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Abstract

This paper presents an integrated User Experience (UX) design framework for
English language teaching and learning in the context of Deaf and Hard-of-Hearing (DHH)
primary school students. The framework is synthesized from key learning theories
Behaviorism, Cognitivism, Social Constructivism, Multimodal Learning, and Universal
Design for Learning (UDL) combined with research findings on accessible interface design
for DHH learners.

The proposed framework encompasses five core dimensions: 1) User & Context,
2) Content & Modalities, 3) Interaction & Ul Elements, 4) System Capabilities, and 5)
Process & Evaluation. The paper also provides practical guidelines for developers and
teachers, illustrated through the use of case studies applied to primary-level English
lessons.

Findings indicate that effective design requires the integration of multimodal
content delivery, flexible interface customization, high-accuracy Automatic Speech
Recognition (ASR), and meaningful DHH user participation throughout the development

process.

Keywords: Deaf and Hard-of-Hearing, User Experience Design, English Language Learning,
Multimodal Learning, Universal Design for Learning, Assistive Technology, Primary

Education
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2) Bilingual content manager d1m5uuUUszlonn1199nquiundun1wlionay Glossary i

AUNILA 3) Real-time captioning & transcript editor 115UN15I8ULUY Synchronous 4)
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1Y

Interactive visual activities 7ilfnudndedadnualnmuasdadnualnile was 5) Collaborative
authoring workspace dSUNSINUTINAUSENINATUATHLTEY
nénnsddnesiftusznoudae Visibility & Control Al lFAUANMILARIKHE
Captions (WunAnaus & fumis A11157) §a Kim et al. (2024) way Gumay, Effendy wag Junaed
(2021) Buduinglddeenisnisuiuwssle wag Simple & Predictable Ul 714 Wizard wuu Step-

I
a U

by-step ammismmamgﬁﬂﬂﬁnmﬁi’wﬁ’@ 9NNY Accessibility affordances #in31 Nielsen
usability principles Tijuddgyfivueiiosme wiuladaau wazdiTn Icon wazFesuneriy
dmduuTunagassUszian lunsdlasiinisliBuund (Hearing teacher) Ul fos
srunelanunsodulnaninleasunasidenuuladuniwiionnlausilée lned Workflow 7
IFeUdIBlazil Auto-suggest sign clips H8UULUY dauﬂgﬁﬁmmuﬂwiaﬁmqmﬂﬁ@u (Deaf
teacher) Ul #iassesiunssulvaninlenuilonmazidongs sundesiiianzan way Annotation
tools dusuasmussenadudoninu W%fauﬁgaﬁsdaamﬂﬁ%mmmamﬁamﬂé’ﬂhﬂumﬂ%uﬁ’]
U588 A7 Lima et al. (2025) wuiagymnndinilenyumuiitedoansuaiesweutiomie
4.4 THf 4: AUEIN15AVBITZUU (System Capabilities)

SYUUABITOITUTnTunamadind Ay nanaUsznis laun 1) ASR (Speech-to-
text) INuseLdsIsuNIULATIISUNAaIEn 1w /dniloy/dntianig 2) n15an3y Live captions
LUU Real-time 3) 15 Sync sign-video streaming 4) Offline mode wag 5) Low-bandwidth
optimization dmsuusuniinisideusedumesiinliaiaue sy Prado et al. (2023)

A1 Accuracy & Trustworthiness $1U33804 Kim et al. (2024) Wu11 A2
wiugrgafudsiduiioatrsanudedie Tnefldfnaies Accuracy Tuanwindouiiides
sunau 39318 udesil Context-aware Models #ifln#ae Corpora iy (Fnsiivnas dudles
Viosdiu) war Fallback Ul iudaaruldwilawazldudlodoninuld saufs Human-in-the-loop
Mechanism iloszuuliinila d9usu Integration capability syuufiewinausindu LMS waz
\w3eaile Videoconferencing $114 ¢ $2183U5113 Sign interpreter AN8UaN M1 Kim et al. (2022)
'ﬁauﬁﬂixuummﬁuaqu Self-paced learning, Learner-controlled Navigation lLa¢ Reflection

[y

logs WipaanndedfiukinAn Heutagogy
4.5 §iRdi 5: nszuIUNMTERNLULNAEN15UsEEUNE (Process & Evaluation)
ﬁaﬁﬁﬂmumﬂizmumiﬁwmLLUUﬁ;ﬂ%ﬁd’mim Usznoumie Pre-prototype
involvement, Iterative development cycles, Think-aloud protocols, Co-design workshops
wazn15UsELY Usability Wuunas (Mixed-method) lawn HadeUSuadae System Usability

Scale (SUS) uag Usefulness, Satisfaction, and Ease of use (USE) questionnaire Lagl¥ea M
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#28 Semi-structured Interviews Wwag Think-aloud protocols ANULWINIST Gumay et al. (2021)
Tlunsuszdiuneuduanidudmsuauymuan uves Castaneda et al. (2025) Sauansliliui
MsAudeyadmanNIUNNTEINA N5EUNTYAl LarNT3ATIZEYL (Thematic analysis) @11156
ﬁwiﬂajmwaaﬁ’@LmemaaﬂLLUUﬁLﬂugﬂﬁsiulﬁﬁq 7 Design Principles uag 20 Ussifiuldssu 4
axﬁau’mszmumiﬂizLﬁumameu%ﬂﬁLﬁaaﬁaaﬂ%’uﬂqamﬁmﬁmﬁ WAL I0AT1909AAINS
Feeanuuuiitluld4nld (Reusable design knowledge) WUINRINAIEIN U SEENALYAY
MIRRLILNaANeSUNSISEUN TSN Wi mSUdSey DHH laegramunzay
wé’ﬂmiﬁ’]ﬁmmaqﬁaﬁ Ao Participatory/Co-design ﬁiamﬂ% DHH Saus iy
ATIAANABINITIUNAFBUAULUU Ine Hickson et al. (2023) uaz Kim et al. (2022) Budu
N “nrsdaausuvilvinanduvinoulangae uazmasiy Iterative evaluation 8e91iee 3 58U
WS89 TR UL UAITENTNTOY” d1u Mixed-method Evaluation Metrics 14 SUS/USE
d11¥u Usability, 7@ Word Error Rate (WER) d1%5U ASR, Comprehension (Pre/Post tests)

U ¢ Y
LAHNNBULNDIN Trust Wae Acceptance

wuansUuRnazitagen1suseendld (Practical Guidelines & Use Cases)
1. Checklist dmiutinwauiuasag

Uuﬁugmﬂmmauﬁgﬁ 5 ff uneafiauesen13nsInEey (Checklist) dmiunis
fiannarnsldnuunantesunsBountndinguamiudiou DHH il

- IBUBBNLUL: ¥11 Contextual inquiry WAEIIVTIN Persona Vauri3ew DHH (s¥eu
N13laBu AW inwen1981u) (Hickson et al., 2023)

- \fisdenAdoaundn Multiple Means of Representation Aneléinseu UDL uni3eu
Vlﬂ%uﬂﬁiﬁ Time-synced captions @113uiale wazlwa Transcript Tianlluanld (Kim et al,,
2024)

- ffdenuandifleniwile (Sign-lansuace overlay) ila/Uawazususunsls
(Shiraishi et al., 2024)

- Wildusuvunaleud & wagd1uniavas Caption I (Persisted per-user) (Gumay
et al,, 2021)

- naaau ASR luan1muindeaua3e 3 WER uazfu Feedback 1iieUsu Model
Tnslangluusunmsaeunudanguiifidiiany (Kim et al., 2024)

- § Fallback Huran-in-the-loop #3agaaniauily Caption ieszuulinilauay

WANLABINTISNINT Al Translators Ligaag19Lden (Lima et al., 2025)
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oA

- ganuuy Ul THi3eudne Yudidgauielvg 8 Label sisdoaiuuay lcon waz
5995U Visual Hierarchy fifaiau (Kim et al, 2024)

« Y11 Co-design workshops fugiseu DHH wagaslunn Iteration (agaties 3 s0U)
(Hickson et al., 2023; Kim et al., 2022)

« Usegiilu Usability § 278 Mixed Methods (SUS/USE, Task success rate,
Comprehension test, Interviews) (Gumay et al., 2021; Kim et al., 2024)

«99AULUU Low-bandwidth & Offline-friendly mode W e 1 Caching U ® <
Captions/Transcripts (Prado et al., 2023; Shiraishi et al., 2024)

.« dnvhafleuazlugatinousuaginunisliniiodesiusazmsoonuuudediinds
19 saudavanng DigCompEdu (Bong & Chen, 2021; Lima et al., 2025)

- n52v@ouuleuenuludIuiuay Ethical consent Weifiuteyaldsmdanin
Wl 913 IRB practice (Kim et al., 2024)

2. A19819 Use Cases 8195UUNIS8UNTH199NquseAUUSZN

Use Case A: unisgumdniismeniwiileusenau (aguni)

AgAINSlABuUNALY Lesson Wizard ifleasauni3ouddniizes "Animals’ dwiu
1.2 Tnula Bilingual content manager uuuaLsagA1U Sign clips 3nlaus1s seUU Auto-
suggest AAUNWEBAN Corpus ﬁmgmmimmwaauLLazLLﬁlﬁuvLé’f uniSeuiilduananiy Visual-
first Canvas lagdl Sign inset + AW + Captions Wieuy {l38u DHH @w1sausuvuIaLay
funavey Captions dolulyade seuutiufin Preference Widmsundasioly (Kim et al,
2024; Shiraishi et al., 2024)

Use Case B: N13138uLUU Asynchronous fag3alatuiin (Azymuan)

asfisianuunnsesnansleusulnaniflenisasuniwiilonuazidengeiny
Lesson Wizard 711 Template "Signed Lesson" Tagianae ﬂgLﬁuﬁWiiaw%ammuaz
Interactive glossary dwsudniiianie fi3susuriialensaountuiievuinlngnsauusseny
fruane waziudenidlianiwile Overlay Wi szuudisesiunsdsnuindaloniwilioves

'
a =

bIBU BIAFAIUTO Review 591 Timestamped notes 161 (Lima et al., 2025)

e

Use Case C: Msvaungueasne Live captions (Miaeauseinnag)
11 Breakout group @1%15U Role-play n14189n0% 53 UULAUD Multi-speaker
Diarization W30u speaker-labeled captions tialinsuitlasiidane uwaziiUy "ask interpreter”

Yy <

WalunguUaniwlensedatoninueduiy AFa1u1sa spotlight signer WivelvigisounauLi

Y 9
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AwiladAlau Reaction icons (visual prompts) ¥3elviEl3e1 DHH wansn1snavauesslalagly
Rosnm Hwan friction lun1sdeansuaziiunisilainsiu (Kim et al, 2022; Kim et al., 2024)
fadinn1sUsziliuna (Evaluation Metrics)

nsUsziiukanseau UX Ndtauedesldiuinisiuunas (Mixed-method Evaluation)
MUBIUTUIUaZTIAUAIN A9l Bong waz Chen (2021) Fndanan3esfloUssiliusiuindu

193§ e ndusesimuinaurnaseuaguaIeis

M1519N15USeLUNA UX

AMuAIIsalumsldnu System Usability Scale (SUS), WULABLONNMATIIY kAN MAgEUNTTld
(Usability) USE Score, Task Success Rate 17U474 (Usability Testing)
UszaAnsnwaass=uu ASR | Word Error Rate (WER) mrFeufaunantrulaadaadutann
(ASR Performance) (Transcript) fiuduaiiu
HRANSNTITaUS Comprehension Improvement | ;3 mageunauFousasudadoy
(Learning Outcomes) (Pre/Post-Tests) Fun =8Nz u
AuldaduLa=zni1saandy | Trust Scales, Technology mrfuniealiaizin uazuuugaunnuTziy
(Trust & Acceptance) Acceptance Model (TAM) armitonela
AS=LAUNITH MU d71u7u Iterations, é’ﬂmurj‘t%ﬁ fufinnrzuiunisfasaanuuy (Co-design)
(Development Process) 1517921, Traceability wazTeunlfnlgarsu
Aaunmdals=dny Ursifudrduanmadunaua: | nsfunmnluufaiaseai (Semi-
(Qualitative Quality) weAnssuela structured Interview) uaz Think-aloud
Protocol

JaINALAZYDII1997U398 (Limitations & Research Gaps)
LLﬁﬂiaUﬁﬁwLaua%ﬁ‘ﬁugmmﬂ%é’ﬂgml,%qﬂiz%’ﬂﬁmw%u wigapalivoTinLay
Foineatidedifesfiansan
Uszn1susn Auwdug1ved ASR laganisiudulissasdniniwdaingudinsu
wnlneyvuaniiGeunnsanguidunviisUsamadiosnisnisaaeuluuunasedaiy
gUU Kim et al. (2024) 131 Human-in-the-loop Saifudsdnduagunn
Usznsilans mnuvarnvatevesild DHH TuuFunnisdnuilne Feflanuuansing
Tunwile (W nwllelneg) s3AUinYeNII81U wazU3UNATEUATY YiTbiwuIakIliiiisane

uag Titska, S., & Rebot, D. (2025) ¥i1A8l Personalization options fivannmang
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Usgnisfianu fennnsfnuiueuifisuldmnass (Randomized controlled trials)
Fn1193UkUUNSIEUEAN 9 (Caption-only vs Caption+sign vs Sign-only) lunguidinuszau
Tnelanie §99 Amnur, Syanurdi, ldmayanti wag Erianda (2021) Fasesingg

Uszn15iid é’J’qsmmm%aqﬁaaﬁfuawﬁﬂﬁmuﬂugﬂLL‘U‘U Tool-supported guides %38
Repository templates dwiuads LMS #3auetfisessu DHH Tuusunnisfnuiniwidanguly
Uszinalnglnenss aud Amorim, Melo, Araujo, Costa, Araujo Filho wae Viégas (2025) tdue
TuusunguaIwus@a Usen15ivin n1sdseidiu Usability Meuiasgiuialienaliasyioudd
Trust wag Social inclusion l@AsUAIU Kim et al. (2024) Faiiunaus I uveIn1sNay

Qualitative Methods tiialsfiuiifmalivny

JoLauBuuY

Welvinsounisesnuuy UX Mdausaiunsathluujoldaislussuunisdneilng
unauiauetaEuauuzidalouneluauszau 1aun

sEAUANIU:

. Ussaﬁaﬁmumﬁm Accessibility (Captions, Sign-language support, Ul customization)
iﬂummgm LMS vaslsai5sunazdnasssuyseanudmsu Human captioning/Interpreter (Amorim
et al.,, 2025; Shiraishi et al., 2024)

. 5@1ﬂ3LLﬂiM@US§Jﬂ§1ﬂL§@Q Basic sign language, Inclusive pedagogy, Digital accessibility
(DigCompEdu) war3sldiedesiloutaniuile (Bong & Chen, 2021; Lima et al., 2025)

- §asa Multidisciplinary Tearns Aisaufnsiamu AiBeavngdunislddu dnorde
MY kazYUYY DHH Lﬁa Co-design wwanesy (Chauke et al., 2025)

3ZAUNTTIVY:

« @74 Corpus n1wrilelnenazAnvintwidenguszduuszauiletin ASR wiay
WmsN1sANATEIRILTUEIUGINNY IRB Practice (Kim et al., 2024)

- YinsfnwUSeuiiisuidameasseninsguuuunisiaueni o lungudn DHH
searulsyanluusuning (Amnur et al,, 2021)

« WuneIesiloUsziiiu Usability inseunquild Trust, Social inclusion LAYHAGNS
nsisguimMwsangulagiane (Bong & Chen, 2021)

52AUNISNAIUT (Roadmap):
- 5vagdl 1 (0-3 ¥iou): MVP 484 Lesson Builder + Live captioning + Glossary W33

L a = o U o U (3 L d‘l o
ﬂﬁ\‘iﬂﬁﬂﬂ’]“&*’m@lwUﬁﬁ%iUﬁ?ﬂWVIﬂﬁH’]@ﬁﬂi]‘H‘W‘ng’m 200 A
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- s3Edl 2 (3.9 WHew): iy Sign mapping tools, Community hub, Teacher training
modules ag Analytics
- s3ezdl 3 (9-18 ifou): UFuse Quality workflows a3 Human validation, Offline

bundles Wag Integration AU National sign dictionaries

GEL
unauiiiauensounisesnwuulsraunsalildsysanmsdmsun siseunisasy
aedanguluuTunvesyiSeu DHH seduUsvaudne lasysanmsmgufnsiteus (wginssuiley

Yeyrtlen adrvassatlounisdian sTaflunea UDL) WAUndnn15eenikuy UX hagdiuidenu

Proposed Integrated UX Framework
for DHH Primary English Learning

AN 3 UAMINTOU 5 ARlUANYUZ9T (Cyclical model) Mipulasiusg1emoiilo

dumesigidenagiin1snanslagu nseu 5 daminaue ({lduasuiun, Wenuas
sULUY, Ul, Ananansnseuy, nseuiunmsiazysediuneg) uwimeljuanaseunquuazdeann

angIuelsedneiviainvaney

v A

NANTHUATIEAT A UIINITINWUUNTUTEANTAMNADINININENNSEAUEUTZAS

o

s laua 1) metausilenluunaiesssmng (Multimodal content delivery) #1533 Captions,

sign language video Way Transcripts LIwSeuriu 2) dumesinanusuusslaniuaufin1sves

a

di3pusayana 3) welulad ASR Aiflanuuiiugigandey Human-in-the-loop Wedndu uay 4)
N5HdNTINVBISULALAT DHH AaeansyuILNIWRILINIY Participatory design

n1snseuilludssyndldasaielniniaug a3 wagguimisnisAinwiaiuisaasie

I Y =

wnasvlsumMsioun winguiiiusssy windlen wazdnislddmsudiseu DHH Tuszauuszay

Y

[

Anw pg19l5AnL FipsivesinsudTendn

[

v Tngnizn1snaaau ASR Tuusunaitwlne-

o
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A18Ingy NMsAnwilseuifisulmesssdunguinnUszan waznsiauads Corpus nMwiie

Ingdmiumsaeunwsingy Jeasluiirmeddgydmsunuidelusuiag
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