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Abstract: It is acommon assumptioim the TCFL fieldthat handwriting
Chinese characters (Hanzi3 a prerequisite forHanzi reading and
memoriation and that typing instead of handwritinghindes CFL

b e gi nliteeacysévelopment.This study provides evidence fone
contrary Pinyin-basedyping employsholistic processing of phonologieal
visual chunksThisfundamentallydifferent cognitive routsuppors sound
meaningform mappingand retrievalthusfacilitating Hanzi processing and
memory. The performancelataof 108 CFL true beginnersfrom a US
universitywere analyzewith 1,440 assessment recor@o@mpared tasing
handwritingas a primary mode for daily practjdearners usind?inyin-
typing anddigital toolsperformed equaly well in reading comprehension
andHanzi accuracy itypedessays, ansignificantly better iressayength
sentencdevel word reognition, and programend cumulative Hanzi
retention The results suggest that tRenyin-basedtyping approach with
distributed practicehroughout the courseenhances Hanzi rehearsaid
retrieval at the word and phrase levels, which in effect facilitate word
retention and promote Hanzi literacy development.
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1. Introduction

The Chinesecharactemwriting system(Hanzi) has been regarded #s greatest
barrierto learrers of Chineseas a foreign language (C)LThe traditionalstrokebased
handwritingmemorization(HM) methodis laborious and timeonsuming, demanding
tremendous cognitive resourcd=or CFL beginners whdiave very limited time for
Chineselearningand need to prioritize auralral skills, HMis distracting and counter
productive because of its inefficient uskeoognitive resources (Allen, 2008; Halliday,
2014; Ke & Everson, 1999; McGinnis, 1999; Moser, 199I9nceivably, suggling
beginners are further demoralizedrogmorizingnew characters that come every day, in
addition to repeatedly practicing previoudearned ones. Indeed, Hanzi retention is a
daunting task for learners.

Over the pasfew decades, researchers have explored or proposed alternative
pedagogical models in CFL settingsich as delayed writing and sepaitagek models
(Packard, 1990; Yin2006), learning whole characters without HM (Everson & Ke, 1999;
McGinnis, 1999), and Hanzi character learning using digital and multimedia modalities
(Jin, 2006; Shen & Liao, 2017; Xu & Jen, 20Xu et al., 2013)Nonethelessthe most
significantbreakthroughwasthe advent othe Pinyin-based word processing, “ g a me
c h a n g.ehahg, 2009)jhataffords a fundamentally differestyle ofHanzi pedagogy
for CFL beginnersNot only has the Pinyiyping approach significantly logved the
hurdleof HM, but it has alsdacilitated the integration of technologgynhanced Chinese
learning P. Zhang, 2016), and hggomoted language ugkroughe-learning activities
suchasemaiing (Xie, 2011)andblogging (P.Zhang, 2012 Sincetheearly 2000s, averal
typing-primary or mixed modelsfor CFL beginrershave been explored with favorable
results(Feng & Yang, 2013He et al, 2008; Xie, 2011P.Zhang, 208).

1.1The Pinyin system and PinyinInput Method
Pinyin, |l iterally “spelled sounds,” is tl
Mandarin Chinese developed in China during the 1950s. Since the 1980s, Pinyin has
become the most commonlsed phonetic guide for CFL learners worldwide. Therefore,

a Piryin Input Method (IME) is a soundased Chineseharacter input assistance program

using Pinyin spellings. It is the only Romanized and epdadorm Chinese IME based on

international standards that uses the standard computer keyboard with English letter

There have been several other popular IMESs, such as Cangjie (sthased, Wu Bi

(strokes and formbased), and Zhuyin (sowixhsedusing a unique set of phonetic

symbolg. However, these neRomanized Chinese IMEs were designed mainly for native
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Chinese speakers who already have a solid command of Chinese and Hanzi. Before using
any of these IMEs, one must also take a substantial training typing course to gain familiarity
with its complex coding system.

Evidently, learning to output Hanzi via Rinyin IME is the easiest for CFL
beginners. Most learners are not only already skilled in standard computer keyboarding,
but also familiar with Pinyingfter6-8hourso f t r ai ni ng | hAsacrbssegi nner
platform system, Pinyin IME ialso installed on Windows, macOS, and Lirarxother
Unix like systems, as well as mobile systems such as iOS and Anbimicever, one
major obstacle is the large quantityrabnosyllabichomonyms, i.e., one sound and one
spelling is shared by many chaers, ranging from a few to over a hundred. For example,
typing the sound “vyi” wil Fortyhatedylnditiplempatr 150 p «
modes are normally available in a Pinyin IME: character, word, or phrase/sentence. Since
disyllabidpolysyllabic homonyms fomwords withtwo or morecharactes in Chineseare
extremely limited using the intelligent worghrase mode can effectively filter unfit
homonyms and quickly yield highly accurate Hanzi outpntother wordsinputting
stringsof Pinyin words and phraseaastead of monosyllablesan significantly improve
Hanzioutput speed and accuracy.

Despite the successful practice of Pinyiry pi ng i n b eagAmericar ° s c o U
universities strokebased HM has remained the primary practicéha CFL field:most
U.S. CFL classrooms continue requiring the HM routines (Li et al., 2014, Ye, 2043Y.
teachers regard the typing approach as improper for CFL beginners. Jiang (2017) discussed
some common presumptions among native Chinese teaclgerfiamdwriting is the only
correct way to achieve Hanzi literacy; without handwriting learners cannot recognize and
remember Hanzand typingc an i nhi bit the | earner’s readin

1.2 Pinyin-typing: A different cognitive route

Does Hanzi retention depend on handwriting as commonly assumed? Is- Pinyin
based typing inferior to handwriting in developing Chinese literacy? This study argues the
opposite: Pinyirtyping is a groundbreaking innovation that optimizes CBLe gi nner s’
Hanzi learning. It involves a phonologicabypported cognitive process that influences
Hanzi acquisition at a deeper level than the seeming convenience. The traditional HM
approach was based on the functional need of handwriting since pelogdeon the pen
and paper for written communication. However, as digital technology has enabled e
writing via keyboarding and even speech, the HM routine lacks a scientific basis and a
pedagogical rationale. Specifically, the strddesed HM is founded omrolonged
procedures of sublexical input/output devoid of phonological inpypical HM steps
include:(1) follow awriting guide tolearnthestrokesand the stroke order of the chararter
(2) assembldahe characterstroke by strokdor an initial familiarization (3) repeatthe
assemby steps until the h a r aaompesitiongomponentsand exact stroke ordare
committed to memoryand (4) maintain learned characters by repeabethdwriting
practiceof charactergsee Appendix A). Obviously, br CFL beginnersmemoriang 8-

10 new characters a day addition to maintaining evencreasing learned items is not
only time-consuming but also cognitivelgraining In contrast, Pinyin-based typing
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employs dundamentallydifferent cognitve route Rather than bits and piecgsiblexical),
the learner focuses on meaningful umitsvordsandphrases (lexical)The phonetie to-
Hanzi conversiomuring typingentailsinstantphonologicatvisual processing: inputting
and outputtingneaningfulchunks of wordsand phrasegseeAppendix A2). Clearly, he
two modilities involve distinctly differentprocessesn learning and representwo

cognitive routegFigurel).
(o) ] ()
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Stroke (bit, sublexical) Basic Unit Word, phrase (chunk, lexical)

Mainly orthographic and semantic

Input - Encoding

Phonological, morphographic, and semantic

Analytic: strokes, parts (sublexical) Processing Type Holistic: words, chunks (lexical)

r* B B
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Prolonged sublexical-level assembly Output Instant lexical-level input and output

N
2

Stroke sequences; character-meaning-sound Memory Storage Chunked units; word (sound, meaning, form)
Character form to stroke sequence | ¢ BLEEIVAZGLITELM > | Sound to visual form of word as a whole
Characters; substantial time and cognitive load | € Maintenance > | Words/sentences; ease with rehearsals

Part of a character, word or sound | € EEEEREGEESIES > | [solated characters

Note. This chart was created by Phyllis Ni Zhang (2021), contrasting the characteristics of Hanzi handwriting and Pinyin-based
typing in cognitive processing.

Figure 1 Pinyin-typing vs. handwriting: Differences incognitive processing

As can be seerPinyintyping transforms the Hanzi procesgifrom asublexicalbased
visuatmotor procedureinto a lexicatbasedphonologicatvisual chunkng procedure
which cansubstantively impact learning outcom&@nnceivably the typing/digital route
opensa new and promisingpath toHanziliteracyfor CFL learnersThis studyseeks to
explorethe effectiveness ofyping/digital approachon CFL b e g i nHuaezr lsarning
concerningheir reading and-ariting development

2. Literature review

This review draw on theories from cognitive psychology and disasselated
CFL studies. Pertinecbgnitiveaspectsnclude information processing (encoding, storage,
and retrieval), working memory (WM), lortgrm memory (LTM), and depth of processing.
The discussion oCFL researcttenterson Pinyin-basedyping and its relateghrocessing
practice, and issues.

2.1Information processing andnemory: Theories andkey concepts
Phonological Loop (PL)PL plays a key role in language processigrordingto

Baddeley(2003) PL is anactive subsystemof WM that interact withLTM. It processes
verbal content including sound and visual textl) storing and refreshing the sound of
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language in rehearslalops and(2) transferring visual information (wordsdsentencés

to aphonologicalcodethrough subvocalizatioso thatmeaning can be extractdd.other

words to reada written word, peoplefirst convertit to a spokerdcousticcodeto be

processedh WM and thertransferedto LTM. T h u s, PL “can be a usefu
new wor ds” a nadquisitiarcof languageBaddsley,2003e p. 194; also see

Baddeley at al., 1998). Based on the PL mechamasmorphographic language such as

Chinese will take an extra step for the visaabustic conversiothe learner must first

make a soundmeaningform link of the word and store thepackage as amental
representatiorallowing for subsequerfL retrieval Converselymissing the sound coding

caninhibit effective retention in LTM.

Chunkng. Chunkingrefers to grouping asrganizing bits of informatiomto larger
or meaningfulwholes to facilitate VM and memory consolidatioccording to Miller
(1956),the humanimmediatememoryspan can only holdpproximately seven items of
information To effectively aid informatiorprocessing and. TM, small bits should be
recoded groupedor organizel into largerchunks. As a psycholinguistEllis (1996 2019
viewed chunking(i.e., learning and memorizing phonological and written sequenrces
formulaic expressiosas @ essentialprocessof second language acquisition (SLA)
becausat promotes thalevelopment ofautomaticity and fluency1996, p. 107. Ellis
further explained how language sequences/chunks in WM transfer and evolve in LTM:

Shortterm representation and rehearsal allow the eventual establishment of
long-term sequence information for language. In turn, there are reciprocal
interactions between loAgrm sequence representations and sieont
storage wherebjong-term sequence information allows the chunking of
working memory contents that accord with these consolidated patterns, thus
extending the span of shadrm storage for chunkable materials. (1996, p.
115)

Holistic vs. analytic processingChunking entails holistic processing (HPn
language processinge., taking a chunk (e.g., a word or a phrasas wholewithout
analyzingits parts By contrast, analytic processing (ARjcuses onthe parts of a
word/phraseHP is associated withigher efficiencyin word recognitionandtext reading
(Ventura et a].2020. However the processing afhinese written texhay require the use
of bothholistic andanalytical strategies-or exampleChinese childretended to useiP
to identify two-charactecompoundvordsbut switchedto AP to judgecharacteswhen in
isolation(Liuetal,2010)Nonet hel ess, a |l earner’s tendency
parts in each encounter is “de®GpInental to e

Depth of processing and retrievalccording to Craik and Tulving (1975),
information processing with encoding elaborat{erg., semantic categoriaedmeaning
cueg can increase théepth ofprocessingenhancing. TM. More importantly, retrieval
affects retentiojratherthantheamount of attentionandeffpf e c aus e “deeper enc
are associated with greater retrieval potent
2002, p.309). Tulving emphasizedthat retrievalis “the key procesof memory
(Guzzanigal991,p. 9]) asencoded andtored information can hesefulonly if it can be
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retrieved Despite some criticism on the depth framework, psychologists genagate
that the process involvingeaning facilitates retrieval and retention.

2.2 The phonologicalfactor in Hanzi learning

PreviousCFL research has recognizdtetstrong relationship betweehgnology
and Hanzi learningnd readingEverson, 1998Everson & Ke, 1997Yin, 2006 T. Zhang
& Ke, 2018. Charactergpresentedvith soundhave been found to lmetter retained than
thosewithout it (Zhu & Hong 2005) Everson (1998) observed, that learners tend to
systematically resort to phonological resources in Hanzi learning, i.e.gtaaimd and
vi sual forms as “a packaged deal” (p. 200),
studies(Jin, 2017 Shen & Jiang, 201Z. Zhang, 2009haveemphasized the importance
of phonological awareness.g., syllablessegmentationphonetic components literacy
developmentZ. Zhang (209) assertedhat thephoneticcomponerd of charactes should
be given a central place in Hanzi instructgincetheir phonological information plays a
key role in Hanzi learning anecognition.Therefore soundbased typingupports Hanzi
literacy development efficiently with enhanced sowumelning connecti@n better
awareness of phonetic components in Hanzi, contextualized Hanzi recognition/
differentiation practice (vs. isolated characters by handwriting)battdrmetalinguistic
awareness of the word/polysyllabic word (vs. characted laasic unit in ChineseZ(
Zhang,2009,p. 86:87).

Clearly, for CFL beginners; t he memori zati on of the | arg
needed for beginning literacy seems doomed to failure without firm spoken language
S up p &vetsdn, 1998p. 201). The Pinyin-basedtyping approachmakessense both
cognitively and pedagogically: bypassing the meaningless stradad sublexical practice
enables the learner to focus on and benefit ftbenphonologicalbasedprocessingof
meaningful units. The Pinyityping modesynchronieswith andreinfore s t he | ear ner
auratoral practicetherebypromotingChinese acquisitiothrough an integrated approach
(Allen, 2008 Xie, 2005, 2011Z. Zhang,2009.

2.3Chunking as asolution to the Hanzi readingbarrier

The absence of explicit word boundaries in Chinese written isegienerally
recognizedasthegreatestbarrierto reading comprehensidiverson& Ke, 1997 Moser,
1991 Shen& Jiang, 2013. Learners struggle to decipher the meaningradvenlyspaced

line of text withoutanycluesto word boundaries (e.g., W s

[ " ). To read Chinese sentenaefficienty with accuracythe chunking training
based omrmeaningful unitge.g.,words, phrases, collocatioremdidiomatic expressions)
is essential CFL professionaldiave suggested ways toster| e a r abdity ® parse
worddphraseshroughspeeckbased traininge.g.,awareness aftrings of phonemic units
chunkbased recitatiomndreading alougdJin, 2017;Shen & Jiang, 20%3yin, 2009. It
follows that Pinyin-basedtyping can also lend significant support tosuchrudimentary
training with phonologicatvisual mapping (Xie,2005) becauseinputting-outputting
chunks (in words and phrasesturally developthel e a r abiéty to gocess Hanzi by
meaningful units facilitating word parsing andsentence segmentatio®Given that
handwriting learners tend to analyze parts afharacter, intervention is necessary to
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develop holistic reading to improveading efficiency (Jiang et al., 2028hdchunkbased
typing may serve as a suitalstrument for this purpose

2.4Hanzi retention

Some longitudinal mpirical studies have revealed that the intensi routine
for CSL beginners does not facilitate Hanzi retenti®udying a 3month beginre r * s
program, Jiang (2007) found that the redubhaddwritinggroup performed significantly
better in both character recognition and handwriting tests than the controltgadbbpd
more HM practice. Similar findings were reportdry Wang (2015)that as learners
progressed to new Hanzi items durangearlong progam both their overall performance
on character recognition and handwriting declined considerably, with only 50% of
handwriting retention at the eifol. 23). These findings contradict theesumptiorthatthe
morehandwriting practicgthe bettelL2 learnes can recognize and remember Hanzi.

A few studieshavecomparedhe effect of typing versus handwriting on retention
with varied findingsGuan et al(2013 foundthathandwriting supports charactereaning
memory but not soun@ndtyping strengthengharacteisound memory but not meaning
whereas Jiang (2017) found no differences in sound or meaning recall between handwriting
and typing learners. Howevehgsefindings based on charactégvel testsare inadequate
to expl ai n -lével performance. Lu etoaf2@19) repord a wordlevel
experiment based on a CFL settimgr gui ng t hat “Ilwl]hen consi de
words (rather than characters) arethe bac uni t of a seocompared e” ( p. <
the effects of a digitabnly without handwriting condition (NH) versus a witndwriting
condition (WH) that used thirdof the allowed practice time on handwritifihe results
show that NH performedgnificantly better than WH, suggesting thaindwriting practice
is not as efficient as that with digital tools for learning and retaining Hanzi. Lusegakd
that efficiency should also be considered as an impa@Bhtlearningcriterion The key
findings demonstratgvo importantthings:( 1) handwr i t i ng-mesanirgf f ect o
memoryis only limited to a short period of timand (2) typing practice with words (lexical
units), different from discrete characters (dekical units), effectively enhances
morphographiesemantionapping—even better than handwriting.

2.5Typing-primary models Practice, issuesand benefits

Severaltyping-primary models using regular PinyinlME have been explored in
some CFL beginning Chinese prograsigch as typinddanzifrom Day 1(Feng & Yang,
2013; typingHanzi regularlysupplementedith agradual handwritingrogram(He et al,

2008); typing Hanzi proceeded witka basichandwritingtraining (Xie, 2011 P. Zhang
2015b,2018. While these programs reported overall sucdess,a r n e r charactsre a k e r
level performance due teord/phraseprocessing has also been notedngand Yang

(2013) arguedhat it is naturafor CFL learnersto first focus onwords/phrases before
attending tocharacters-a similar course thatChinese childrerdeveloptheir character
knowledge over time as their wobpdnk expands (|86). This view aligns wth Ke (1996)

that in-depth orthographic and character information can be acquired after obtaining
adequate knowledge of basic worddlen (2008) sharedthe same view “[o]nce the
pronunciation, speaking, and electronic reading/writing skills are solidified, handwriting
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then could be introduced more effectivelfp. 245). Furthermore, the typirgrimary
approach provides additional pedagogical benefitsZzhang (2009) notethat Pinyin
typing developsbetter soundneaning connectianfor learnes, greater awareness of
phoneic componers, intensified recognitiowlifferentiation as well ascontextualized
practice, and greater mdiaguistic awareness of Chinese word (p-89.

2.6 The gap in researchand current studies

Previous esearch has been heavily centeredHM-basedcharacterlearning
studieson Pinyin-basedyping versushandwritingarescarcelLyu et al (2021)foundonly
16 published quantitative empiricgtudieson this topidrom 2009 to 2019, of whicbnly
one examinedword learningand retention Moreover, there hae been few studies on
learning outcomes pertaining to levelatedpractical reading andriting skills, such as
thosedescribed iMCTFL Proficiency Guidelines (2012lt is, therefore compelling for
the CFL field to be informedf empiricalevidenceon| e a r acteallearning outcomes
in the classroomsetting including pre- or semifunctional levels beyond characters and
words For exampleresearchs requiredto determinavhether learnersanachieve Hanzi
literacy without handwritingAllen, 2008)orhow | earner s’ Hanzi ski |l | ¢
reading comprehension penfeance T. Zhang & Ke, 2018)From a pedagogical point of
view, evidence of the effects of typing on the g i nHareiprofisiency development is
essential for restructuring CHhstructionfor the digital agelt alsocalls fora shift of
researchiocusfromthe charactecenterearthograpic knowledgeo proficiency-oriented
skills andliteracy development

Given theneedfor closing the gapthis study seeks to investigate tlmng-term
effect of thePinyin-basedtyping-primary approachon learners act u al herfor ma
arguesthat as phonologyplays a key role immuman memorytyping via phonological
visual chunkingof words and phrasesan optimizeHanziprocessing (encoding, storage,
and retrieval) Therefore,soundbasedtyping using Pinyinis in effect superior in
supporing b e g i nHuaezr lsainingand literacy developmentContrastively,HM for
beginnerss inefficient andcountefproductivedue toits cognitive oveload and the lack
of phonolmical supportThe studyattemptsto answeltheseresearch questns: Can the
Pinyintyping approach achieve expected Hanzi learning outcamesglace of the
traditional HM routine?To what extentdo typing-primary learners differ frontheir
handwritingprimarycounterpartén targetperformance? fiefollowing four aspectareto
bedetermined

1. Readingcomprehensioasmeasuredby periodicassessments

2. Hanzi production and output accuracyeswriting as measured byerm-end
impromptuessaywriting assessments

3. Contextualizedvord recognitionasmeasured byeriodicassessments

4. Longtermword retentionasmeasuredy courseend andorogramendHanzi
assessmesit
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3. Methods
3.1Instructional context

This study was based on existing recordstafients in awo-semestebeginning
Chinese progranfCourse land 2 with 14 weeks per course/semestat)a private
university in the USwhere this researcher work8ourses 1 and 2 eadasted forl4
teachingweekswith a 4week break in betweerA regular week hadwo 75minute
lectures and two 5énhinute oral sessiongCourse materials were published textbooks
developed by tis researcherthe textbook Volumes 1 and ZP. Zhang, 20153@)andthe
literacy workbook Volumes 1 and ZP. Zhang, 2015) as well asa companion website
with interactiveonline exercise€ach coursetroducedapproximately350 characterand
500 word/phrase itesm

Hanzi instruction: Initial training and generalrequirements

Course Istarted witha two-week 6 hours) foundation uniton Pinyin and Hanzi
basics Hanzi trainingincluded characterstrokes, radicals, and four -2@inute in-class
tracing practicesessionsDuring the first two weekstsdents alseompleteda 50-minute
homeworkassignmenon Pinyin and Hanzi exercises following each sess\ithe end
of the foundation unitstudents received 30-minutetraining ontyping Chinese usin@
commonly availabldinyin IME program (e.g., #& Pinyin IME installecdbn Windows or
Mac). The training emphasized strategies for output efficiency and accuracy, e.g., inputting
chunks of words and phrases instead of monosyllablesughoutCourse 1 (14 weeks)
and Course 2 (14 weeks) of thisginningChinesegrogram students were expected (b)
spenda minimum of40 minutesa dayon Hanzi learningpracticeas part of the routine
homework and(2) do weekly sentence readidgping exerciseor grammarexercises
requiringsentence reading drtyping

Hanzi treatment Changes ohandwriting requirements

This program transiticed from a primarily handwritingapproachto a primarily
typing one Stage l(before 2016) adopted HMith a rigorous daily loadvith Pinyin-
typing beingused as theecondarynode Stage 201617) adopted a moderassd more
balancedHM approach (HMb) that reducedhandwriting by 50%While some students
found moderatbandwriting helpful othersregarded handwriting as unnecessarnother
change was nte (Stage 3, 2032Z019) b accommodate different learning needs &nd
test out the effectiveness of the typidigital approachPinyintyping wasadopted ashe
primary moddor Hanzi requirementsfterthe initial handwriting trainingCourse lonly
requiredminimal handcopying (withouthestrokememorization) an€ourse 2 no longer
requiredhandwritingin daily work and quizzesAlthough studentsvere free to choose
their own practicenethod, e.ghandwriting, mixedbalancedortyping/digital all students
were still required to complete typiagsignments and use only the typing mode for all
tests.
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Hanzi-relatedassessments

The direct measures included four main types:

1 Reading Three periodical and six uritasedreading comprehension tests
consisting ofnarrative passages of 3@D0 characterwith truefalse or
multiple-choicequestionsn English (Course 1) and in Chinese (Courge 2

1 E-writing. Threetermendtypedessayst{medimpromptuwriting on provided
topics/prompts)

1 Word recognition(since 2016L7). Six unit-basedand timed readingtyping
tests

1 Cumulative word recognition(since 201617). Termend Hanzi recognition
tests(word recognition and sentence readipging).

The indirect measures included three surveys: an entrance questioonaire

languageexperiencdollowed bytesting items (Pinyin, typing, and passage reading) and
two termendsurveyswith reflections on Hanzi learning and practieenong others

3.2Researchdesign

To examine the effectiveness of the typprgmary approach compared to the HM
primary approachthis study used a quaskperimental design with retrospective cohort
comparison groups with students enrolled ie leginninglevel coursegaught by this
researche{Spring 2015Spring 2019)The conditions of the all the cohorts were consiste
the head instructqrtextbooks, lesson plans, and assessments remained mostly the same
throughout Datamainly included the digital performance records of these cohéfitsle
the early HM cohortsisng pen and papdor written testdadlimited digital recordsthe
available data still provided valuable information on reading ardriéng and was
thereforeincluded Otherdata analyseésentence readintyping and Hanzi recognition/
retention) were madanly between the typingigital and HMb modalities The following
retrospectivecohorts formedthe three comparison groups based on their practice
modalities according to course requirements:

1 HM (2015 spring fall): Daily handwriting and memorizatidB-10 characters)
weekly sentence ream-typing or other typedexercises

1 HM-b (2016-17): Balanced with reduced dailyandwriting andnemorization
(4-5 characters) and weekly sentence readiypng orothertypedexercises

1 Typing-digital (20172019): Daily practice with Hanzi word lists and/or
Quizlet (audicenabled dlashcardswith words and phrasgsminimal hand
copying in Course andno regularhandwritingrequiredin Course 2weekly
sentence readirtyping orother typedexercises.

(Seedetails inAppendix B)

Inclusion/Exclusionrules
(1) To ensure baseline equivalence amdvoid confounding variables, this study

included only true beginners as determinedbgntrance test amalsurveyadministered
during Course 1in each cohort(2) Beginnerswho spoke Chinese or had Hanzi writing
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experiencevere not includedere.(3) Only those with complete assessment records in
Courss 1 or 2 were includedCourse 2 students who did not take Course 1 of this program
were excluded(4) True beginners who enrolled between 2017 and 2019 but did not use
typing—digital consistently ashe primary mode were not chosen for ttyping-digital
group. Given these restrictiortbe presentsample caronly be considered representative

of trueCFL beginnerenrolled in a rigorous college prograwith regular attendancesho

have adopted consistent Hanzi practice modeda$inedabove.

Samplesizeand data sources

Sample Sizel08 studentsvere includedaged 1820 years(47% male and 53%
female).The HM groupincluded54 students: Course 1 had tidents whenrolled in
Fall 2015, and Course 2 had 27 from Spring 2015 who completed Cours2014n(a
different cohort).To match thenumber of théHM group HM-b and typingdigital groups
each had 27 for Course from this 26 of HMb and 25 of typingligital learners
continuing in Course 2 were included for patsainpleanalysis

Data.A total of 1440 record<l(200 records of tests with identical items and format
and 240 records of entrance/exit suryewere collected an@dnalyzed All data were
collected fromthe existing digital recordsf the two coursefom 2015-2019.Although
muchof the 2015 cohort s’ h atmedmweddgitdldataframat a wer
theseearly HM cohorts still provide valuable information anaveretherefore included
(seeAppendixB).

Measuresand instruments

To evaluatel e a r Hamzi redding andPinyin-basedtyping performance, the
averages of reading comprehensgmores readng-typing test scores, and essay word
count andyping error count were computed for each gragsing the same set of criteria
The mean, median, and standard deviation scores were summarizétarizieount in
the essaysvas charactetbasedusing the Word Count feature in Microsoft Waoadd
English words were exclude®epeated typographical errors werat doublecounted
Given the multifaceted nature of L2 writingnd limited scope of this study | ear ner s
grammarerrois were not included in the analysis

Comparisons of means (or medianwbkere appropriate) between or across the
groups were performed using parameteists analysis of varianceANOVA] andt-test)
and norparametric tests for nemormally distributed data (Wilcoxasgnedrank, Mann
Whitney U, and KruskalVallis H testg. Pairedsample testfor the available Hivb and
typing-digital dataof Courses 1rd 2were also conductewt measure | earners
retention and progressive development
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4. Results
4.1 Readingcomprehensionperformance
Course 1 periodical assessments

Each readindask contained one or two passages, each with-800 characters
followed by 812 true/false or multiplehoice questions in Englisfihe simmary of the
three reading tesis presented in Table. An ANOVA found no statistically significant
differences acroghe three groupsN(= 81,F (2, 78) = 1.26p = .29)

Course 2unit assessments

Due toalack ofavailabledata for the HM cohosf only two groups weranalyzed
HM-b (h = 26) andtyping-digital (n = 25). Each reading passage containethaative
story of 426550 characters followed bgeven to eightruefalse or multiplechoice
guestions in Chinese. The performance of the two groups was consistertheuith
performance irCourse lindicated by the similar average sco(&able 2) and at-test
found that the two groups did not difféd € 51,t (49) =-0.518,p = 0.61).

Table 1 Course Ireadingcomprehensionscores(based onthree periodical test9

Group N Mean (%) Median (%) SD (%)
HM 27 82 85 11
HM-b 27 86 88 10
Typing-Digital 27 84 88 10
Total 81 84 88 11

Table 2 Course Zreadingcomprehensionscores(based onsix unit testg

Mode/Group N Mean (%) Median (%) SD (%)
HM-b 26 78 79 8
Typing-Digital 25 79 79 11
Tota 51 78 79 10

4.2 Writing production and Hanzi output accuracy
Course lterm-end timed impromptu essays

Essaylength was measured bihe Hanzi countof typed essays, anithe Hanzi
accuracy ratevasbased on the character count. The data included two shortégpays
completedn classwithout support,and all examined cohorts were given faene topics,
prompts, and timémits.
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Essay length/Hanzi counthe total Hanzi (by characters) produdedthe two
essays were tabulatexhd group averagesvere computed.Typing-digital learners on
average produced more Hankd € 496, SD =124) than HM M = 425, SD = 116) and
HM-b (M = 465, SD = 100learners Thedifference betweetyping-digital and HMwas
statistically significant = 54,t (52) =-2.18 p = .034). The Hanzcount frequenes
further revealed that 11% ¢yping-digital learners produced 700+ characters, whereas
nonefrom the other two groupdid. The upper ranges @2 up) shovedthat typing-digital
had a total o#10%, compared t033% for HMb and &% for HM (seeFigure 2a).

Hanzityping errors. These included typographical errors due to homonyms (e.g.,
for ) andothermisspelled or misusediords (e.g.T forT , forb). The

average error rates of the thrg@ups were all below one percent £@6%), with an
accuracy rate of 99.989.96% for each group. Since the distributions were skewed (non
normal), a KruskaWallis H (ANOVA) test was conducted; no significant differences were
found across the groupMd@n = .004,N = 81, H (2) = 2.79,p = .248). However, the
frequency distributions of each group showed that the proportion of learneechibeed
100% accuracyzero errorswas 37% in typingdigital, which was considerably higher
than that in HM(19%) and HMb (26%) (see Figure-B).

A. Course 1 Hanzi Count B. Course 1 Error Rate
HM (n = 27) HM-b (n=27) [ Typing--Digital (n = 27) HM (n =27) HM-B (n=27) [ Typing--Digital (n = 27)
0 i 4
700+ ; 021-.025 N
7 11
o 601700 4 e 016-020 _0_
3 ]
o 19 4 19
01000 e 22 ] 01-015 0=
] =4
ki 33 w 7
£ 401-500 N .006-.010
= 33 £ 26
© 301-400 =8 = 001-.005 4
22 e 26
15 19
<300 - 0 37
Frequency (%) Frequency (%)

Figure 2A. Course 1 essay length was based on the total Chinse (Hanzi) character production of two typed
essays. The frequency represents the percentage of a group for each range.

Figure 2B. Course 1 essaylanzierror rate was based on tBainesecharacter count001 indicates 1 error

in 1,000charactersThe frequency represents the percentage of a group for each range.

Figure 2 Course 1 Hanzi count and error rate frequencies across grougisvo essays)

Course 2term-end timedimpromptuessay

LengtiiHanzi count and Hanzi output accuracy rate were measured in the same way
asin Course 1. To control the variables, only one of the two essays in Cqudsatital
across all cohorfsvasanalyzedAll groupshadthe same essay prompts and used the same
platform(Quia), howeverthe HM cohort completed the task outside of class avltinger
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timeframe angbermission to refer to resource materiatscontrastthe HM-b andtyping-
digital cohorts completetheessay in class witut the support cdinyresources.

Essaylength/Hanzicount. The total Hanzi produced in one typed essay was
averaged for each group. As the resuléseskewed (nonnormal distributions), the data
were analyzed using ngrarametric tests (Krusk&aVallis H and ManAWhitney U).
Consistent with Course fiyping-digital produced significantly more Han®@n = 303)
than HM Mdn= 271 N =52,U = 226,z =-2.051,p = .04).As shown in therequency
distributiors (Figure 3-a), only 12% of typing-digital wasin the below250 range,
compared to 32%HM) and 30%{HM-b); and br the upper ranges (351 up), typidgital
was24 % compared t&% (HM) and 20%{HM-b).

Hanzi typing errorsThe results of typing errors in the Course 2 essay were highly
consistent with those in Course 1, with similar median error rates: .03% (or 99.97%
accuracy) for HM and HM learners, and .04% (or 99.96% accuracy) for tygiigjtal
learners. A KruskaWallis H (ANOVA) test found no significant differences across the
groups N = 78,H (2) = 1.26,p = .533). The error frequencies, shown in Figuse, 3
revealed that only 8% of typirdigital learners had a higher error rate (Oup), which
wasremarkablylower than that irHM (30%) andHM-b (12%).

A. Course 2 Hanzi Count B. Course 2 Error Rate
HM (n =27) HM-b (n=26) [ Typing--Digital (n = 25) HM (n = 27) HM-b (n=26) [ Typing--Digital (n = 25)

500+
—

.021-,050 0

0 016-.020 /
n

0
0

451-500

401-450

.011-.015
351-400

19 006-010

36

301-350

Character Count
N
o

Hanzi Error Rate

28

4 .001-.005

251-300 32

36

37
<250 32 0 79

meee——— 2

Frequency (%) Frequency (%)

Figure 3A. Course 2 essay length was based on the total Chinse (Hanzi) character production of one
typed essay. The frequency represents the percentage of a group for each range.

Figure 3-B. Course 1 essayanzierror rate was based on tB&inesecharacter count001 indicates 1

error in 1000 characters'he frequency represents the percentage of a group for each range.

Figure 3 Course 2 Hanzi count and error rate frequencies across groups (one essay)
4.3 Contextualizedword recognition (Hanzi andsound)
Course Zreading-typing performance (five out of six unibased tests)

Sentencereadingtyping items wereonly used inthe unit tests of Course After
2016, thereforenly two groupsvere compareddM-b andtyping-digital. In eachreading
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typing task, students read 406 sentences from a paper sheet and typed the sentences
verbatimon an online answesheet witln a settime limit. One ofthesix R-T records did
not set a time limit and was excludethble 3 presents the score summa#y.t-test
determined thatyping—digital did significantly better than HNb (t (40.9) =-2.2,p=.034).

Table 3 Course 2 sentence readirigyping performance scores (based on five unit tests)

Group N Mean (%) Median (%) SD (%)
HM-b 26 76 77 17
Typing--Digital 25 84 86 10
Tota 51 80 82 15

4.4 Longterm word retention (Course-end Hanziassessmenis

The Hanzi assessments availabialigital form included2016 to 2013ohorts to
examinel e a r oumulaive Hanzi retention through word recognition and sentence
readingtyping tasks.Data were collected for these three te§isurse 1 Exit (Test 1);
Course 2 Entrance (Test 2, a posttest of Test 1 afteveek interval)and Course 2 Exit
(Test 3).Pairedsamples weranalyzedbased ortheavailablerecordsof 26 HM-b and25
typing—digital learners The followingitems weremeasured(a) identifyinginappropriate
words from word groupsand (b) typing out the sentenceserbatim(20 in total)from a
paperguestion sheet. HMohorts had different written tests and tla¢a were unavailable.

Results of Hanzi Tests 1 and 2: cumulative and retention tests (matched samples)

Records of HMb andtyping-digital learners in Course 2 (n = 51) were analyzed to
determine thescoredifference between Test 1 and TedjpBsttestwithin each learner.
The score summary is presented in Table 4. A Wilcoxon Sidretks (WSR) matched
samples test indicated thae Test 2(posttestscores were significantly lower thémose
of Testl: (N=51,Mdn=65,T =240 z=-3.3, p=.001).

Table 4 Cumulative word recognition and retention in matched pairs
(Course lexit and Course 2entrance)

Percentiles (%)

N Mean SD
CONNCD 50th
25th (Median) 75th
Test 1 (Course 1 Exit) 51 74 20 62 81 88
Test 2 (Course 2 Entrance) 51 66 25 42 65 88

Results of Hanzi Tests 1 and Zumulative retention tests (independent samples)

Mann-Whitney U tests weraisedto compare the differences in performance
between the HMb and typingdigital groups. For Test 1, ngignificant differencevas
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found N =51,Mdn=81,U = 384,p = .26).In Test 2 the averag@erformance regressed
(as shown inrable 4above; however, no significant differenagasfound between the
two groups N = 51,Mdn=65,U = 344,p=.73).

Results of HanziTest 3 Cumulativeword recognition(independensampleg

The programend Hanzi test included wordtaughtin both courses. Theame
groups for Test #vere examinedor Test 3 As can be seen in Figure &, the beginning
of the course, there was no difference between the two groups. Hoakees 14week
studyperiodin Course 2typing-digital (n = 25, Mdn = 91) did significantly better than
HM-b (n = 26,Mdn = 79) in word recognition and sentence liegetyping U = 460,p
=.011).

100

T T m

80 79

65

il o

40

Test Scores (%)

sl CHM-b (0 = 26)
E Typing--Digital (n = 25)

]
Course 2 Entrance Course 2 Exit

Boxplot showing score distribution of the two Hanzi tests across the groups. Medians are labeled.

Figure 4 Cumulative word recognition performance (Course 2 entrance and exit tests)

5. Discussion
5.1 Summary of main findings

This studyaimedto determinethe difference in Hanzi learning outcomiagerms
of reading, ewriting, and retention between typhpgimary and handwritingrimary
approachesReading comprehension arenriting were compared betweehe typing—
digital, HM, and HMb groups.No significant differenceswere foundin reading
comprehension across the groups. Howdyemg-digital learners did significantly better
in ewriting (essay length and word recognition/retention than their HM/KHM
counterparts. Treeresults confirm previouslassroombasedbservations that the typing
primaryapproaciwith a welklstructured training progrataeads to better reading efficiency
ande-writing production(Feng & Yang, 2013Xie, 2011 P.Zhang, 2018 Theoutcomes
of handwriting learneralign withthose ofthe previous studies on CSL beginners (Jiang,
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2007; Wang, 2015) that more handwritiog beginnersloes not lead to better reading and
writing performancever time

5.2Writing production and Hanzi accuracy

This studyseeks tdind out whetherPinyin-typing learners can achieve the same
expected learning outcomestamndwritinglearners, as measured byvating length and
Hanzi output accuracy. As showhetyping-digital learners produced significantly longer
typed essayshan their HM counterpartswhile maintaining an equdevel of Hanzi
accuracy (99.95100%) The HM cohorts ewriting productionwas significantly lower.

At the end of Course 2, 73% of HM learners produced less than 300dhanacterglow
range) in one typedessay, compared to 48% typing-digital learners. These outcomes
were surprisingjiven that the handwriting learnesgre allowed more time and resources
during the writing taskThese learnershould not be consideresk disadvantaged for
typing dncethey hadalso practiced PinyHtyping routinely, besidestyping is an easier
task than handwritings generally assumdyy CFL teahers and student# is possible
that their shorter production resulted fréhne intensivedaily orthographicpractice i.e.,
writing and memoriing the strokes of 10 characters a deylinevitably forced learners
to slow downto focus onsublexicalunits. Presumably,His orthographiebased analytical
routine may negatively impactthe development ofmeaningfocused production that
requireslexicallevel and holisticprocessingAs a student reflected on Hanzi learning in
the 2019 course survey, the handwritprgcess isndeeda hindrance to Hanzi learning
and productive writing:

[Hlandwr i t i ng i sn’t i ntegr al to | earning He
whenever | handvrite Hanzi, | end up mindlessly writing without really

thinking. Even if | actively concentrate on what the word is, | get so caught

up on making sure the word is weh perfedty] that instead of learning

how to recognize the word, | learn the task of writing instead. Typing, on

the other hand, allows me to learn sentence structures and how to view and

recognize Hanzi in relation to other words rather than individiaatls or

the act of writing.

This also explaisthe typing-digitall ear ner ' s I mpr e switing.dtisper f or m:
true thathe intelligent Pinyin IMEaffords typing efficiency and accuradyowever for a
Pinyin IME to produce accuratdanzitext, the inputnustfirst containmeaningful string
of syllablesin acceptablePinyin spelling. In this regardthe typingprimary learners
benefited fronthe effect of phonologicavisual encoding (Baddele2003 and chunking
(Ellis, 1999. Despitetheir issues witlisolated charactes vs. or ), theywere able
to quickly readHanzi strings and in most caseglifferentiatetargetwords from their
homonyms €.g.,\ vs'\ .1 vs or 1 ).Evidenty, for most learners,
reducing oreliminating handwritingdid not inhibit their Hanzi reading development
Ratherjt promotedHanzi learningsincelearnersnust constantlidentify and match Hanzi
words /phrasesto their phonetic inputThe outcomesalso supportZ. Zhang $2009)
assertion thatsoundbased typingcan effectively raise thé e a r metalingsistic
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awarenessf: (a) Hanzi homonymsand (b) of theword/polysyllabic word rather than a
characteras a basic unit

5.3Newevidence onle a r nwordg diention
Typingdi gi t al | ear nelevsléetetionccessf ul word

Despite aranticipateddecline intheirword recognitioratthe beginning of Course
2 (after afour-week interval), typing-digital learners recovered quickly and did
significantly better than HMb learnersn all sentenceeadng-typing tasksin Course 2,
including the one in thdinal programend assessment. These restiistradictpreviously
reported findingghat handwritingled to strongerword recognitiorwhereas typing only
supportedcharacteisound memory, not meanirfg.g., Guan et al2011) However,the
findings align with the wordlevel observationsL{ et al, 2019) that thaligital (without
handwriting condition resulted in better word recognitjiaffering new evidencdhat
typing—digital learnerswere able taecall words (soundorm, andmeaning)over a long
periodwhentyping practicevasmaintainedClealy, the ease of using typirdigital tools
helped sustain Hanzi maintenance as learners progressed to new materials, thus allowing
for advancement in Course 2.

Baddeley $2003 argument regarding the phonological loop as a useful aid for
language learning also applies to written Chindde programend learning outcomes
suggest thatecursive typingracticeenhanced sourtheaningform mapping effectively
facilitating word reall. It also suggests that the lack of phonological encoding and word
rehearsal can impede welelvel processing and retrievéh addition, gvent he | ear ner s’
relatively weak characteknowledge,the existence of meaning cues that support word
retrieval(e.g.,Craik, 2002; Shen2004)also played an important role successfuivord
recognition performance, especialiythe £ntence readintyping taks.

Handwritingl ear ner s 6 -leve eetendian wo r d

The inferior performanceof HM-b learners inthe Course 2cumulative test
indicates that regular charactefdevel handwriting even if with reducedoad, does not
enhance wordevel memory Three factorassociated with handwriting magntribute to
unsuccessful wortktrievals First, handwritinglearnes focus on visual strokeassembhg
without word-sound input Despite a strorgy charactedevel memory, he lack of
phonological encoding ankxicallevel rehearsal mayead tothe word-recall failure
especiallyfor typing taskswhenthe sound information igssential Secondword-level
memorymayfadeif learnersdiechunkwords—writing only new orhardcharacters instead
of whole words Third, learnersmustkeep up with newtems as theyrogress thus,
exhausting their cognitive resourdes maintaining old character and learning new items
at the same timé@ hese factorsnay also explairthe previousfindings from longitudinal
studies on CSL beginnersthat rigorous handwriting practice led to declined word
recognition and hanteproduction performanddiang 2007 Wang 2015) Thus,besides
the demanding cognitive load and limited Hanzi retention effect, an acileghtfor
prolongedhandwritingpracticeis that it maywveaken word recognition thelearnertends
to practicecharactersatherthan whole words
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5.4Pedagogicaimplications and suggestions

The currentfindings offer the following considerations f@FL beginrer-level
Hanzi instruction.

1.Thetypingpr i mary approach opti mi z Althoughengnynner s’
factors can influence learning outcomes,welklstructuredtyping-primary model (e.g
Pinyintyping coupled with Quizletis efficient and sustainable for maSEL beginners

2. Handwriting can stilprovideadditional assistancend sati sfy bé&mi nner s’
initial familiarization ofthe basics ohandwriting is necessaigr all beginnergo gain

prerequisite knowledge, which also helps support thensefivated handwriting needs of

some learnersNonethelessthe prolongedstrokeby-stroke memorizationroutine is
counterproductivefor mostbegimersand should be avoided.

3. For a typingprimary approachstructured?inyin-typing training (e.g., input words and
phrases instead of characters) aligtributed practicdeg., routine typing assignments
throughout the cour¥are essentiaffor learnersto developHanzifluency and accuracy.
Distributed practice also provides repeated rehearsals necessary for idadirig and
retention. For example, weekly exercisasch asyping of words/phraseBom audio and
written cues and setjuizzing wsingaudiosupported agdications (e.g.,Quizle), increase

| e a r freguensy okexposure to Hanzi text and enable effective word retriewatbout
such as systematic practice in place, the tyjinignary approach may not achieve expected
learning outcomes.

4. Would abalancedapproachbe better’Someteachers may prefan integratedor a
dualmixed methodfor the benefits of botthandwriing and typing However,which
modality takesthe precedencean make a differenda learning outcomed he key issue

is the initialencodingnode and memory structure involved in the pro¢ess stroke and
partbased vs phonologicatvisual, chunkbase(l. Therefore, itis suggested thaa
balanced/mix mode should put Pimtyping practice before handwriting, and make
handwritng as secondary and use it selectively.

5. Radicals and componentor beginnersexcept for easilyconfused characte(s.g.,

vs. vs. ), it is umecessary t@mveremphasize radicaland components of
characterdn-depth orthographic and character information caadogliredafterobtaining
adequatdasic wordgo help learners advance their krledge of Hanzi(See Ke, 1996
for an orthographic awareness modeid seeZ. Zhang, 2009 for @honicapproach to
character learniny

5.5Limitations of the study and future reseach

This study has severdimitations. (1) It examinedrecords of true beginners
sampledfrom retrospectivecohortswithout randomizationThe generalizability ofthe
results is limited byhe small sample sizef each group and bihe exclusion ofearners
with partial records and with Chinese or Hanzi edgere.(2) The original assessments
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were notspecificallydesigned for experimenasd henceconfounding factors ight exist.

B3The HM | earner s’ p enhfpartralyeommete owingaa lacksof s wa s
comparable recordg.g., sentence readitigping tasks)(4) The analyses farssaywriting
performance were limited ®writing records due to a lack of handwritten data. In addition,

the ewriting analysis was limited to thessaylength andHanzi output accuragyvhich

answered the research question pertainingwoiting productionin terms ofefficiency
andHanziaccuracy. Howevegs L2 beginnetsvr i t i ng i s mulwitingd acet ed,
quality, grammay and communicativappropriatenesshould be further investigate(h)
Beingbeyond the scope of this stydiyarner differencege.g., auditory vs. visual learners)

and other proficiency levethan beginnergiere not examinedcome learners may depend

on handwriting to remgnize and remember HanZihereforethepedagogical suggestions
providedabovemay notapply to all learner typesand levels especiallythosewho are
handwritingreliant. Future researcmay delve deepeto gain moreinsightsinto these

areasand explordearnerspecificpedagogical solutions.

6. Conclusion

SincePinyin-basedyping-primarymodelswere introduced in the CFL field in the
early 2000s€.g.,He et al, 2008 Xie, 2005 Xu & Jen, 2004)the crucial roleof Pinyin-
basedtyping in L2 Hanzi learning has long been ignored mainly owing to the
misassumption that typirlgads to poor Hanzi recognition aliteéracy developmenihis
longitudinalstudybased on #40record® f t r ue b e gi rhasprovideédneavs s e s s me
evidencesupportingthe typingprimary approachrather tharhindering it, Pinyin-typing
promotes Hanzi learning and ugeompared taheir intensive or balancedandwriing
counterparts the typing-primary learners demonstrated(l) comparable reading
comprehension2) longer typed essaysith comparablénigh Hanzi accuracyaveraged
99.96%) (3) better word and sentenctevel word recognition and (4) better cumulative
word/phraseetention in courseandprogramend assessmeni&dditionally, in the four
week interval between the two courses, tygoanignary learners did not have more Hanzi
attrition than balancedandwriting learners. Evidently, most beginners receiving a
structued typingprimary Hanzi training can achieve expected learning outcomes for
reading, ewriting, and maintenance without handwriting. The results on reading and
writing efficiency are consistent with previous preliminary reports on typmgary
practice Feng & Yang, 2013; He et al, 2008, Xie, 2005, 2.1Zhang, 2018). Despite
weakness in recognizing isolated characters, typmmgary learners can successfully read,
retrieve, and retain Hanzi in meaningful chunks of words/phrases, if typing rehearsal i
regularly maintained. In contrast, handwriting learners, who are generally stronger in
character recognition, may fail in wolelvel performance, possibly owing to a lack of
phonological and/or meaning support due to focus on sublexical learning (sarukes
i solated characters). This observati-on I s <coc
level retention with and without handwriting and extends previous findings that were based
mainly on charactelevel experiments (e.g., Guan et al, 2011; Ji20@7; Xu et al, 2013).

To help fill in the gap inthe literature this studyhas examinedCFL Hanzi
instruction from cognitive and functional perspectiveEvidently, he typingprimary
learners succesan bdargely attributed to thphonologicatvisualroute.Pinyin typing
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affords soundneaningform mappingin meaningful chunksof words/phraseswhile
recursivetypingrehearsalsanconsolida¢ and enharnethe meaningful chunksine ar ner ' s
long-term memory, which in turfacilitate the chunk retrieval and learningse transfer

The effectiveness of ih typing approach suggests that chunked phonolcgisalal
processing, a key process for language acquisition (BaddeleyE0831996, 2012) also

applies to a morphological language like Chinesg.demonstrated in this studihe
typing-primary approachwith structured typing practiceptimizesthe speakingreading
integrated( ) modeland provides logical, feasible,and sustainablesolution to

CFLb e g i nliteraay development

While offering a preliminary look at a new and promising pdthis studyis
nonethelesfimited in scopeand qualitativeanalysis Future research is necessary to also
examine thayping—d i gi t al |l earner s’ production (e.g.,
to gain indept h i nsights into the | earners’ | ea
transformation of Hanzi learning and assessment in digitally enabled procedures. Clearly,
to perkct the typing—digital pedagogy across different proficiency levels, more design
based studies are needed to determine when and how CFL learners should acquire more
Hanzi orthographic and character knowledge to further their literacy.
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Figure Al

Appendix A

Typical Steps for Learning Chinese Characters (Hanzi) by Handwriting

Steps

na: which

1. Learn the stroke order by tracing the first row;
2. Trace the whole character a few times;
3. Write out the whole character.

4. Repeat the steps until strokes are memorized (if required).

u}jlg

Note. This example demonstrates typical initial steps for L2 Chinese beginners to learn Chinese characters
(Hanzi) based on the traditional handwriting method.

Figure A2

Chinese Word Processing with a Pimjgased Input Method

h Enter a single syllable in Pinyin to na
Character select a character. High frequency
: A 2 ¥ B |
Mode candidates appear on the first row. 1.7 2.2 3. E]S 4. Tk] 5.NA y
(20 candidates available for selection)
1b. The three syllables (nageren) are automatically
separated and Hanzi candidates appear as you type.
la. Typg a Yvord /short na'ge'ren
phrase in Pinyin:
nageren (which person) LA/ A 2.9 ’I\ A 3.9 /|\
(only 2 eligible candidates) -
Chunk
Mode

Or type a short sentence as na'ge'ren'shi'mei'guo'ren

shown (meaning which 4 5 Lo I A B o R
P~ AeEB A/ EXE A 3.3/ AE

person is American) and view 1 R R 2AMAREEA BHAMAE L

the full- sentence candidates. l

Note. Created by Phyllis Ni Zhang (2021), this figure demonstrates the Pinyin input method using Sogou Pinyin IME.
The character mode normally produces numerous homophonic/homonymous candidates. The chunk mode (word,
phrase and sentence), in most cases, reduces sound-matching candidates to one or two.

2. Press SPACEBAR to
: : 3. Conversion is done.
select the first choice or %/I\AﬂiﬁA

press a number for
another one.
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Table B1

Appendix B

Hanzi Practice and Requirement for Each Cohort

Genera Hanzi Daily Hanzi Routine Unit Fnal
Practice/ Requirement Practice/ Quiz Assignments Tests Essays
. . . Reading,
Cohort and Modality Course 1 New cha- Quiz/ Quiz/ Grammar | Weekly ammar Timed
(14 Weeks x 5 hrs) racters handwrite | reading |exercises |exercises gvo cab '
[Fall 2015] a. Daily handwriting and memorization; 8-10 dictation 3 phrases online, handwrite; | handwrite; tVoe
HM-primary (HM) b. Regular typing for assignments 5 items P type type type p
[Fal 20:;6] b a. Daily handwriting and memorization; 45 copy 3 phrases online, | handwrite; tvoe tvoe
HM-moderate (HM-b) |, Regular typing for assignments 4 items P type type P yp
[Fall 2017, 2018] a Daly audlo-aded/QJl;let pra(.:tlce; copy online,
TVoinc-primar w/minimal hand-copying/tracing; 10-15 4items 3 phrases tvoe type type type
yping-p y b. Regular tryping for assignments w
. . Reading,
. Course 2 New Quiz/ Quiz/ Grammar Weekly
Cohort and Modality (14 Weeks x 5 hrs) characters | handwrite | reading | exercises | exercises g\:;x;r::r:bar, Timed
[Sring2015] a Daily handwriting and memorization; 8-10 produce 2 phrases online, | handwrite; [ handwrite; | handwrite;
HM-primary (HM) b. Regular typing for assignments 5items P type type type type
[Spring2017] a Daily handwriting and memorization; i produce online, | handwrite;
HM-moderate (HM-b) |b. Regular typingfor assignments 45 4 items 2 phrases type type type type
[ring2018,2019] |2 Daly audio-aided/Quizlet practice; online,
TVoinacDicita handwriting not required 10-15 none 2 phrases tvoe type type type
yping=g b. Regular tryping for assignments w
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Table B2

Grouping of Data

Course 1 N (81) Tests Surveys || 3 Reading = 2 Typed- 1 Hanzi 1 Entrance 1 Exit
Records (true beginners) Total Total Tests Essays Test Test/Survey Survey
Fall'15 HM-primary (HM) 27 135 54 81 >4 N/A 27 27
Fall'16 HM-moderate (HM-b) 27 162 54 81 >4 27 27 27
Fall'17,18  Typing-Digital 27 162 54 81 54 27 27 27
Course 1 analyzed records (621) 459 162 243 162 54 81 81
Course 2 N (78) Tests Surveys || 6 Reading = 5 Typing 1 Typed- 2 Hanzi 1 Exit
Records (continuing beginners) Total Total Tests tests essay Tests Survey
Spring '15 HM-primary (HM)* 27* 27 27 N/A N/A 27 N/A 27
Spring '17 HM-moderate (HM-b) 26 364 26 156 130 26 52 26
Spring '18,19 Typing-Digital 25 350 25 150 125 25 50 25
Course 2 analyzed records (819) 741 78 306 255 78 102 78
Total analyzed records (1440) 1200 240
* marked cases in Course 2, Spring '15 (N=27) indicates unpaired samples.
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