morpheme out of three 

homophone choices. 

Word Spelling Dictate commonly used Grade 1 two-characters 

words. 

Handwriting Fluency Complete partially finished Chinese characters (the 

grey part) with attention to the correct stroke order 

(see Figure 2.3). 

Text Writing Describe a happy birthday scene with the prompt 

titled “A Happy Birthday.” 

 

 Yeung et al. (2013b) provided multiple variables to help assess handwriting 

fluency. Instead of using a traditional one-minute sentence copy task, these researchers 

gave participants a partially written Chinese character and had them use the correct stroke 

order to complete the missing strokes of the Chinese characters as shown in Figure 2.3. 

This handwriting task assessed both how fast participants could write these Chinese 

characters using the correct stroke order and their ability to retrieve the graphic forms of 

these characters. 
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Figure 2.3 

Handwriting Skills: Stroke Sequence Task 

 

Note. The figure was adapted from “Modeling the relationships between cognitive-

linguistic skills and writing in Chinese among elementary grades students,” by P. S. 

Yeung, C. S. H. Ho, D. W. O. Chan and K. K. H. Chung, 2013, Reading and Writing, 

26(7), p. 1216 (https://doi.org/10.1007/s11145-012-9411-6). Copyright 2013 by Reading 

and Writing. 

Yeung and colleagues (2013b) indicated that orthographic knowledge was only 

directly associated with spelling at Time 2, but morphological awareness was 

significantly related to spelling at Time 1. Morphological awareness was especially 

important for young learners because it affected their spelling skills. Syntactic skills and 

handwriting skills directly affected text writing across all three times. They also 

highlighted the bidirectional relationship between Chinese text writing and spelling. Not 

only did this logographic study support the role of handwriting fluency in writing 

development among early elementary grades, it was one of the first logographic studies to 

call attention to stroke sequence as part of Chinese handwriting fluency. 
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Tonal Features in Chinese 

Chinese is a tonal language (Shu et al., 2000), with four tones and a neutral tone 

in the Mandarin Chinese language. Different Chinese characters would become 

homophones or sound the same in the absence of tones. Homophones are words that have 

the same pronunciation without tones but have different meaning and characters (Shu et 

al., 2000). Table 2.3 illustrates how the different tones of “ma” would result in different 

Chinese characters. If young DLI learners cannot distinguish tonal differences, it is 

harder for them to select the correct characters to write. The tonal feature of Chinese 

characters adds to the complexity of distinguishing exact characters in reading and 

writing processes.  

Table 2.3 

Tones for Mandarin Chinese Characters 

Chinese Romanized 

(or Pinyin) 

Chinese Character 

(traditional / simplified) 

Meaning 

(in English) 

Ma 嗎 (trad.) / 吗 (simp.) Question particle 

Mā 媽 (trad.) / 妈 (simp.) Mother 

Má 麻 Hemp 

Mǎ 馬 (trad.) / 马 (simp.) Horse 

Mà 罵 (trad.) / 骂 (simp.) Rebuke 

 

Complexity of Chinese Characters 

The complexity of Chinese phonograms or characters can be a formidable force 

impeding Chinese reading and writing (Lam & McBride, 2018). Chinese learners must 

make constant judgments of the graphic, phonological, and semantic representations of 
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Chinese phonograms, which can be very difficult for beginning learners. Perfetti and Liu 

(2005) indicated that some characters may be very similar graphically or phonetically, or 

share the same semantic radical, and require discernment to make sense of these 

characters in contexts. This can be illustrated by the following relational meanings: 1) 

similarity in graphic representation, 2) homophones, 3) similarity in semantic meanings, 

and 4) unassociated. These relational meanings can be demonstrated by these five 

Chinese phonograms (Perfetti & Liu, 2005): 

1) 倩 (pronounced qiàn [fourth tone], translated pretty) 

2) 清 (pronounced qīng [first tone], translated clear) 

3) 青 (pronounced qīng [first tone], translated green or young) 

4) 輕 (pronounced qīng [first tone], translated light) 

5) 擎 (pronounced qīng [first tone], translated lift up) 

The first two characters above, 倩 and 清, look alike graphically but do not share 

a phonological component nor semantic meaning. The second and third characters, 清 

and 青, have the same phonetic radicals and share the same pronunciation (homophones) 

of the phonetic radicals, and represent similar semantic meanings. The fourth character, 

輕, and the fifth character, 擎, are homophone pairs but they are unassociated in graphic 

and semantic meaning (Perfetti & Liu, 2005). The intricate relational meanings within 

Chinese phonograms add to the complexity of Chinese language acquisition. To 

overcome these relational meaning challenges, Chinese language learners need to learn 

the meaning of the characters and how to write them using the proper stroke order 
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(Yeung et al., 2013b) along with repeated handwriting practice (Packard et al., 2006) to 

strengthen their motoric memory of basic Chinese characters (Yeung et al., 2017a). 

Handwriting Fluency Measurements Across Languages 

Retrieval and copying tasks are two primary types of handwriting fluency 

measures used by researchers (Feng et al., 2019). Retrieval tasks usually refer to 

alphabetic tasks in which children retrieve symbols from memory and write lower-case 

letters legibly in order given a stipulated time frame: 15 seconds (Graham et al., 1997; 

2018), 30 seconds (Kim et al., 2018), or 60 seconds (Puranik & AlOtaiba, 2012; Wagner 

et al., 2011). In such tasks, children need to access their prior knowledge from memory to 

carry out the task and are typically scored for automaticity and accuracy (Feng et al., 

2019). 

For copy tasks, children are given a visually presented written task to copy as 

quickly and as many times as possible, such as copying a sentence in 60 seconds or a 

short paragraph in 90 seconds (Graham et al., 1997; Medwell et al., 2009; Wagner et al., 

2011). Each correct and legibly written letter is generally scored one point. Any reversal, 

additional, omitted, or substituted capital letters are typically not credited (Graham et al., 

1997). Although both 60- and 90-second copy tasks have been used, researchers often opt 

for the shorter 60-second copy task for younger elementary students (Medwell et al., 

2009; Wagner et al., 2011). 

English Alphabet Writing 

 Swift and automatic production of alphabet letters from memory requires effort in 

the beginning stage of the writing process (Berninger et al., 1991). For the majority of 

English alphabet writing tasks in early elementary (K–3) grades, students write lower-
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case alphabet letters from memory, in order, promptly, accurately, and legibly within 60 

seconds (Alves et al., 2016; Babayiğit & Stainthorp, 2010; Harrison et al., 2016; Hudson 

et al., 2005; Jiménez & Hernández-Cabrera, 2019; Kent et al., 2014; Limpo & Alves, 

2018; Limpo et al., 2020). Past studies indicate that the alphabet task has been 

significantly correlated with young students’ handwriting fluency (Berninger et al., 1991; 

Wagner et al., 2011). 

English Copy Task 

A pangram, such as “the quick brown fox jumps over the lazy dog” has been used 

often as a copy task, especially for younger children (Medwell et al., 2009; Wagner et al., 

2011). Brooke (1987) explained that a pangram is a sentence that contains all the letters 

of the alphabet at least once, which is available in various alphabetic languages. The 

English pangram noted above is known for its brevity and coherence (Bassil, 2012), and 

thus has been widely used for typing practice. Other such tasks, including copying a short 

phrase such as “cats and dogs” (Ziviani, 1984), a few sentences, or a paragraph (Graham 

et al., 1997; Graham et al., 2018) over a specific time interval are commonly 

administered to measure handwriting fluency of elementary or intermediate students. 

Chinese Number Task Assessment 

Chinese orthography requires slightly different approaches for measuring 

handwriting fluency. Whereas many studies use alphabetic tasks to measure handwriting 

fluency, logographic studies do not. Alternately, a Chinese number task can be 

substituted (Yan et al., 2012; Yeung et al., 2013b) because Chinese numbers from 1 to 10 

include all eight basic strokes that are required to write Chinese characters in early 

elementary schools (Guan et al., 2011). In Hong Kong, for example, writing Chinese 
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characters from 1 to 10, as illustrated in Table 2.4, has been used to establish young 

children’s handwriting fluency (Yan et al., 2012). 

Table 2.4 

Mandarin Chinese Numbers 1–10 

Chinese Romanized 

(or Pinyin) 

Chinese Character Meaning 

(in English) 

Yī 一 One (1) 

Èr 二 Two (2) 

Sān 三 Three (3) 

Sì 四 Four (4) 

Wǔ 五 Five (5) 

Liù 六 Six (6) 

Qī 七 Seven (7) 

Bā 八 Eight (8) 

Jiǔ 九 Nine (9) 

Shí 十 Ten (10) 

 

Outcomes of a Chinese number task can be compared to the outcomes of 

alphabetic writing tasks, and is a reasonable proxy for the English alphabet writing 

because Chinese numbers also share stroke features similar to English letters. Yan et al. 

(2012) reported that with a high interrater reliability of 98%, the range of the Chinese 

number task was 25 to 74 characters per minute, with a mean of 49.98 characters and a 

standard deviation of 11.38 characters among 153 nine-year-old students.  
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Chinese Copy Task Assessment 

The Chinese language does not have pangrams in the same sense that alphabetic 

languages do. However, the Eight Principles of Yong, in which the eight basic strokes are 

combined into one Chinese character, provides all the necessary strokes used to write all 

Chinese characters (Yang & Wen, 2019, Yeung et al., 2017b). These strokes are 

embodied in the single Chinese character 永 (pronounced: yǒng; translation: permanence 

or forever), including: 1. dot, 2. horizontal, 3. vertical; 4. hook, 5. raise, 6. curve, 7.  slant, 

and 8. press (Yang & Wen, 2019) as shown in Figure 2.4. Thus, a Chinese copy task that 

includes this single Chinese character would be helpful in assessing basic Chinese stroke 

orders as well as Chinese handwriting fluency.  

Figure 2.4 

Eight Principles of Yong or Chinese Character for 永 or Yǒng 

 

The character “永” has been used as a copy task in Chinese handwriting studies. 

Yan et al. (2012) used a one-sentence copy task to assess Chinese handwriting fluency. 

Eight- and nine-year old native Chinese speakers were asked to read and copy the 
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sentence “媽媽永遠是和藹可親的” (Translated: “Mom is always amiable”) in 

traditional Chinese characters as promptly as they could in 60 seconds. The number of 

characters copied correctly determined the final score. The findings showed that the 

range for the Chinese number task was 5 to 28 characters, the mean was 15.64 characters, 

and the standard deviation was 3.8. (The coding procedure yielded an interrater reliability 

of .93.) Compared to the number task mentioned above, the number of correctly written 

characters was fewer for the copy task because of the complexity of the characters, which 

involved more strokes, in the sentence. 

However, the above sentence may not be as suitable for early-grade students in 

most Chinese dual language immersion (DLI) programs, including Utah, because of the 

respective curricula. The target sentence uses traditional rather than simplified Chinese 

characters, which may not be familiar to younger U.S. students learning Chinese. This 

sentence configuration is likely not familiar to these students because these words are not 

targeted in the Chinese DLI literacy program in Utah (Utah Dual Language Immersion, 

2021). Less familiar characters could lead to writing and copy errors. 

A sentence using familiar characters may ease students’ cognitive load and reduce 

writing mistakes and Chinese character errors. Thus, using a sentence such as 

“妈妈永远是快乐的” (Translated: “Mom is always happy”) written in simplified 

Chinese characters (and derived from the Grades 1–3 Chinese DLI curriculum) may be 

more appropriate as a sentence copy task for early elementary Chinese DLI students. In 

addition, the character 永 (noted above) is included in this sentence. (It is a Chinese 

pangram that includes all eight basic strokes; these strokes are used to write all Chinese 

characters.) Furthermore, the other Chinese characters in this sentence each include at 
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least five of the eight basic strokes to further assist in evaluating the Chinese handwriting 

fluency of Chinese DLI students. 

Dual Language Immersion Programs in the United States 

Multilingual skills and multicultural competence are important for 21st century 

professionals engaged in a global economy (Spicer-Escalante, 2017). Designed to 

promote biliteracy and cultural awareness, bilingual educational programs have gained 

popularity across the U.S. (Watzinger-Tharp et al., 2018). One bilingual education option 

that is flourishing in scale and size is DLI, which provides academic instruction in 

English as well as in a target language (Wilson, 2011). The goal of DLI programs is to 

promote biliteracy in the primary and target language (Genesee, 2008; Howard et al., 

2007; Spicer-Escalante, 2017); thereby achieving academic performance in content areas 

and increasing cross-cultural understanding (Met & Livaccari, 2012).  

Dual Language Immersion in Utah 

There has been an emphasis on funding DLI programs in Utah in the last decade. 

In 2008, Governor John Huntsman and Senator Howard Stephenson promoted and 

assisted the passage of Utah Senate Bill 41 to provide funding for DLI programs in Utah 

(Spicer-Escalante, 2017). Since then, the Utah Education System has slowly added 

bilingual programs to their curriculum as part of their efforts to better prepare students to 

enter a competitive workforce. Over the last decade, statewide DLI programs in Utah 

were intended to provide all students, regardless of their ethnic or socio-economic 

backgrounds, with opportunities to become bilingually proficient and culturally 

competent (Met & Livaccari, 2012; Roberts & Wade, 2012), along with a high degree of 

academic achievement (Christian 2011; 2016). 
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As noted by Spicer-Escalante (2017), DLI programs may vary in the amount of 

instructional time utilizing the target language, such as 90/10, 80/20, or 50/50 percentage 

splits of the instructional time given to the primary and the target language. The 50/50 

model, in which students receive 50% of the instruction in English and 50% in the target 

language daily, is the model used in Utah. The 50/50 model as implemented in the state 

of Utah requires an English teacher to offer instruction half of the day and a target-

language teacher to instruct the other half of the school day (Utah Dual Language 

Immersion, 2020b). Both English and language teachers oversee the teaching of different 

subjects. From Grades 1–3, the target language curriculum includes literacy and the 

content subjects of math, science, and social studies. The curriculum from Grades 4–6 

targets math and social studies in English and science in the target language (Utah Dual 

Language Immersion, 2020a). 

The State of Utah uses Mandarin Matrix (MMX) as its Chinese literacy 

curriculum to develop four language modes: speaking, listening, reading, and writing 

skills. The State adapts the guide from the American Council for the Teaching of Foreign 

Languages (ACTFL) to measure the four language proficiencies (Watzinger-Tharp et al., 

2021) of Chinese DLI students. According to the program guidelines, Grade 1 students 

should meet the level of Novice Low from ACTFL in reading and writing Chinese. They 

should be able to read and write a limited number of high frequency characters from 

memory. Grades 2–3 students are supposed to reach the level of Novice Mid in reading 

and writing. They are expected to read and write combinations of characters of highly 

well-practiced contextualized words and phrases (Utah Dual Language Immersion, 

2023b). 
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Based on the statewide report regarding Chinese literacy achievement, 44% of 

Grade 5 Chinese DLI students reached the Novice level in reading and 36% achieved 

Novice in writing (Watzinger-Tharp et al., 2021). However, these Grade 5 DLI students 

did not meet the benchmark of Novice high in both their reading and writing scores. The 

data demonstrate a need to improve Chinese DLI reading and writing performance.  

During the 2018–19 school year, a total of 224 Utah DLI programs were serving 

over 40,000 students with the number of DLI students continuing to grow (Lyon, 2020). 

In 2020–21, these DLI programs in Utah served over 62,000 elementary and high-school 

students throughout Utah. The number of Utah DLI programs is shown on Figure 2.5 

(Lyon, 2020). 

Figure 2.5 

Utah 2020–2021 DLI Programs 

 



  60 

 

   

 

Dual Language Immersion Writing Development 

 Despite the growth of bilingual programs, limited research is focused on how DLI 

students develop writing in the target language (Gort, 2006). Bilingual studies such as 

those targeting Spanish DLI (Gort, 2006) and Italian DLI (Montanari et al., 2016) 

emphasized the codeswitching strategy used to facilitate positive transfer between L1 and 

L2 written texts because they are alphabetic languages that share similar features. Gort 

(2006) observed DLI learners and found that developing six-to-seven-year-old bilinguals 

drew on the knowledge of both languages in writing L1 and L2 texts, including cross-

linguistic skills and patterns of transfer. However, the sample size only involved eight 

students. Montanari et al. (2016) examined 110 English-Italian DLI students in Grades 1–

5 and found that English writing performance was correlated with Italian writing 

performance. They concluded that the positive correlation was likely caused by the 

mutual influence of the related L1 and L2 writing skills. When Savage et al. (2017) 

studied French-English DLI students, they also concluded that writers were prone to draw 

from their L1 to facilitate L2 writing in the early stages of L2 development. Many of 

these bilingual learners were able to reach writing proficiency in both languages (Gort, 

2006; Montanari et al., 2016; Savage et al., 2017). 

Other studies have also investigated the writing development of students of non- 

alphabetic DLI programs including Korean-English DLI (Bae, 2007) and Mandarin-

English DLI (Padilla et al., 2013). In the context of achieving overall literacy proficiency, 

these studies were mainly focused on what writing skills bilingual students were able to 

achieve, concluding that immersion programs did not interfere with English writing 

development (Montanari et al., 2016). However, documentation regarding the 
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comparison of DLI students dual handwriting fluencies is rarely the focus of DLI 

research, whether it involves alphabetic or non-alphabetic scripts. 

Utah Chinese DLI Handwriting and Writing Curriculum 

The Utah Chinese DLI program’s main focus for Grades 1–3 is oral proficiency 

(Utah Dual Language Immersion, 2022). This goal is based on the premise that early oral 

language production in L2 fosters both reading and writing processes for L2 (Savage et 

al., 2017). Mandarin Matrix (Mandarin Matrix, 2021) is the assigned core curriculum to 

guide Chinese literacy development in Utah Chinese DLI programs. Mandarin Matrix is a 

spiraled, online curriculum for students to practice listening, speaking, and reading in 

both the classroom as well as at home. Hard-copy textbooks can be purchased as needed. 

An online Mandarin Matrix account can be purchased with state monies for students to 

access in class and at home. 

Three books per unit and a total of 10 units are the core Chinese literacy materials 

used in Grades 1–3. Each unit targets 8–10 Chinese characters for students to learn and 

practice, along with listening and reading exercises. Chinese numbers 1 to 10 are the first 

characters taught to Grade 1 Chinese DLI students. The difficulty of characters is built 

spirally with simpler characters introduced in the early grades and more difficult 

characters with more strokes gradually added to the curriculum throughout subsequent 

grades.  

One of the special features regarding handwriting within this Mandarin Matrix 

program is that the few characters targeted in each unit are displayed in a grid box with 

the correct stroke sequence on a self-playing mode online. Students can practice 

handwriting these characters on the computer and submit their work online. Teachers can 
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assess their handwriting, grade their finished work, and monitor their progress. Teachers 

can print Mandarin Matrix worksheets for extra handwriting practice (Mandarin Matrix, 

2021). In Utah, Pinyin is not taught to DLI learners until the third-grade. Young Chinese 

DLI students learn the characters with the associated sounds and tones without the aid of 

pinyin. They learn the formation of featured characters via repetitious handwriting 

practices. Thus, the handwriting practice in early Chinese DLI classrooms, whether via 

the Mandarin Matrix workbook or online, includes writing characters with the correct 

stroke sequence (Mandarin Matrix, 2021).  

Summary 

Handwriting fluency, including the development of legibility and speed of written 

items, is fundamental to children’s writing achievement. Automatic handwriting is a 

basic competency that allows children to communicate clearly within a reasonable time, 

finish classroom assignments, and compose without taxing attentional resources. Much 

research has been done regarding the link between handwriting fluency and writing 

achievement. With the recent surge and popularity of DLI programs in Utah, the benefits 

of dual-language learning are obvious and attractive; but instructional challenges remain, 

including how to support various students in making grade-level progress in both 

languages. Given the challenge that already exists to support students’ writing 

development in one language, expecting comparable literacy skills in two languages is 

daunting. Problems learning to write in one system likely influence achievement in both 

languages. Students who learn two very different writing systems simultaneously may be 

challenged to do so successfully. 
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In order to understand such challenges, research exploring the relationships 

between handwriting fluencies of English L1 and Chinese L2 must first be established. A 

correlational study for understanding handwriting development and determining whether 

the challenges of handwriting fluency development in one language are mirrored in 

another would contribute to this goal. Currently, this aspect of DLI research—correlating 

handwriting fluencies—has not been investigated empirically. Specifically, no study has 

examined the relationship of handwriting fluencies for both languages among the same 

DLI learners. Accordingly, the proposed correctional study addressed this gap in the 

literature by examining the English and Chinese handwriting fluencies of Grades 1–3 

Chinese DLI students. The established correlations provide insight into DLI educational 

outcomes and how to refine current and future Chinese DLI programs. 
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CHAPTER 3 

METHODS 

Handwriting fluency is typically developed during the elementary school years 

and is an important skill set that facilitates overall academic achievement. Empirical 

research shows that handwriting fluency is critical to promoting students’ compositional 

quantity and quality (Limpo et al., 2017; Medwell et al., 2009; Wagner et al., 2011). 

Existing studies across many languages, including English and Chinese, have examined 

the directional relationship between handwriting fluency and writing development (Alves 

et al., 2016; Medwell et al., 2009; Yan et al., 2012). However, research that examines the 

correlation of handwriting fluencies between two languages, especially for students 

learning two writing systems simultaneously, are not yet robust. With the increasing 

number of bilingual programs and learners, it is important to understand how handwriting 

development occurs within and across language systems. As there are students who 

struggle to develop handwriting in their native language, it can be inferred that some 

bilingual students could be challenged to write in both their languages of study. 

Specifically, students who have English handwriting challenges could likewise struggle 

with Chinese handwriting difficulties, which could hinder their development in both 

languages. Determining handwriting fluency or the lack thereof is relatively easy and 

could inform teachers regarding the need for instruction and support of early writing 

skills among bilingual students.  

This quantitative study investigated potential relationships between English and 

Chinese handwriting fluencies of Chinese dual language immersion (DLI) elementary-

school students in Utah. This study had three goals: 1) to determine any correlations 
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between Chinese and English handwriting fluencies among young DLI learners; 2) to 

ascertain differences in handwriting development by grade level and gender; and 3) to 

consider educational implications for Chinese DLI programs. 

Research Problem and Questions 

To better understand the relationship between handwriting fluencies among 

Chinese dual-immersion elementary students, this research study collected and analyzed 

handwriting tasks, guided by the following research questions: 

1. How do handwriting fluencies of young DLI students measured as writing 

English digital numbers and Chinese numbers as characters correlate? It was 

hypothesized in this study that the proficiency levels of writing English digital 

numbers correlate with the proficiency levels of writing Chinese numbers as 

characters, and that English number task scores would be higher than Chinese 

number task scores. 

2. How do English and Chinese number tasks correlate with their respective copy 

tasks? It was hypothesized that the English and Chinese number task scores would 

positively correlate with their respective copy task scores with scores on English 

tasks greater than scores on Chinese tasks. 

3. How do handwriting fluencies on an English letter-writing task correlate with 

sentence-copying tasks? It was hypothesized that both English and Chinese 

handwriting letter/character and sentence copying fluencies positively correlate 

within and across the language with scores on English tasks higher than scores on 

Chinese tasks. 
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4. How do handwriting fluencies in English and Chinese develop across grade levels 

and by gender in an early DLI elementary program? It was hypothesized that age 

and gender would predict English and Chinese handwriting fluencies of 

elementary students. Older students would demonstrate greater fluency than 

younger students, and girls would perform better than boys. 

Theoretical Model 

 The theoretical model shown in Figure 3.1 is based on the information derived 

from the review of existing empirical research. In general, first-grade students write 

fewer numbers of letters and writing fluency increases to third-grade and beyond. 

Overall, handwriting competency is a developmental progression (Berninger, 1999), but 

girls have demonstrated better handwriting fluency than boys (Graham, 2010). This study 

sought to examine the correlation between English and Chinese handwriting fluencies of 

Grades 1–3 Chinese DLI students using five handwriting tasks (three English 

handwriting tasks and two Chinese handwriting tasks). Although English and Chinese are 

two very disparate writing systems, writing performances in both are expected to have a 

positive correlation because of the underlying handwriting subskills that are transferred 

from one language to another. However, English handwriting fluency was expected to be 

greater than Chinese handwriting fluency because English is the dominate language in the 

community. Conducting this study using these five tasks was intended to establish the 

baseline handwriting performance of DLI learners, determine correlations of English and 

Chinese handwriting fluencies, and provide valuable information to inform instruction. 
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Figure 3.1 

Hypothesized Model for English and Chinese Handwriting Fluency in Early-Elementary 

Chinese DLI Students 

 

Research Methods 

This study adopted a quantitative approach to determine the correlations between 

students’ English and Chinese handwriting fluencies to assess students’ handwriting 

development and analyze the relationships between writing in English and Chinese. Data 

from five handwriting fluency tasks were collected to compare the students’ English and 

Chinese handwriting fluencies. These five handwriting fluency tasks included a common 

English number-writing task, an English alphabet task, an English sentence-copy task, 

and comparable Chinese number-writing and Chinese copy tasks. Correlational analyses 

measured the relationships between English and Chinese handwriting fluencies of DLI 

students who had been previously exposed to considerable amounts of English before 
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learning logographic Chinese. General demographic data were collected via the school 

stakeholder report. A simple open-ended survey asked six participating teachers to 

provide information regarding their handwriting instruction to help inform the 

educational context of the participants.  

Sampling 

This research study included Chinese DLI elementary students attending a DLI 

elementary-school program in Utah—a state that has promoted the benefits of DLI 

instruction for participating students. An elementary school (Grades 1–6) in Utah was 

invited to participate in this study. The school serves a body of students that was 53% 

non-DLI (337 of 637 students) and 47% DLI students (300 of 637 students) at the time of 

the study. The students attending this school were 87% Caucasian and 13% were 

considered a minority (including 3 heritage students). About 10% of students represented 

low-income families, and 11% received special education support (Alpine Elementary 

Stakeholder Report, 2021). 

Participants 

The students selected for this study comprised a stratified sampling of Chinese 

DLI elementary students in first, second, and third grades (ages 6–9 years). These 

students across the three grade levels were taught by three English teachers and three 

Chinese-immersion teachers. Each stratum group included two classes with 20–25 

students each. One class at each grade level started with English class in the morning and 

switched to their Chinese class in the afternoon. The other class in each grade began with 

Chinese class in the morning, followed by English class in the afternoon. There were 

approximately 45–50 students in each grade, or a potential of 135–150 students invited to 
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participate in this study. A total of 109 students consented and participated in the study 

when data were gathered in April 2022. 

Curriculum 

In this Chinese DLI program in Utah, English and Chinese were taught by 

different teachers in separate classrooms. Students spent half of the school day with an 

English teacher and the other half of the school day with a Chinese teacher; thereby 

receiving instruction in both Chinese and English according to the state’s Chinese DLI 

curriculum, which included language arts, mathematics, science and social studies. No 

mixed usage of languages was allowed in these classrooms. In other words, no English 

was allowed in the Chinese DLI classroom. 

English and Chinese handwriting skills were taught in two segments in the 

respective classrooms. Overall, handwriting skills were taught more explicitly in first-

grade than in second- and third-grade. First-grade students tended to spend more time on 

handwriting practice, including the formation of English letters at the beginning stage of 

learning the alphabet and during phonics instruction in the first two months of the school 

year. The first-grade English teacher in the participating school explained that she 

explicitly taught how to write each letter with a stipulated stroke sequence to the whole 

class and in small-group instruction repeatedly until students demonstrated their 

knowledge and competency in forming English letters. In addition, an English 

handwriting book (similar to Zaner-Bloser, 2020) featuring the expected formation of 

each letter with arrows indicating the sequence and direction of strokes was distributed to 

each DLI first-grade student to practice in class.  



  70 

 

   

 

Concordantly, Chinese pronunciation and simple Chinese character writing were 

also explicitly addressed in the primary grades. The Utah Chinese DLI program uses the 

Mandarin Matrix (2021), an online spiraled interactive curriculum, for teachers to instruct 

Chinese language arts. Each teacher has an online account to access online books, 

exercises, and teaching materials. In 2020–21, each student was provided an online 

account through the school to access electronic books for Chinese speaking, listening, 

reading, and writing practice. Each assigned e-book has an audio function and can be 

read by the computer. Each book comes with a feature to practice targeted characters. 

However, Mandarin Matrix focuses mainly on listening and reading, and the writing 

component is relatively minimal. Teachers can print out the Mandarin practice book with 

more handwriting exercises for students to practice in class.  

For young DLI learners who have familiarity with alphabetic English, learning to 

write Chinese characters can be challenging and perhaps frustrating. The layout of 

English letters is in a linear fashion from left to right but Chinese characters are 

embedded in a two-dimensional square with complex visual-spatial configured 

components (left-right, top-down, and inside-outside) (Perfetti et at., 2013). A Chinese 

teacher typically models how to write each target character with a prescribed stroke 

order. Writing characters with detailed stroke sequences provides cues and drives 

students’ attention to spatial relations to strengthen orthographic representations (Perfetti 

et at., 2013). 

According to the teachers in this study, as students’ progress to second and third-

grade, the explicit handwriting lessons in the English curriculum decreases, and their 

main handwriting practice is incorporated into their daily classroom demands as they are 
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required to write connected texts and complete worksheets. In the Chinese classrooms, 

teachers are supposed to continue to model how to write each new character with the 

predetermined stroke order, as well as have students work on Mandarin Matrix 

workbooks for additional practice. Forty-seven Chinese characters for Grade 1, 62 

characters for Grade 2, and 79 characters for Grade 3 are targeted within the Mandarin 

Matrix curriculum. In general, teachers indicated that despite the fact that more characters 

are targeted with each grade progression, the amount of explicit handwriting instruction 

to teach the formation of each character in detail decreases as more time is spent on 

writing prompts. 

Writing Fluency Tasks 

Five handwriting fluency tasks were used to gather data from each student 

participating in the study, including English and Chinese number-writing tasks, an 

English-alphabet writing task, and English and Chinese copy tasks. All tasks were 

administered in each class on the same day. In order to minimize the effect of fatigue, the 

five tasks were given in two separate sessions. Three English tasks were given during 

English instruction and two Chinese handwriting tasks were administered during Chinese 

class. Tasks were given in turn, one after the other, with brief instructions and modeling 

provided prior to each task. To ensure students’ understanding, all instructions were 

given in English including the instructions regarding the Chinese handwriting fluency 

tasks.  

The order of the task was held constant because it is logical to administer 

handwriting fluency tasks following the developmental sequence (i.e., 1. numbers, 2. 

letters, 3. sentence copying) and to keep the two languages separated in two sessions. The 



  72 

 

   

 

number task was administered before the alphabet task because children generally learn 

to write numbers before learning to write letters and are familiar with the single digits. 

Additionally, writing numbers is generally easier and faster than writing letters and 

forming words. One class from each grade completed the English fluency tasks first, 

followed by the Chinese fluency tasks, and the other class from each grade completed the 

Chinese fluency prior to English fluency tasks.   

A 60-second alphabet task is a reasonable memory task for assessing Grade 1 

students’ letter handwriting fluency. Many studies have used this time interval to assess 

letter handwriting fluency (Berninger et al., 1991; Jones & Christensen, 1999; Wagner et 

al., 2011). Empirically, scoring has been open-ended and ranged from 0–52 for first 

graders, with most Grade 1 students scoring 35 or fewer (Berninger et al., 1991; Jones & 

Christensen, 1999). Table 3.1 demonstrates the alphabet handwriting scoring standards 

for Grade 1 students. The average Grade 1 students wrote 15–24 letters in 60 seconds 

(Jones & Christensen, 1999). Their scores are similar to those of first-grade Chinese DLI 

students mentioned in the pilot study below. 

Table 3.1 

Alphabet Handwriting Scoring Standards for Grade 1 Students 

Score Standards 

Below 8 Poor 

9–14 Low Average 

15–24 Average 

25–30 Good 

Above 31 Very Good 
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Pilot Study 

The five selected handwriting fluency tasks had been piloted previously in two 

first-grade Chinese DLI classrooms with a total of 53 students. More than half of the 

students in the pilot study were able to write the full range of letters, numbers, and 

Chinese numbers and characters in 60 seconds. Therefore, 60-second tasks were chosen 

for the English and Chinese number-writing tasks, as well as the English alphabet writing 

tasks. However, some first-grade students struggled to copy the whole sentence in 

Chinese in 60 seconds. For that reason, increasing the time to two minutes for the copy 

tasks allowed more time for students to copy more English words and Chinese characters 

in sentences.  

More specifically, the average number of letters first-graders wrote in the pilot 

study was about 25 which is similar to the scoring standards used by Berninger et al. 

(1991). In the pilot study, 75% of students were able to write the entire English alphabet 

and start the alphabetic sequence again within the time frame allowed. The majority of 

the Chinese DLI students (85%) were able to copy the English pangram at least once for 

the copy task. 

The average score for the Chinese copy task in the pilot study was 6.7 characters 

in one minute. About half of the first-grade students did not finish copying the whole 

Chinese sentence in one minute; therefore, two minutes were given to allow them to 

complete this task during the actual data gathering. That pilot study provided a baseline 

for Chinese DLI Grade 1 students’ handwriting performance. In general, most of these 

students were able to generate more letters and copy more words in English than in 

Chinese. 
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English Number-Writing Task  

As provided in Appendix A, for the English number-writing task, participants 

wrote from memory the English digital numbers from 1–10 (e.g., 1, 2, 3 … 10) as quickly 

as possible, in order, and repeatedly within 60 seconds. Each legibly written number was 

scored as one point. All legibly and correctly written numbers were tally marked to 

generate a total score. Legible numbers were counted based on the following criteria:  

1.  A legibly written number needs to be identifiable and cannot be recognized as 

other numbers. 

2.  The number should include every stroke or part and not contain any extra 

stroke or part. 

3. No unexpected gap is included in the number’s formation.  

4. Each stroke should be formed proportionally.  

5. No reversed number is counted.  

English Alphabet Writing Task  

For the English alphabet writing task (see Appendix B), participants were asked 

to write the 26 lower-case English letters from memory in order from a to z legibly and 

quickly within 60 seconds (Wagner et al., 20l1). Each legibly written letter was scored as 

one point. The final score was the total number of legible alphabetic letters written in a 

minute.  

Legibility is based on clarity and identifiable letters. Letters do not have to be 

formed perfectly to be counted as legible. Seven criteria were used to evaluate the 

legibility of each letter (Graham et al., 2001).  
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1. A legible letter has to be clearly recognizable and cannot be confused with 

other letters.  

2. A legible letter needs to contain all the strokes. 

3. No unexpected strokes or gaps exist between strokes. 

4. Each letter stroke is formed in correct proportions. 

5. Each stroke should be appropriately formed. 

6. No rotation or reversed letter is accepted. 

English Copy Task  

For the English copy task (see Appendix C), students were given the English 

pangram, “the quick brown fox jumps over the lazy dog” and instructed to copy it as 

many times as possible during the designated two-minute time interval. Additionally, 

students were reminded that it was fine if they did not finish the sentence in two minutes. 

Each letter written legibly and in order was counted to determine a participant’s score for 

this task. The standards used to evaluate each legible letter were the same criteria that 

was used to determine the legibility of letters in the English Alphabet Writing Task.  

Chinese Number-Writing Task  

For the Chinese number-writing task (see Appendix D), participants were asked to 

retrieve from memory and write in order the numbers 1–10 in Chinese characters (e.g., 

一, 二, 三 … 十) as quickly as possible in 60 seconds (Yan et al., 2012). This task was 

equivalent to the English number-writing task. Each correctly written Chinese number 

was scored as one point. The total legible and correctly written numbers in Chinese 

characters was calculated for the total score. To be considered legible, characters must 

fulfill the following seven criteria:  
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1. A legible character must be obviously recognizable and cannot be confused 

with other characters.  

2. Legible characters should include every stroke or part and not contain any 

extra parts. 

3. No unexpected breakage of strokes or gaps should exist in a legible character.  

4. A character should be formed in correct proportions.  

5. Each stroke should be appropriately formed.  

6. No reversed character is counted as correct.  

7. Partially written or incomplete Chinese characters are not counted as legible 

characters (Yan et al., 2012). 

Chinese Copy Task  

The Chinese copy task (see Appendix E) used the sentence “妈妈永远是快乐的” 

(Translated: “Mom is always happy”). This sentence contained Chinese characters used 

in the Grades 1–3 Chinese DLI curriculum. Furthermore, this sentence contains all eight 

basic Chinese strokes. Thus, this sentence should have been familiar to Chinese DLI 

students. Usage of familiar characters enabled students to demonstrate their writing 

efficiency (Yan et al., 2012). 

Participants were instructed to copy the familiar sentence as many times as 

possible during the specified time interval. Each eligible written character was scored as 

one point. The total legible and correctly written Chinese characters in this sentence were 

calculated for this task’s individual score. The legibility rubric was the same as the one 

used in the Chinese Number-Writing Task. 
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Teacher Handwriting Survey 

A survey was distributed to the six participating teachers (two per grade) to 

collect data regarding handwriting instruction in the Chinese DLI program. The following 

questions were included in the questionnaire (Graham et al., 2008; Santangelo & Graham 

2016): 

1. How often and for how long do you generally teach handwriting each week? 

2. Do you use a handwriting program to guide your handwriting instruction? If 

yes, name and describe how you use this program to teach handwriting. 

3. What is your instructional procedure for teaching handwriting? What usually 

happens during a handwriting lesson? 

4. How many minutes do your students generally practice handwriting in class 

and at home each week? 

5. Do you use technology to teach or have students practice handwriting? If yes, 

how?  

6. Do you assess handwriting skills? If yes, how? 

7.  If applicable, how do you incorporate Mandarin Matrix program into your 

handwriting instruction? 

8. To what extent does handwriting instruction facilitate your students’ writing 

performance? 

Administrative Procedures 

Following supervisory committee approval, permission was sought from the Utah 

State University (USU) and school district Institutional Review Boards (IRBs) to conduct 

the planned study as an approved classroom activity. Following these approvals, the 
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researcher sought approval from the school principal to collect data. The researcher sent 

out a recruitment flyer to recruit Chinese DLI teachers, which included an online 

Qualtrics link to the teacher informed consent form to seek for their permission to 

participate in this study via email. Prior to data collection, the researcher explained the 

potential benefits, possible minimal side effects, and the process of the study to the 

school principal and participating teachers in an initial meeting via video conferencing. 

The researcher proposed a schedule for the planned classroom activity with the teachers 

during the initial meeting. 

In order to maintain privacy, the researcher asked teachers to send out a student 

recruitment flyer via email to invite students to participate in the study. A Qualtrics link 

of the parent informed consent form stating the purpose, the benefits of the study, and the 

description of handwriting tasks was sent to the parents by the teachers via email to seek 

parents’ permission to use their children’s written samples for analysis and students’ 

permission to participate in completing five handwriting fluency tasks as a classroom 

activity (see Appendix F). As a second follow-up effort, teachers sent a hard copy of the 

parent informed consent forms home to parents during the first week to help increase the 

response rate. The researcher finalized the date(s) for the data collection with the school 

principal and teachers. A total of 117 consent forms were collected, and 109 of those 

were present on the day of data gathering. 

Teachers were also asked to give consent to complete a 10-minute open-ended 

teacher survey and allow part of their classroom instruction time to be used in the 

administration of the five handwriting fluency tasks to their students as a classroom 

activity. A sample of the teacher informed consent form can be found in Appendix G. All 
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six teachers, including three Chinese and three English teachers, completed the teacher 

survey and submitted it to the researcher within a month after the initial data collection. 

Student Coding System 

To shorten the time for passing out individual papers for each task, the three 

English handwriting tasks and two Chinese handwriting tasks were assembled into two 

packages and put into an individual folder for each student prior to administration. In 

order to keep track of and match each student’s individual English and Chinese 

handwriting fluency tasks, students wrote their first name on their respective folder for 

later identification. Completed tasks were put inside their respective folders and collected 

at the end of each session. To maintain confidentiality, each completed task was removed 

from the respective folder and labelled with a student identification number before 

conducting data analysis.  

Task Instruction 

To standardize the procedure and ensure reliable administration, general scripted 

instructions and task explanations (see Appendix H) were read to the students to state the 

purpose of the study, and what was expected for each task. Students were encouraged to 

do their best on each of the five handwriting tasks. These tasks were collected in one day 

and introduced as a short activity to help teachers and researchers understand students’ 

handwriting skills. The researcher monitored the emotional needs of students. Based on 

the researcher’s observation, none of the participants was frustrated, tired, stressed or 

upset. 

The researcher gave a brief explanation prior to each task and took a few minutes 

to distribute each folder. Participants were asked not to move on to the next task until 
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directed to do so by the researcher. Each task took about five minutes to explain and 

answer any clarifying questions. Then, participants had 60 seconds to complete three 

handwriting tasks (two number-writing tasks and an English alphabet writing task) and 

two minutes to finish each of the two copy tasks on individual response sheets. It took 

about 20 minutes to finish all three English handwriting fluency tasks and about 15 

minutes to finish the two Chinese handwriting fluency tasks. After the participants 

completed all five tasks, the researcher thanked them for their efforts and gave them a 

complimentary gift, which included a pencil and a piece of candy to compensate them for 

their time and effort in participating in this study. 

Procedure Fidelity 

The fidelity of the procedures was reinforced by the following measures. The 

principal and teachers were first informed about the purpose of the study. Teachers were 

contacted regarding the procedure and order of the tasks prior to the assessments. There 

were no signage of numbers or letters on students’ desks nor displayed in the classroom 

during testing. The instructions for each task were read verbally from a typed script, 

summarized bullet-point version projected on the white board (see Appendix I). Students 

used a pencil to complete each task. The researcher did not need to distribute any pencils 

because each participant already had a pencil on his or her desk. Students were instructed 

to cross out any mistakes they might make rather than erasing them. The researcher 

prompted students to put down their pencils and stop writing when the time was up. 

Scoring of Handwriting Fluency Tasks 

After the responses are collected, names were replaced with student identification 

numbers. The researcher and another rater, who was also fluent in English and Chinese, 
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scored part of the data to establish interrater reliability before the researcher scored the 

rest of the data. Each student received five scores, one for each task. This process 

included tallying the number of legible, correctly written, and ordered alphabet letters 

and/or numbers for final scores for each of the English handwriting fluency tasks. For the 

Chinese number and copy tasks, each legible and correct Chinese character were counted 

for a final score per task. 

Interrater Reliability 

The researcher prepared a training module to ensure that both graders (the 

researcher and the other grader) understood the same grading rubrics and ensure a 

standardized scoring procedure. After the initial training, each of the two graders 

separately and independently scored a randomly selected 10% of the sample. Thereafter, 

the two graders met via Zoom to compare their interrater reliability and discuss any 

scoring discrepancy to improve reliability in the scoring. 

The researcher initially thought that the interrater reliability was less than ideal 

and called for a follow-up training for both graders to code together the original 10% of 

the sample. However, upon further discussion, the researcher recognized two errors in the 

initial interrater reliability calculation. First, only matched correct answers were counted, 

rather than counting both correct and incorrect paired matches. Second, the graders were 

counting correct words only instead of each correct letter in the English alphabet and 

copy tasks, thus a word that had 4 correct letters and 1 incorrect letter was scored as an 

incorrect word. Once these errors were resolved for the original 10%, the researcher 

reevaluated and found high interrater reliability. Next, another randomly selected 20% of 

the data was used, where the two graders independently scored this same 20% or data set. 



  82 

 

   

 

For the combined 30% of the sample, which included the original 10% and the additional 

20%, the interrater reliability of each task was higher than 95%. Afterwards, the 

researcher scored the remaining 70% of the data. 

Data Analyses 

Basic descriptive summary statistics, such as mean scores and standard 

deviations, gender distribution, and ranges by grade level for each of the five handwriting 

tasks were calculated to provide basic characteristics of the participants. Correlation 

Pearson’s r was computed to determine the correlation of each pair of handwriting 

fluency task based on the four research questions. The rationale of each pair of 

handwriting tasks was displayed in Table 3.2. 

Table 3.2 

Possible Correlations Derived from Task Data and Research Questions 

 Correlation Prediction Targeted 

Research 

Question 

Rationale 

1 English digital 

number task and 

Chinese number 

task 

English digital 

number-writing 

fluency 

positively 

predicts Chinese 

number-writing 

fluency 

Question 1 Number-writing is a pre-

writing activity for both 

languages. Initial 

correlation between 

English and Chinese 

handwriting fluency 

(HWF) is established if 

good English proficiency 

corresponds with good 

Chinese proficiency. 

2 Chinese number 

task and 

Chinese copy 

task 

Chinese 

number-writing 

fluency 

positively 

predicts Chinese 

copying fluency 

Question 2   The subskill of visual-

motor integration in 

writing Chinese characters 

is commonly shared in 

Chinese number-writing 

and copying tasks. 
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 Correlation Prediction Targeted 

Research 

Question 

Rationale 

3 English digital 

number task and 

English letter-

writing task 

English digital 

number 

positively 

predicts English 

letter-writing 

task 

Question 2 Underlying handwriting 

skills support both number 

and letter writing 

fluencies. 

4 English letter-

writing task and 

Chinese number 

task 

English letter-

writing 

positively 

predicts Chinese 

number-writing 

fluency 

Question 2 The correlation between 

English and Chinese HWF 

is inferred. Both English 

letter-writing and Chinese 

number tasks are memory 

tasks that require retrieval 

of knowledge of symbolic 

formation. 

5 English letter-

writing task and 

English 

sentence-

copying task 

English letter 

writing 

positively 

predicts English 

sentence 

copying 

Question 3 Letter-writing is a memory 

task, whereas copying is an 

efficiency task. The 

pangram that is used in the 

copying task contains all 

26 letters. The fluency for 

retrieving and scribing 

letters predicts the speed of 

copying them. 

6 English copy 

task and 

Chinese copy 

task 

English copying 

fluency 

positively 

predicts Chinese 

copying fluency 

Question 3 The underlying 

handwriting skills support 

handwriting fluency in 

both languages. 

7 Task 

correlations 

between grades 

and gender 

3rd >2nd>1st 

Girl>Boy 

Question 4 More developmentally 

mature children have 

greater HWF than less 

developmentally mature 

children. Girls tend to have 

greater HWF than boys. 
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Multiple regression analyses were also calculated to find the adjusted correlation 

for each pair of handwriting tasks and to provide a more accurate correlation of each pair 

of handwriting tasks. An analysis of variance (ANOVA; Hurschler Lichtsteiner et al., 

2018) was used to calculate if there were any significant differences among all tasks, 

grades and genders. Detailed data analyses are discussed in Chapter 4. 
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CHAPTER 4 

RESULTS 

This study examined the relationships among measures of English and Chinese 

handwriting fluency in early elementary Chinese dual language immersion (DLI) learners 

informing the developmental handwriting progression by grade level and gender. This 

study also considered how the selected English and Chinese handwriting fluency tasks 

were interrelated. A quantitative approach was utilized to help compare participants’ 

English and Chinese handwriting fluencies. The results presented in this chapter include 

demographic information, interrater reliabilities for each handwriting task, descriptive 

statistics, correlation matrixes (displayed in tables, graphs, and charts), regression, and 

ANOVA results. The data from the teacher survey are summarized in Appendix K. These 

data indicated that teachers provided around 60 minutes of Chinese handwriting 

instruction each week, thus offering some context of DLI handwriting instruction. 

Research Questions 

This study focused on three goals: 1) to determine correlations between Chinese 

and English handwriting fluencies among young DLI learners on five selected tasks; 2) to 

ascertain differences in handwriting development by grade level and gender; and 3) to 

consider educational implications related to handwriting development and instruction for 

Chinese DLI programs. To explore these goals, this study was guided by the following 

research questions:  

1. How do handwriting fluencies of young DLI students measured as writing 

English digital numbers and Chinese numbers as characters correlate? 
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2. How do English and Chinese number tasks correlate with their respective copy 

tasks? 

3. How do handwriting fluencies on an English letter-writing task correlate with 

sentence-copying tasks? 

4. How do handwriting fluencies in English and Chinese develop across grade levels 

and by gender in an early DLI elementary program? 

Data Collection Procedures 

Approvals and Participants 

After appropriate approvals were received for this study, the researcher 

coordinated with the school principal and teachers of the Chinese Dual Language 

Immersion (DLI) program to recruit students for this research study. Consent forms were 

received before the researcher collected data on the five handwriting fluency tasks, 

including English number-writing, English alphabet writing, English sentence copying, 

Chinese number-writing, and Chinese sentence copying. 

The student participants (N = 109) who consented to this study came from a 

stratified sample of Chinese DLI elementary students in Grades 1–3. These students were 

taught by three English teachers and three Chinese-immersion teachers at the same school 

in Utah, in the United States. All six teachers were female with 5 to 10 years of teaching 

experience. Demographic information of participants is provided in Table 4.1, including a 

total of 59 male and 50 female participants. The male-to-female ratio was nearly even in 

Grades 2–3, but the ratio of consenting students was two males to every female in Grade 

1. 
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Table 4.1 

Demographic Information for Participants 

Grade/Age n Male n Male % Female n Female % 

1st (6 – 7 Years) 39 26 23.9% 13 11.9% 

2nd (7 – 8 Years) 34 16 14.7% 18 16.5% 

3rd (8 – 9 Years) 36 17 15.6% 19 17.4% 

Total 109 59 54.2% 50 45.8% 

 

Scoring Procedures and Interrater Reliability 

The five handwriting tasks were scored by the primary researcher and another 

scorer, who were both doctoral students and native-Chinese speakers, with DLI 

experience. The first step was to share and apply the scoring rules to establish interrater 

reliability. To promote scoring reliability, they randomly selected 10% of the data to 

score together as training. Then, they randomly selected another 20% of the data to score 

separately. The interrater reliability of each of the five individual tasks was higher than 

95%, ranging from 95.9% to 99.6% (Table 4.2). The lower interrater-reliability rate for 

the Chinese copy task may be due to the number of strokes per character included in this 

task. The Chinese copy task contained 53 strokes in its 8-character sentence, compared to 

the Chinese number task which had only 27 strokes in the 1–10 numbers. Thus, the copy 

task involved almost two times more strokes than the Chinese number task. The increased 

number of strokes used in the task may have resulted in more errors. However, the 

interrater-reliability rate was still considered very high and acceptable. After these 

interrater reliabilities were established, the primary researcher finished scoring the 

remaining 70% of the samples. 
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Table 4.2 

The Interrater Reliability Across Five Tasks 

Task Interrater Reliability 

English Number 98.7% 

English Alphabet 99.1% 

English Copy 99.2% 

Chinese Number 99.6% 

Chinese Copy 95.9% 

 

As an additional scoring analysis, the researcher recorded and analyzed the 

miscue rate of the participants for numbers, letters, and characters. Miscue rates were 

tracked by handwriting tasks and by grade, using an Excel file to determine the five most 

common mistakes made by participants per task. This provided additional information 

and a broader picture of participants’ performance in each of the English and Chinese 

handwriting fluency tasks. In regards to the English letters, the miscue rates also allowed 

the researcher to compare the data from this study with those from other past available 

studies. The results of the miscue rates will be addressed later in this chapter. 

Data Analysis 

After all the handwriting tasks were scored, data analyses were conducted using 

Jamovi Version 2.3 (The Jamovi Project, 2022). First, descriptive statistics were 

computed to establish the basic features of the data. Second, several Pearson’s r 

correlation coefficient analyses of the data were conducted to determine the association 

and the strength of the correlations among the five handwriting tasks. Thereafter, multiple 

regression analyses helped to calculate the adjusted correlations to estimate the 

hypothesized relationships and account for the multiple predictors of the criterion 
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variable. This allowed the researcher to weight the value of predictor variables and to 

select coefficients that would reduce the sum of squared errors (Mark & Goldberg, 1988), 

thus optimizing the accuracy of the prediction model by weighting the predictor values 

and representing the level of contribution in the overall prediction (Halinski & Feldt, 

1970). Lastly, an analysis of variance (ANOVA) was calculated to examine the potential 

differences within each of the five handwriting tasks, while factoring the variables of 

grade and gender. 

There were three participants with incomplete data sets; one participant did not 

complete the Chinese handwriting tasks and two did not finish the English tasks. These 

students were in school for only part of the day during data collection and thus did not 

complete either the first or the second half of the handwriting tasks. The missing data sets 

were noted by the researchers for the analysis, which were then automatically handled by 

Jamovi software using pairwise comparisons between the English and Chinese 

handwriting tasks. 

Descriptive Statistics 

The descriptive statistics summarize the basic features of the data for Grades 1–3 

participants for each of the five selected handwriting tasks used in this research study. 

These descriptive statistics include means, standard deviations, medians and ranges, as 

shown in Table 4.3. The English number, English alphabet, and Chinese number tasks 

were completed as 1-minute activities; whereas the English copy and Chinese copy tasks 

were 2-minute activities. Thus, to be comparable with the other tasks, the outcomes of the 

copy tasks were halved to approximate 1-minute scores. The recalculated 1-minute mean 

scores for the English copy and Chinese copy tasks for Grades 1–3 were 47.82 and 7.72 



  90 

 

   

 

respectively. The recalculated 1-minute mean score by grade level was 30.52 and 4.22 for 

Grade 1; 50.96 and 8.99 for Grade 2; and 63.56 and 10.40 for Grade 3 respectively. 

Table 4.3 

Descriptive Statistics for Five Handwriting Fluency Tasks by Grades 

Task Grade n Mean Median SD Range 

Eng # 1-3 107 53.66 54 16.01 19-86 

(1 min.) 1 38 39.63 38.5 11.00 19-61 

 2 34 61.59 63 11.46 38-86 

 3 35 61.20 63 14.11 27-82 

Eng Alph 1-3 107 34.07 32 14.61 5-70 

(1 min.) 1 38 22.87 23.5 8.74 5-45 

 2 34 34.24 32 12.79 11-57 

 3 35 46.06 46 11.66 20-70 

Eng Copy 1-3 107 95.64 94 37.79 27-191 

(2 min.) 1 38 61.03 61 19.21 27-101 

 2 34 101.91 99 26.54 64-153 

 3 35 127.11 130 31.12 53-191 

Chi # 1-3 108 19.28 18 10.26 4-53 

(1 min.) 1 39 11.54 10 6.42 4-30 

 2 34 24.35 23.5 9.16 9-53 

 3 35 22.97 20 9.77 4-43 

Chi Copy 1-3 108 15.44 15 7.04 4-32 

(2 min.) 1 39 8.44 8 2.94 4-16 

 2 34 17.97 17.5 4.50 11-29 

 3 35 20.80 21 5.88 5-32 

Note. Eng # = English number; Eng Alph = English alphabet; Eng Copy = English copy; 

Chi # = Chinese number; Chi Copy = Chinese copy. 
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In comparing the overall mean scores of all five tasks, there were at least 10 unit 

increases across the score of all five handwriting tasks from Grades 1–2. When 

calculating all average scores in a 1-minute interval, the researcher found sizable 

increases in performance from Grades 1–2 on the English number task (22-unit increase), 

the English alphabet task (11-unit increase), the English copy task (20-unit increase), the 

Chinese number-writing task (13-unit increase), and the Chinese copy task (5-unit 

increase). Grade 2 participants showed higher mean averages in English and Chinese 

number handwriting tasks than Grade 3 participants. 

Base on a 1-minute interval, both the English alphabet (12-unit increase) and copy 

tasks (13-unit increase) indicated at least 10 unit increases from Grades 2–3. 

Nevertheless, the increase in Chinese copy task was very small, less than 1.5 units. 

Unexpectedly, the mean scores of the English number and Chinese number tasks 

decreased from Grades 2–3. Evidently, Grade 3 participants showed expected growth in 

the English handwriting fluency but not in Chinese handwriting fluency. The ranges in 

English number and Chinese number tasks indicated some especially low scores among 

Grade 3 participants, as well as some especially high scores from Grade 2 participants. 

Examining the standard deviations, Grade 3 participants’ scores were more distributed for 

the English number, English copy, Chinese number, and Chinese copy tasks than those 

for Grades 1–2 participants, indicating greater individual variability. 

Differences in Memory and Copying Handwriting Tasks 

Different researchers have adapted a variety of handwriting measurements to 

assess handwriting fluency, including alphabet writing, which requires the retrieval of 

letters from memory (Graham et al., 1997; Wagner et al., 2011), but some foreign 
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language research has replaced the alphabet task with the number task to accommodate 

the nature of another language (Lam & McBride, 2018; Stievano et al., 2016; Yan et al., 

2012). A few studies have used varied copying materials such as different words, 

sentences, or paragraphs, and a variety of time intervals. There is no consensus on how 

handwriting fluency, especially across languages, is best evaluated (Lam & McBride, 

2018). 

Existing research has often used alphabetic tasks to measure English handwriting 

fluency; however, Chinese is a logographic language and cannot be measured as a form 

of alphabet writing. As such, a Chinese character number-writing task was used in this 

study as a comparable and acceptable fluency measure to compare English and Chinese 

handwriting and as a counterpart for the English alphabet writing task (Yan et al., 2012). 

This was a comparable and acceptable task for two reasons; first, Chinese numbers share 

stroke features comparable to English letters. Second, Chinese DLI learners in this 

sample had learned to write numbers 1 to 10 as Chinese characters in Grade 1 prior to 

learning other characters (Mandarin Matrix, 2021). Similarly, these young learners were 

familiar with writing Arabic numerals (digital, 1–10) as they were part of their initial 

writing activities in school (Lam & McBride, 2018). Therefore, English and Chinese 

number tasks were used as a common starting point to establish the relationship between 

English and Chinese handwriting fluencies. This research also targeted the developmental 

trends of handwriting fluencies among first, second, and third graders, starting with 

number-writing fluency. 

Timed-letter and number-writing tasks are memory-retrieval generative tasks that 

require the recall of memorized symbols before writing them down. Rapid memory 
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retrieval and symbol generation are indicative of automaticity. Meanwhile, a brief 

copying task is an efficient assessment of handwriting fluency that entails looking at a 

posted sentence, transferring the information received from the visual scan, and 

remembering the sequenced items to write them down on another surface. The more 

automatic the participants are in recognizing and then scribing the posted symbols, the 

more handwriting output they can produce, which indicates another aspect of their 

handwriting fluency. 

Differences in English and Chinese Handwriting Fluency 

Overall, participants in this study had higher English mean scores compared to 

their Chinese mean scores, shown in Table 4.3 above. This was anticipated because 

nearly all (n = 104) of the 109 participants (95%) were native-English speakers. More 

specifically, the overall English number and Chinese number mean scores were 53.66 and 

19.28 per minute respectively, and the English copy and Chinese copy mean scores were 

47.82and 7.72 per minute respectively. Therefore, these participants generated 2.8 times 

more English numbers than Chinese numbers and copied six times more items presented 

in the English sentence than in the Chinese sentence. These results should be interpreted 

with caution, but it is notable that there were sizable gaps in the learners’ handwriting 

fluencies across the two languages, perhaps because English and Chinese sentences 

derive from two different handwriting systems with different levels of exposure for these 

students. Given the same amount of English and Chinese instruction in the DLI program, 

a likely explanation for the lesser Chinese handwriting fluency performance is that 

students were not as familiar with the Chinese characters compared to their native 

English symbols. Thus, they were not yet as automatic in Chinese handwriting, and they 
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had to focus heavily on visual perception (Tseng & Hsueh, 1997; Tseng & Murray, 1994) 

to copy words rather than retrieving the symbols from memory. The large interlanguage 

differences suggest that the performances were not comparable. Additional explicit 

handwriting instruction or practice may be needed to improve Chinese handwriting 

fluency and narrow these gaps. 

Jones and Christensen (1999) provided a glimpse of alphabet handwriting scoring 

standards for Grade 1 students. In their study, first-graders were considered poor 

handwriters if they wrote fewer than eight letters per minute. Accordingly, students were 

deemed as having average handwriting fluency if they scored 15–24 letters per minute, 

which is similar to the threshold established in Graham’s (2010) study. Grade 1 students 

were considered very good handwriters if they produced more than 31 letters per minute 

(Jones & Christensen, 1999). For Grade 1 participants in the current Chinese DLI study, 

15 (39.5%) scored average or 15–24 letters per minute, while 16 (42.1%) scored above 

average and were considered good writers. In short, the Grade 1 English scores in this 

sample were similar to or better than counterparts in prior studies.  

Given the available comparisons in Chinese handwriting fluency, the Grade 3 

Chinese handwriting scores in this study were not comparable to Yan et al.’s (2012) 

study of native-Chinese writers (which did not measure handwriting fluency in Grade 1 

or in Grade 2). Grade 3 Chinese students in Hong Kong had a mean Chinese number 

score of 49.98, more than double the mean of 23 for third graders in this study. Moreover, 

in the same study, the average Chinese copy score for Grade 3 students in Hong Kong 

was 15.64 in one minute, whereas Grade 3 students in this study wrote approximately 

10.40 characters in a 1-minute interval. These comparisons highlight the lag in character 
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number-writing and character-copy performance among the Grade 3 Chinese DLI 

participants in the current study and showed that their Chinese handwriting fluency was 

not on par with other samplings. But this was expected because Chinese was the primary 

language for in Hong Kong, rather than a second language as for those in this study. 

Differences in Grade-level Scores 

As expected and shown in Table 4.3, increasingly higher mean scores were 

observed for all five handwriting tasks between Grades 1 and 2. But unexpectedly, higher 

mean scores from Grades 2–3 were only observed in three of the five handwriting tasks 

(i.e., English alphabet, English copy, and Chinese copy tasks). In other words, the mean 

scores by grade revealed that Grade 3 participants did not perform markedly better than 

Grade 2 participants on the English number task (M = 61.59 versus 61.20), nor on the 

Chinese number task (M = 22.97 versus 24.35). A closer analysis of the standard 

deviations and raw scores indicated that some higher-performing Grade 2 participants 

outperformed Grade 3 students, influencing the overall means. As stated in the literature, 

individual differences in handwriting skills may result in disparities in grade-level 

handwriting fluencies (Graham & Harris, 2000; Maeland, 1992; Tseng & Chow, 2000; 

Tseng & Murry, 1994). 

As noted earlier, handwriting skills typically improve with time, instruction, and 

practice. Grade 3 participants in this sampler reached the expected handwriting fluency 

on the English alphabet and copy tasks, and Chinese copy task. But they demonstrated a 

lack of automaticity in English and Chinese number-writing tasks. Additional analyses of 

the data, including correlation, regression, and repeated measures of ANOVA helped to 



  96 

 

   

 

provide additional information about the relationships between the English and Chinese 

handwriting fluencies among these students. 

Findings Informing the Research Questions 

Correlation and regression analyses were used to determine the strength of 

associations between English and Chinese handwriting variables to answer Research 

Questions 1–3. The first question targeted the handwriting fluency relationship between 

English number and Chinese number-writing to determine a basic relationship that could 

inform the other task comparisons. Next, correlations between number tasks and their 

corresponding copy tasks (i.e., English number versus English copy and Chinese number 

versus Chinese copy) were calculated to answer Question 2. Then, Question 3 explored 

the association between the English alphabet and the English copy task, and by 

extrapolation the Chinese copy task. The pairing of these variables sought to determine 

how the two different English handwriting measurements, which have been widely used 

in other handwriting research, correlated for these Chinese DLI students. To answer 

Question 4, ANOVAs were used to answer if there were significant differences among 

handwriting tasks based on grade and gender. 

Correlation Analyses 

 The correlation matrix (Table 4.4) shows the different correlations across five 

handwriting fluency tasks. All paired variables revealed moderately positive associations, 

ranging from the weakest correlation, Pearson’s r = .56, p < .001 (English alphabet and 

Chinese number scores) to the strongest correlation (English copy and Chinese copy 

scores), Pearson’s r = .86, p < .001. The consistently strong correlations are possibly 

explained because handwriting, whether of English or Chinese symbols, uses common 
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subskills (i.e., visual perception, visual-motor integration, finger functioning, and 

orthographic coding) for handwriting. Results showed that the English alphabet task 

(letter writing) was correlated, but to lesser degrees, to the English number (Pearson’s r 

= .59, p < .001) and the Chinese number tasks (Pearson’s r = .56, p < .001). Although the 

English number, English alphabet, and Chinese number tasks are memory retrieval tasks, 

they utilized different symbols that are not directly related. The correlation between the 

two copy tasks (Pearson’s r = .86) was strongest, perhaps indicating that copying 

symbols, regardless of familiarity, is more similar than retrieving different language 

symbols from memory—at least for younger learners. 

Table 4.4 

Handwriting Fluency Correlation Matrix 

  Eng # Eng Alph Eng Copy Chi # Chi Copy 

Eng # — 0.59*** 0.71*** 0.65*** 0.70*** 

Eng Alph  — 0.83*** 0.56*** 0.75*** 

Eng Copy   — 0.68*** 0.86*** 

Chi #    — 0.67*** 

Chi Copy     — 

Note. Eng # = English number; Eng Alph = English alphabet; Eng Copy = English copy; 

Chi # = Chinese number; Chi Copy = Chinese copy. 

N = 109; *p < .05, **p < .01, ***p < .001. 
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Regression Analyses 

Regression models were examined to determine whether changes in the dependent 

handwriting variables were associated with the change of one or multiple independent 

handwriting variables. To provide a more accurate prediction (Halinski & Feldt, 1970), 

multiple regression models were calculated, using one dependent variable and multiple 

predictors. Including multiple predictors in one regression model can more accurately 

compute adjusted correlations to better reflect how variables are correlated. Three 

regression models used combinations of independent and dependent variables to answer 

Research Questions 1–3. 

To address Question 1, Chinese number-writing was used as the dependent 

variable because it was the initial bridge between English and Chinese fluencies. This 

was done to examine how English number handwriting fluency helped to predict Chinese 

number handwriting fluency. To answer Question 2, the English number-writing scores 

of participants were used to predict the English copy scores. Similarly, the Chinese 

number-writing scores were used to predict the Chinese copy scores. The participants 

were asked to retrieve symbols (i.e., English numbers and Chinese number characters) 

from memory automatically before being asked to fluently copy sentences, according to 

the design of the study. 

For Question 3, the English copy task was deemed dependent on the English 

alphabet writing task as they shared the same symbols (Table 4.5). It was expected that 

the English letter writing and the English copy tasks shared a strong relationship 

(Pearson’s r = .83) because recalling the alphabet from memory facilitates the copying of 

letter forms as part of a sentence. 
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Table 4.5 

Regression Models with Different Handwriting Predicting Variables 

 Predictor B SE β t p 

Model 1: Chi # (DV)      

  Intercept -3.32 2.61  -1.27 .206 

  Eng # (IV) 0.13 0.07 0.21 2.01 .047 

  Eng Alph (IV) 0.02 0.09 0.02 0.20 .840 

  Eng Copy (IV) 0.10 0.05 0.36 2.15 .034 

  Chi Copy (IV) 0.35 0.22 0.23 1.55 .125 

  Grade 

     2 – 1 

     3 – 1 

 

2.61 

-2.23 

 

2.33 

2.61 

 

0.25 

-0.22 

 

1.12 

-0.86 

 

.267 

.394 

Model 2: Eng Copy 

(DV) 
     

  Intercept  6.51 6.20  1.05 .296 

  Eng # (IV) 0.47 0.15 0.20 3.04 .003 

  Eng Alph (IV) 1.16 0.17 0.45 6.90 < .001 

  Chi # (IV) 0.73 0.23 0.20 3.23 .002 

  Grade 

     2 – 1 

     3 – 1 

 

7.07 

20.07 

 

5.13 

5.55 

 

0.19 

0.53 

 

1.38 

3.62 

 

.171 

< .001 

Model 3: Chi Copy 

(DV) 
     

  Intercept 0.15 1.31  0.12 .907 

  Eng # (IV) 0.09 0.03 0.21 2.91 .004 

  Eng Alph (IV) 0.18 0.03 0.39 5.40 < .001 

  Grade 

     2 – 1 

     3 – 1 

 

5.15 

5.57 

 

1.06 

1.18 

 

0.74 

0.80 

 

4.86 

4.73 

 

< .001 

< .001 

Note. Eng # = English number; Eng Alph = English alphabet; Eng Copy = English copy; 

Chi # = Chinese number; Chi Copy = Chinese copy; DV = Dependent variable; IV = 

Independent variable. 



  100 

 

   

 

Overall, the researcher considered three regression models to calculate the 

adjusted correlation in this study. Regression Models 1 and 2 met the assumptions of 

normality using a Shapiro-Wilk test. However, regression Model 3 originally did not 

meet the assumptions of normality (p = .034) when Chinese number scores were added as 

independent variables (IVs) to predict the Chinese copy task. 

Thereafter, histograms were used to check the data distribution of the five 

handwriting tasks. The histograms in Figure 4.1 show the distribution of the English 

number, English alphabet, and English copy tasks, which appeared to have normal 

distributions. However, the distribution of the Chinese number task was right-skewed. 

Moreover, the overall mean of the Chinese number task was greater than its median 

which was also confirmed by the descriptive statistics. The right-skewed distribution of 

the Chinese number task indicated that fewer DLI participants were not yet automatic in 

their Chinese number fluency, with the majority of them performing at the lower end of 

the distribution. Thus, removing the Chinese number task from Model 3 allowed a more 

robust prediction, and Model 3 then met the assumption of normality (p = .130). As noted 

in the descriptive statistics, the large disparity between the English and Chinese copy 

scores hindered the comparison when both scores were used in the same model. 

Removing the relative copy task from Models 2 and 3 reduced some of the prediction that 

could be made, but it yielded a more precise prediction model of which independent 

variables had the most predicting power on copy tasks. 
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Figure 4.1 

Histograms of the Five Handwriting Fluency Tasks. 
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 Question 1: Correlations between English Number and Chinese Number 

Tasks. Both the correlation matrix and regression models showed a moderate relationship 

between English and Chinese number scores. The IVs in Model 1 (all three English tasks 

and Chinese copy tasks) had a moderate association (R2 = .57, F[7, 98] = 18.4, p < .001) 

with Chinese number-writing (DV), accounting for 57% of the variance in the Chinese 

number scores. This result suggests a degree of transferability between English and 

Chinese handwriting fluencies. This analysis showed that for every one unit increase in 

English number score, participants had a 0.13 (p = .047) unit increase in their Chinese 

number score. 

 The correlation matrix (Table 4.4) displayed a moderate positive correlation (r 

= .65, p < .001) between English number and Chinese number. Regression Model 1 

(Table 4.5) also showed a positive linear relationship (β = 0.21, p = .047) between 

English number and Chinese number fluency. The positive correlation between English 

and Chinese number scores implies that English number scores moderately predicted 

Chinese number scores. This may be due in part to the fact that, regardless of language, 

both number tasks are recall tasks that require similar cognitive skills to retrieve symbols 

from stored memory and similar visual, spatial, and motoric functions. Therefore, English 

number-writing fluency was predictive of the Chinese number-writing fluency to an 

extent. 

 The English copy score was a stronger predictor of the Chinese number score (β = 

0.36, p = 0.034) compared to the English number score (β = 0.21, p = .047). For every 

one-unit increase in English copy score, there was a 0.10 unit (p = .034) increase in 

Chinese number score. As noted, these DLI participants were not yet fluent in Chinese 
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handwriting; however, English number and copy scores were moderate predictors of their 

Chinese number fluency.  

Although correlated, the differences between English and Chinese number-

writing scores were sizeable across grade levels. Overall, participants wrote 2.8 times 

more English numbers than Chinese numbers. Grade 1 participants wrote 3.4 times, 

Grade 2 participants wrote 2.5 times, and Grade 3 participants wrote 2.7 times more 

English numbers than Chinese numbers (Table 4.3). Grade 1 participants were English 

native speakers who may or may not have had prior knowledge of Chinese characters 

when they started the Chinese immersion program. Therefore, large differences in 

number-writing scores might be expected for first graders. The difference was smaller in 

Grade 2 demonstrating more Chinese number handwriting automaticity. However, 

fluency scores were not more comparable in Grade 3, which is addressed in a later 

section. 

Question 2a: Relationships between English Number and English Copy 

Tasks. The English number and English copy tasks showed a strong correlation with a 

Pearson’s r = .71, p < .001. In Model 2, English number, English alphabet, and Chinese 

number scores were IVs with a strong effect (R2 = .82, F[6, 99] = 73.7, p < .001) on 

English copy scores (DV). The IVs in Model 2 explained 82% of the variability observed 

in the English copy scores. For every one-unit increase in English number score, 

participants had a 0.47 (p = .003) unit increase in their English copy score. 

The present study adopted the English number-writing task used in the Lam and 

McBride (2018) study, which assessed 141 Chinese kindergarteners’ handwriting fluency 

using a 1-minute Arabic number-writing (1–10) measurement. The mean score of English 
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number-writing for kindergarteners in that study was 44.23 numbers with a range of 17– 

87. Grade 1 participants in the present study produced an average of 39.63 numbers with 

a range of 19–61 (Table 4.3). The lower mean score and smaller range imply that these 

Grade 1 participants were behind native-Chinese kindergarteners in basic English 

number-writing fluency.  

 Question 2b: Relationships between Chinese Number and Chinese Copy 

Tasks. Although the correlation between the Chinese number and Chinese copy tasks 

was moderate (Pearson’s r = .67, p < .001), the correlation between the English number 

and English copy tasks (Pearson’s r = .71, p < .001) and the correlation between the 

English alphabet and English copy tasks (Pearson’s r = .83, p < .001) was stronger. 

Therefore, the English handwriting fluency tasks shared stronger correlations than 

Chinese handwriting fluency tasks. One explanation is that DLI participants were still 

developing and not yet fluent in their Chinese handwriting fluencies; thus, the results 

showed stronger correlations among English writing tasks and weaker correlation 

between the Chinese number and copy scores. 

Model 3 (Table 4.5) considered how the English number and English alphabet 

(IVs) tasks predicted performance in the Chinese copy task (DV). As mentioned earlier, 

the Chinese number-writing variable was removed from the overall model because of the 

violation of the assumption of normality. The regression analysis then showed that the 

English number and alphabet scores had a strong effect (R2 = 0.75, F[5, 100] = 60.5, p 

< .001) on the Chinese copy scores. The English alphabet score was a stronger predictor 

(β = 0.39, p < .001) of Chinese copy scores than the English number scores (β = 0.21, p 

= .004).  
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The regression Model 3 did not yield any insight about how Chinese number 

fluency predicted Chinese copy task because the Chinese number task was not included 

in this model. Nevertheless, the reasonably strong correlation between the Chinese 

number and Chinese copy fluency implies that these two Chinese handwriting tasks were 

closely related. The strong correlation between two Chinese fluency tasks was 

theoretically and practically aligned, as they shared writing characters with similar stroke 

features. The strong correlation can also be explained by the existing DLI curriculum, 

where participants were taught to write Chinese numbers before other Chinese characters 

(Utah Dual Language Immersion, 2021). Writing numbers as Chinese characters is a 

foundation for learning other, more complex, Chinese characters in the DLI program. The 

former provides the stroke order and building blocks that are the basis for the 

development of the latter.  

As shown earlier, overall, grade-level participants in this study demonstrated less-

developed proficiency in Chinese handwriting compared to students in other studies. On 

the Chinese copy task, Grade 3 participants in this study scored slightly behind Grade 3 

participants in Tseng and Chow’s (2000) study. The average for a 1-minute Chinese copy 

task for Grades 2 and 3 writers in Tseng and Chow’s (2000) study was 7.6 words and 

13.3 words respectively. Meanwhile, the average scores for the approximated 1-minute 

copy task for Grades 2 and 3 participants in this study was 9 words and 10.4 words 

respectively (Table 4.3). In other words, in this study, the Grade 2 participants were 

slightly ahead (9 words in this study compared to 7.6 words in Hong Kong’s study) and 

the Grade 3 participants were behind (10.4 words compared to 13.3 words in Hong 

Kong). 



  106 

 

   

 

In this present study, Grade 2 participants outperformed Grade 3 participants in 

both English and Chinese number tasks. Using Tseng and Chow (2000) as a reference, 

these Grade 3 participants did not perform comparably on Chinese handwriting tasks. 

The results may indicate an atypical sampling or the need to understand why these third 

graders had seemingly stalled in their writing, which might warrant a change of duration 

and quality of handwriting instruction, particularly for Grade 3. 

The English copy task was strongly correlated with the Chinese copy task, likely 

due to the similar nature of their underlying writing subskills, including visual perception, 

motoric skills, working memory, configuration, etc. When copying letters or characters, 

younger learners learn to control their fingers and hand movements, attend to the visual 

stimulus, retrieve words from working memory, integrate their visual and motor actions, 

and apply orthographic structure of the language into a motor response (Maldarelli et al., 

2015). Regardless of language, the basic process of handwriting stays constant. The 

strong correlations between English and Chinese copy tasks in this study suggested there 

was a transfer of handwriting skills and subskills from English to Chinese handwriting. 

Q3: Relationships Between English Alphabet and English Copy Tasks. In 

regard to the letter-writing (i.e., English alphabet task) and English copy task, the 

correlation coefficient demonstrated these two variables to be strongly correlated with 

Pearson’s r = 0.83, p < .001 (Table 4.4). Regression Model 2 demonstrated that English 

alphabet fluency had the strongest correlation, predicting English copy scores (β = 0.45, p 

< .001). For every one unit increase in English alphabet score, participants had a 1.16 (p 

< .001) unit increase in their English copy score, which was the largest unit increase 

among the regression analyses. This strong correlation was expected because both the 
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English alphabet and copy tasks use the same English letters, which are the essential 

building blocks for writing words and sentences. Moreover, the ability to retrieve English 

alphabet letters automatically from memory frees up attentional resources (Graham et al., 

1997), allowing one to focus more on their motor control rather than on visual processing 

(Tseng & Hsueh, 1997; Tseng & Murray, 1994). 

In this study, the English alphabet-writing mean for Grade 1 was 22.87 (Table 

4.3) or similar to the average performance of Grade 1 students in other studies. In those 

studies, Grade 1 students typically wrote 15 to 24 letters of the alphabet (Graham, 2010; 

Jones & Christensen, 1999). The Wagner et al.’s (2011) study also served to 

contextualize the findings regarding the relationship between English alphabet and copy 

tasks in this study. Grade 1 participants in that study were administered the same alphabet 

task (writing the lowercase letters a–z from memory) and copy task (copying the same 

pangram sentence) as first-graders in the present study. Wagner et al. (2011) counted the 

average of correct words (6.98 or 7 words) for the sentence copy scores. In comparison, 

Grade 1 students in the present study had an average of 13.58 correct words, or two times 

more than Grade 1 students in Wagner et al.’s (2011) study. 

 In sum, the regression models showed that English and Chinese handwriting 

scores were related. The English fluency tasks were more correlated than the Chinese 

fluency tasks. This implies that these Grades 1–3 participants were less automatic in 

Chinese handwriting fluency in comparison with their English handwriting fluency. The 

following ANOVA further analyzed how these handwriting fluency tasks differed by 

grade and gender. 
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Analysis of Variance (ANOVA)  

A repeated measure ANOVA analysis was used to examine the interactions of all 

five handwriting fluency scores across grade and gender. However, the data did not meet 

the assumption of normality and homogeneity because the Chinese copy scores were not 

sufficiently distributed. When the Chinese copy and English copy scores were removed 

from the model, the assumptions of normality and homogeneity were met. Thus, using an 

ANOVA model with the English number, English alphabet, and Chinese number tasks 

was necessary to examine differences between these handwriting skills while controlling 

for grade and gender. 

Q4: Indications of Developmental Trends and Gender Differences. As noted 

previously and corroborated with the ANOVA model, there were no significant gender 

differences across grade-level data (p = .985). However, there were statistically 

significant differences between the means of the English number, English alphabet, and 

Chinese number tasks [F (2, 4) = 417.83, p < .001]. The mean differences between 

Grades 1 and 2, as well as Grades 1 and 3, were significantly different [F (2, 4) = 10.09, p 

< .001]. 

Individual fluency progression was not measured in this study because mean 

fluency scores represent different Grades 2 and 3 participants. Nonetheless, the results, as 

shown in Table 4.6, clearly show higher handwriting fluency in higher grades except for 

the unexpected lower scores on the Grade 3 English and Chinese number tasks. A viable 

interpretation of the general trend is likely the developmental nature of handwriting 

progression. Handwriting fluency progresses with age and schooling (Graham & Harris, 

2000; Graham et al., 1997). 
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Table 4.6 

ANOVA Within Subjects Effects: English Number, English Alphabet, and Chinese 

Number (Handwriting) 

 

Predictors  
Sum of 

Squares 
df 

Mean 

Square 
F p η² η²p 

Handwriting 60166.15 2 30083.08 417.83 < .001 0.38 0.81 

Handwriting ✻ 

Gender 
2.14 2 1.07 0.01 .985 0.00 0.00 

Handwriting ✻ 

Grade 
2906.41 4 726.60 10.09 < .001 0.02 0.17 

Handwriting ✻ 

Gender ✻ Grade 
133.94 4 33.49 0.47 .761 0.00 0.01 

Residual 14399.67 200 72.00         

Note. Handwriting includes English number, English Alphabet, and Chinese number. 

The unexpected underperformance in Grade 3 participants may indicate some 

particular idiosyncrasies in participating students, some undetected differences in their 

commitment to the tasks, or a verified need for increased handwriting instruction for 

underperforming students as grade level increases. Overall, the regression and ANOVA 

analyses showed that gender was not strongly predictive of English and Chinese 

handwriting fluencies, making gender an inconsequential variable. 

 Handwriting Fluencies Across Grades. A post hoc comparison was conducted to 

calculate the exact difference between each variable for handwriting fluency and grade. 

The post hoc comparisons, using the Tukey HSD test, indicated that the mean scores 

between Grades 1 and 2 were significantly different, as well as between Grade 1 and 
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Grade 3 participants when the tasks were combined. Grade 1 participants wrote 14.93 

fewer units than Grade 2 participants and 18.68 fewer units than Grade 3 participants. 

However, there was no statistically significant difference in handwriting fluency between 

Grades 2 and 3 participants (Table 4.7), corroborating the lack of expected higher scores 

for Grade 3 students in this sample. 

Table 4.7 

Post Hoc Comparisons of Grade-level Handwriting Fluency 

Comparison  

Grade  Grade Mean Difference SE df t ptukey 

1 – 2 -14.93 1.99 100 -7.48 < .001 

 – 3 -18.68 1.99 100 -9.36 < .001 

2 – 3 -3.75 1.98 100 -1.89 0.145 

 

Additional post hoc comparisons explained the differences between the three 

handwriting tasks and grades. The data showed that there was no statistically significant 

difference between Grades 2 and 3 students in English number and Chinese number tasks 

(Table 4.8), which further confirmed the underperformance in Grade 3 participants in 

English and Chinese number tasks. Graham and Harris (2000) pointed out that children’s 

handwriting fluency should improve 10 letters or more per minute, with each grade 

advancement and increased age (Graham & Weintraub, 1996). Normally, such annual 

increases seem to taper off at the beginning of high school. In the present study, mean 

scores increased at least 10 units of numbers, letters, or characters across five tasks from 

Grades 1–2, but not for Grade 3. 
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Table 4.8 

Post Hoc Comparisons of Handwriting by Tasks and Grade 

Handwriting Grade 
Mean 

Difference 
SE df t ptukey 

Eng # 2–3 0.03 2.96 100 0.01 1.000 

Eng Alph 2–3 12.37 2.68 100 4.61 <.001 

Chi # 2–3 1.09 2.07 100 0.53 1.000 

Note. Eng # = English number; Eng Alph = English alphabet; Chi # = Chinese number 

Visual Analysis of Developmental Progression. The repeated ANOVA model 

including English copy and Chinese copy was not used because it violated the 

assumption of sphericity and homogeneity. However, boxplots were reviewed and in 

Figure 4.2 display the differences by grade for all five handwriting tasks. Although not 

able to discern whether these differences are statistically significant, a visual inspection 

of the boxplots suggests some difference between male and female participants, as well 

as more pronounced variability across grades. The visual results indicate that there were 

differences in mean scores between grades levels and confirmed a developmental trend 

from Grades 1–2 across all five tasks for both males and females, and from Grades 2–3 in 

the English alphabet, copy, and Chinese copy tasks. Interestingly, the mean scores for 

boys evidenced an increase in handwriting fluency by each grade across all five tasks, 

including both English and Chinese number tasks as shown in the boxplots. However, 

some Grade 2 female participants performed substantially better and increased the mean 

scores and outperformed Grade 3 female participants in both English and Chinese 

number tasks. The English copy scores were more distributed among Grade 3 female 

participants compared to their Grade 2 female participants. 



  112 

 

   

 

Figure 4.2 

Boxplots of All Five Handwriting Tasks 

 

 

  

  

Note. Gender 1 = Male; Gender 2 = Female 

Miscue Rate. The unexpected outperformance of Grade 2 participants also 

manifested in the miscue rate analysis. Grade 2 participants made 28 mistakes, whereas 

Grade 3 participants made a total of 54 mistakes in the Chinese number task, which was 

almost double that of the Grade 2 participants. Grade 3 participants appeared to be more 

challenged to correctly form Chinese numbers as characters (shown in Appendix L). 
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They struggled with visual discrimination and confused certain number symbols with 

other characters. Ostensibly, Grade 3 participants had more difficulty recalling the 

Chinese number symbols, which resulted in a higher miscue rate that taxed their Chinese 

number-writing fluency overall. 

In summary, grade-level means showed an overall positive developmental trend 

in English and Chinese handwriting fluencies, and English fluency predicted Chinese 

handwriting fluency as theoretically expected and shown in Figure 4.3. 

Figure 4.3 

English and Chinese Handwriting Fluency Flow Chart of Chinese DLI Participants. 

 

The results showed significant differences between Grades 1–2 and Grades 1–3 

handwriting fluencies. Gender was not a significant factor in predicting English and 

Chinese handwriting fluencies. English number and copy scores were moderate 

predictors of Chinese number scores, and English alphabet score was a moderate 
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predictor of Chinese copy score. Importantly, in the beginning stages of learning Chinese, 

these young DLI learners were yet to demonstrate Chinese handwriting automaticity. 

Nevertheless, their English fluencies appeared to be sufficient and moderate predictors of 

their Chinese handwriting fluencies. 

Summary of Findings 

The findings in this study can be presented as three major outcomes. First, the 

results indicate that the participants’ English and Chinese handwriting fluencies were 

moderately correlated and English fluencies predicted Chinese fluencies. The predictive 

powers of the differently paired variables are summarized in Table 4.9. Rather 

inexplicably, the English copy task was a stronger predictor of Chinese number fluency 

than the English number task. 

Table 4.9 

Predictive Power of Paired Handwriting Variables  

Independent Variable Dependent Variable β p 

English Copy Chinese Number 0.36 0.034 

English Number Chinese Number 0.21 0.047 

English Alphabet Chinese Copy 0.39 < .001 

English Number Chinese Copy 0.21 0.004 

English Alphabet English Copy 0.45 < .001 

English Number English Copy 0.20 0.003 

Chinese Number English Copy 0.20 0.002 

 

Indeed, both English and Chinese handwriting fluencies entail similar handwriting 

subskills (e.g., visual perception, motoric skills, working memory, configuration, etc.), 
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affording the transferability from English handwriting into Chinese handwriting, even 

though these young DLI learners were not yet as fluent in their Chinese handwriting. 

Existing research has identified poor handwriters as scoring one standard deviation below 

the average for related fluency tasks (Tseng & Chow, 2000). Across the five tasks in this 

study, 12.8% of participants (n = 14); 10.2% (n = 4) of Grade 1; 14.7 % (n = 5) of Grade 

2; and 14.3% (n = 5) of Grade 3 participants scored one standard deviation below the 

average in at least one of the English and one of the Chinese handwriting tasks. Those 

struggling with English handwriting skills might also experience difficulty with Chinese 

handwriting skills. While lagging behind in Chinese writing fluency in general, two 

students (one each from Grades 1 and 3) scored one standard deviation below across all 

English and Chinese handwriting tasks, which merits some attention in research and 

pedagogy.  

Gender was not a significant predictor of handwriting fluency among these 

participants, which does not align with other research findings. Previously, gender has 

had a significant effect on predicting handwriting fluency (Berninger & Fuller, 1992; 

Cordeiro et al., 2018; Graham et al., 1998; Kim et al., 2015). Girls have been shown to 

write faster and produce more compositional texts than boys. In this present study, Grade 

3 male participants had slightly higher mean scores in English number (male M = 63.00; 

female M = 59.50), English alphabet (male M = 46.59; female M = 45.56) and Chinese 

number tasks (male M = 23.56; female M = 22.47) than Grade 3 female participants, 

which may again be related to the underperformance of some of the Grade 3 females.  

The second major finding was that Chinese DLI participants showed a positive 

developmental trend overall in both Chinese and English handwriting development. 
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There were notable differences among the three memory-based handwriting fluency tasks 

(English number, English alphabet, and Chinese number task) across grade levels. Grade 

2 participants showed higher scores than Grade 1 participants across all five handwriting 

tasks. It was expected that lower grade students would generate fewer numbers, letters, 

and characters than higher grade students generally. The findings in this study align with 

the existing research that handwriting fluency indeed increases with age in a positive 

developmental trend (Yan et la., 2012). 

Although handwriting fluency typically matures by age, the amount and the 

quality of handwriting instruction is also a major factor in improving handwriting fluency 

(Graham & Harris, 2010; Graham & Weintraub, 1996). Notably, the amounts of English 

handwriting output in this study were sizably larger than Chinese handwriting outputs. 

This may be due in part to the fact that students only need to learn 26 alphabet letters to 

read and write English, whereas writing Chinese requires a much larger set of characters. 

According to the current Mandarin Matrix curriculum, DLI students need to read and 

write 47 characters in first-grade, 62 in second-grade, 79 in third-grade, 85 in fourth- 

grade, 116 in fifth-grade, and 152 in sixth-grade (Utah Dual Language Immersion, 

2023a). Thus, given the findings and the required characters they are expected to master, 

these students were behind in Chinese writing fluency. With the amount of Chinese 

characters that they need to learn, the quantity and quality of sufficient handwriting 

instruction are extremely important for DLI students to master handwriting fluency of the 

expected Chinese characters. Note that these participants had already learned fewer 

Chinese characters in comparison to those in Chinese speaking countries, who have 

greater exposure to and learn more Chinese characters in the early grades. 
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The third major finding was the unanticipated underperformance among third-

grade participants in both English number and Chinese number tasks. In general, Grade 3 

participants should have demonstrated higher average scores than Grade 2 participants. 

This study found that this hypothesis applied to the English alphabet, English copy and 

Chinese copy tasks; but not to the memory-driven English and Chinese number tasks. 

Individual differences (Graham & Harris, 2000) may be a possible explanation for this 

unexpected result. However, the lack of explicit instruction or students’ approach to the 

tasks may explain the enigmatic lag of performance. 

In general, students should increase in handwriting fluency with age and 

schooling. However, educators should not assume that the development of handwriting 

fluency will develop normally without explicit instruction. In comparison to Grade 2 

participants, Grade 3 participants in this study showed less fluency in memory-driven 

number tasks as some of them perhaps forgot or confused the formation of Chinese 

number characters as shown in the miscue rate analysis. Although handwriting subskills 

can transfer across languages, explicit handwriting instruction is especially important to 

strengthen the memory of the Chinese character knowledge among emergent Chinese 

DLI students as they learn to write two disparate languages simultaneously. 

Recommendations for practice and future research are discussed in Chapter 5.  
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Chapter 5 

DISCUSSION 

The purpose of handwriting is to develop automaticity in efficiently jotting down 

notes or thoughts for later use. Handwriting is, thus, a tool for efficiency and a strong 

predictor of compositional quantity and quality (Graham & Harris, 2005; Limpo et al., 

2020; Reutzel et al., 2019). Handwriting studies have mostly focused on handwriting 

fluency in the context of only one language, despite the increase in the number of dual 

language immersion (DLI) programs (Gort, 2006). The purpose of this study was to 

examine the relationship between English and Chinese handwriting fluencies in early 

elementary Chinese DLI learners in Utah, using five handwriting fluency measures. 

The present study first explored the correlations between English and Chinese 

handwriting fluencies. Secondly, this study examined whether early DLI learners differed 

in their English and Chinese handwriting development. Thirdly, this research study 

sought to understand how handwriting fluencies of DLI students in Grades 1–3 differ by 

age and gender. This chapter reviews and interprets major findings for English and 

Chinese handwriting fluencies, notes some limitations to the study, and provides 

recommendations for future research and practice. This was a correlational study and a 

total of 109 participants (59 males and 50 females) from Grades 1–3 completed five 

handwriting tasks, including English number, English alphabet, English copy, Chinese 

number, and Chinese copy tasks. Responses for each task were analyzed and scored for 

accuracy and legibility to determine the number of correct items. The researcher 

conducted a series of analyses including a correlation matrix, regression models, and 

analysis of variance (ANOVA) to determine correlations, predictive power between 
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English and Chinese handwriting tasks, and whether these tasks are significantly different 

from each other after controlling grades and gender. 

Interpretation of the Findings 

There were very few comparable studies that compare English and Chinese 

handwriting fluencies among early DLI learners. As such, this study provided valuable 

findings that can inform subsequent investigations. This research generated three key 

findings and was notable in several ways. First, the moderate correlations between 

English and Chinese handwriting scores imply that there was likely a degree of 

transferability between both languages, despite a noticeable difference between the 

handwriting fluencies among young DLI students. English handwriting scores exceeded 

those for Chinese. Second, Chinese DLI participants demonstrated a positive 

developmental trend overall in both Chinese and English handwriting development. 

There were moderate differences among the three memory-based handwriting fluency 

tasks (English number, English alphabet, and Chinese number task) across all grade 

levels. Third, when comparing average mean scores between the grades, Grade 2 female 

participants unexpectedly outperformed their Grade 3 females in this sample, suggesting 

an apparent developmental trajectory that tapered off in Grade 3. These findings are 

discussed in detail in the following section. 

Comparison Between English and Chinese Handwriting Fluencies 

This study contributes to the existing body of literature regarding handwriting 

fluency by providing a preliminary overview and comparison of English and Chinese 

handwriting fluencies among early DLI elementary students. Most of the extant research 

has described handwriting fluency of elementary students in only one language, mostly 
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English. Few studies compared English and Chinese handwriting fluencies among the 

same learners, and none compared all five handwriting tasks with the same grade-level 

students. As shown in Table 5.1, other studies have compared language fluency within 

one language, but lacked a comparison between these two languages among DLI learners. 

Table 5.1 

Comparison of Handwriting Fluency Across Various Studies 

Tasks 

(# per min.) 
Grade 

Lam & 

McBride 

(2018) 

Graham 

et al. 

(1997) 

Graham 

et al. 

(2000b) 

Yan et al. 

(2012) 

Tseng & 

Chow 

(2000) 

Current 

Study 

English 

Numbers 

Written in 1 

Minute 

1 

44.23 

(K) 
- - - - 39.63 

2 
- - - - - 61.59 

3 
- - - - - 61.20 

English 

Alphabet 

Letters 

Written in 1 

Minute 

1 
- 

26.76 

(G1–3) 

22.89 - - 22.87 

2 
- - - - 34.24 

3 
- - - - 46.06 

English 

Copying of 

Letters in 

Sentences in 

1 minute 

1 
- 

33.41 

(G1–3) 

26.98 - - 30.52 

2 
- - - - 50.96 

3 
- - - - 63.56 

Chinese 

Number-

Writing in 1 

Minute 

1 
- - - - - 11.54 

2 
- - - - - 24.35 

3 
- - - 49.98 - 22.97 

Chinese 

Copying of 

Characters in 

1 Minute 

1 
- - - - - 4.22 

2 
- - - - 7.6 8.99 

3 
- - - 15.64 13.3 10.40 

Note. K = Kindergarten; G1–3 = Grade 1 to 3. 
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The current study affords preliminary information of dual handwriting 

development by comparing the results of handwriting fluency among DLI students in 

Grades 1–3 to the existing literature. Current study participants appeared to have 

comparable or even higher English handwriting fluency for English alphabet and copy 

tasks (Graham et al., 1997; 2000b). However, their Chinese handwriting fluency was not 

on par compared to the students in other related research (Tseng & Chow, 2000; Yan et 

al., 2012). The English and Chinese handwriting fluencies are not comparable, which 

may be due to instructional focus or lack of practice. These findings elucidate these 

Chinese DLI students’ handwriting fluencies and how the Chinese DLI curriculum has 

supported their handwriting fluency development. Additional studies are clearly needed 

to determine a reasonable difference between English and Chinese handwriting fluencies 

among early elementary DLI students. Nevertheless, this study provides an important 

comparison of initial English and Chinese handwriting fluencies and potential 

developmental discrepancies between these two languages. Chinese DLI teachers may 

consider examining the progress and development of their students’ English and Chinese 

handwriting fluencies with reference to these initial findings. 

Moderate Correlations Between English and Chinese Handwriting Fluencies 

The findings of the present study indicated that the selected English and Chinese 

handwriting tasks were moderately correlated and English fluency predicted Chinese 

fluency. These anticipated findings suggest that English handwriting subskills might be 

transferable to Chinese handwriting. Supporting subskills in one language is likely to 

facilitate the development of the other language. Past studies suggest that handwriting 

may induce greater brain activity and letter production. The time it takes to write letters 
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and words helps to activate the brain’s processing center, which is linked to retention. 

Meanwhile, the connection between motor and mental writing processes helps in the 

memorization of graphic forms, as well as the development of cognitive language 

processing fundamental in the writing process (Lyu et al., 2021). These handwriting 

subskills developed in one language follow a similar process in another language. 

 As DLI learners reinforce their English handwriting skills, they likely strengthen 

aspects that will support their target language handwriting skills. Handwriting fluency is 

not an inborn competency, and it typically takes explicit instruction to develop, especially 

for those who struggle with handwriting. About 12.8% of Grades 1–3 DLI participants in 

this study could be considered poor handwriters because they scored at least one standard 

deviation below the average in one or more English and Chinese handwriting tasks. 

When teachers help poor handwriters improve their English handwriting, they may also 

be improving Chinese handwriting competency concurrently. 

Sizable Differences Between English and Chinese Handwriting Fluency 

Grades 1–3 participants’ English handwriting fluency was stronger than their 

Chinese handwriting fluency. The lag in Chinese handwriting fluency calls attention to 

the effectiveness of the DLI programs. The goal of the Utah DLI programs is to achieve a 

high-level proficiency in the target language based on the national American Council on 

the Teaching of Foreign Languages (ACTFL) standard (Utah Dual Language Immersion, 

2018). However, the Utah DLI programs do not explicitly define acceptable differences 

between the native and target languages’ handwriting proficiency. 

Even without specific guidelines, Chinese DLI programs should focus on 

developing proficiency in both languages by emphasizing all four aspects of literacy: 
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listening, speaking, reading, and writing to attain overall high language proficiency. 

Because English was the first language of these study participants, they likely had typical 

English listening and speaking skills with time and instruction to focus on reading and 

writing instruction in the English part of the program. However, because Chinese was an 

emerging language for these participants, a larger portion of the instructional time was 

likely spent on listening and speaking, thereby reducing the time devoted to reading and 

writing instruction. Nonetheless, this may explain, at least in part, the sizeable differences 

between English and Chinese handwriting fluencies. Feder and Majnemer (2007) 

explained that providing extra handwriting instruction was the “first line of defense” (p. 

315) in rectifying handwriting difficulties and discrepancies. The large discrepancies 

among these participants suggest that additional explicit Chinese handwriting instruction 

or practice would be necessary to help improve DLI learners’ Chinese handwriting 

fluency and narrow the gaps (Yeung et al., 2017a).  

The depth in language orthography may have also influenced the participants’ 

writing fluency. DLI participants’ English handwriting scores did not perform on par 

with their Chinese handwriting scores because they could not be expected to rely on 

phoneme-grapheme correspondences for reading and writing opaque Chinese characters. 

Instead, they needed to focus on intense morphological and visual-orthographic structures 

of Chinese characters prior to handwriting. These participants displayed a lack of 

automaticity in their Chinese handwriting fluency. This may be a result of too high 

expectations in the Utah Chinese DLI program. For example, students are expected to 

learn an increased number of characters per year as they progress through subsequent 

grades. However, instructional time is unchanged despite the increased expectations. 
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Learning more characters within the same instructional time would reduce the amount of 

time per character and could result in less automaticity in their Chinese handwriting 

fluency. Furthermore, the number of strokes required to write the Chinese numbers or 

Chinese copy tasks differs as shown in Table 5.2. There is a total of 27 strokes in the 

Chinese number characters and 53 strokes in the Chinese copy tasks. Individual Chinese 

numbers have between 1–5 strokes, compared to 5–9 strokes for those in the Chinese 

copy task. It is easier and faster to recall and write simpler Chinese characters with fewer 

strokes, which were introduced early and repeated more frequently, than the more 

complex Chinese characters that may not be as familiar or used as often. 

Table 5.2 

Number of Strokes in Chinese Numbers and Other Characters 

Chinese Number Task Chinese Copy Task 

Characters 

Number of strokes 

(1–5 strokes) Characters 

Number of strokes 

(5–9 strokes) 

一 1 妈 6 

二 2 永 5 

三 3 远 7 

四 5 是 9 

五 4 快 7 

六 4 乐 5 

七 2 的 8 

八 2   

九 2   

十 2   
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Table 5.3 shows that participants made more errors with their Chinese copy task 

(11.3% errors) than their Chinese number task (6.1% errors). These participants found it 

harder to write more complex characters with more strokes in the Chinese copy task and 

were slower in the Chinese copy task than the Chinese number task. As noted earlier, the 

Chinese number task used less strokes, while the Chinese copy task had more strokes or 

complex characters. Thus, teachers could consider reducing their instructional time on the 

less complex characters and devote more practice time with the more complex ones. 

Table 5.3 

Chinese Handwriting Tasks’ Error Rate 

 Total Handwritten 

Characters 

Total Number of 

Errors 

Error Rate 

Chinese Number Task 2082 126 6.1% 

Chinese Copy Task 1668 188 11.3% 

 

 The sizable difference between English and Chinese handwriting development 

among these students, as well as the difference between the Chinese number and Chinese 

copy tasks may indicate more handwriting practice in English and less practice in 

Chinese character writing. These participants may have had more kinesthetic information 

gained through repeated writing in English than Chinese, and scribing more Chinese 

numbers than other more complex characters used in the Chinese copy task. Therefore, 

more instruction and practice writing Chinese characters, including the more complex 

Chinese characters could improve overall feature awareness and correct mistakes in 

handwriting (Laszlo & Bairstow, 1984). 
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Discrepancy in Developmental Trends 

Overall, these Chinese DLI participants showed a positive developmental trend in 

both English and Chinese handwriting fluency from Grades 1–3, corroborating existing 

research showing that handwriting development improves with age, schooling, and 

practice (Graham & Harris, 2010; 2000; Graham et al., 1997; Graham et al., 2000b; 

Graham & Weintraub, 1996; Yan et al., 2012). As expected, Grade 3 participants 

performed best overall, except that Grade 2 participants outperformed Grade 3 

participants in the English and Chinese number-writing tasks. Further analysis of Grade 2 

and Grade 3 boxplots confirmed that Grade 2 female outperformed Grade 3 female 

participants in both number-writing tasks. The COVID-19 pandemic might have also 

affected some of these Grade 3 students because they had had more online instruction, 

rather than in-person instruction in Grades 1–2. Still, the expected developmental 

trajectory was evident. 

An examination of the data collected indicated that Grade 3 DLI female 

participants’ outputs had better legibility but produced fewer characters. The data suggest 

that while some female participants wrote quickly, others sacrificed speed for legibility. 

An increase in speed often leads to less accurate letter formation and a decrease legibility, 

and vice versa (Graham et al., 2001; 1998). 

No Significant Gender Differences 

Among these DLI learners, gender was not a significant predictor of handwriting 

fluency. Grades 1 and 2 female participants had higher handwriting fluency mean scores 

across all five tasks than male participants. However, in Grade 3, the female participants 

had lower scores than Grade 3 male participants for English numbers, English alphabet, 
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and Chinese number handwriting. This was unexpected because existing research has 

shown that girls tend to write faster than boys in early elementary grades (Berninger & 

Fuller, 1992; Cordeiro et al., 2018; Graham et al., 1998; Kim et al., 2015). For example, 

in a study of 300 Grades 1-3 students, girls performed better than boys in orthographic 

fluency (alphabet writing) but boys performed better than girls in oral verbal fluency. The 

lag in the performance of Grade 3 participants could perhaps explain the nonsignificant 

statistical effect on gender differences in the reported study to some extent. 

Delimitations and Limitations 

This study was delimited to only DLI students and teachers in Grades 1–3, in one 

school, and in one school district in the state of Utah. Therefore, findings may not be 

generalized to other students in other contexts. Future research or follow-up study could 

expand the sample to include more diverse DLI students. In addition, the handwriting 

samples were collected on only one day, resulting in a few students not completing all 

five handwriting tasks and affording a singular assessment of handwriting fluency. This 

study assessed handwriting fluencies by using only three English and two Chinese 

handwriting fluency tasks, using paper and pencil to gather handwriting samples of the 

participants. Finally, only limited information was collected from teachers regarding their 

handwriting instruction. 

As noted, one of the delimitations was the cross-sectional correlation design. As 

such, students from Grades 1, 2, and 3, were not the same students and findings were in 

the aggregate as mean scores; participants were not studied longitudinally. Individual 

development could not be established, which would have given more accurate individual 

profiles of the English and Chinese fluencies of these DLI learners. This study was also 
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delimited to early elementary students constraining insight about older elementary or 

secondary students’ handwriting development. Nonetheless, there was a moderate 

correlation and predictive power in the data gathered in this study to provide an initial 

profile of the English and Chinese fluencies of early elementary DLI students. 

As noted earlier, another delimitation for this study was inclusion of the five 

handwriting tasks or instruments selected by the researcher to measure and compare 

English and Chinese handwriting fluencies. Notwithstanding, these five handwriting 

tasks were viable options to facilitate comparison of the means of these grades, as well as 

handwriting fluencies within each language and across languages. 

In this study, papers and pencils were used to gather the handwriting samples 

from participants, rather than a digital tablet that might have provided other dynamic data 

of handwriting, such as real-time measurement regarding length, duration, and speed of 

the components of the letters, as well as stroke order or smoothness in hand motion 

(Accardo et al., 2013). Such digital information could provide extra insights into the flow 

and speed of participants’ outputs rather than just a count. 

This investigation was initially hampered by the limited existing literature 

comparing handwriting fluency across languages and cultures, especially the lack of 

studies comparing English and Chinese handwriting fluencies. As a result, there were few 

established baselines, hindering a robust comparison of English and Chinese handwriting 

fluencies scores among these Grades 1–3 DLI learners. This study is therefore critical to 

providing new and additional information to further the understanding and study of how 

handwriting fluency is affected across languages, particularly across English and 

Chinese.  
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 One of the limitations of this study was that it had a small sample size. The 

researcher originally hoped to have about 111 participants, but the final sample size was 

109 (77%) of 142 available Grades 1–3 DLI learners. The slightly smaller sample size 

could have influenced the validity of the scores and the unexpected grade-level group 

differences, particularly for Grade 3 participants. However, an online sample size 

calculator (e.g., Calculator.net), computed a minimum sample number necessary to have 

a 95% confidence level with a 5% margin of error would be 104. Consulting with a 

statistician at Utah State University, the current sample size (N-109) was deemed 

sufficient and with enough power to run the analysis.  

Implications for Practice 

This research study examined the relationship between English and Chinese 

handwriting fluency and its findings have implications for educational practice, 

especially in DLI programs. As delineated below, instructional time and quality of 

instructional support of Chinese handwriting may need to be prioritized, including 

increasing handwriting assignments and practice in association with the Mandarin Matrix 

(MMX) curriculum. Because the available instructional time is limited, training may help 

to improve quality of instruction, while regular handwriting assessments may assist 

teacher in determining recurring handwriting mistakes and proving more focused and 

targeted lessons. Teachers might consider and take advantage of various digital platforms 

or online tools that might support these efforts. Additionally, both English and their non-

English partner teachers in DLI programs could collaborate and complement each other’s 

handwriting instructional efforts, because handwriting subskills carry over from one 

language to another. 
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Instructional Time and Quality 

Instructional quality and time are necessary considerations for improving the 

handwriting fluency within DLI and non-DLI programs. Instructional time is related to 

handwriting proficiency (Graham et al., 2000b; 2008). Scholars have suggested providing 

approximately 75–100 minutes weekly of systematic and explicit handwriting instruction 

(Graham 2010; Graham et al., 2000a; Troia & Graham, 2003) to help primary-grade 

students master English handwriting fluency. Increasing handwriting practice in the 

primary language can enhance the quality of handwriting in the target language because 

handwriting subskills have been shown to transfer from one language to another 

(Asselborn et al., 2021). These recommendations for handwriting instruction also apply 

to developing target-language handwriting fluency, although the Chinese handwriting 

instruction time may need to be higher because of its complexity and students’ lack of 

familiarity with the logographic system. Based on the data gathered from the teacher 

survey in this study, teachers reported providing around 60 minutes of Chinese 

handwriting instruction each week. Teachers could increase the time spent on Chinese 

handwriting instruction each week to address any substantial gap between English and 

Chinese handwriting fluencies among the DLI learners.  

Although instructional time is important, the quality of instruction should not be 

overlooked. Quality of instruction can vary greatly. Factors that might affect the quality 

of instruction may include: teacher training, curricular materials, content of the 

instruction, school structure, integration of language and literacy instruction, parent and 

family support teams, and tutoring (Calderón et al., 2011). Improved quality of 

instruction, modeling, and practice may be warranted to enhance handwriting fluency. 
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Improving handwriting automaticity among participants facilitates higher-level cognitive 

functioning for better writing production. In order to enhance instructional quality, 

teachers should regularly screen and assess handwriting fluency to identify those who 

lack handwriting fluency. Using information from these assessments, teachers could 

create more tailored instruction and targeted intervention to improve handwriting 

automaticity among struggling students (Medwell & Wray, 2007). 

Using Various Digital Platforms or Online Tools  

Traditionally, handwriting instruction has been followed by practice using 

different surfaces (e.g. in the air, sand tray, paper, slime, etc.) and a variety of writing 

tools such as pencils, crayons, paint brushes, markers, and chalk (Reutzel et al., 2019) to 

elicit multisensory stimulations. More recently, practicing handwriting with digital 

platforms and online tools has afforded instant and valuable feedback to students. The use 

of technology could help evaluate whether each student is using the correct stroke order, 

which cannot be readily tracked with a traditional paper and pencil task. 

From the teacher survey data, only the Grade 3 Chinese teacher was using 

Mandarin Matrix (MMX), a digital platform, to support handwriting development. This 

Utah state approved curriculum focuses mostly on listening and speaking, devoting only 

a small portion of its online drills to Chinese handwriting instruction and practicing a few 

target characters in their proper stroke orders. Although automatic stroke orders of 

characters provide a mental map of how these characters should be written, the amount of 

handwriting practice embedded in the MMX program does not appear to be sufficient to 

develop handwriting fluency across grades. Teachers could consider increasing more 

meaningful and targeted handwriting assignments through other online tools as they 
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balance the time between listening and speaking versus handwriting practice to support 

and improve Chinese handwriting fluency. The rise of online education, which includes 

Mobile Assisted Language Learning (MALL) and Artificial Intelligence (AI) powered 

language learning technologies and applications, could provide customized language 

instruction specific to the needs of each student (Kannan & Munday, 2018). 

Complementing Handwriting Subskills from One Language to Another 

As noted, when handwriting is developed in one language (e.g., English or 

Chinese) some of these handwriting subskills carry over into the handwriting progress in 

the other language (Asselborn et al., 2021). It is reasonable to conclude that supporting 

English handwriting development would benefit the development of Chinese handwriting 

fluency. Consequently, both the English and target DLI teachers should complement each 

other’s handwriting efforts and collaborate in providing targeted instruction to struggling 

students. For example, English and target teacher could use relevant assessment tools to 

diagnose handwriting difficulties among their students to evaluate the impact of their 

handwriting instruction and practice. Teachers should assess and identify which students 

may be struggling with their handwriting development and provide customized 

instruction and homework assignments to address specific handwriting challenges of each 

student. 

English Handwriting Instruction 

Findings from this study also revealed recurring handwriting errors that could be 

corrected through a systematic handwriting instruction plan that targets these specific 

handwriting errors and miscues (Graham, 1999; 2010). Graham (2010) found in his study 

that certain letters (i.e., q, j, z, u, n, and k) accounted for 48% of the miscues of Grades 1–
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3 students in his study. Similarly, this research study found that participants had common 

miscues in their English handwriting production. The three most common miscues made 

by participants in their English alphabet and copy tasks were the letters g, q, and z. 

Teachers should assess handwriting legibility and address common handwriting 

errors regularly. Handwriting speed tests could identify poor handwriters in need of 

remedial intervention. Explicit instruction could include teaching letter sounds, names, 

forms, focusing on difficult letters to reduce miscues (Graham, 2010). Teachers could 

incorporate handwriting practices as part of meaningful writing assignments to better 

utilize limited instructional time. Students could periodically evaluate their own 

handwriting to develop self-awareness, along with consistent feedback from their 

teachers. Teacher instruction should help learners practice by balancing speed and 

neatness to ensure handwriting legibility. In this study, alphabet writing was a strong 

predictor for both English (β = 0.45) and Chinese copy task (β = 0.39); therefore, English 

teachers should ensure that students receive a good foundation in alphabet writing. 

Chinese Handwriting Instruction 

Sufficient, explicit, Chinese handwriting instruction and practice time (Graham et 

al., 2000a; Troia & Graham, 2003), accompanied memorization (Yeung et al., 2017) of 

the basic stroke order of Chinese characters work together to develop Chinese 

handwriting fluency (Yan et al., 2012; Yeung et al., 2017). Repeated handwriting practice 

(Packard et al., 2006) to learn the proper stroke order for Chinese characters (Yeung et 

al., 2013b) will help to strengthen the learner’s motoric memory of basic Chinese 

characters (Yeung et al., 2017a). Teachers could also consider regular assessments to 

identify learning gaps as they plan detailed and more targeted instruction. 
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Chinese DLI students need to learn the name of each individual character so that 

the names may serve as cues for retrieving correct formation from memory; this could 

avoid stroke sequence miscues which is the most common mistake in handwriting 

characters (Yeung et al., 2017a). Stroke sequence provides a mental map to write 

characters and is helpful in character retention (Lyu et al., 2021). Besides stroke sequence 

for Chinese characters, another essential handwriting element is the teaching of Chinese 

radicals, which provides semantic and phonetic components of Chinese characters. The 

knowledge of radicals facilitates morphological assistance of learning to write Chinese 

characters. 

Explicit Chinese handwriting instruction could also include “chunking” as 

proposed by Sung and Tsai (2019) to teach and learn Chinese characters. Chunks are the 

smallest orthographic units used to form a character. Chunks can be radicals or whole 

characters that are combined into a new Chinese character. Chunking preserves learners’ 

memory storage as characters are decomposed into smaller chunks to memorize. The 

teachers can circle different chunks that form a character for initial recognition. One way 

to demonstrate to young learners how different chunks form a character is to cut up these 

chunks and use them as puzzles that need to be put back together. As students learn more 

characters, teachers could mix up chunks from different characters for students to 

practice the correct formation of holistic characters. One study in Palo Alto Unified 

School District in California found that meaningful interpretation and chunking enhanced 

learning and retention of Chinese characters (Xu & Padilla, 2013). 

In addition, it is essential for the Chinese DLI program to provide ongoing in-

service teachers training on how to incorporate handwriting instruction into the MMX 



  135 

 

   

 

curriculum. Teachers could review relevant MMX materials of each unit for instructional 

sequences and ideas. Teachers may select target characters in MMX units for reading and 

writing assignments and use them in new sentences or short passages to strengthen 

understanding and retention. Besides regular handwriting practices and drills, teachers 

may also use them in their regular in-class writing exercises. In addition, teachers may 

provide characters with missing parts, allowing students to recall their full formation 

from memory to fill in the missing part (Yeung et al., 2013b) as illustrated in Table 5.4, 

to reinforce the memorization of these characters. 

Table 5.4 

Chinese Handwriting Practice with Missing Parts 

Missing Part of Character English Meaning Correct Form of Character 

 

Father 

 

 

Mother 

 

 

Future Research 

This study is important because there was no study in the existing literature that 

compared the English and Chinese handwriting fluencies of DLI learners across Grades 

1–3 and by gender. This study provides a potential minimal threshold, using the mean 

average, for the various English and Chinese handwriting fluency tasks (e.g., English 
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number, English alphabet, English copy, Chinese number, and Chinese copy tasks) 

measured among early Chinese DLI learners, across Grades 1–3 and between genders. 

Future research could seek to compare these findings with those from other schools, 

districts, or states to confirm or expand on these findings; as well as explore other 

handwriting tasks or instruments to provide additional measurements of English and 

Chinese handwriting fluencies. 

The results of this study elucidate how these emergent DLI learners performed in 

English and Chinese handwriting fluency, finding moderate correlations between English 

and Chinese handwriting scores and suggesting a degree of transferability between both 

languages. However, there were also some noticeable disparities between the learners’ 

handwriting fluencies. Future research could further examine such correlations or explore 

other aspects of transferability between English and Chinese handwriting fluency, or in 

other languages. Further research is certainly necessary to assess the noticeable disparity 

between the English and Chinese handwriting fluencies and to consider potential 

developmental trends, and possibly interventions to help minimize or mitigate 

differences. 

As noted, data were collected in one day and not over time. As such, future 

research could consider developing a longitudinal study to examine personal growth and 

development of participants. This would include tracking DLI students over several years 

to determine individual growth trajectories. An experimental design, with control groups 

and interventions targeting English and Chinese handwriting instruction, could further 

explore DLI impact on handwriting development. 



  137 

 

   

 

This study considered grade and gender, but subsequent studies could include 

other variables, such as language exposure and cultural background, community and 

home environment, parental language and handwriting support, parental and student 

motivation, parental preferences versus pupils’ self-selected language learning, 

socioeconomic status and background, or other factors and resources that can influence 

handwriting fluency. These variables may provide necessary information to distinguish 

handwriting fluency level between English native and heritage language learners. 

Moreover, future research might also consider a more in-depth analysis of the role 

of instruction in handwriting fluency, including length, frequency, quality, and type of 

instruction, along with modeling and scaffolding, and comparing different handwriting 

programs or materials. Such investigations could examine the instructional materials, as 

well as the role of technology and other tools designed to enhance instruction. Future 

studies could consider the role of digital tablets in examining handwriting fluency by 

comparing the difference between handwriting legibility and speed using traditional 

paper, and pencil versus writing on a digital tablet. Digital and online tools could provide 

additional information and web analytics unavailable with traditional manual writing 

samples.  

Lastly, this study focused on handwriting tasks by Chinese DLI students and did 

not go into depth on teacher characteristics or handwriting instruction. Along with 

examining instructional materials and tools, future research should also consider possible 

teacher effects. Teacher effects could include a variety of differences among teachers, 

such as gender, years of teaching experience, learning or handwriting philosophy, 

personal Chinese handwriting fluency, and so forth; as well as targeted instruction to 
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correct common and recurring handwriting errors. A teacher’s knowledge and skills may 

impact the delivery of effective instruction, student learning, and the development of 

English and Chinese handwriting fluencies. 

Conclusion 

This study established a preliminary comparison of English and Chinese 

handwriting fluencies among early elementary Chinese DLI participants and examined 

their correlations. Moderate correlations were found between the English and Chinese 

handwriting scores, suggesting that there are underlying handwriting subskills that can 

transfer between languages despite some disparities that might exist. English handwriting 

fluency was predictive of Chinese handwriting fluency. In other words, there was a 

connection and indeed a moderate correlation found between handwriting development in 

the dominant language that affects handwriting development in the second language. As 

such, efforts to increase English handwriting fluency are likely not independent but 

interwoven with the development of Chinese handwriting fluency. 

 In addition, although English handwriting fluency was expected to be higher than 

Chinese handwriting fluency, there was a sizable difference between the memory (e.g., 

alphabet and number tasks) and efficiency (e.g., copy tasks) tasks across these two 

languages. This may be partly because listening and speaking in English, or the 

participants’ first language, was sufficiently developed and teacher instruction could 

focus on developing English literacy skills, including handwriting fluency. Listening and 

speaking in Chinese precedes and competes with instructional time focused on Chinese 

reading and writing, likely limiting the focus on Chinese handwriting despite its 

complexity and challenge to young American students.  
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 This study also sought to understand how these students developed handwriting 

according to grade and gender in a cross-sectional setting. In general, there were no 

significant gender differences among these participants, who did show a positive 

developmental trend in their English and Chinese handwriting fluencies, with one 

exception (i.e., Grade 2 females outperformed Grade 3 female participants in the English 

and Chinese number tasks). This curious outcome could suggest a tapering off after 

Grade 2 among these students or reflect internal or external factors at play among specific 

students, complicating any interpretation of the developmental trajectory. 

Lastly, the study sought to provide research and educational implications for the 

Chinese DLI program. This research highlights a need for a stronger understanding of 

dual-language development and acceptable differences between L1 and L2 proficiencies 

and how instructional activities can be used to keep students on par with expectations. 

Specifically, robust and perhaps supplemental handwriting instruction is likely necessary 

to narrow any differences between English and Chinese handwriting fluencies. Indeed, 

learning to read and write two disparate languages simultaneously in the DLI setting 

takes time and effort, and would benefit from high-quality, well-tuned instruction. The 

results of the study showed that it may be necessary to improve Chinese handwriting 

instruction in order to increase DLI learners’ Chinese handwriting fluency to be more on 

par with their English handwriting fluency. Instructional time and quality, along with 

including well-designed handwriting assignments and practice exercises to accompany 

the Mandarin Matrix (MMX) curriculum may be necessary. Because Chinese 

handwriting is complex and requires much time and effort to reach automaticity, it is 

critical to prioritize and strengthen Chinese handwriting instruction and practice early on.  
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Appendix A 

English Number-Writing Task 

Instructions: We are going to have an activity to see how quickly and carefully you can 

write the numbers 1–10. We will use the first sheet in your package. It looks like this. You 

should write the numbers from left to right across the page. If you make a mistake, 

instead of erasing the mistake, cross it out and keep writing. You will have 60 seconds, 

which is one minute. If you get to 10 before time is up, then start over again, writing from 

1 to 10 again and keep writing until time is called for you to stop. 

The researcher should demonstrate writing 1–10 in digital form and crossing out mistakes 

on the board. Then she will check to ensure students understand the instructions.  

Now, pull out the Number-Writing Task, which is the first page in your package. Please 

write your name on package. (Researcher will monitor students’ readiness and use of the 

correct page for writing.)  

The researcher starts the task by saying “Are you ready to start writing the numbers 1-

10? Ready, start writing.” 

The researcher will track time and give students 60 seconds for the task. When time is up 

the researcher will say, “Stop and please put down your pencil” and check that students 

have stopped writing. The students will be told to take out the first page and put the 

completed English Number-Writing Task at the corner of their desks. 
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English Number-Writing Task Form 

Please write the numbers 1–10 repetitively in order from memory as quickly and 

carefully as you can from left to right across the page. 
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Appendix B 

English Alphabet-Writing Task 

Instructions: We are now going to see how quickly and carefully you can write the letters 

of the alphabet in order, from a, b, c, … to z. You will write the ABCs from left to right 

across the page. If you make a mistake, instead of erasing your mistake, please cross it 

out and keep writing. You will have 60 seconds, which is one minute. If you get to z 

before you run out of time, then start over again from a, b, c, … to z and keep writing 

until time is called for you to stop. Remember to write quickly, but carefully, and keep 

going until I tell you to stop. 

The researcher will demonstrate writing lowercase letters a, b, c, and crossing out 

mistakes on the board. Then she will check to ensure students understand the instructions. 

Now, take out the next sheet to do the Alphabet-Writing job. (Researcher will monitor 

students’ readiness and use of the correct page for writing.)  

The researcher starts the task by saying “Are you ready to start writing the letters of the 

alphabet? Ready, start writing.” 

The researcher will track time, allowing 60 seconds for the task, and when time is up the 

researcher will say, “Stop and please put down your pencil. Put your letter-writing sheet 

with the number-writing sheet at the corner of your desk.”  
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English Alphabet-Writing Task Form 

Please write the alphabet from a to z, in order, using lowercase letters, as quickly and 

carefully as possible from left to right across the page. 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 
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Appendix C 

English Sentence Copy Task 

Instructions: We are now going to see how quickly and carefully you can copy a very 

special English sentence. It’s special sentence because it contains all the letters of the 

alphabet: “the quick brown fox jumps over the lazy dog.” You should write from left to 

right across the page. There is no need to write with capitals at the beginning or 

punctuation because I just want to see how well you write the lowercase letters. If you 

make a mistake, instead of erasing your mistake, please cross it out and keep writing. You 

will have two minutes this time. If you finish copying before you run out of time, then 

start over again and keep writing until time is called for you to stop. (You will get points 

for every letter that you write.) 

The researcher will demonstrate writing the sentence and crossing out mistakes on the 

board. Then, the researcher will check to ensure students understand the instructions. 

Now, take out the third sheet from your package to do the copy task. It looks like (shown). 

(Researcher will monitor students’ readiness and use of the correct page for writing.)  

The researcher starts the task by saying “Are you ready to start copying the English 

sentence? Ready, start writing.” 

The researcher will track time, allowing two minutes for the task, and once time is up the 

researcher will say, “Stop and please put down your pencil. Now, put the three sheets of 

writing into your package and make sure your name is on the package. Thank you very 

much for following directions and helping me with my project. I will be looking at all 

your writing to better understand handwriting in English.” 
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English Sentence Copy Task Form 

Please copy the English sentence “the quick brown fox jumps over the lazy dog” as 

quickly and carefully as you can from left to right across the page. Keep writing until told 

to stop. 

the quick brown fox jumps over the lazy 

dog 
 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________  
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Appendix D 

Chinese Number-Writing Task 

Instructions: We are going to have an activity to see how quickly and carefully you can 

write the numbers 1–10 as Chinese characters (e.g., 一, 二, 三, etc.). Please write from 

left to right across the page. If you make a mistake, instead of erasing your mistake, cross 

it out and keep writing. You will have 60 seconds, which is one minute. If you get to 10 

before you run out of time, then start over again from 1–10 and keep writing until time is 

called for you to stop. 

The researcher demonstrates writing 1–10 as Chinese characters (e.g., 一, 二, 三, etc.) 

and crossing out mistakes on the board. Then the researcher will check to ensure students 

understand the instructions.  

Now, pull out the Number-Writing Task, which is the first page in your package. Please 

write your name on the Package. (Researcher will monitor students’ readiness and use of 

the correct page for writing.)  

The researcher starts the task by saying “Are you ready to start writing the numbers 1-10 

in Chinese characters? Ready, start writing.” 

The researcher will track time and give students 60 seconds for the task and when time is 

up the researcher will say, “Stop and please put down your pencil. Put your number-

writing sheet at the corner of your desk.” 
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Chinese Number-Writing Form 

Please write the numbers 1–10 in Chinese characters repetitively in order from memory 

as quickly and carefully as you can from left to right across the page. 
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Appendix E 

Chinese Sentence Copy Task 

Instructions: We are going to see how quickly and carefully you can copy the Chinese 

sentence “妈妈永远是快乐的” (translation: “mom is always happy”). Please write from 

left to right across the page. If you make a mistake, instead of erasing your mistake, cross 

it out and keep writing. You will have two minutes. If you finish copying before you run 

out of time, then start over again and keep writing until time is called for you to stop. 

The researcher demonstrates writing the sentence and crossing out mistakes on the board. 

Then the researcher should check to ensure students understand the instructions. 

Now, take out the next sheet from your package to do the copy task. It looks like (shown). 

(Researcher will monitor students’ readiness and use of the correct page for writing.)  

The researcher starts the task by saying “Are you ready to start copying the Chinese 

sentence? Ready, start writing.” 

The researcher will track time, allowing two minutes for the task and when time is up 

will say, “Stop and please put down your pencil. Put your number-writing sheet with the 

sentence copy sheet at the corner of your desk and make sure your name is on the 

package. Thank you very much for following directions and helping me with my project. I 

will be looking at all your writing to better understand handwriting in Chinese.” 
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Sentence Copy Task Form 

Please copy the Chinese sentence “妈妈永远是快乐的” as quickly and carefully as you 

can from left to right across the page. 

妈 妈 永 远 是 快 乐 的 
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Appendix F 

Parent Informed Consent 

Investigating Relationships Among Measures of English and Chinese Handwriting 

Fluency in Early-elementary Chinese Dual Language Immersion Students 

 

Introduction 

Your child is invited to participate in a research study conducted by Dr. Kathleen Mohr, 

the principal investigator, and Petra Chou, a doctoral student in the School of Teacher 

Education and Leadership (TEAL) at Utah State University. The purpose of this research 

is to investigate English and Chinese handwriting fluencies of Chinese DLI students. The 

study includes having students complete 5 simple 1 to 2-minute writing tasks during 

class. The activities will be writing numbers 1–10, letters of the alphabet, and a copying a 

single sentence in English and Chinese. Your child will participate in the writing tasks 

while at school. You and your child are asked to contribute their writing samples for the 

study. Participation in the study is entirely voluntary. Please read the information below 

carefully and ask any questions you have before you agree to let your child’s writing 

samples to be included in the study.  

 

Procedures 

Your child’s participation will involve five 1 to 2-minute handwriting fluency tasks, a 

total of seven minutes of writing. These five tasks will be given in two sessions. Three 

English handwriting fluency tasks (English number, English alphabet, and English copy) 

will be administered during English instructional time. Two Chinese handwriting fluency 

tasks (Chinese number and Chinese copy) will be administered in their Chinese classes.  

 

Risks 

This is a minimal risk research study, which means that the risks of participating are no 

more likely or serious than those your child encounters in everyday activities. The 

foreseeable risks or discomforts could include fatigue from writing for several minutes. 

Participants may feel frustrated by the timed writing activity as it is not a common school 

task. In order to minimize these risks and discomforts, the researchers will make sure to 

provide a short break between each handwriting activity. A complimentary gift will be 

awarded to all students for their time and effort in participating in the tasks. 

 

Benefits 

Although your child will not directly benefit from this study, it has been designed to learn 

more about the relationships between the English and Chinese handwriting development 

that could inform instruction.  
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COVID-19 Disclosures  

Risks associated with contracting COVID-19 cannot be eliminated. Please carefully 

consider whether you are comfortable participating in person, particularly if you or 

someone in your home is at higher risk of serious illness from COVID-19.  

COVID-19 vaccination is strongly encouraged, but not required, for Utah State 

University employees and students. This means that we cannot guarantee that the people 

you interact with in this research project are vaccinated. Masking or using other face 

coverings is strongly encouraged, but not required, for Utah State University employees 

and students. This means that we cannot guarantee that the people you interact with in 

this research project will wear a face covering. Researchers and fellow participants are 

not required to share vaccination information with you or to wear a facial covering, 

unless this research is not on USU’s campus and the site where it will occur does require 

face coverings or vaccines. Research participation is always completely voluntary, 

and you can decline or stop participating at any time. Below, you will be permitted to 

request certain safety accommodations from the research team, but please know that they 

are not required to comply. 

The researchers in this project are taking the following steps to ensure your safety and 

comfort during the in-person portions of this research project: 

▪ Voluntarily agree to wear facial coverings 
▪ Follow sanitizing practices 

▪ Maintain social distancing 

 

Confidentiality 

The researchers will make every effort to ensure that the information about your child in 

this study remains confidential. Once completed, each writing sample with be coded with 

a student code to make them anonymous. Your child’s identity will not be revealed in any 

publications, presentations, or reports resulting from this research study. These forms will 

be kept for three years after the study is complete, and then destroyed. 

 

It is unlikely, but possible, that others (Utah State University, or state or federal officials) 

may require us to share the information your child gives us for the study to ensure that 

the research was conducted safely and appropriately. We will only share your child’s 

information if law or policy requires us to do so. 

 

Voluntary Participation and Withdrawal 

Your child’s participation in this research is completely voluntary. Your child is asked to 

provide assent to participate in this study by completing five handwriting fluency tasks as 

part of a school activity. Your permission is sought to use your child’s products for this 

research.  

 

 

 

https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html
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Compensation  

For your child’s participation in this research study, they will receive a sticker or a pencil 

for their efforts. 

 

IRB Review 

The Institutional Review Board (IRB) for the protection of human research participants at 

Utah State University has reviewed and approved this study. If you or your child has 

questions about the research study itself, please contact the Principal Investigator at 435-

797-3946 or kathleen.mohr@usu.edu. If you or your child have questions about your 

child’s rights or would simply like to speak with someone other than the research team 

about questions or concerns, please contact the IRB Director at (435) 797-0567 or 

irb@usu.edu. 

 

Dr. Kathleen Mohr 

Principal Investigator (435) 797-3946; kathleen.mohr@usu.edu. 

Petra Chou, the co-investigator 

Student Researcher (801) 492-3888; a02231854@usu.edu 

 

Permission to Participate 

By signing below, you agree to allow the researchers to use your child’s writing samples 

for this study. You indicate that you understand the risks and benefits of your child’s 

participation, and that you know what your child will be asked to do. You also agree that 

you have asked any questions you might have and are clear on how to stop your child’s 

participation in the study if needed. Please be sure to retain a copy of this form for your 

records. 

 

___________________________ _____________________________ ___________ 

Parent/Legal Guardian’s Signature Parent/Legal Guardian’s Name, Printed Date 

 

________________________________ ____________ 

Child’s Name, Printed    Grade Level 

 

 I do not agree to allow my child’s de-identified information to be used or shared for 

future research.  

 

 

 

mailto:irb@usu.edu
mailto:a02231854@usu.edu
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COVID-19 Safety Requests 

Please note that the research team is not required to comply with these requests, but many 

researchers are happy to oblige where possible. The research team will inform you if 

they are unable to commit to any of your selections. You may decline to participate or 

withdraw your child’s participation at any time.  

 

 I would like the researchers my child interacts with to be up-to-date on COVID-19 

vaccines (two weeks after a booster dose of the vaccine) 

 I would like the researchers my child interacts with to use a facial covering 

 I would like the researchers my child interacts with to use a facial covering only if 

they are not fully vaccinated 

 I would like the researchers my child interacts with to take additional safety measures 

related to COVID-19: _______________________________.  
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Child Assent 

We are doing a research study about handwriting skills in English and in Chinese. 

Research studies help us learn more about your handwriting skills. If you would like to be 

a part of this research study, you will complete 5 simple 1 to 2-minute writing tasks 

during class. The activities will be writing numbers 1–10, letters of the alphabet, and a 

copying a single sentence in English and Chinese.  

When the researchers ask you to write for few minutes, you may feel a bit tired. We will 

divide these five tasks into two sessions and will take short break between each task for 

directions. Some other things could happen. We will do everything we can to prevent 

those things from happening, but there is still a chance, so we want you to know that first.  

If you are in this study, these five handwriting tasks could help you know how you 

progress in handwriting in English and in Chinese.  You will also help us learn more 

about people like you, who are learning English and Chinese at the same time, to 

understand how they handwrite in English and Chinese. Also, we will tell other people 

about what we learned from doing this study, but we won't tell anyone your name or that 

you were in the study. For your efforts in our study, a sticker or a pencil.  

You probably noticed that, over the course of the last two years, a lot has changed 

because of a new virus. That virus is called COVID-19. For some people, like those who 

have other illnesses, COVID-19 can be really bad. For most people, especially young 

people like you, people with COVID-19 might not even know they have it! The best way 

to avoid COVID-19 is to get a vaccine, if you are old enough, or to stay away from 

people and wear a mask inside. 

The researchers you will interact with during this project are not required to be 

vaccinated, and they also do not have to wear a mask. You can ask them to, if you would 

like, but they do not have to. If this makes you uncomfortable, you should not participate 

in this study. No one will be mad or upset if you do not participate, or even if you stop 

participating once you have started!   

The people you interact with in this project are taking the following steps to keep you 

safe while you help them learn more about handwriting skills: 

▪ Voluntarily agree to wear facial coverings 
▪ Follow sanitizing practices 

▪ Maintain social distancing 

 

If this sounds like something you would like to do, we will ask you to say that you 

understand what we talked about writing five handwriting tasks, and that you do want to 

participate. You do not have to be in this study if you do not want to be. If you decide to 

stop to participate in these writing tasks, that's okay, too. Just let us know. No one will be 

upset if you don't want to do this, or change your mind later.  
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You can ask any questions you have, now or later. Your parents know about this research 

study, and they have said you can participate, if you want.  

COVID-19 Safety Requests 

Is there anything you would like the people you interact with on this project to do to 

make you feel more comfortable about participating? You can ask them to do things like 

wear a mask, stay six feet away, wash their hands for at least 20 seconds before coming 

into close contact with you, or meet with you outdoors instead of inside. If you have a 

request, please write it here. The researchers will tell you if they cannot do that: 

 

 

If you would like to be in this study, please sign your name and write the date. 

 

________________________________                    ___________________________   

Child’s Name                                                             Date 
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Appendix G 

Teacher Informed Consent 

Investigating Relationships Among Measures of English and Chinese Handwriting 

Fluency in Early-elementary Chinese Dual Language Immersion Students 

Introduction 

You are invited to participate in a research study conducted by Dr. Kathleen Mohr, the 

principal investigator, and Petra Chou, a doctoral student in the School of Teacher 

Education and Leadership (TEAL) at Utah State University. The purpose of this research 

is to investigate English and Chinese handwriting fluencies of Chinese DLI students.  

We hope you will participate as teachers of Chinese DLI students in two ways. You 

would be invited to the informational meeting to learn more about the study and asked to 

complete a 10-minute, open-ended, survey regarding your regular handwriting 

instruction. You will also be asked to grant permission and time to access your students 

to complete simple handwriting fluency tasks (three English and two Chinese tasks). 

These five tasks would be administered in two sessions. Three are 1-minute handwriting 

tasks that require students to write English digital numbers (1–10), the 26 alphabet letters, 

and Chinese number characters (1–10) from memory. The other tasks, will be 2-minute 

copying tasks, one in English and one in Chinese. The English and Chinese handwriting 

tasks will be administered by a bilingual researcher within the respective language 

classrooms on a single day. The total duration for each session including giving 

directions, transitions, and actual handwriting will be approximately 30 minutes. During 

the date of testing, you will be asked to help collect the finished tasks from students.  

Your participation in the study is entirely voluntary. Please read the information below 

carefully and ask any questions you have before you agree to participate in the study.  

Procedures 

Your participation will involve attending an initial 30-minute meeting with the principal 

to learn about benefits, possible risks and the procedures of the proposed study, to ask 

any clarification questions, and set up a time and day for assessing the specified 

handwriting fluency tasks. Then you will be asked to complete an open-ended survey 

regarding your classroom handwriting instruction. No personal questions will be asked. 

The survey will take about 10 minutes to finish. On the day of assessment, you will be 

asked to assist in collecting the finished tasks. The researchers will share a summary and 

interpretations of the results of handwriting fluency tasks upon request.  

Risks 

This is a minimal risk research study, which means that the risks of participating are no 

more likely or serious than those teachers encounter in everyday activities. The tasks will 
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be conducted as a classroom activity. The foreseeable risks or discomforts for students 

will be no greater than might be typical, but the researcher will respond to and support 

students who may feel frustration or express physical needs such as sharpening a pencil. 

In order to minimize such risks, the researcher will standardize the instructions and keep 

the session as brief as possible.  

Benefits 

Although you will not directly benefit from this study, it has been designed to learn more 

about the relationships between the English and Chinese handwriting development that 

could inform classroom instruction. The five simple handwriting tasks could help indicate 

if and how students may be progressing in their handwriting development. A summary of 

the findings of this study can be shared with you if requested. 

Confidentiality 

The researchers will make every effort to ensure that the information about you in this 

study remains confidential. Your completed survey will not be shared with others. Your 

survey will be coded with an identification number to make it anonymous. Teacher and 

student identities will not be revealed in any publications, presentations, or reports 

resulting from this research study. All forms will be kept for three years after the study is 

complete, and then destroyed. 

It is unlikely, but possible, that others (Utah State University, or state or federal officials) 

may require us to share the information you give us for the study to ensure that the 

research was conducted safely and appropriately. We will only share your or your 

students’ information if law or policy requires us to do so. 

Voluntary Participation and Withdrawal 

Your participation in this research is completely voluntary. You are asked to participate 

in this study by completing a survey and allowing the handwriting tasks to be 

administered to your students during class time.  

IRB Review 

The Institutional Review Board (IRB) for the protection of human research participants at 

Utah State University has reviewed and approved this study. If you have questions about 

the research study itself, please contact Dr. Kathleen Mohr, the Principal Investigator, at 

435-797-3946 or kathleen.mohr@usu.edu. If you have questions about your rights or 

would simply like to speak with someone other than the research team about questions or 

concerns, please contact the IRB Director at (435) 797-0567 or irb@usu.edu. 

 

Dr. Kathleen Mohr 

Principal Investigator (435) 797-3946; kathleen.mohr@usu.edu. 

mailto:irb@usu.edu
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Petra Chou 

Student Researcher (801) 492-3888; a02231854@usu.edu 

Permission to Participate 

By signing below, you agree to participate in the study by completing the open-ended 

survey and grant the researcher permission to administer simple handwriting tasks as part 

of a classroom activity for your students. You indicate that you understand the risks and 

benefits of your participation, and that you know what you will be asked to do. You also 

agree that you have asked any questions you might have and are clear on how to stop 

your participation in the study if needed. Please be sure to retain a copy of this form for 

your records. 

 

________________________ _____________________________ ____________ 

Teacher Signature   Teacher’s Name, Printed   Date 

 

______________ 

Grade Level 

 I do not agree to participate in this research. 

COVID-19 Safety Requests 

Please note that the research team is not required to comply with these requests, but many 

researchers are happy to oblige where possible. The research team will inform you if 

they are unable to commit to any of your selections. You may decline to participate or 

withdraw your child’s participation at any time.  

 

 I would like the researchers my child interacts with to be up-to-date on COVID-19 

vaccines (two weeks after a booster dose of the vaccine) 

 I would like the researchers my child interacts with to use a facial covering 

 I would like the researchers my child interacts with to use a facial covering only if 

they are not fully vaccinated 

 I would like the researchers my child interacts with to take additional safety measures 

related to COVID-19: _______________________________. 

  

mailto:a02231854@usu.edu
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Appendix H 

Scripted Introduction and Task Explanation 

I am a student at Utah State University and I am studying English and Chinese 

handwriting skills. I am interested in learning how well you write English and Chinese. 

Thank you for letting me come to do a few activities with you.  

I am going to ask you to work on 2 or 3 simple activities. Each one will take only 

a few minutes. You will have one or two minutes to complete each activity. This is not a 

competition and it is not about right or wrong. I simply want to see how well and quickly 

you can write. Please do your best.  

Your teacher and I will pass out a package to each of you. Please, do not write on 

it until you are told to do so.  

Now, if you have your package, please write your first name in English on the 

first page of your package. I will let you know when it is time to pull out the right page 

for each activity. I will give separate instructions and model how to do each activity 

before the next activity. Please, follow my directions. 

You will need a pencil to write. If you need a pencil, please raise your hand now. 

We are going to start now. Before we start, please raise your hand if you have any 

questions. 
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Appendix I 

Bullet-point Summary of Instructions for the Handwriting Tasks 

• Do your very best.  

• You have 1 or 2 minutes to finish five different writing jobs. 

• Write as quickly and carefully as you can. 

• Cross out your mistake and do not use an eraser to erase it. 

• Start when I say “Ready, start writing.” 

• Stop and put down your pencil when I say “stop.” 
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Appendix J 

Teacher Handwriting Survey 

1. How often and for how long do you generally teach handwriting each week? 

_______________________________________________________________

_______________________________________________________________ 

2. Do you use a handwriting program to guide your handwriting instruction? If 

yes, name and describe how you use this program to teach handwriting.  

_______________________________________________________________

_______________________________________________________________ 

3. What is your instructional procedure for teaching handwriting? What usually 

happens during a handwriting lesson? 

_______________________________________________________________

_______________________________________________________________ 

4. How many minutes do your students generally practice handwriting in class 

and at home each week? 

_______________________________________________________________

_______________________________________________________________ 

5. Do you use technology to teach or have students practice handwriting? If yes, 

how?  

_______________________________________________________________

_______________________________________________________________ 
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6. Do you assess handwriting skills? If yes, how? 

_______________________________________________________________

_______________________________________________________________ 

7.  If applicable, how do you incorporate Mandarin Matrix program into your 

handwriting instruction? 

_______________________________________________________________

_______________________________________________________________ 

8. To what extent, does handwriting instruction facilitate your students’ writing 

performance? 

_______________________________________________________________

_______________________________________________________________ 
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Appendix K 

Summary of Teacher Handwriting Open-ended Survey 

Summary of Handwriting (HW) Open-ended Survey 

Question 1st Grade 2nd Grade 3rd Grade 

 English  Chinese English  Chinese English Chinese 
Frequency 

of HW 

instruction 

30–40 min. 

for first 4–6 

weeks daily 

and 

reviewed 5 

min. as 

needed. Do 

writing or 

dictation for 

15 min. 4–5 

times a week 

15–20 min., 

2–3 times a 

week 

No regular 

instruction 
10–15 min., 

2–3 times a 

week 

5–20 min., 

2–3 times a 

week 

(cursive 

instruction) 

10–20 min. 

daily 

HW 

program 

Reading 

Horizons & 

Own 

materials 

No No No No Mandarin 

Matrix 

(MMX), I-

Reading 

Math 

Instruction

al 

Procedure 

Teach letter 

formation, 

names and 

sounds with 

practice 

Explains 

formation 

and 

proportion 

of characters 

from start to 

end 

No 

procedure, 

occasionally 

checked 

letter 

formation 

and spelling 

Practice 

with stroke 

order 

I do, we do 

together, 

then 

independent 

practice 

Break 

characters 

into radicals 

and strokes 

Duration 

of HW 

Practice 

Per Week 

30–40 min. 

beginning of 

the year, 

20–40 min. 

review as 

needed 

< 15 min. 60 min. 

practice 

writing, not 

handwriting 

15–20 min. 

in class & 

30-45 min. 

at home 

100 min. 150 min. in 

class & 20 

min. at 

home 

Usage of 

Technolog

y 

Projector No No Projector & 

iPad 

Google 

Slides & 

Projector 

MMX 

Assessmen

t 

Informal 

checking of 

neatness 

Informal 

checking 

Informal 

checking 

and make 

correction 

Unit 

assessment 

Use 3 

writing 

sample 

during the 

year 

Regular 

dictation 

and writing 

in context 

Using 

MMX 

N/A Yes N/A Yes N/A Yes 

HW 

Facilitate 

Writing 

Yes Yes (focus 

on thoughts 

rather than 

HW) 

Not sure Yes 

(scaffold) 

Yes (help 

with overall 

neatness and 

structure) 

Yes (not 

separable) 
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Appendix L 

Example of Chinese Number-Writing Miscue  

Examples of mistakes made by two Grade 3 participants are displayed. The mistakes are 

circled and the correct formations are displayed on top. One participant wrote an extra 

stroke on Number 7 and mistaken Number 9 as another character “力” which means 

“power” instead of “九”. Another participant wrote Number 5 with a missing stroke, and 

mistook another character “人,” which means “person,” as Number 8.  
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