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Abstract

such as performance overviews, task analyses, handwriting obser-
vations, and behavioural insights, enabling them to identify the root

Dyslexia is a common neurobiological learning disorder signifi-
cantly impacting reading, writing, and spelling worldwide. Early
identification and intervention are essential, but most pre-screening
tools focus on Latin languages, leaving Chinese-speaking students
underserved. To address this gap, we conduct semi-structured inter-
views with special education (special-ed) teachers to gather their
needs for dyslexia pre-screening tailored to Chinese contexts. Us-
ing their insights, we have developed DysVis, a user-centered data
visualization system that combines handwriting analysis, body
movement keypoint conversion, and a comprehensive visualization
interface. DysVis provides teachers with multi-level visualizations,

causes of learning difficulties. Our evaluations, including case stud-
ies, a user study, and expert interviews, demonstrate that DysVis is
user-friendly and effective in quickly identifying at-risk students,
ultimately enhancing learning outcomes for Chinese-speaking stu-
dents with dyslexia.

CCS Concepts

» Human-centered computing — Visualization systems and
tools; Interactive systems and tools; Web-based interaction.
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1 Introduction

Dyslexia is a prevalent neurobiological learning disorder that sig-
nificantly influences a person’s reading, writing, and spelling skills
[10]. It is characterized by challenges in word recognition, spelling,
and decoding, often linked to deficiencies in the phonological aspect
of language [33, 63]. These challenges can severely affect students’
academic performance, self-esteem, and lifelong development [59].
Early intervention is essential to help students with dyslexia over-
come challenges and reach their potential [77]. Through timely
support, special education (special-ed) teachers can provide tai-
lored instruction and personalized learning experiences to meet
each student’s unique needs.

To support early identification, previous research has explored
various pre-screening methods to assist educators in recognizing
dyslexia. For example, Chan et al. [16] developed a behaviour check-
list to screen dyslexia. In contrast, Hou et al. [44] created a tool
that utilizes multiple checklists, including parent reports and in-
telligence assessments. Although these behavioural assessments
provide valuable insights, they may not fully capture the complexi-
ties of dyslexia in diverse linguistic contexts [1, 11]. This limitation
is particularly pronounced in non-Latin language contexts, such
as Chinese, where linguistic variation can complicate the assess-
ment and intervention for those with dyslexia [62]. For example,
in Hong Kong, where Cantonese is the primary language, students
often switch between formal and informal speech in their daily
communication.

Furthermore, compared to Latin languages that are syllabic-
aware with prominent sound-script correspondence, there is no
strong correlation between the sound and script of Chinese because
Chinese writing is logographic [20, 42, 67]. Thus, indicators such as
morphological awareness, Chinese handwriting stroke order, and
handwriting gestures are crucial for Chinese dyslexia pre-screening
[45, 51, 68, 84]. For example, although various resources are avail-
able for identifying and supporting students with dyslexia, such as
Ghotit Real Writer & Reader [61], QS Dyslexia Tests [56], Amira
[21], and Realize Reports [60], they mainly focused on phonologi-
cal awareness [85], letter positions [49], letter combinations [86],
and letter sequences [52], due to the limited number of characters
and the horizontal writing format of the English language. These
characteristics are not available in Chinese. As a result, different
predictors for assessing dyslexia in China are necessary.

To this end, educational visualization systems are considered
more effective and promising in delivering users detailed analyt-
ics [4, 25, 40, 72]. For example, Herodotou et al. [40] implemented
predictive learning analytics to identify at-risk students based on
quantitative metrics such as submission status and grades. Despite
these advancements, these tools only provide special-ed teachers
with the final pre-screening results without comprehensively ana-
lyzing students’ learning process. As a result, many students may
struggle with their learning without effective pre-screening tools
tailored to their learning needs. This lack of support can result
in long-term academic challenges. Consequently, students’ confi-
dence may diminish, further hindering their educational progress.
Thus, addressing these gaps is essential for improving educational
outcomes for students with dyslexia in Chinese-speaking contexts.

FUNG et al.

This work has aimed to design and develop a pre-screening
system for special-ed teachers to provide early intervention for
at-risk students with Chinese dyslexia. To understand the needs
of special-ed teachers in conducting pre-screening, we conducted
semi-structured interviews with 13 teachers, based on which we
distilled design requirements. Specifically, teachers emphasized the
importance of evaluating overall student performance to transition
from general assessments to individualized support for at-risk stu-
dents with dyslexia. They highlighted the need for quickly identify-
ing specific learning challenges and thoroughly analyzing students’
approaches to sub-questions to uncover root causes, ultimately
leading to more effective and personalized interventions.

In response to the identified requirements, we propose a data
visualization system for dyslexia pre-screening, DysVis, designed
to enhance the pre-screening process for special-ed teachers by im-
proving usability and eledtiveness 1. Inspired by previous research
[47, 55, 58], our approach integrates open-pose techniques to enable
quick, convenient, and detailed pre-screening. Specifically, our sys-
tem integrates three key components: (1) handwriting data analysis,
(2) body movement keypoint conversion, and (3) a user-centered
visualization interface to assess and support students at-risk of
dyslexia comprehensively. Specifically, we first analyze real-time
handwriting animations alongside body movement data. We collect
writing data, convert it into SVG format, and illustrate the writing
strokes sequentially based on the student’s writing performance.
Then, we convert videos into keypoints for body movement data to
represent the student’s skeletal structure. Key features indicating
impatience, such as abnormal head and hand movements (e.g., un-
usual head rotations and vigorous hand motions), are highlighted
for analysis. Lastly, we design a user-centered interface to facili-
tate the discovery of marginal cases among students with dyslexia
at four levels of detail: Student Overview Panel provides special-
ed teachers with a summary of pre-screening performance. Task
Overview Panel allows teachers to analyze student performance
and quickly pinpoint which testing tasks require further investiga-
tion; Sub-question Panel enables teachers to examine sub-questions
within each category and observe students’ handwriting through
animations; Student Behaviour Panel offers detailed insights into
the behaviours of students exhibiting dyslexia symptoms. It helps
identify the underlying reasons for their difficulties in those areas.
Our contributions are:

¥ We have constructed the design requirements for dyslexia
pre-screening by collaborating with domain experts, such as
special-ed teachers, and reviewing existing research.

¥ We propose a user-centered data visualization system, DysVis,
which integrates real-time handwriting analysis and body
movement data to quickly identify specific learning chal-
lenges and assess individual student difficulties, equipping
special-ed teachers with systems for early intervention in
at-risk students and enabling rapid identification, compre-
hensive insights, and reliable assessments to uncover the
root causes of students’ difficulties.

¥ We have conducted a comprehensive evaluation and encom-
passed two case studies, a thoughtfully crafted user study,

The University’s Institutional Review Board (IRB) approved the experimental protocol.
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and expertinterviews to exemplify the electivenessand
usability of the advancednethod.

2 Related Work

Our paperOlatedwork canbedividedinto four sectionssupport
for readingandwriting disabilitiesin Human-Computetnteraction
(HCI),existingdyslexiapre-screeningnethods the behaviourof
studentswith dyslexia,andexistingassessmennethods.

2.1 Support for Reading and Writing
Disabilities in HCI

In the HCI context,varioussystemshavebeendevelopedo sup-

port individualswith readingandwriting disabilities,particularly

dyslexia[36 41]. Thesesystemautilized user-centeredlesignto

improve the educationakexperienceby olering personalizednter-

ventionsthat respondto the speci'c challengessncounteredoy

students Forexampleautomaticspeectrecognition(ASR)systems
require usersto listen to questionsand content,therebyimproving

their reading#uencyandcomprehensiorf 7§. In addition, interac
tive platformsthat incorporategami“cation elementscanmotivate
studentsto engagen readingandwriting taskswhile providing

immediatefeedbaclon their performance 35 3§. Thesesystems
often utilized HCI principlesto createuser-friendlyinterfacesac
commodatingdiverselearning preferencesBy leveragingthese
principles,our systemsupportsreadingand writing, enhancing
overalllearning experienceshrough thoughtful HCI design.

2.2 Dyslexia in Chinese

Studentswith dyslexiaencountersigni“cant challengesvhenlearn
ing Chineseprimarily dueto the uniquelogographiowriting system
of the languag€g 23. Unlike alphabetidanguagesstudentsneedto
memorizespeci“cradicalsand componentof charactersyhich do
not haveadirectlink to pronunciation[57]. This lack of grapheme-
phonemecorrespondencéamperstheir ability to predictspelling,
further complicatingthe learningprocesq 79. Therefore,it is chalt
lengingto pre-screermat-risk studentswith dyslexia.

To electively assesst-risk studentswith dyslexia,educators
often employ various methodsfor pre-screeningOne common
approachinvolvesrequiring studentsto read180words,classifying
thosewho makemistakesin ten consecutivewords ashigh-risk
case®f dyslexia[30, 36 37. However,ayoung studentOgocabu
lary sizecanbein#uencedby factorssuchasfamily background,
demographicsandthe quality of kindergarteneducation[2, 66.
Also, the timing of the evaluationg(i.e.,at the beginningor end of
the academig/ear)canleadto varying testresults.

In addition to readingassessmentspecial-edeachersfocus
on writing-related aspectssuch as componentratios, stroke or-
der,andwriting consistency[27]. The studentis often considered
high-risk if speci“cwriting issuesarefrequently observedlt is es
sentialto recognizethat young studentsmay haveunderdeveloped
motor skills, which canresultin poor handwriting [3, 24. While
existingresearchprimarily focuseson readingdisabilities[82 83,
dyslexiaencompasselsoth readingandwriting challengesGiven
the multifacetednature of dyslexia,our work aimsto provide a
comprehensivere-screeningprocessThis processenablesspecial
educationteacherso assesstudents@nguistic abilities, literacy,
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handwriting, and behaviouralfactors cohesivelyensuringmore
accuratelyidentifying at-risk students.

2.3 Behaviour of Students with Dyslexia

Teachersbservestudents®ehaviourswhile writing Chinesechar-
actersfor severalpurposesFirst,they assessvriting techniques,
including stroke order and overall pro“ciency [5]]. Secondthey
identify commoncharacterformation errorsand misunderstand
ings[74. Third, they evaluatehow studentsapproachwriting tasks
andapply learnedconceptd48§. In addition,teacheramonitor at-
tention and sensoryprocessing[50, noting that studentswith
dyslexiamay struggleto remainstill, often showingrestlessness
through body movementsor shakingof the legsasexpression®f
impatience.

To assesslyslexiasymptoms special-edeachersand parents
areencouragedo utilize behaviouralchecklists suchasthe Hong
KongDyslexiaBehaviourScalefor Primary SchoolStudentsSee
ond Edition) 2 andthe ParentalBehaviouralChecklist3. Students
arerequiredto completenine questionnairesAlthough eachques
tionnaireis relatively brief, studentsoften experienceatigue after
afull day of lessonssometimeseedingtwo to three daysto com
pleteall assessmentgurthermore someteachergeportchallenges
in understandingcertainpartsof the questionnairescomplicating
their ability to makeinformeddecisionsConsequentlymanyteach
ersrely on personalexperienceto evaluatestudents®ehaviour,
which canleadto oversightof individual performanceand misjudg
ments.Therefore,one of the objectivesof this work is to establish
astandardizegrocedureand objectivemeasurement$o enhance
the accuracyof dyslexiapre-screening.

2.4 Existing AssessmentMethods

In this section,we discussthe existing assessmenmnethodsfor
dyslexiaassessment.

Standardizedssessmenthe standardizedassessmemnwasde-
velopedby the Departmentof Health in Hong Kong [7Q. This
approacholers variousmetricsfor identifying dyslexiasymptoms,
includingreadingandwriting abilities,reportedbehavioursathome
and school,and communicationskills. Conductedby registered
professionalsuchaseducationabsychologiststhis structuredas
sessmenprovidesa systematiapproachto diagnosingreadingand
writing disabilities.However,it may overlooknuancedbehaviours
and contextualfactorsthat signi“cantly inf#uencingstudentper-
formance In addition, private assessmentare expensivele.g. HK
$15,00@erassessmentigndmostfamiliesmaynot beableto alord
the price.

ObservatiorMethod:Another pre-screeningnethodinvolves
observingstudentbehavioursgclasswork andinteractionsin the
classroom.This approachcan provide valuableinformation on
the individual learning processand challengesfacedby at-risk
studentswith dyslexia.However,althoughit allows for a more
holistic understandingof studentneedsjt canbe subjectiveand
heavily dependson teachers@xperiencawith possiblebiaseq17].

2https://hksld.eduhk.hk/
Shitps:/iwww.eoc.org.hk/EOC/Upload/UserFiles/image/Barrier-freeLife/SLD.pdf
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Furthermorethetime-consumingnatureof this methodmayhinder
its practicalimplementationin busyclassroonsettings.

Biologicallntegration:Dyslexia arisesfrom variationsin lan-
guageprocessingvithin certainbrain regions.Someresearchers
exploredinsightsinto brain behaviourthrough electroencephalog
raphy (EEG)signals[19. Participantsarerequiredto wearan EEG
headseto enableanalysisof neuralactivities.While EEGsensors
may facilitate the explorationof signi!cant information by assess
ing brain electricalactivity, it is di"cult to collectdatafrom users,
particularly with young children[75 76. This work proposesa
more accessiblenethodto gatherdatafor dyslexiapre-screening.

VisualizationSystem¥isualizationsystemspresentcomprehen
sivedatain an accessibléormat, allowing educatord¢o makein-
formeddecisiong91]. Thesesystemq9, 14, 4(Q areespeciallyuseful
in learninganalytics(LA), enablingeducatorg¢o monitor student
performancejdentify at-risk studentswith dyslexia,and adjust
teachingstrategiesaccordingly[90. Forexample Dyckho#et al.
[29 developedhe LearningAnalytics Toolkit (eLAT)to examine
the relationshipsbetweenstudentbehaviourscharacteristicsand
assessmenesults.However,existing systemsvere not designed
to meetthe specilc needsof special-edeacherssuchasa user-
centereddyslexiapre-screeningystem[46.

Currentsystemscangenerallybeimprovedin severalaspects,
suchasdataprocessinganalysistechniquesandintegrating valu-
ableattributesinto oneuniled system[95. Forexamplethe e#tec
tivenessof visualizationsystemscanbeimprovedby integrating
user-centereddesignprinciples,which prioritize the needsand
preference®f the intendedaudiencd 69. Thereforewe developed
DysVisb a user-centereddata visualizationsystemfor dyslexia
pre-screeningincorporatingstrengthsfrom variousmethodologies
while addressingheir limitations. By aniterative designbasecon
athorough analysisof existingmethods[ 28, DysVisenhanceghe
accuracyand reliability of dyslexiaidentilcation, satisfyingthe
uniqueneedsof studentsandeducators.

3 Formative Study

To betterunderstandhe unique needsof special-edeachersye
conducteda formative study and deriveddesignrequirementsin
pre-screeningstudentswith dyslexia.

3.1 Methods

Theformative study consistedof an online surveyandinterviews
to understandspecial-edeachers@erceptionsexperiencesghak
lengesandneedsn pre-screeningtudentswith dyslexiaWebegan
with the survey to haveabroadunderstandingof special-edeach
ers(pre-screeningroceduresyserexperienceandfeedbackTo
deeperour understandingof the challengesand needsof the teach
ers,we conductedndividual interviews with the participants
(Tablel). We narroweddown the interview questionshasedon the
surveyresults.Basedon the interview feedbackwe derivedthe
design requirements .

FUNGetal.

3.1.1 SurveyWe sentout an online survey (Appendix A) via
Qualtrics? to ditterentteachergroupsto recruit participants Special-
edteachersor thosewith experienceusing pre-screeningand/or
assessmergystemsawvere selectedOur studyincludedeight partici-
pants(P1- P7,P9;Age: 20D 60;5 females)vith anaverageof 15.25
yearsin special-edSD=11.82y1AX=33,MIN=1).After collecting
the surveyresponseshe!rst authorperformedathematicanalysis
[13 of the datawith anotherauthor.

Survey results. Mostrespondentsisedvariouspre-screening
methods,ncluding robot-assistegre-screeningools,readingvo-
cabularyassessmentshecklistsand pre-screeningits. One-third
of the respondentdocusedon students®andwriting performance,
while othersevaluatedvocabularysizeor readingabilities. Most
respondentsexpresseda desireto understandstudents@verall
performance behaviours,and the di"culties they encountered.
However,dueto the non-standardizedature of thesemethods,
many respondentdound existing assessmerdnd pre-screening
techniqueschallenging leadingto concernsaboutthe reliability of
the results.By consolidatingthe surveyresults,we designednore
specilc questiondor the individual interviews,which canbefound
in AppendixB.

3.1.2 Interview.Fiveparticipantswererecruitedby a purposive
samplingmethod,including four special-edeacherqdP8,P11P12,
P23)and one expert (P10)participants(Age: 20D 50;4 females)
with an averageof 15.4yearsin special-ed SD=10.43y1AX=30,
MIN=4).P10wasa seniorlecturerspecializingin specialearning

disabilitiesandeducationapsychologyat a university. P8,P11P12,
andP23were special-edeacherswith teachingexperienceof 7,4,
30,and 16 years,respectively.The interviews were held for one
hour. After obtaining consentfrom participants,we introduced
the studyOsbjective We recordedthe detailsfor eachinterview

sessionvia Zoom®. We askedthe participantsdi#terentquestions
(AppendixB) to explorespecial-edeachers@urrent practicesand

challengesvhen utilizing datavisualizationsystemdor dyslexia
pre-screeningThe Irst author usedZoomOsauto-transcription
function to transcribeall contentand conducteda thematicanal

ysiswith anotherauthor. The Irst author performedthe initial

codingto generatepreliminary codes Subsequentlytwo rounds
of discussionswvere performedto group andre!ne thesecodes,
ensuringa comprehensiveinderstandingof the feedbackeceived.

3.2 Design Requirements

Basedon our surveyand interview study, we havedistilled the
following four designrequirementgDRS).

DR1: Transition from general to individualized student
focus. Special-edeachersserveapproximatelyl,000studentsand
employafour-stepapproachto identify thoseat-risk of dyslexia.ln
Stepl,they screenstudentswho underperformin homeworkand
tests.Step2 involvesassessingverall performancejncluding in-
classbehaviourand handwriting, for signilcant gaps after which
at-risk studentsare referredto SpecialEducationNeedsCoordi
nators(SENCOsfor further evaluation.Step3 requiresgathering
dataontestscoresexamresults handwriting pro!ciency, andclass
roomobservationsFinally, Step4 shiftsfrom ageneralperformance

“https://www.qualtrics.con
Shttps://www.zoom.com
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1. Design Requirement Development 2. System Development

Activity 1: Activity 2: Activity 1: Activity 4:
Survey & Interview with Special-ed Teachers Derive Four Design Requirements Data Collection Iteration Process
Extract information for design requirements DR1: Transition from general to individualized student focus. Collect data from a local school Keypoint pose diagram with humanoid design
o m
DR2: Quickly identify the learning challenges affecting il A
ke ortr ,
. erformance. .‘-’
Activity 3: i o e 2 2 2 P
Formative Study DR3: Special-ed teachers need to identify the particular LA SRR '
Special-ed teachers and experts interviews learning ~ difficulties requiring support for at-risk
T TE students by assessing performance across sub- &
. questions. omet ==
M b
F DR4: Special-ed teachers examine the student's approach to
a specific sub-question to understand the reasons
(60 mins) behind their difficulties. Activity 2: Activity 3:
Iteration Process Iteration Process
Design a system draft Slide bar and skeletal images
3. Evaluation [ |- E
) =
Activity 1: Activity 2: DPhp h phPh hpphP

User Study Special-ed Teachers Interviews
Invited special-ed teachers to pre-screen dyslexia Recruit experts to test and evaluate the system
cases from 14 students with two case studies

(60 min) (90 mins)

Figure 1: The whole research low: (1)developed design requirements via survey, interviews, and formative study, (2) developed
the system with data collection and iterations, and (3) conducted formal study through interviews. The translation of Traditional
Chinese characters: Appendix E.

Table 1: Expert background (P1DP26).The last three columns annotate participantsOinvolvement in the formative survey
(Section 3.1.1), interviews (Section 3.1.2), and evaluation (Section 6).

ID AgeRange Gender TeachingDegree Teaching(years) Certilcate/Study FormativeSurvey Formativelnterview Evaluation

P1 31-35 F Degree 10 Special-ed Y N N
P2  51-55 M Degree 27 Special-ed Y N N
P3  20-25 F Degree 1 Special-ed Y N N
P4 36-40 F Degree 11 Special-ed Y N N
P5  26-30 M Degree 2 Special-ed Y N N
P6  36-40 M Degree 13 Special-ed Y N N
P7  56-60 F Degree 33 Special-ed Y N N
P8  26-30 F Certilcate 7 Special-ed N Y Y
P9 51-55 F Certilcate 25 Special-ed Y N Y
P10 46-50 F Degree 20 Special-ed N Y N
P11 51-55 M Certilcate 30 Special-ed N Y Y
P12 20-25 F Degree 4 Inclusive N Y Y
P13 20-25 M Degree 15 Special-ed N N Y
P14 20-25 F Certilcate 3 Special-ed N N Y
P15 26-30 F Degree 5 Special-ed N N Y
P16 26-30 F Certilcate 2 Special-ed N N Y
P17 20-25 F Certilcate 1 Special-ed N N Y
P18 36-40 F Certilcate 11 Special-ed N N Y
P19 26-30 F NA 5 Special-ed N N Y
P20 46-50 F NA 3 Special-ed N N Y
P21 31-35 F Degree 8 Inclusive N N Y
P22 31-35 F Degree 3 Inclusive N N Y
P23 41-45 F Degree 16 Special-ed N Y N
P24 20-25 M Degree 1 Inclusive N N Y
P25 26-30 F Degree 6 Special-ed N N Y
P26 41-45 F Degree 25 Special-ed N N Y

overviewto detailedobservationf studentbehaviour.Teachers preferredinitially assessingollective performancebeforeiden

tifying potentialdyslexiacasesparticularly severeand marginal
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ones.Monitoring progressandidentifying areasfor improvement
is crucial [94. Performancedata enablesspecial-edeachersto

makeinformeddecisiondor betterstudentsupport[9. P3empha
sized OThisstepis very important becausét helpsus understand
the situation of the personbeing evaluated ®@10elaborated Olt
provesadvantageou# understandinghe circumstancesandre-
quirementsof students.O

An overviewof overallperformances bene!cial beforefocusing
on specilc weaknessesdf studentsshow poor performanceteach
ersevaluateindividual potentialissuesP5noted, OThecategories
of the paper-basedssessmenbol encompaswvocabularyliter-
acy,readingability, speakingskills, and handwriting GP11added,
OSortingnakescategorizatiorand clarity more accessiblegnhane
ing conveniencelncluding categoriedor readingandwriting dif-
Iculties tailored for studentswith dyslexiais highly bene!cial O
P8remarked ONarrowinglown o"ers preliminary numericalevi-
denceregardingstudents@adingandwriting challengesaiding
in pinpointing areasof weakness Bowever,someteachersoted
that many studentsfell into marginalcaseghat were di#cult to
identify early, potentially missingearly intervention andimpact
ing academigoerformancemotivation, and self-esteenj32 34.
Preliminary datacanhelp special-edeachersestimatewhethera
studenthasa higherrisk for dyslexia.

DR2: Quickly identify the learning challenges alecting
performance. Special-edeachersaim to identify the root causes
of poor performanceby assessingndividual resultsacrossdi“er -
ent questiontypes,pinpointing speci'c learningissuegied to low
scoresandcomparingperformanceo averagebenchmarksA snap
shotof students@rogresson specilc taskshasbeenfound to help
teachersdentify areasneedingattention[5]. P2noted,OSomar-
easare uncertainand di#cult to navigate.We canonly roughly
understandhe characteristicof readingandwriting di#culties,
aidingin graspingstudents@ituationsand needs @eachersoted
that consistentincorrectanswerson specilc questiontypesusually
promptaninvestigationinto the underlyingreasongP10)Theyem:
phasizedhe importanceof quickly outlining students@ndamental
languageabilities and clarifying their strengthsandweaknesseto
supporteducatorsn developingpersonalizedntervention plans
(P5).Additionally, someteacherssuggestedhat highlighting the
bar graphswould be more e"ective for severecasesasthey il-
lustratedthe performancegap comparedto averagescoresand
providedvariousreferencessuchastotal scoreP11)However,
someteacheramay !Ind interpreting bar chartschallenging.

DR3: Special-edteachers need to identify the particular
learning di"culties requiring support for at-risk students
by assessingperformance across sub-questions. Special-ed
teachersanalyzestudentperformanceo identify specilc questions
where studentsstrugglerather than relying solely on category
scoresTheyaim to understandthe reasonsehindthesedi#cul -
ties, whether due to lack of attention or comprehensiorissues.
By examiningindividual sub-questiorperformanceteacherscan
uncovermisconceptionandweaknesseguiding themon which
areasto investigatefurther [7, 65. This processequiresteacher
input, asnotedby P4ORelyingolely on personaljudgmentmay
not alwaysbeaccurate @o enhancepre-screeningaccuracyP11
suggestedhat comparingquestionshelpsassesshe impactof com
plexity on studentperformancelf studentsstrugglewith simple

FUNGetal.

questionsthis mayindicatesigni!cant readingandwriting chal

lenges.Teachersalsoneedto gaugehow far behinda studentis

comparedo peers,asslowerbut accurateresponsesnay signal
cognitivedi#culties. P8addedthat comparingsimilar questions
canrevealif a studentOslow responsdime is dueto distractions,
aidingteacherobservations.

Time takento completetasksis anothercrucial indicator for
pre-screeningdyslexia.P11statedthat if a studentspendscorn
siderabletime on a questionbut completest, it providesinsights
into their processingabilitiesfor future assessment®8notedthat
extendedtask completiontimes often indicate readingand writ -
ing challengesemphasizingthat including time asa factor can
improve pre-screeninge"ectivenessHandwriting prolciency is
alsovital for identifying dyslexiarisk. P11lexplainedthat demor
strating strokeorder canrevealsymptomsand spatialawareness
issuesproviding insightsinto readingandwriting di#culties. P12
notedthat for dyslexia,interpreting text resemblegieciphering
symbolsratherthan forming words.P8emphasizedhat showing
the handwriting processcanhighlight issuedike spacingproblems
or poor hand-eyecoordination,indicating a higher likelihood of
dyslexia.

DRA4: Special-edteachers examine the studentOsapproach
to a speci#c sub-question to understand the reasons behind
their di"culties. Special-edeacherseekadeepemunderstanding
of studentperformanceby examininghow they approachspecilc
sub-questionsincluding their behaviours postures and handwrit-
ing styles[53 81]. Environmentalfactorssigni!cantly inguence
studentperformanceduring pre-screeningP12emphasizedDCon
sideringenvironmentalfactorsis crucial. A studentOslownesanay
not indicate readingand writing di#culties; questiondi#culty,
individual abilities, and the studentOsverall state must alsobe
considered.®4 added,OAsignilcant challengeis students@us
ceptibility to externaldistractions,which impactstheir focuson
answeringquestions.O

P1lemphasizedhat assessingtudents@oncentrationlevels
o"ers valuableinsightsinto their engagementwhich aidsin evalu
ating their performanceandfocus;by consideringtheir stateon a
givenday,teacherscanbetterunderstandhe circumstancesur-
rounding any hesitanceo participateor poor scoresAdditionally,
students@sychologicalell-beingcanimpacttheir performance
during pre-screeningAs P12pointedout, thosewith dyslexiamay
avoidwriting anddisplayrestlessnessuggestingpossibleavoid
anceof participation.P8addedthat observingvideosor postures
canhelp di"erentiate betweenconcentrationissuesand dyslexia,
providing further context. This holistic approachallowsteachers
to assesstudentneedsmore e"ectively andtailor interventions
accordingly.

4 Data Collection

As shownin Figurel,to enablethe e"ective pre-screeningf stu-
dentswith dyslexia,we proposeusinga specializedlyslexiapre-
screeningapplicationcomplementedby videorecordingstakendur-
ing the pre-screenindest. This approachaimsto providespecial-ed
teacheravith comprehensiveevidenceDuring the pre-screening
test,we recordedstudents®ody movementsincluding headand
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hand.Previousstudieshaveexaminedhandwriting featuresasindi-
catorsfor pre-screeningstudentswith dyslexia[51, 87]. However,
giventhat studentswith dyslexiaoften facechallengegelatedto
both readingand writing, particularly when dysgraphiais also
present,our strategyinvolvescollectinga variety of interaction
data.Our approachis to collectdi'erent data,suchasthe correct
nessrate,answertime, handwriting processesluring readingand
word recognition,andtime spenton eachtask.When combined
with video data,this additional evidencecan help elucidatethe
reasonsehindstudents@nderperformancen speci'ctesttasks.

4.1 Data Collection Set-up

We gathereddatafrom alocal schoolusingan automateddyslexia
pre-screeningool [37] designedior Chinese(Cantonesejn Tra-
ditional Chineseasno public dataare availablefor dyslexiapre-
screening.The data collectedincludesaccuracyrates,response
times,handwriting processesandvideosof studentsengagingwith
the touchscreen.

Participantsaand Apparatus.In this datavisualizationsystemwe
randomly selectedl4 students@ata(5 femalesand 9 males)aged
from 6to 8 yearsold (!9= 7.87-year-old; = 0.61-year-oldjrom a
local primary schoolin Hong Kong.Fourstudentswere diagnosed
with dyslexia,while ten studentswere non-dyslexia.To participate
in this study, studentsneededio meetthe following criteria: (1)
bein gradesl or 2; (2) beableto readandwrite Traditional Chi-
nesecharactersandspeakCantoneseand (3) haveno medicalor
physicaldisabilitiesthat couldalect their handwriting andread
ing aloudskills. Additionally, all studentswere familiar with using
tablets.We obtainedinformed consentfrom the parentsprior to
beginningthe experiment Participationwascompletelyvoluntary
andcontingenton consent The UniversityOnstitutional Review
Board(IRB)approvedthe experimentalprotocol. The preliminary
studytook placein a classroonsetting.

Furthermorewe sanitizedand cleanedll tabletsprior to testing.
As shownin Figs.2, (a)and(b),three cameraswvere usedfor the
videorecordingsin a classroomTwo OlympusE-M-10cameras
werein front of and at the backof the classroomOnelnsta360
camerawasput in the middle of the classroomThis settingcould
captureall students@ont andbackviews. To ensurehigh-quality
input, we assignedat leastone instructor to provide immediate
supportfor everytwo students However,the instructorsdid not
provide any hints to the studentson the pre-screeningests.

ProceduréWe setthe classroombeforethe pre-screeningests
(Figure2,b). After beingseatedye turned on the cameraandsaid,
Ostart@tudentscould pressthe Ostart®utton to initiate the pre-
screeningest. Studentglayedaninstructionaldemogameto learn
eachquestiontype. Studentscould completethe pre-screeningest
at their own pacewithin 30minutes.

4.2 Collected Data
Table2 showsthe basicstatisticsof the collecteddata:video,data
outputs,andtestdata.

VideoData. In the pre-screeningrecordings,we collected48
videoswith 24FPSOlympusE-M-10cameraspnd 30FPSInsta
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Figure 2: (a) The seating plan of the video recordings. (b) The
classroom setting during recordings.

Table 2: Statistics of collected datafor 14 student participants.

Numberof Participants 14
Numberof Con"rmed Casef Dyslexia 4
Numberof Studentswithout Dyslexia 10

Numberof Videos 48
Numberof Videos(Cut) 278
Lengthof Videos: 2h4m44s
Numberof TestData 3,786
Word Recognition 1,595
ReadingData 396
Handwriting Data 1,795

360camera)vith 960x 540resolution.Thevideoslasted15to 24
minutes,assomestudents‘nished earlier.

DataOutputs.We drew the humanoidpostureusing Adobell-
lustrator, exportedit as SVG,and convertedSVGto HTML. We
usedopenposeso output videodatapoints. After post-processing
the videos,we cut one sub-questiorper video.We then calculated
the SDsanddisplayedthe top 10postureswith substantiaimove
ment.Thethresholdvaluecomparedll pre-screeningeststudents.
Teachersvereableto adjustthe thresholdslider.We alsooutputted
the videoswith posture denotesand blurred students@acesto
preservetheir anonymity.
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TestData. Thegameprototypeloggedall interactionsof students
during the pre-screeningest,including the running time (i.e.,time
to pressOstart®utton andtime to pressOexitGutton), interaction
with the touchscreeron iPads(i.e.,starttime andendtime of each
click on the screen)handwriting images(i.e.,eachwriting path
andwriting grid size),andgameanswerinputs (i.e. true, false,and
null (participantswho did not answerthe sub-question)).

5 DysVis System

In this section,we introducethe systemdesignand detailsof our
visualizationsystemfor pre-screeningstudentswith dyslexia.

ProcedureWe co-designedhe systemwith severaliterations.In
eachiteration, we collaboratedwith special-edeacherghrough
the following processFirst, we obtainedparticipants@onsentto
recordthe entire co-desigrmprocessNext,we comprehensivelyex-
plainedthe studyOscopedesignobjectives and functionalitiesto
ensureparticipantsunderstoodhow to interactwith the system.
Followingthis, we askedthemto freely explorethe systemfor 30
minutes,wherethey couldmodify the design Finally,we conducted
interviews (AppendixC andD) to solicit their feedbackon poten
tial modilcations of the design,including additions,deletions,or
adjustmentsf the user-interfacedesignsandfunctionsbasecdon
their interactions.

InterviewandAnalysis.We recordedthe interviewsandthe mod-
ilcations madeby the participantsandtook detailednoteson the
participants@uggestionsThelrst authortranscribedall interviews,
performedthe initial codingto generatepreliminary codesand
then discussedhe codeswith anotherauthorin the group and
relned them.

5.1 System Overview

We designedDysVisto fullll the designrequirementsdiscussed
in Section5. Figure 3 showsa screenshobf the userinterface.
DysVisconsistsof four panelsithe studentoverviewpanel,which
allowsteachersto overviewstudents@erformancefor comparison
purposesthetaskoverviewpanelallowing teachergo quickly iden-
tify tasksrequiring further investigation,the sub-questiorpanel,
which addresseteachers@eedsby presentingvariousstudentdata
for eachsub-questionthe studentbehaviourpanelhelpsteachers
gatherevidenceof dyslexiacharacteristics.

5.2 Student Overview Panel (DR1)

Panell (Figure3, 1) allowsteachergo narrow down studentsfrom
massto specilc (DR1). Thepanelo“ers teachersa summaryof pre-
screeningperformancen overviewwordrecognitionwriting, and
reading Teachersan!lter studentrecordsby selectingfrom four
learning di#culty levels:0 = I"#"$" | 25%25%< %&"$()" !

50%50%< %*+'! 75%and75%< ,--".) (/+" ! 100%A bar
chartwith gradientcolour-enhancedontrasthelpsteacherguickly
identify studentsneedingattention. Additionally, the averagescore
of all studentsis annotatedby a red line, enablingteachersto
comparea studentOgerformanceto that of the averagestudent.

FUNGetal.

5.3 Task Overview Panel (DR2)

Panel2 (Figure3, 2) allowsteachergo analyzestudentperformance
and quickly identify which testingtaskswarrant further investi
gation (DR2). The paneldisplaysa studentOsverall and sub-task
scoresTeachercanl!lter studentrecordsby selectingfrom four
learning di#culty levels:0 = 1"#"$" | 25%25%< %&"$()" !
50%50%< %*+'! 75%and75%< ,--".) (/+" ! 100%Word
Recognitiorincludessix questiontypes: (1) Stroke Addition, (2)
Confusionof Similar Soundand Font,(3) SimilarWord and Vocabu
lary Formation,(4) VocabularyMeaningParing,(5) Morphological
Awarenessand(6)Word MeaningConfusion Writing includesfour
questiontypes:(1) Word Formation,(2) StrokeConcept(3) Word
Dictation, and (4) SpaceConceptReadingncludesthree question
types:(1) Confusionof SamePronunciationCharacters(2) Pho
netic Matching,and (3) Word PronunciationLeadsto Confusion.
This panelalsoindicateshow mucha studentneedsto catchup to
eachtaskOaverageperformancetotal questionscorrectquestions,
andaredwarning phrasefor below-thresholdperformance.

5.4 Sub-question Panel (DR3)

Panel3 (Figure3, 3) enablegeachergo examinesub-questionsn
eachcategoryand observestudents@andwriting using animation
(DR3). The panelfocuseson teachers@eedsby providing student
datafor eachsub-questionThe panelincludesgameUls (Panel
3.2),accuracyrates(correct,incorrect,and unanswered)time con
sumptionon eachstudentOsub-questionsaveragetime consumed
on all sub-questionsithin the sametask,andthe averagetime
all studentsconsumedn a particular sub-questionAdditionally,
we createda new handwriting animationthat allowsthe playback
of the handwriting procesgPanel3.1).We collectedinput dataon
handwriting animationanddisplayedit in SVGandHTML. The
animationrecordsstudents@al-timewriting performancewhich
allows special-edeachergo understandstudents@pacingissues
andeye-handcoordination A red colourframeindicatesthe writing
border.Whenteachersressthe handwriting imageunder Writing
Performancea handwriting animationenlargesandthe animation
is auto-played Teachersanpressthe animationto stopor replay.

5.5 Student Behaviour Panel (DR4)

Panel4 (Figure3,4) allowsteachergo examinehow studentsap-
proachspeci!c sub-problemsincluding their behaviour,posture,
andhandwriting or speakingabilities,to ascertainthe underlying
reasondor their di#culties in thoseareas(DR4). The panelis de-
signedto reducespecial-edeachers@ime to review the detailed
performanceof at-risk studentswith dyslexia.Panel4.1showsthe
statichandwriting strokedisplay.Panel4.2demonstrateshe time-
line of studentsansweringa sub-questiorwith greenfor dwell time
andbluefor writing time. We transformedthe screeninteraction
dataandcalculatedthe di"erence betweenthe start andendtimes.

A key point posediagramdemonstratingstudents@ovement
datais illustratedin Panel4.3.0penPos&l model[15 processes
studentactions,emphasizinghe diagramQseadsarms,andhands.
Hoveringoverandclicking on the diagramshowsthe videorecord
ing of the studentOmovementsn Panel4.4.

Iteration process.As shownin Figure4, Panel4 underwent
three rounds of iterations . Figure4, (1)depictsthe Irst design.
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Figure 3: The user interface of the DysVis system for dyslexia pre-screening. The translation of Traditional Chinese characters:
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AreaA showsthe static handwriting strokedisplay.AreaB shows
studentsansweringa sub-questiortimeline. Theline charts(circled
in red colour)demonstratedhe visualizationof the movementdata
andthe comparisonbetweenindividual and averagemovement.
AreaC displayedthe full videorecordingof the studentmovement.
All teachersappreciatedhe visualizationof the static handwrit-
ing strokedisplayin AreaA. P8mentioned,Oltis very good The
teachercanseehe strokesoneby one P4 added OStrokerderis
veryimportantin writing Chinesecharacters. canreplayandwatch
the entiregroupof writing performance®15further explained Ol
canunderstandtudentsfhinking procesandknowhoweachstroke
is written, especiallghewriting direction @P17indicated,Olra large
classteachersavenotimeto understan(!;tudents@riting. Sothisis
veryusefulfor teachers ®19mentioned Okcanknowwherestudents
makemistakesSo DysViscanalsoassisin teachingForexample|
canpointoutcommorproblemso studentsn class O
RegardingAreaB, someteachersagreecdthat the line could pro-
vide moreinformation aboutstudents@erformanceand savethem
time watching the entire video. P12mentioned,OThéine charts
allow meto comparestudents@erformancdt cansavemy time. |
will Irst lookfor "uctuations thenlookfor "at lines,andcomparghe
two. | especialljookat what happensvhenthe "uctuationsbegin O
P8added Olwant to want morewith alargeamplitude.lt is good
to pop videosautomatically,which will savetime. It makesit easier
for teachergo look at a chart. However,if you canaddaredline to
indicatethe videoprogressit will bemore convenient®owever,
special-edeacherdoundthat the line chartwasconsidereccom
plicated.P8explained OTheideomakest easietto understandhe

situationof the studentsHoweverthe line chartsare somewhatom
plicated Thegreeroneis a bit better@11addedfurther, OP1This
line needso changea lot to benoticeable Someteacherssuggested
displayingvideos,handwriting, andtimelinessimultaneouslyP8
explained Olthevideoshandwriting,andtimelinecanbeseerat the
sametime, we canknowmoreclearlythe studentst@arningresults
andwriting status.@23further clariled, OP23t wouldbebetterif
boththe strokeorderandthe videocouldbeshownBecausstudents
may lookleft andright in the middleof writing, nowthereis aline,
and| cannotestimatenhat studentaverepresentt that time. That
is Ine if | canpresst andseethat momentO

Inspired by the participants,we deviseda second iteration ,
asshownin Figure4, (2).Our new designseparatedhe timeline
andsimultaneouslydisplayedshortvideos writing, andmovement
for aclearerview of students@arningandwriting status.AreaD
showsa timeline of answeringthe sub-questionswith greenfor
dwelltime andbluefor writing time. In AreaE, skeletalimageswvere
shownto visualizestudents@ovement The red colour indicateda
morevigorousmovementwhile greywasless.Thebenchmarkwas
basedn students@elf-comparisonTeachersouldseethat moment
whenthey hoveredoverthe skeletalimagesin AreaD. Special-ed
teachergyenerallymentionedthat the timeline wasusefulasit gave
them moreinformation on students@sk completionpatterns.P14
told us, OBecauske pauseime waslong, | clickedin to watch.!
mainly lookto sedf studentgetdistractecbecauséheycannotdoit,
andthenthe pausegetlonger@owever,someteachersmentioned
that skeletalimagesin AreaE were not intuitive. They neededa
longertime to understandhow it worked.P17told us, Okouldnot
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Figure 4: The three-iteration processof Panel 4 b Student
Behaviour Panel. (1) The x-axis represents the timeline, while
the y-axis indicates the range of movement. For the limbs,
the horizontal axis is setto zero, with upward movements
considered positive and downward movements considered
negative. The midpoint is zero for the head and upper body,
with movements to the left asnegative and movements to
the right aspositive. The translation of Traditional Chinese
characters: Appendix E.

understandt whenl Irst usedt. | havebeerusingit for awhile,and
| think it is okay.(P19explainedfurther, OWhet Irst lookedat it, |
thoughtit wasthe Chineseharacteffor towel, ! .| donotfeellike
thisis a skeletaimage A humanoiddesignvouldbeappropriateand
intuitive, suchasa head hands pody,andneck.O

Most participantsagreedthat the timeline providedobjective
information. Theyalsounderstoochow the skeletalimagesworked.
However,they preferreda moreintuitive posturedesignthan the
current design,suchasemphasizingheadsarms,and hands.In-
spiredby the participants,we devisedathird design, highlighting
the skeletaimages@eration. As shownin Figure4,(3),we designed
a keypoint posediagramwith a humanoiddesign(AreaG).The
diagramconsistedof a headwith eyesanda mouth,a neck,two
shoulderstwo upper/lowerarms,two palms,andabody.Thered
colourindicateda morevigorousmovementwhile white wasless.
Thebenchmarkwasbasedon students®elf-comparison.
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6 Evaluation

We utilize three methodsto evaluatethe electivenessof DysVis
including userscenariosyserstudy,andinterview.

6.1 UsageScenarios

This sectionpresentstwo usagescenariogo illustrate how the
proposeddata visualizationsystemenhanceshe pre-screening
procesdor teachersassessingtudentswith dyslexia.

61.1 Scenarid:A ConfirmedCase.In this scenariowe outlined
the entire work"ow for identifying a con#rmed caseof a stu-
dentwith dyslexiaby observingthe performanceof dilerent pre-
screeningcategories.

First, we analyzedPanell to classifystudentsbasedon their
performance Next, we examinedthe overview sessionto iden
tify below-averagestudents AO46wasfoundto bebelowaverage
in all three categoriesasshownin Figure5 (a) (DR1). To assess
whetherthis studenthad dyslexia,we pinpointed speci#cunder-
performingtasks,suchasincorrectstroke orders(Figure5, ¢) and
confusionwith similarly shapedwords (Figure5, d) in Panel2
(DR2). We selectedhe Similar Word and VocabularyFormation
to determinewhich sub-questiorto investigate AO46answeredall
questionsincorrectly in arelatively shorttime (DR3), prompting
usto explorewhether A0460shallengestemmedrom dyslexiaor
distractions Tofurther verify this, we examinedA0460movements
while answeringthe sub-questionsn Panel4 (DR4). AO46exhib-
ited signi#cantheadandbody movementa commoncharacteristic
of studentswith dyslexia.Videoobservationson#rmedthat A046
wasattentiveduring the pre-screeningessiorbut rushedto submit
answerswithout thoughtful consideration.

Next, we clickedon the Word Dictation bar,asAO46receiveda
zeroscorein this sub-categoryDR2). AO46incorrectly dictated
all words (DR3) Figure5, b) and appearedo be copying rather
than dictating. We investigatedfurther, noting that A0460Odwell
time signi#cantly exceededvriting time (DR4). This suggestghat
AO46spentlittle time contemplatingthe dictation tasksinstead
of copyingwords stroke by stroke,indicating dyslexia.Ultimately,
we believethat AO46hasexperiencedhallengesn both the Word
RecognitionandWriting categoriesaligningwith characteristicof
dyslexiain our datavisualizationsystem.This scenariaillustrated
how DysViselectively aidsteachersn pre-screeningtudentsfor
dyslexiawhile providing comprehensivevidenceto validatecon
#rmedcases.

61.2 Scenari®:A MarginalCase.This scenariopresenteca mar-
ginal casedenti#edthrough a detailedmovementandhandwriting
performanceanalysis.The overviewrevealedthat AO53hadjust
metthe averageperformancdevel (Figure5, a). However,A0530s
writing performancewvasfoundto bebelowaverageln compart
sonto other sub-questionsAO53demonstratednoderateskills in
StrokeConceptand SpaceConceptbut struggledseverelyin Word
Dictation (Panel2) (DR2). In the StrokeConceptsection(Panel
3), A053successfullywrote most of the componentyDR3) (Fig
6,a).However,upon reviewing the video,we noticedthat A0530s
dwell time (Fig6,b) wasrelatively long, accompaniedby noticeable
movement(DRA4). In the SpaceConcept,A0530performancen
Group 2 writing wasnotably betterthanin Group1 (DR3). Panel
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Figure 5: A0460sverall performance was below average,and
A046 struggled to dictate words correctly, often copying them
inaccurately. (a) A0460pre-screening results in all three cat-
egories were below average.(b) A046 incorrectly dictated all
words and spent excessivetime on the Word Dictation task.
(c) A046 demonstrated incorrect stroke orders. (d) A046 also
confused words with similar shapes.The translation of Tra-
ditional Chinese characters: Appendix E.

4 showsthat A0530gwell time exceededhe writing time (DR4),
and A0530movementswhile writing Group 1 were morevigorous
than thosein Group 2 (Figs6 c andd). This raisedquestionsabout
whetherthe suddenchangein performancewasrelatedto learning
prolciency or potential dyslexiaissuesA053could not dictateany
word correctly (DR3). A053either dictateda wrong word or copied
the given word once.Also, the dwell time wasrelatively longer
than the writing time (DR4), which re"ected A0530&eak memory
retrieval ability. Thus,we may considerthis a marginalcaseand
forward A053to special-edeacherdor further assessment.

6.2 User Study

A userstudywasconductedo evaluatethe e#ciency ande$ective
nessof our approachin identifying and con!lrming potential cases
of dyslexia.

Datasetsind Tasks.Our userstudy involved 14 students(the
detailwasdiscussedn Sectiond), utilizing a datasetcomprising
videoclipsand performancedatafrom four studentswith dyslexia,
onemarginalcaseandnine without dyslexia.The datasetincluded
over 10,00@atapoints acrossword recognition,writing, reading,
videorecordings,andpostureanalysis.Taskl is to screenstudents
with dyslexia.Task2 isto identify the UserIDof thosestudentswith
dyslexia.Task3isto Ind out which studentsareunderperforming,
not becausef dyslexiaTaskd refersto thefactorsteachersonsider
when special-edeachergudgethosestudentswith dyslexia.
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Interview.Our userstudy employedpurposivesamplingto re-
cruit 17 special-edeachergP8DP9,P11DP26;Age: 20D 55;14fe-
males) Theyreportedan averageageof 8.26in special-edSD=9.22,
MAX=30,MIN=1).All participantseitherhadaprofessionatliploma
or a special-educatiomachelorOdegree We conducted1.5-hour
evaluationswith participantsindividually over Zoom.The process
involvedintroductions,consentfor anonymousdatause,instruc-
tions on DysVisfeatures 20minutesof DysVisexploration,a user
experiencenterview, and a usability/e$ectivenesguestionnaire
(AppendixC). Thelrst authortranscribedall the contentandcollab
oratedwith anotherauthorto performathematicanalysisThe!rst
author performedthe initial codingto developpreliminary codes.
Subsequentlytwo roundsof discussionsvere conductedo group
andre!ne thesecodesgnsuringa comprehensiveinderstanding
of the feedbackeceived.

Basedntheuser-centeredesignprocessye interviewedspecial-
ed teachersregarding usability, learnability, e$ectivenessdata
sourcesyisualizationtypes,andfunctionality [80. The questior
nairesareshownin AppendixD. Theinterview questionsfocused
on understandinghe usability and e$ectivenessf the DysVissys
tem for dyslexiapre-screeningTeachersvere askedto evaluate
the easeof understandingandlearningfor eachpanel,identify the
mostand leastuseful panelsandjustify their choicesassesshe
su#ciency of the provideddataand suggestdditionaldatapoints,
provide feedbaclon the systemQayout, and proposeadditional
featuresto enhanceDysVigunctionality.

The questionnaire(AppendixC) useda lve-point scale(1=most
negative 5=mostpositive)to evaluateDysVisisability (part one)
ande$ectivenesgpart two).

6.2.1 ResultsWe askedparticipantsto performfour taskssequen
tially in our userstudy. They are: Tasklis to screenstudentswith
dyslexia,Task2 is to identify the UserIDof thosestudentswith
dyslexia,Task3 is to Ind which studentsare underperforming,
not becausef dyslexiaand Task4 refersto the factorsteachers
considerwhen special-edeachergudgestudentswith dyslexia.

Result®f Taskl and Task2. Eightteachersselecteda di$erent
numberof studentswith dyslexia(Figure7), from a Onosure@ase
to six Ocon!rmed®asesThis variation stemmedrom the di$er-
ing focuson dyslexiasymptoms.Someteacherrioritized video
observationto ensurestudentattention during pre-screeningln
contrast,othersrelied more heavily on handwriting or overviewre-
sults.Eight participants(P8,P11-12P15,P21-22P24-25)dentiled
studentsat-risk for dyslexiabasedon their experienceThey Irst
checkedhe students®andwriting and comparedheir writing be-
tweensetsIn addition,they alsocheckedhe movementof students
while writing charactersP11told us: Olfthe studentOwriting is
particularly substandardit may be dueto otherfactors.Thisis be
causehis dictation scoreis higherthan the averagescore Although
therewasalittle movementin the video,his overallperformance
is quite stable The other nine participantsutilized our systemto
identify at-risk studentswith dyslexia.They pre-screeneat-risk
studentswith dyslexiabasedon the redline (averagescore).They
paidattentionto thosecaseshat were belowaverageor borderline
amongdi$erentcategoriesForexample P9viewedthe overviewin
Panell anddugdeeperinto the readingcategoryandthe relevant
performanceof the task.
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Figure 6: The writing and posture performance of A053. (a) In the Stroke Concept from Panel 3, A053 could write most
components. (b) A0530siwell time was relatively longer than writing time. (c) A053 had lessvigorous movements when writing
Group 20¢€hinese characters. (d) A053 had lessvigorous movements when writing Group 20€hinese characters. The translation

of Traditional Chinese characters: Appendix E.
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Figure 7: The special-ed teachers screenedout dilerent num-
bers of students with dyslexia. The x-axis represents the total
number of casesfound, while the y-axis indicates the num -
ber of teachers participating in the evaluation.

Resultof Task3. Teachershad variousinterpretationsof stu-
dentperformanceForexample P8questioneda studentOgotential
diagnosisof dyslexiabasedon inconsistentwriting anddictation
skills, stating, OA057@siting is particularly substandardHowever,
A0570dictation is aboveaverage ®eanwhile,P11and P24empha
sizedthat writing speedand occasionakrrorsaloneshouldnot be
considerectonclusiveindicatorsof dyslexia.

Result®f Task4. Participantsprimarily assessestudentsbased
on writing andreadingperformancefocusingon writing speed,
adherenceo writing grids,andstrokeformation. ForexampleP8
and P21notedthat dilculty writing within the lines and slow
writing speedwereindicatorsof dyslexia.P22,0n the other hand,
focusedon studentbehaviourobservedn the videos,noting that
Oweakestudentshavea larger movementrangeO.

6.3 Special-ed TeachersOnterviews

A small-scalestudy[73 usingquestionnaireandinterviews evalu
atedDysVieaseof useand supportfor accuratedecision-making
for special-edeachersThe following sectionsummarizegheir
feedbackOverall,the vastmajority of respondentg15out of 17)
foundthe information providedby DysVissulcient for identifying
studentsat-risk for dyslexia Teachersighly valuedDysViHand
writing analysisfeatureand praisedits ability to providein-depth
information crucialfor supportingstudents@eracy development.

User-friendly design and one-click accessto essential in -
formation for dyslexia pre-screening. DysViswaswell-received
for its easeof use,with mostrespondentg13out of 17)"nding
the visualizationeasyto understandespeciallyPanelsl-3. The
Oone-click@ccesso inter-relatedinformation was particularly ap-
preciated However,someuserssuggestedlividing the contentinto
separatepagesfor smoothernavigation.While Panelsl-3were
generallypraisedfor their clarity, Panels2 and 3 were perceivedas
overwhelmingby someusersdueto the density of information pre-
sented Suggestionincludedincorporatingvisual cueslike icons,
labels,and colour-codingto enhancenavigationandhighlight key
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information. Panel4 receivedspeci!c feedbackegardingthe time-
line andkeypoint posediagram,with suggestiongor simplilcation
andresizingto reducevisual overload(P8,P11,P16,P21)which
couldenhanceuserinteractionwith the system[22. The question
naire,adaptedrom astudy by Li etal.[55, assessethe usability
ande"ectivenesof DysVisfrom the perspectiveof special-edeach
ers.A standard5-point Likert scalewasused with higherscores
indicating strongeragreementvith positive statementsaboutthe
systemQssability and e"ectivenessDysVisreceivedpositivefeed
backon usability, with aninitial easeof userating of 3.24(SD=
1.03)that increasedo 4.12(SD= 0.70)after guidance.

Handwriting animation and stroke order visualization en-
hanceteachers@nderstanding of studentsQvriting behaviours.
Teacherdound that DysVi©#andwriting analysisfeatureis valu-
ablefor identifying potential dyslexiaindicators and informing
targetedinstruction. Thedynamicvisualizationof strokesequences
o"ered insightsinto studentthinking andwriting di#culties, as
highlightedin previousresearch 31, 37). Asoneteachementioned,
Oliis usefulto showhow to write becaus¢hey canseethe strokeor-
der of students@ritingO(P17) Respondentappreciatedhe ability
to replaythe writing processwhich revealedmportantinforma-
tion aboutchallengegacedby studentsForinstance P20expressed
adesireto understandgestureghat may leadto poor performance.
At the sametime, P80bservedOlcanspotstudents(fninor actions,
like shakingtheir bodiesduring tasks @reviousresearchindicated
that studentswith dyslexiaexhibit greaterbody movementthan
their peers[g].

7 Discussion

Building on researchhighlighting the benelts of typing interven-
tions for studentswith dyslexia[89. Theneedfor theory-drivenin-
sightsfor educatord 54, we developedysVisa user-centeredys
tem for special-edeachersinformedby researchon self-regulated
learning [9€], our systemincorporatesstudentbehaviouraldata
andteacherfeedbackWhile existingresearchon learninganalytics
feedbackemphasizeshe needfor context-awaredesign,practi-
cal supportfor interpretation,and a deeperunderstandingof its

impacton learners[88, DysVisaddressethesegapsby systemati
cally incorporatinguserfeedbackhroughoutits developmentThe

following sectionsdetailthesedesignchoicesand userfeedback.

DysVisOsandwriting animation feature enhancesdyslexia
identilcation and literacy outcomesthrough insights into
stroke order and student thought processesThe handwriting
animation feature, praisedfor its potential to improve learning
outcomespers severalkey advantages(l)insightsinto stroke
order, crucial for identifying dyslexia;(2) understandingstudent
thought processesduring writing; (3)pinpointing areador targeted
instruction; (4) e#cient analysisof multiple students@riting; and
(5)evidence-basesupportfor literacy developmen{6, 39. This
versatilefeature,applicableacrosdanguagesempowerseducators
to e"ectively addresswriting challengesand promoteliteracy, par-
ticularly for studentswith dyslexia By illustrating the intricaciesof
handwriting, DysVisenhanceseachers@re-screeningcapabilities
andfostersa deepernderstandingof studentlearningbehaviours,
ultimately enablingmore personalizecand e"ective interventions.
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The human-centricdesignof DysVisemphasizeshe importance
of aligning educationatechnologywith educators@eedsgenhane
ing usability and e"ectivenessinsightsfrom special-edeachers
informedits developmentproviding a frameworkfor future UI/UX
practitionersto createsupportivetoolsfor educatorsandlearners.
Using datavisualizationtechniques DysVisenablesteachersto
makeinformed, data-drivendecisionsor more e"ective interven-
tions for studentsat-risk of dyslexia.lts adaptabledesignprinciples
pavethe way for future educationatoolsto addressbroademrange
of learning challengesfosteringinclusivity. Futureresearchcould
integratemachinelearningalgorithmsto improve predictivecapa
bilities, aiding educatorgn accuratelyidentifying at-risk students.
This collaborative user-centere@pproachcaninspire innovative
solutionsthat caterto the diverseneedsof learnersand educators.

An intuitive design and user-centeredapproach. A user-
friendly interfaceis essentiafor e"ective systemuse[1§. In DysVis
weimplementedyradient-colouredarchartsin Panelsl and2to fa-
cilitate quick identilcation of dyslexia[17. Panel3 featuresatable
andhandwriting animationfor comprehensivevaluation allowing
educatorgo visualizestudentperformancedynamically.Enhane
ing the keypoint posediagramby incorporatingfacial expressions,
standardizingpostureaccuracyandintegrating multiple modalities
will further supportspecial-edeachersn pre-screeninglyslexia
andassistingstudents[29. This multi-facetedapproachimproves
usability and enrichesthe dataavailableto educatorsgenabling
themto makemoreinformed,nuanceddecisiondn their interven-
tions. The user-centerediesignprioritizes teacherinvolvementin
developingeducationakools, vital for improving userexperience
andfosteringknowledgecreation[43. Teachergprovide essential
insightsinto their needspreferencesandchallengeg71]. While
currentsystemdor studentswith dyslexiao"er high-levelstatistics,
teachergequireexplanationdor di#culties andsupportstrategies.
Therefore the designof DysVisincorporatesa user-centerecp-
proach,activelyinvolving end-usersn the developmenprocess.
This collaborationensuresthat the tool meetsthe practical de-
mandsof teachersaandempowerghemto utilize the systemmore
e"ectively. By integrating teacherfeedbackDysVisenhancests
relevanceandusability, ultimately leadingto bettersupportfor stu-
dentswith dyslexiaandimprovededucationabutcomesSuchan
approachunderscoreshe importanceof bridging the gapbetween
technologyand classroonrealities,fosteringa more responsive
ande"ective educationakenvironment.

Granularity of studying dyslexia and addressing privacy
concerns E#cient communicationis essentiafor DysVisaddress
ing the needsof special-edeachersand incorporating their in-
sights.In-depthdataanalysisenablesnformed decisionsegarding
dyslexiarisk. At the sametime, the designemphasizesredibility
andquestionsvalidity basedon studentperformanceg93. By pro-
viding optimal information, including questiontypesanddetailed
data,we haveenhancedlyslexiapre-screeningand support.This
user-centeredpproachestablishes foundationfor future tailored
toolsfor special-edeachersTeachergecommendedisingclose
up videosto recordstudentsholding pens,asthosewith dyslexia
often strugglewith Ine motor skills. However,!Iming facesraises
privacy concerng 64. An alternativeis usingheatmapcameras,
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Figure 8: The results of Q1 B Q6 in our System Usability and System Electiveness questionnaires, respectively. The scale
from 1to 5 represents Othemost negativeOto Othemost positiveO. The number on each section shows the corresponding score.

M oand !
questionnaires are shown in Appendix C.

which capturepen-holdingstrengthwith minimal privacyintrusion
[26. However,they tendto berelatively expensive.

Limitations. The study hasseveralchallengesincluding privacy
concernstime limitations, populationsize andresourceconstraints.
To addressrivacy issuesyideoswererecordedfrom behindthe
students balancingthe needto preserveprivacy with the needto
facilitate pre-screenindor at-risk studentswith dyslexia.

Regardingime constraints special-edeachersvere givenonly
20minutesto explorethe system Allowing alongerusageperiod,
suchasaweek,couldyield morecomprehensivéeedbackA respon
sivedesignwould alsoenablecompatibility with variousdevices,
including computersjPads,and mobile phoneslt is desirableto
gathera comprehensiveangeof datafrom studentsdiagnosed
with dyslexia,which necessitatesollaborationwith many schools,
whichis dilcult to achieve As aresult,only four studentsidenti-
"ed ashavingdyslexiawereincludedin the casestudy.However,
we believethat this limited samplesizedoesnot compromisethe
reliability of our results.Theinsightsgainedfrom thesefour par-
ticipants provide valuableinformation. However,we recognizethe
importanceof alargersampleandplan to recruit additionalcases
of dyslexiato enhancethe depthandvalidity of our study.

The dashboardvasdesignedo function without a camerato
tackleresourcelimitations, asPanelsl-3 providedsulcient evi-
dencefor dyslexiaidenti"cation. Furthermore Hong KongOene-
person-one-iPadhitiative ensureghat mostschoolshavetablets
available allowing tabletcamerago capturehandwriting, posture,
andfacial expressiongluring pre-screeningassessments.

Moreover,studentswith dyslexiaoften encounterword recogni
tion, writing, andreadingchallengesA combinationof evidence
is necessaryo e#ectivelypre-screerat-risk students.Our work
o#tersspecial-edeachersa comprehensivassessmerthat evalu
atesmultiple aspectof studentperformancerather than focusing
solelyon individual symptoms We will assessiow di#erentsys
tem componentsn$uenceuserexperienceand outcomesn the
upcomingstage.

denote the averagescore and standard deviation, respectively. (a) System Usability. (b) System E!ectiveness. The

8 Conclusion and Future Works

This paperproposesa user-centeredsystemfor teachersto pre-
screenstudentswith dyslexiain Traditional Chineseand Can
tonesecontexts. This visualization systemtransforms dyslexia
pre-screeningoy integrating diversedatasourcessuchashand
writing performanceyideo,and posturedetection,and o#ering
user-friendlyfeaturesfor special-edeachersBy prioritizing educa
tors@Gnput, the user-centeredipproache#ectivelyaddressetheir
needsand ensuredailored tools. This systemadvanceslyslexia
pre-screeningyy balancingcomprehensivaelataassessmentith

privacy protection.

In Panel3, we proposeenhancingthe current systemby pro-
viding a concisereport to special-edeachersegardingstudents®
writing symptoms suchasstrokeadditionanddeletion.However,
additionaldatais requiredto ensurethe generalizabilityof our "nd -
ings. Therefore we planto recruit moreusersto facilitate broader
applicationsand gatherfurther datafor comprehensivanalysis.

In Panel,we proposeto expandour focuson gestureanalysisto
explorethe relationshipbetweenwriting symptomsandbehaviours
in relationto changesn gesture However,to enablea thorough
analysis,additional data is essential.Consequentlywe plan to
recruit moreusersto participatein variousstudy sectionsto gather
further datafor acomprehensivevaluation.

FurthermoreDysViswill beexpandedo analyzestudents€irengths
andweaknessegarticularly in Chinesdanguagesubjectsit will
provideathoroughunderstandingof students@adingandwriting
performanceAdditionally, DysViswill bea valuableresourcefor
educatordo createcustomizedraining contentfor diverselearners.
By o#ering insightsinto students@nguagecompetenciesit the
startof the academigear,DysViswill bene"t nativeandnon-native
Chinesespeakers.
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DysVis:A User-CentredData VisualizationSystemfor DyslexiaPre-screening

A Survey of Formative Study (Section 3)

(1) Do you haveexperiencausingdyslexiascreeningoolsor as
sessments# you answerQYesPleaseproceedo questions
(2)B(6).

(2) Whatis the procedureof pre-screeningn schools?

(3) Whatkind of indicatorswould you pay attentionto?

(4) Pleasadescribeyour experienceusing dyslexiascreening
toolsor assessments.

(5) In what waysdoyou Ind them helpful or challenging?

(6) Whatinformation or datado you Ind mostuseful?

Interviews of Formative Study (Section 3)

(1) Whatfactorsdoyouthink aree"ective in assessingyslexia?

(2) How many categorief pre-screeningerformanceshould
the systemhaveto help you understandstudents@erfor-
mancee"ectively? Why?

(3) What chartswould help you quickly identify studentswith
dyslexia?

(4) Whenyou suspecthat somestudentshavedyslexia,how
will you conductassessments/quidiestsfor the students?

(5) What kinds of functionscanhelp you quickly spotstudents
with dyslexiaaWhy?

(6) Whenyou seeareport of a studentwith dyslexia,what part
of the studentOgerformancedo you want to know? Why?

(7) Is it necessaryto know the time requiredfor studentsto
answerthe questionsWhy? (If you answeredO YesPlease
proceedo questions3D10If you answerONo®|easepro-
ceedto Questionll.)

(8) Is comparingthe time required for the samestudentsto
answersimilar questionsnecessaryWhy?

(9) Isthereaneedto comparea studentOequiredanswertime
acrossentire testcohortsAWhy?

(10) Regardinghe time requiredto answerthe question what

methodof expressiordo you think is more suitablefor you?

(11) When a studentcompletesa question,would you like to

know the detailsof the studentOansweraWhy?

(12) What detailswould you like to know? Why?

(13) Do you haveany suggestiongor the designof the system?

C Questionnaires of Formal Study (Section 6)

¥ SystemUsability
(1) This systemis very easyto use.
(2) This systemis easyto learnhow to use.
(3) Thevisualdesignof DysVisis easyto understand.
(4) The posturepart in DysVisis easyto understand.
(5) I amvery willing to usethis systemto pre-screerstudents
with dyslexia.
(6) | would recommendhis systemto other special-edeach
ers.
¥ SystemE"ectiveness
(1) Thevisualdesignof DysVisprovidesenoughinformation
to Ind studentswith potentialdyslexia.
(2) Posturecan help teachersdetectabnormalstudentbe-
haviour (laziness/distraction).
(3) Handwriting is displayedstroke-by-stroketo tell mewhich
strokesa studentwrites poorly.
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(4) Handwriting lets me know how my studentswrite in real-
time.

(5) Videoscanreducethe chancef mis-pre-screeningtu-
dentswith dyslexiamorethan traditional methods.

(6) Thetimeline prominently marksthe spacingbetweenstu-
dents@riting and pausesyhich canhelp mellter out
di#cult periodsmore quickly.

Interviews of Formal Study (Section 6)

(1) StudentOverviewPanel

(a) Do you understandhis panel?

(b) How doyou think the charthelpsyou quickly spotat-risk
studentswith dyslexia?

(c) Could categorizestudents@est performancesnto four
categoriesnoree"ectively assistyou in reviewing their
performanceWhy?

(d) How do you think the Oclassilcation@aturehelpsyou
quickly spotat-risk studentswith dyslexia?

(e) How do you think the Oincrement/decrementéatures
helpyou quickly spotat-risk studentswith dyslexia?

(f) What additionalfeatureswould you like to seethat would
makeit easierfor you to review students@erformance?

(g) Do you haveany other designsuggestions?

(2) TaskOverviewPanel

(a) Do you understandthis panel?

(b) Do you think the dataon the panelcane"ectively assess
dyslexia?

(c) How do you think this chart can assistyou in quickly
identifying

(d) studentswith dyslexia?

(e) What additionalfeatureswould you like to includeto help
analyzestudents@arning ditculties?

(f) Do you haveany other designsuggestions?

(3) Sub-questiorPanel

(a) Do you understancthis panel?

(b) Is Panel3 usefulfor you in determiningwhether students
have

(c) dyslexia?How canit helpyou?

(d) Isthe handwriting animationa helpful function for you
in determiningwhether studentshavedyslexia?How can
it helpyou?

(e) Do you haveany other designsuggestions?

(4) StudentBehaviourPanel

(a) Do you understancthis panel?

(b) Is Panel4 usefulfor you to determinewhether students
havedyslexia?How canit helpyou?

(¢) ThechartshowseachstudentOsriting time, posture,and
answeringconditions.

(d) Do you think thesefeaturescan help you more easily
determinewhethera studenthasdyslexia?

(e) Isthe handwriting sequencalisplay helpful function for
you in determiningwhether studentshavedyslexia?How
canit helpyou?

(f) Isthe videohelpfulin determiningwhetherstudentshave
dyslexia?How canit helpyou?

(g9) Doyou haveany other designsuggestions?
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(5) Follow-upquestions

(a) Amongthesestudents how many havedyslexia?

(b) What aretheir UserIDs?

(c) Which underperformingstudentsarenot alectedby dyslexia?

(d) What factorsdo you useto determinethat thesestudents
havedyslexia?

(e) Which part of the studentOgerformancewould you like
to understandmoredeeply?

(f) Which part canindicate whether a studentmight have
dyslexia?

(g) What contentwould you like to click into andview?

(h) What do you think aboutthe currentdesign?

(i) Are thereany featuresyou would like to add?

E Traditional Chinese characters

¥ Section2, Figurel

(1) ! (Cantones@ronunciation:bui3;EnglishmeaningBack)

(2)! (Cantoneseronunciation:gung1; Englishmeaning:
Merit)

¥ Section5, Figure3

(1)! (Cantonesepronunciation: gei31;English meaning:
Record)

(2) ! (Cantonesegronunciation:tiu4; Englishmeaning:Reg
ulated)

FUNGetal.

(3)! (Cantonesg@ronunciation:naa5EnglishmeaningWhich)

(4)! (Cantonesgronunciation:ze3;Englishmeaning:Bor-
row)

(5)! (Cantonesg@ronunciation:bui3;EnglishmeaningBack)

¥ Sectionb, Figure4

(1) ! (Cantones@ronunciation:bui3;EnglishmeaningBack

¥ Section6, Figure5

()" (Cantones@ronunciation:hon4seoi2 Englishmean
ing: Sweat)

(2)! I (Cantonesgronunciation:wui4 heoi3;Englishmean
ing: Return)

(3)! " (Cantones@ronunciation:zunglng5;Englishmean
ing: Afternoon)

(4)! " (Cantoneseronunciation:fongl hoeng3;English
meaning:Direction)

(5)! ! (Cantones@ronunciation:dungltinl; Englishmean
ing: Winter)

(6) ! (Cantonesg@ronunciation:heoi3;Englishmeaning:Go)

(7)! (Cantonesepronunciation:ngau4;Englishmeaning:
Cow)

¥ Section6, Figure6

(1)! (Cantones@ronunciation:naa5EnglishmeaningWhich)

(2) ! (Cantonesg@ronunciation:bui3;EnglishmeaningBack)

(3)! (Cantonessronunciation:tinl; Englishmeaning:Sky)
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