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This project aimed to encourage teachers to produce online mathematics
media that supports the learning of the visually impaired .and ‘to disseminate
knowledge in producing mathematics online media that supports learning for the
visually impaired in the form of a massive open online course (MOOC). The project
implementation is divided into 2 phases: Phase 1-involved online teacher training via
Zoom, and Phase 2 involved publishing ‘open- online lessons on the Thai MOOC
platform. The sample group used in Phase 1 was 94 lower secondary mathematics
teachers with inclusive education programs under secondary education districts across
the country. The sample group in Phase 2 included 100 learners who registered and
completed the published online lesson on Thai MOOC. The content of the course
includes techniques for producing online mathematics media that supports the
learning-of blind and low-vision students using accessible/existing tools. This project
produced prototype materials and lessons that have been verified by experts for
content accuracy and learning management that support the visually impaired. The
results of Phase 1 revealed that the teachers who attended the training had improved
their knowledge and were satisfied with the training, both the content and the training
format, at the highest level. For Phase 2, it was found that the participants were at the
highest level of satisfaction with the content and learning format. In addition,
participants who completed all activities and passed the certified criteria of 70% had

an average score of 85.26 and a standard deviation of 7.63, with a maximum score of



98 points and a minimum score of 70 points. For the implementation of this project,
mathematics teachers and other subject teachers were able to produce teaching
media and improve teaching media that supports learning for visually impaired and

normal students who can benefit from online learning without limits on time and place.

Keywords  Online mathematics materials, visually impaired students, teacher Training
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fan: Dahl, J. (2008). Wikimedia commons
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JUNNTBInNIsuaiuasausaguns enaiulddaauluszer 20 vn Wewudiv

AflanesnUnfvzsnunsensniudadeiulataaulusses 200

2.1.1 USZNNUasnannaIsivaafunnsaanien1suaaiv
Uszinnuazndninaeivasasanisaundelan
aarn1seusielan (World Health Organization: WHO) latnva ninausives unns o4
yamsueaiiu Iaefiansanaaemildumsuilaliffgaudlundreif ifaeuaudaves
A (visual acuity) Mauly 1wy uesugidn  vide msawium fvesanean Jedninausi
7 1404 unaninaaiu1nsgiulan Ao ICD-11 (The eleventh revision of the International
Classification of Diseases) Insutaifiu 5 32U wasldumnenstasrendu vn foil
o sz 0: liddeunnses wie fdounnseufivndnties (No or mild visual
impairment) fvuAFIAEAYSeANLANTATEIN TIRNTT 6/18
® s5zavu 1: dvounwiesuiunaly (Moderate visual impairment) AvuaA7

AR DANUALTAVDININALBENIN 6/18 LARNIN 6/60

® SAU 2 UTaUnNIaIguIIe (Severe visual jmpairment) A1UARAIEIE A
Wiomnuaudavesnditosnin 6/60 usninin 3/60
® Sufu3: mUen (Blindness) favunAtagnmsenuANTATeInmiitesnin
3/18 LARNAT 1/60
® Syeu 4 muamaz%’ui’ﬁamm (Blindness with light perception) fivuaA"
anemvemUALTRYeIANTIteandT 1/60
® SzhvU 5 muammﬁ%’uiﬁlmlﬂm (Blindness with no light perception)
HREIVT
1) mﬂm%’maqmwayLUﬁlauLLUaﬂiﬂmmmqﬁqLwimq 45 Yaulu
2) aaudnenl (visual field) @1usuauunfazarunsausasiuls 180° lunuliuau
(horizontal) waz 130° Tukuads (vertical)

3) SEAUAIUDNILIAUEIAILAUNTN 10°

Uszinnuaznaninasivasussindlng

Uszialngldnmstmunlszinnuazvdninasiveanidadeiunnsssnsaneniiile
lUldlunisind@nuluaaudner lnedddanislianuaneniauigiinisussunneing q
AUUTENIANTENTNANYIZNNT (09 AvuaUseLavuagndnnTivesALRinITIINIAnw
WA, 2552 dwsuginisiitianuuansesmeansan ledmualilude 3 (1) (wAsagunw,

2552) Inemuuausslnnkas naninuanase il



yanafifianuunnsomentseaiiu leun qﬂﬂaﬁqﬁglﬁamilﬁuﬁy’qLLsiﬁzﬁ'ULﬁﬂﬁaa
isnuenain Sutanduaossznn fail

1) AupUen Mol yanafigaidonisiiiuunn sudedlddeduiauazdeidos win

pnainnudavesaendadidondlouds ogsedu 6 dau 60 (6/60) n3e 20 dau 200

(20/200) udiellanunsniuiiseuas

a

2) AULALEDUTIY NNl yarafigadenisiiu widaunsaeusnus ffiuviveiy

lygjerugunsalniasieanuiins viiswaluladgdedueanuaznin mMninAnudaLay

voseeminadidlonslundy eglusedu 6 dau 18 (6/18) w3 20 da 70 (20/70)

wnewn N1seenUnsuszdmid mSudinsmnenisuadiuazivualag N5eNIIINI3
faundsauuazanasiunsvesyed ieystlovifiagldnnmsdnnisatainismiednn ns
Fadedneanuazain ansnianisunng uazleniadsinnunaznis@nyy nasiamun
Snwaigaufinadssydnsvesfinismsnisusdiudesiidnuny egnandsegslasioludl
1) ifignavisansdns 2) Lifignandriaaesina 3) gnandrsjusisassdte 4) gnanderiades

919 Wi mihfvzanenmanmaisiinastidundngiu

2.1.2 Fayauszansivedudunnsasnisnisuadiu
NIUALATULABTALIAMNIMTINAUTAT NTENTINMIRAUITIALUAAINTUAIYDS

wyud ninvstgnuaaunsalauiinisiulseinalng laeirdeyanuiinisilasunisesn

9

Y]

TIn5UseeAUnnIg 910 d1uinneideunaly nsun1sUNATed NSENINumIalng 181579
JUN 4 UNTIAL W.A. 2565 L‘f]u%gaﬂazmmﬂammimﬁﬁﬁﬁmuuaz%’asawmmm

UNNSBINIINSNOLIAIU TILUNAINAIRAS 9 VeUsemnalng Aspnsnei 2.1

A13797 2.1 IUTeLAALTINITHUNNTBIVNINISIBRAUTUNANAARTS 9 Yasdszmelne

nA Y1y QTR Elet! Souay
AFANNUNIUAT 2,482 2,248 4,730 2.52
AIANANBATAIANL TUDDA 14,594 13,272 27,866 14.86
NARZIUNIALUULD 46,048 58,141 104,189 55.55
aMake 8,998 8,137 17,135 9.14

AL 17,216 16,410 33,626 17.93

394 89,338 98,208 187,546 | 100.00

(3o9az) (47.64%) | (52.36%) | (100%)

VI37: NIUABATURAENAIUIAMNMTINAURNIT (2565)




NMTNA 2.1 WU AURNISHUNNT I NNIsHBLAU T uwAYI891UIY 89,338
Au Andusosay 47.64 uag AT 1UIU 98,208 AU AntTusosay 52.36 3NT1UIU

Usznsibasun15eaninsuseanmIAURnISRUNNIBINI9NISUBLTAY 31UIU 187,546 AU

ToyaveAarNIAUTENBUMIBIINIAAIG 9 fall

L4 AFUNNUNIUYAT: NTUANNUIUAT

a

®  N1ANANIAZNIANIUDSN: ﬂ?iU‘\]U“U%‘, JUNY U3, 1 LN, ‘Uan SU’U‘U’W]

a

AT19, UATUIEN, UATUTY, uu‘wus ﬂwmsm USAIUATTUS ,inuu ,‘Wizummaqﬁm,
JEUBY, TIUUT, aNy3, aynsusInig, aynsaensIy, aynsanas, assus, assuna, 89S,
ANTTUYT, VDY, INYTYI

® Manzdveamdgunile: NWAUS, veulNY, TuNl, UATNUY, UATIIVELN,
Tanw, Y35ud, umanseny, ynaws, elass, Soaidn, A3asiny, anauns, d3uns, nuseny
, Mupatidng, 11Ty, 9nse1l, QUATITETH, LAY

o aald: nsed YUNT, AT, UATATETIUTY, WI15378, Unend, e, sings,
QW9, Ban, SEUBY, 9N, a0, 83780001

® N1 AMWINELNTGS, AN, UATEITIA, UL, WeLe, NN, ﬁwaﬂaﬂ, a9

o I

, @y, gluvie, gasind, eviesnd, Weare, Wedlvl, imysysel, uns, wigesaeu

2.2 msdamsinmamsugunniaamanisua i
2.2.1 wuIAAYDY UNESCO
DIANITNITANYY TNYIAIFAT LA TRIUSTIULRI@NUTE¥1978 (United Nations
Educational, Scientific and Cultural Organization) %30 QLuaIﬂ (UNESCO) laduunUszian
104n1530N1sAnwdmsuunnsesenisuaaiu 2 Uszian laun Tuswnsulsaseudivay
(Special School Program) uag TUTUNTUMIANYILUUYITUINITUIBNITIEUTI (Integrated
Education Program) (UNESCO, 1988, pp.1-2) &ailanuiuzn13innisAneisadl
)y JUsunsulsauSouniay vu1ems lsassuanzdnissuniauunnsesmienisuaaiiu
Fadulsnseuuszdn (residential school) Miiniseueg UszduazAnwilulsasounasny
nsfny wavanusanautnulalugisiugedunni uay/vseTungaindeou
) Wsunsun15ANYMUYYsIINITNTONITTEUTIN et TWsunsuidalvidniSeu
= 1 =3 Y =2 = a dl v = 1
fnnuunnsemensuasiulafnuilulsaseuund (regular school) Tuyuyuniniseuat
v a Y] o a v a ] v Ay a4 A Aa a o a X
Hnissuazinofenvnulaz lulsassusiuiuideselitou § Nllaenund dniseumani

wlasunisinwannasiaeuluduSeuund wildsunmstiewmiedivay v3e Sunisaduayy
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ENIANING) P

UNESCO 1981519990084n153A MU 56N U LS9 S URLABLANIZN AL VDI

TUsunIUNSANYIRUUYIUINTT Aall

Y A = a
Y2avaalUsuNTULSIIYUNLAYANIZNG

PadninvaslUsunsunIsANYILUUYTINIT
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TunsepuinSuniauunns o

NNNTUDIITY

1. agaeulilasunseusuvSolill
Uszaunsaflunisaeutnideuiitinam
UANIBIIN LRI niiTgm
Lﬁmsﬁué’miawndﬂﬂg;ﬁaaumfﬂidL‘%EJu

MLAaNIEN1NUGURMUNL ST

2. lssdeulasunsatuayusuyssanaly

(Y cglJ L3 14 1 v A
nsindegunsaliamznisle wu nilsde

I3 v 4 dau a ¢

onwIluTaa nildenilfmRunuualng

'
v W

2. S suanisatuaywivyssanalunis

v
v A

[ 6 a = o A IS
f\mszjaaaqqﬂmmwmw RUEFAPNGRIYITN

~ A ) v o a N ]
RUINITDABDUANATNNRIUUNLIYUNUNNIT DY

C | IS [
ﬂ']ll'ﬁﬂ@LLaTJﬂLifJULUu3W‘EJ‘UﬁﬂaI@N’]EJ

sUTResdudald wavduy o NINTUBANITAY
3. Suutnseuiiliun dalugaen 3. wminSeuluudazrieseaii 30

2 = v a PN !
139 40 AU "’ZN@"I?]@JLL@UﬂLTEJUV]UﬂWi@Q

NATuaasiulivig

4. PnSsududnseulsyan saiuddlinan

TunnsvinfanssuLasUYINwLAUABINIT LR

]
al

4. psdouaviiutevluseivndAsy
ANNETRIATIFUNNTBINWNTUBAIY

a P a
Liﬂua%miiﬂlﬁgu

dwsutenvedusunsunsAnwikuuysannsiazdediianisialusinsulsaseu

a o &
WLAYRANIENINUAIU

Y
JaRveslusinTUNISANYILUUYIUINTS

17 o w = a
Fo31NAVDIUTUNTUTUTYUNLABANIZNG

U a ¥ I U Y o
1. dnseuldediuaseunsiuazlaim

Y

AaNsSUSIUAUAUNLD

1. dniSeuegvinannasaunss wazillana
1 a % U Y gj
zsanaNssuiuAsauAstavay 1 A9

130 2 ASY

2. Tgsuuszanalunisusmislsaseutios

2. Tgauuszunadlunisusmisisaseuunn
TAgERNIZAISASI99IAS VNN 9IVS

WHOHN WAENNTUSMSAUGUATN

v

3. dnSsunlaneaunilaiseuiuazdl

v v fov o A v 1

aﬂlIW‘Uﬁﬂ‘U MIYUNUNNTBDINNNIT

[l

3. nSeudunnsemanisuesiiulad

v 6
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dofvaslusunsunisAneuuuysms | dedinveslusunsulsaeuniasianienig

v
Y]

& o § val 1Y) Y ¢ o PN Y a o
UILUNU quﬁmﬂqiwwuqﬂqu@qimm&ag ANUUIY E’Nﬂlﬁ/]LLﬂULN@@@Q@@ﬂI‘ULﬁﬁJUE

SR dauwInanuuanlsasyy

2.2.2 wRnvasUszmelng

Usznalnefinisdans@nuidmsuduansosmenisuoasiulagldndninasiv
denadaatunszsrdydinisdanisinvdmsuaufinns @UUR 2) w.a. 2556 wazrmue
AUVINETDIAIANY 9 TAEITasTunsTnsfnelivatem Wy Aufin1s wunsianas
Anwanzyana waluladdsnngawarein asnsanuiiiay MsiSeusia anudnu
RINEANLAing guinisiFouanzauiingg esAnsAuiintsusiazUsEN uas nesy
Aramansvesd i daunsotaldlunisfiTsannsdans Anwdusudunndomasms
voaulasail (@vnnueAnenssunIsngenI, 2551, w1 1-2)

“auitn1s” vineamin yanadsdidesiAalumsujoanonssaludinvszaniunie
Wi lfidausiumsdsen Wosananaunwsesmsnaiiu msladu nmsiedeuln msdeans

v A

Inla o15ual weFinTsu aRvayeyy MsSeus vsenuunnsadduls Useneuduliguassaluy

9

fus o waefianudeanissiduieenianisinuiissdedldsuanudiemdeduniladn
1o Wlelanunsnufoananssuludinusesriuvserilulidusnmadsauldegsyanaly
FaiinuUspianuasndninusifissuusiiinsnssnenusnisuszniasiue

“umm75@”ﬂn7iﬁnwvmwwyﬁﬁa” MUTHAIINTT WHUT I IMUALLININTTTR
nsfnwITl aenndsatuadaan1ssiufiiavresauiinis aasnaufivuanalulad
AsdnemnNazaIn A UIMI uasANNTIemAedUlamssAnYIRTNEYARa

“maluladdsg1urgnruazaan’ vuwa11udn a3 osile gunsal a19auas
gonlius wiousmsiilddmsuaufinsineame wieiidnsdawlamseusuldlvnsetu
mnudesnssudumiAstasnuiinsusazyana ey 31w adld viewmuiauaunsa
wazAnenndiaziditsfoya 117813 Msdeans swdsianssudulaludinuszdruiions
AT INDeATE

a

“AgNISANEINLAY” NUEANNI AFNIAINTSTAvaINIITERulIya193Tull vse

A7)

3
ﬂgﬁﬁqGﬁmqﬂﬁﬁﬂmﬁl,ﬁmzﬁw%mzyﬂm?“'mmmsﬂﬁzLﬁuﬂ’ﬂmmiaauﬂuﬁmimuﬁ
AnuzNITINsAuaIINIIansAnudmiuaufinisiiue uazUfURvihiiaeu dannsdnu
e videnthiisuRefunsdansfnmdmivaufinsluaniuAnuisvesisuasionsu
“n15i3eusas” i msdelviauinmslddn@nulussuunisfnysilun
sgRulagaInviangULUY IiinsdnnsAnuiianunsasessumsiseunisasudvsuau

NNNFUTINTIAUANTS
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“F0IURNYUANIZAIINTNIT MN8AINTT anufneresisvielenvuiidn
msfnwdmsueufinslasans seludnuuzegUsysn 1 ndu uazduuimsiithy

“guen1sAnwiliAy” Mg aaufinwiiiianisAneiuenssuy uien
gsendeunauiinislonny TngnilgaunisAnwiuenlsusey YaAa ATEUATY YWBU B9ANT
lonw B3dnsUNATEsEILTBIRY BedAnTIvTN andurmaun aauuszneuns Tsame1una
antuynansunms anuaneseikaranisunadiaudududiadusssdumsinuugate
msfnwtuiiugu 013fnw gauRnwuasvdngaTrerdy

“@uANITAUNNITUAAZYSEAN” YiNEANT1 BIANTANNTNIEAUIIAMINYTZLAN
anufinsilsudedelifudinnudaaiunagiannaunndinauiinisuiena

“nagyu” weANI NeudAESULAETRILINSANYIE I UANANTG

MsdnnsAnundmsuifidanuunnsemeanisueaiiuluguuuuaaudnuifiay
angeufints sUMUUGELIM uargUuuUGeuTan Seagy fail

1) M33ansAne VLTS EUaNISEINITN 1N 150D

N139AN1SANBINLABANISHRNITNIIN1 0BT (special school for visual
impairment students) Tn133alunnsedudu & wweduinssuaiundeuneu
Uszaudnwiaudsdudsondnw dn1sdnrinlusinsunis@nwianty dyaainsi
Feawgy sauvadidanalulad Asdunisanuagarnuaruinisiifissmonazdaunin

'
o (% va

AMSULTAINUNNIDINIINITUB LY

2) . 0159AN1SANYIUVITEUTIY

N59AN1SANEILUULSBUSIN (inclusive education) wanefia N15IAlRANANITLALN
ﬁﬂw'ﬂ,uﬁzwmsﬁﬂmﬁﬂﬂnmzﬁuLLawmﬂwmagﬂLmU uD9N15IN1sAnwlAaNN5a
saﬁ‘umﬁL"?aumsaauei’m%’munﬂﬂa;miamﬂgﬂﬂuﬁmi (@dneuANENIIUNITNYN,
2551)

3) AI5IANITANYIMUUISYUTI

M133ANIFNBILUUEBUTIY (integrated education) Wunsdans@nenfisaliiin
fAmduSouTuAuEnUnd Tnedudiandousiuiy sausdisudnsunisanewaysald
UINSTLAYAINAIINABINITYBIUARZYARAT

ANULANANNTENINNITIANTTANYILUULS BUT A AR eTuns sy g @

ANSIANISANYIATINSUAUNNIT (RUUN 2) W.A. 2556 LarNISIANITANYILUULI JUSIU

MUANNINEYBINTIANSANYT HigUiuureInsAniiuny fail
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USNISNIINISANEIRNTUAINUA BINTS
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NEANTTY
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a
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'
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IS 1

fnnuunngas lWlUlussuums@nwund Inssaufanssuseninaingeuniainuunnses
Autnseunily FausazanufnwagsuraveulumsujiRausiuiusenineesniluuazag
nsfnwiewlulssssurioseninlsaseuuninaslsusounsfineiawanienianasng
ANUIIULDIIM
dmiulasinsduasuasiaoundniosouladndamansnadvayunisiTeuives
o ] 2 & a a A a Y} =
Aunnseamensueaiuilulasiniseusuasadinmanslulsaseuninisdnnisiseunisasu
LUUNS38UTINVBAANSAN TS ENAN Y FIind1TnIuANENIIUNISNISANYITUNUFIY

NSLNTIANYITANS

= 174 v 1 <
2.3 N3ITYUIVBIHUNNIBINNTUBAUIY
Aunwsesmantsuediuliannsavsaiiuldiniiouauund deiun1siseusanes
DIRBFURARIUDY 9 UMALNU (sensory compensation) A1UNNTUBLTAY WU NS NS

A NNSANNAY NSANTA AN ITUSEAMMAURALUUNAUNAIUNY

2.3.1 9231iAY0INTEUINIFIEEUT
a P v Ao | 2 aa | v U

N3¥UIUNIE U VRS HUNTAUUNNT DN TSRO LU MT B UTIAUTWT e
Unfenalasunansenusstl (ADCET, n.d.)

(1 dnFeuiunnsesmenisusaiueratndwWoyalavaieds wu Snusiusad wiy
e vivonasfiuiuuurey e udnusiusaalianinsnsiunil o e warenaldiiaiuiunii
v a A = 1 I v v a A =3 = I Y] v A =
JALSeUAUDUD9E 1LV TUNTEIUTEAINN. UNLS8UNLDILAULE DUII9D1BIUINNAINLIE DN
Aundalngld narwauetaliaiusaoIuAInLLazIoNa1TUTENOUTOEOUN MR INUW LU
UnAlanseeuaneileveswutedld srunskianunsaaniuiindeniseunienuiaale

(2) dnSeuiiunnseamansuesiuiisesnisidifdoyaluguuuudu 9 onasesse

a A = o v = o vy a P v v a A $ a

NSHARFNTSISEUNISARUNTTNA 1YY FevinlvdeassuaraainSsuAuRUluTULS B

(3) HnsguTunnseINIsHBLuedlaaReIluan ILINR BN BLS TadINE
AomILIaus

(@) msfdrusmuaznsiuduiusiuuniseueiaiidndn waziluseseiniazyinli

a

Housanaviglanveyifanssusin mszgunnsemenisuesiuliaunsadeaduladnielad

v o

ALV LAUN VLT AIVITUS D LLANUALUNTAUNUN

2.3.2 Nals lun1saau

o

A3HSuRAveulun1sARULUUSBUS I WAE M TADULUUIS BUTINABIA M Sada Ul

AspulasulomanenisiSeusivinieniu dnlu gaeuaisiiansaneenwuudiuaninuwinden
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Mai3BusTigouanananiFeussmiuld (Universal Design for Learning: UDL) ¢ (Rose &
Meyer, 2002)

1) 190835 un1saouiivainvale (multiple strategies) lun1syiaues on
Aa9g109U NIAANYT (case studies) Msldauns (music) unumauyd (role play) N3
Seusuuuild1usin (cooperative learning) Ranssuiiduials wazRanssuasiien (hand-
on activities) Inelduiunluguuuusng q wu nsviawdusieyana (individual) n1s
91udug (pain) N15911971UNq Y (group work) LLaBﬂ’liL%‘EJuiJLLU‘ULﬁl’ejuf’mﬁﬂ (peer
learning) tJusu

2) 1demsaeuiivainuans (varety of materials) 1y uvaadsuioaulay (online

[y Y

resources) Ao ¥nnduila (manipulatives) nilsdoiFou wagniladordty sy
3) ﬁamﬁégmwvnm?yufﬁ'wmnwms/ (variety of learning styles) Lﬁaiﬁéﬁ&m
ﬂ’&ummsﬁsuijﬁmmiﬂqmﬁuaq;ﬁaauﬁ’m%’uQ’Sauﬁiﬁﬂizamé’uﬁaiuﬂﬁiﬁa (learn auditory)
w‘%ai%’maL%usuaa;ﬁaauﬁm%’u;;'Jjﬁemﬁi%’ﬂizmmé’mﬁaiuﬂmﬁumw (learn visually)
4) w3eugUuyunisinuazysziudesuuuiigavey (fexible opportunities for
assessment) LB I3 suLANINAENEN15I3 B uSFI8TT 3919 9 1Wu tiaussienm wie

=) = < v
ATINA RIBNIILVYU Wunu

L= Y A g o o Y ! <
2.4 M3IFPUIANAAEATEMTUUNNTBININIUBLLIY
nsseusadamansinnudrfysegissulunsiaiuaienufnsisuaseasie fin
! s < = a 4 = Y
sl WuszuU Suuuuau aunsadasgvidynivseaniunisallaegeseunsunas

a03u aglvinanisal 1naunu dedulaundam loegrgnasaninzan wazarunsatdluly

a a

Tudinasalaagnaliuse@nsnan (Nsens9@n®ISNNS, 2560, 11N 1) Aaly AsiSeun1saauluy

Y Y a

JagtuanlulvigiSeuldiSeusuvuduf (active learning) 1nninisiseuguuutdug$u

Y

e

(passive learning) A1nA3 AeUNITIAUTIEINANTSISBUSIoduaSultinSsuiiauaang
PNENITOUETIRDINTIALAALATNLISEU AISATsDeEmalUll (Romberg, 1995)
1) AarugimseunInau (Prior knowledge) dniSsuiiduiseuluvieasouasinigg

& a ] v v o 1 ° o dl' & v a a o &  a
WUITUNLUANAWNAU AIUU ﬂzﬂﬂﬁlﬂﬂ'ﬂqua"lﬂw}ALULiaﬂu LWi'WUﬂLiEJUV]ZJﬂ'J']ﬂJEW'H%']‘UWLiEJu

o«

1o o

' = va o DY v o oA

WneudransaWeulesmuINSsuILdITUAS I A& saeulsiluegef
2) AaFNAN 1A (Equity) dniSeunnauasiasulenanvinisuiulunisiseus
adnmans dniseunnaudainunianisiaglasuanudnianinnisseus aalu A3aas

duaSunagaiuayungisniseng 9
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3) malulad (Technology) Waluladtheaduayunmasoudademans daiialonia
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dnsuusewmelneinsAneaswalLIsEUUN15IULNALUALAAIANSOR LUITR A1 1S U
v a aa ] 3 a a a 1 . = (Y LY a
YALSIUALAIUUNNT BINIINITUBILIAUY NLSUNYBILUUIN i-Math FInmnaoanuilnes gy
AuUNWIBan NI steRiusTAUTuisauAnwIneusy vaslsuieulsendnw 2 lsdlunianany
o < ¥ a 1
vosusuinalne 911 78 AU uazag 6 au lneaugeTeueNaIINITAOULALSEUUNTEY
i-Math Tdnissulu@nwinazyinnisinuas Wongkia, Naruedomkul & Cercone, (2012) gt

JaviuunageulitnissusuadslanglymatinAansnianauneptaa@ns uaaln

UnISeue UM UM ISEu3INTEUUNTEUSRLLTR i-Math Aeitegesialull
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No. Math Test

PO01 | 29%1AN989 24 X 6 + 3

P022 | 9mAnvee 22 + 32

PO45 | 2auA1999 V625 + V64

, x—1 x—2
PO62 WAV X NNAUNT —— = ——
x+1 x+2

PO77 WINAVDI x INANANT VX — 2 = V25

P096 | fuuslii 9% = 3¥*5 ganAvad x NYinbraun1siduasa

EOJ 1 a U 1 1 3 al U ] ! % :’I {
P112 | thmavsne 5 Alansu uusldge geas ~ Aland szusldge ldnmuangs

H3desananliindguvesiniseunidunguvaasinisldssuunisen -Math
1y 78 auluussliunavesnisldseuunisenu lnganamiosasuesinieuaInaIney
PN =3 A S o 1 PN o b . = [ Ao ¥
Aty 3 Ussiiu Ao MafeudA181unvInueaT (missing words) MsideuAauiligneas
(incorrect words) wagmatBeuAeulagnaes (correct words) lagnan153denudn N1y
ANBIUNVINUATANREY WINAU 6.26 kazdudeauuuInsgiu WU 6.96 N1SLeUAT

! | Y A a Y | q' Y = o 1
muluqﬂmawmmaa WINU 4.67 BaSaIUUSRUUNINTZIU. 1NNV 3.45 LaLNISLUEUAIDTUY
legnaesidnadie Wiy 89.10 wazdrutigauuannsgiu Wiy 8.08 dmsunisuseiiiu
AUAAIY WUl nsldsruunisenu i-Math ilade diseuanusaiseuimenues uazd
ANNAUIBNISITEUALINANENS

wanandudell nuiden waniszvvwvasinadadamansiudeainuaiviing
(892771.511Na uar noud ATuasnsena, 2558) lngdayanidraiialaglylusunsy
Microsoft Office Word 2007-1U54n58 Microsoft Office Open XML wagyar1d 9 LaTeX
wdwdastoyalieglugilasiasne XML Fadulassasiauduuuvedssuy nasaniuriings
wlatayaan XML tag tiudaniuniwilng deanuisawtasinadildlunisiseuain
seautulsEandnualn 1 fs Sseufnuln 6 9uiu 232 dnal waznegeulavennsdiaou

a a 6 o = b4 a < v Va o dl dgl
TeIMAtneansIIN 12 AU nansaaeuiaugndesnduievay 91.81 §Ieisol

Iidegnadnaunidilagldyadds LaTeX wagwanadoya Ade Open Office XML Uay

v 6 ) 14 (% c‘{
NaansINTEUUlutamuN I lng fadl
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AndANAAIENI:
3x +5y?2=5

LaTeX Format:
3x+5yM2}=5

Open Office XML Format:

<m:oMathPara>
<m:oMath>
<m:t>3x+</m:t>
<m:sSup>
<m:e>
<m:t>Sy</m:t>
</m:e>
<m:sup>
<m:>2</m:t>
</m:sup>
</m:sSup>
<m:t>=5</m:t>
</m:oMath>
</m:oMathPara>

Janun1ulne

“amgmﬁﬂeﬁmﬂﬁ’l@mwaﬂﬁwé’qamwhr'ﬁ’uﬁw ”

U]
o w

\eaainyamds LaTeX ugadidsiuansnadeyaiiiluuiaadusialsiausold
faiulusunsudu 9 16 uazanunsaldnuléng deiu Tassnsdnadunsiaounandossulat
adlamanifiaduayumsiSoudvosfunnsomamsuondiuldinausiies nmsldyadds
LaTeX lunadeuiwatimsndnmansdniunandoosulad segnsielud

A20819NSNUNLAVENAIAS
Functicns ~  Functiens 2 » cColor ~ | 5ize ~  Matrices Examples
ATt Y[ <>< 2 =n~n==>2vV afgTse ée&

rae UN cuUn « s« —eo ==& F5ag PNZORC ()| |

Displaystyle  Text TextBf O (j) OlImage output Font size 20 BTEX  Colors

Remove Ling breaks ‘h -V Backgrounds Chimestry Physics " % Download Image o Add Coda

3x+5y*{2}1=5

3z+5y" =5
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9160819 3x+5yA{2)=5 Mlsulunsevdmdsuiludeauideulagldyn s

L3

LaTeX dmsurmaild@euareniasaansadentannuyiuinguumviinge wWelaniium

YAMATITNUIINISHARINazUTINg L AUAUaIeIN o UAmAEY

/ ] a [ 1
ADUIINTITNUNLAYEIU
Functions ~  Functions 2 ~  Coeler v Size ~  Matrices Examples
I Tn JE _ YO/ =22 =~ ===V agqj ¢ [
rae JN <cun « P » & = = & apAR PHMEQRC ()| |
Displavstyle  Text TextBf ©F (}) OImage output Font size |20 EIEX  Colors

Removs Ling braaks *ﬂ’ Backgrounds Chimestry Physics L B Downingd Image o Ak Code

z—1 x-12
a+1 et 2

NFHIDE1 \fracix-1Hx+ 1}=\fracix-2}{x+2} Masulunsavawdyuidudaninudey

Ingldynrnds LaTeX dmsumdanldideuayaiuainsadontaanuyiusinguuntnge
4 X d a o o 4o c oA o ed v A o
dlepandiiy  wiigadaiiu \frac (3 watnselinaunedlurudunin Ae dimy uax

1AUNES Ao Fdu

fa8E19MSRNNLAS DAL
Functions =~ Functiens 2 + . Color ~  size v Matrices  Examples
T JE — I/ = _,-‘_'-_'. _ E)~ = = 2V a 8 7Y § € ¢é &
RC ()] |

rae UM © e % —« =« = o jfaig PN
Displaystyle  Text  ~TextBf  Ch #))  [1Image output Font size 20 BTRX  Colors

Remave Line breaks ** Backsrounds Chimestry  Physics LA Y Download Image o A Code

\sqri{sa5}+tsqrt[4]{s4]

®

V625 + 61
RINF0E19 \sqrt{6251+-\sart[41{64} MAzulunseviimasuduteniunidoulaely
YpANAT LaTeX dnsumdsildidsudnuiuniiniemnesn aansadontiainuunusing

A a

vuniiiae Vx Weadnfiwy szdyaddsiidusiniiaes \sqrt{ } wazfinsinauniednaily

' '
v A

i3eanednn dudusindu q Wy Vx wazidendds Vx azdyaddsiidusnle 9
\sartl X } waefumisaarifusnluedemane [ ] mudenaiviednadluaiomngiadu
Unn

nseuinaimsadamaniainnsuananaresnsidynaids LaTeX vosusiay

Uszineiilodggissuniinuunnssanisnisuesaiulafinudilafigndes iy feenwuy
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]
¥ [ o w A

lUsunsudesiauAdauandsisveudssildniseruinatuasdaydanualing o Aldlu

(Y

N1535UsTeya faeg1au n15l9lUTUNTU Mathtalk fivenuwuulag Stevens & Edwards
(1994) 81uaun1s 3x + 4 =7 ald39mIev0an1387U 3x, 4, 7 wazlA3es + LAz = N4
Famgmmganuand1aiu nsiawgendlIinMulasidnysuadydnualineadneans

Junrwmadvainnateniwi laandunisedem e o9 1wy MathML 1d81uiinadl

'
o o

adlnmansuanmasndeyailliyndds LaTeX vio MathType uazsmudunrssngu

dmivlasinsdaaiungfasundndesoulatadamansiatuayunisFoudves
funnsesmamsueadiulduugiinisldlusunsusumiines (screen reader) fiasnesaum
vanwisszinalngouelilald uilvsunsuilfianzniserudoanuiilifidydnuainig
AIAAERS

2.6.2 "AdeiReadesiunsadanmisvIndinauiindne GeoGebra

ndngnaununanansAnduiiugi nduansensSeudadamansidimueligiEo
3ousdnusznouvesgunsasuiads Iaun nsadmdeyunin U3T fiselin nsanszuen
VISINAU UagnTIunau msmﬂ%mmuazﬁuﬁﬁwaagﬂ‘maLwiazszjﬁm ﬁmﬁy’amﬁmagﬂmﬁamﬁﬁ
e suuy uazduing msseuslaglddensaouiiluresss asdeliiiSouls
Fudaduuszneunng q 1993UNss Fsaraieannuiuazanutilaldgndes lutlaqiud
TWsunsusanagianatnil agg aouaiuisauiaunldased onsaeuls 1wy Tusunsy
Geometer’s Sketchpad (GSP) § udulusunsuiian1dudnasunisasuinemans was

waluladladedvd@niann Key Curriculum Press wazan udnuaesda@alusinsuning?

'
a

d 3 1Usunsu GeoGebra tulusunsuiildeulans wazdelllusunsudu q 8n dwmsu

NATeANEITIRUNTAR USVIALR AL AT uWITs N aaas g uRS suU N AT URIIS B

Y Y

o ] ] av o Y o v ] vy g
iANUUNNIImEIEan, usuddeiieivesiudunniamaemazlidenisasuniu
AR ' =3 vy a IS a aa v A L= |
doduiia egralsimunislddensasuimiunmsdeunmisvadinaudidlundsdosousay
enanstadousng q dmsuagiaeudalimiuinlunassemiaiedieviamalulagyisly
NseRNIUY Al 1uifesielull
a d QOJ a s a Y a a b4 v
uagd ualan uaz duns gassuas (2564) lamuiyafanssunsiSeusuuunads

a a

GeoGebra 1599 USTU LN UANUAMTUSVIALAAINER tnednnanssuk1udseaulal

Y v a o

dmuinseutudsenfnudn 2 fIdelaiauigaianssudiua 4 ya Useneume Ya9 1
1509 NM3aT193UUTIUAG 9 Yafl 2 15095UARVRIUTTULUUATG 9 YAl 3 LT0eNUTIANYeY
U3FUUuUang o wazyai 41599 M1IUTUINTYRIUSTULUUAIN 9 HaN13ANYINUINYA

AANTTUNTITIUTUUUNGTR GeoGebra A1113OLNUANUAALTUTVIANNAUTAVDIH ITEU
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=

SeuaunInNngUUsIuwenlesnglisviadinaesiifivaraiaguadvessdunuusig q la

nnagaiuinwen suAlangUymisesiuiiwazUsuinsveslidy dwsudieg9ve9yn
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Fitzpatrick, Murray, Leendert, Pawlowska & Rubin (2018) I@FnwiAgafudnSeu
n1veaukaznSeu unnsoan1enITHB N (blind and visually impaired students) Tu
Ussimasosuaus Tumsiouiizosnsmiiuanseuduiusvosassiuuslnaieuiiou
wavesnsldedidudss (audio format) uazdefduials (tactile format) wui1 mslide
fusfaaganelii3ousoudlétnidetidudes vonvniumsldendnnd GeoGebra fuans
nsldmounazmsUsegndamsluis sasuade fvedln adi wazuaagda daeliiAanis
Feousldrausisedulsenufinuiieseduaninetds widulngesadnmaniagldvensiuagil
TusgAuisendnudmiuinGouund egnalsimy (adefinanlfausuuyi fEounian
unnsowInstasudlelaansainis (accessible) ganduasile udldmansdnsu
mshluldiuinseuniven (blind students)

Quinlan (2013) l&AnwiAefunisadiennnsflndae GeoGebra anunsathnnd
aslilduansdoyaluenansilisaufugndds LaTex sausaldnsiindu q Aidulsaon
vector graphics L6 LA SVG (Scalable Vector Graphic) PDF (Portable Document Format)
wag ESP (Encapsulated Postscript)

dmtlesansdaaiunsasunand seeuladndnmansiauayunisifouives
Junnsesmenisueaiiu Ifi3ouddnvazvesdessulatiifunnsesmensuoaiuaansa

Seula nasiuiaunisluguluy LaTeX n1sasnenn Vector Graphics

2.6.3 vwAdeiineadasiunisiounsmuazununw

nsMLAzuRUNINsAdnmans [ugUuUUTesNsAonNINeTiuanse ELTLS
V9IToLA A998 U NIIVILEY WNUATUYY UNUNITIINAN LATUNUNINYTOUHURILARY
Tassadswasnisduiunsing q nmsaidensaeuseulatindamansludesiifioatuayy

M33euivRIfUNNTBIIINTNeNAY Agdatulszanianvenslingseuaunsodonse
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vgennliiinunutavesnmitadane suvansldauandunmlddaumanzay
dmfumanaafiuiasnisdoud Medrenuidefifefosiseluil

Mackowski, Brzoza, Meisel, Bas, & Spinczyk (2020) TaFnws o9 unanvosy
dmsunsiseuiadamanslagldnsdindesduda (audio-tactile graphic) duduiinSeui
UNNIBINeNsUaTiL lnenmaaansmdanarifeulagld vector graphics wagtusinu
W& SVG (Scalable Vector Graphics) §sanunsauansninuuiuledlddaauuazaanin
Wuvesnlusswinesnsiaeudinmniu

Bose, Bauer, & Jiirgensen (2020) laAnwn1sla Machine Learning Models @143y
MINAUITEUY Comprehensive Accessibility dwsugunasasnisanen lngldsuuuunis

wlaslnd fadl

Stage 2: Generate
Intermediate
XML

Stage 1: Process SVG Stage 3Generate Tactile

Representation

Category & — Data
subcategory .~ Retrieve - . Create XML file XML
. structure

i i Generate TFD
f structure & \ | with overview, ) fi bi trix fi
data from structure and data / \ Hinary matrix fram
intermediate XML

SVG .. graphics . infarmation

Binary matrix l
— s

Tactile Display Output
Input |

- Bose, Bauer, & Jitrgensen (2020)

dmsulasimsduasunjiaounindesauladndnransnatuayunisiseusves
AuAnseaanIsteaiiu laiseusanvagvesdossulauifunnsomnenisueaiiuaiunse
= = a v A oA & = v
SeuseinTuazuuil TngldiaTasleiugiuveansfeunnuazununn A vector
graphics teligiseunuansassmenuastiniseuuniniliaiunsaiseuiaindanisaeu

ngnanlaeg1adaiau



UNN 3 JUABUNISALULATINS

3.1 tunsunsnydoya

FupouiifumsfnundoyaioatumsiansBsunisaouadnmansdmiudunnsos
N9N15HB BN Usenauluaien1snuniulssunssy n1sdunivalagyaeunazuims
anufnuiifinsaouadamanslsifugunnsomnanisueaiiu Fstoyaiivihnisnfusiusnd
fanialuil

1) SNYNEANUNNIDIVNINTUBUAUYRII oY

2) AemsiSpuntsaeundinmansdmsuunnsomnanisuei

3) AFN1TADUANINFIANS AN UL HUNUNNTDINTINTUD I

Y

cal v '

4) sUuuvdessulatndnmansNgunnsomNIsueRuANTaSEUS
v v o N ¢ = ¢ a s a Xo o va o
PoyanlmhluldiasesuuuuvesdessulatadinmansnuandudwiudiTounaly

Tutaguu iessunadnuazidevianisufulsaiieWiunnssmanisteiuaninsaseus

1ot

3.2 funaum WA FafuLUY

nianiinswandnuazvesdossuladadn mans iatuayunisiSouivosiFoud
unmsaameansaBauud findulasensidinnndedunuuiiielingutmsnendndadu
AsapuAdineans frande wazdaulanaluldlfdunuimslunisusulgsdenisasuves
puislifunnsosmnanmaueafinaninsndeusld Insdedunuuieduasnadotuitonily
nangnsndinAaniseRuliseufnwineuiuUsenaume

1) auns “rilesmnndenisasundaemansindulusisaunisdennly Savivie
Wiaueeg ANz ligunnsemnMsueaiuliansaseusla

2 nwandid - msuansnmaudAdesfinisusseredszneuiiielviunwsos
ennsueuuausanlale

3) anuesdu - wanammnisaising o fidunaainnismeass Tneldlaezunsy

Tunsasawnfnwasrannig

AoRuULUUMBEIYRIUNS UL UL I UM TUsTliuln e @et v uasUsuU e

ANuvoLauakuznauln bUWeLNS
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3.3 dupeunsiadouuzir3inimandossulai
Fupeuiliumsiwudensousudmivlasimsduaiuasgaouliannsoninio
ooulaadneanifatuayunsSeuivesunnsesmensuoniiu Tnefiingussasduaanis
fanndenisousudil
1) oSuwdnuwazvesdessulatndnmansiiatuayunisiSoudvesiunnsesmia
nsNeiule
2) e esfledmivatisdosouladndnmansiatuayunsiFoudvesiunnses
naMsupiuls
3) Ufuused oveulandineansiideglatvayunisidoudvesdunnsoamis
nsNeule
enansuurthisnssdndeseulatedamans Usznoudedevnsoluil
1. m3Seuiadamansdmnsuiunnsemanisuoaiu
1.1 dnwaizmsiSeunsaeuadneansilsiseununuon
1.2 nguANUANs I sNeiuisenadesiunsissuadinmans
1.3 audnunizresdendamansiifunnsomnanisuesiiuanniaiFeusls
2. msldaunisluuniseu
2.1 aunsadiaenansluguuuuiifuamissnisnisyediivannsadilale
2.2 wesslotaslumsfismiannsluguuuy LaTeX
2.3 ASt@aunshu Open edX, Moodle, Microsoft Forms, LL@%L%Ul%ﬁﬁ'ﬁlﬂ
3, AsUsudeFUA M
3.1 msUSudegUnmdmsugSeunuend
3.2 Msldtonnuianuny
3.3 Msasananeneesnsindmeliuieundndu
4. myviudeinleuazdoaoy
4.1 nsiiandosussensludoifledmiugunnsosnanisue i

4.2 MmavinAussegludodeudmsuiunnsosmensue i

3.4 TUNDUNITOUTHLATIHBUWS
Fumeuiiunmssusuuszmsunianuddmiulasinmsdauasuagfaouliaunsondn
doooulatndinenansiaduayunisiGouivosiunmiasmensueaiiu Taoduduaulddals
aonndestuingUszasdirnualilulasenig fail
1. sunuumsevsuesulatdmivagiaouadamanslulsafouifnnsdanisdnw

a ! dy P = CY = I b4 1
wuulFsusmlunNunsAnwdsoudnen 62 e LLazegﬂu 5 n1A Leun NIANNHNIAIUAT
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aenanauazaanyTueen MangTusenideunie mald uay mawmie Fellagdaouszeiu
SsouAnwInousufiliuUszng 1,481 Au wazldilunqueiegnediuiu 94 au MLEATVRY
Yamane (dnsnqual d1318419, 2551) Tngldguuuuniseusueeulatl $1uu 2 ads adedt 1 198
ANUIKAENITURUR way pdsdl 2 mafamuuesUsedunasnu

2. sUuvUMsBsudFeauesiudoifleidundn Uszneuduianssudu q éun

WUUNAZDU WUUADUNNY hazn1sadnadIudoeauladatineansna1uni1susunn i ol

£
% =

auayUNISToUSTRIRUNNTOIMNINITNBITN T183REgnIRUITULLIEUURaIAN 8 TH
wnanasu Open edX waziilan unsuseliulaeiieryyuarnaassldauwdiagyiinis
valdNufvuunanesy ThaiMOOC wialisiedviaiuisamewnsaalulan1endad uan

lassmssaudaluamsitens 5 Hilus (Seuandedale 3 Falus 5 uii)

1 < v
3.5 dumaunisinudaya
maivdeyausznousie 2 @ il

[

Fu 1 ANUFNOURAENAINITOUTY HANURANFDANAAIENITVDIATHTUNITOUTY
aeetioy 1 Juu aununfimue Wagaeuaiuauianelaluniseusy
Faudl 2 gnidanseuluuniseuesulauimeunsluunanesy ThaiMooC lag

Joyatiivuszneulumednnudidnseu Sudniseuiuneineesanuiisnela

) a (57
3.6 TumauMNIAlATIZITaYaLAZETUNG
a 6 Y ¥ 1 U d’l
nlasgvideyaUsEnaume 2 diu Al
’ a = = v ) v . a
gauil 1 \Wisufigunnuineulaznainiseusy lagld paired t-test Usglliunainu
HAnFeAtinAEnTvRIRINTUNITOUTH Inefia1sanauinueiiAmvun Jiasizriauianels
luniseusy wazasung
’ a _a ¢ ¢ D = ¢l ! 13
Fauil 2 Aesgianuiaelalunsidiseuuniieuseulatimeunsluunannasy
ThaiMOOC Hazajuna
WUIBLNA LUUUTELTUALLDINIUAINT WA LUUARUINAUN N AU dlATINT 5l

Jugesadiuusyanamn (Rating Scales) 8 5 seAU muisv0aLAN

5 e firnuy/mnuilenelasglusziuunniian
4 e fanug/anuianelaagluseduiin

3 FRERR fanug/anuitanelaeglusyiuiiunans
2 e fanug/anuitanelaeglusyiutey

1 FRIRE danug/anuiianelaeglusyivtiesian
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lasimsdaasungiaoundndonoulalndnmansiatuauunisseuiveadunns g

& a

mamsueniuiinguszasdiledsaiungaeulvarusandndooeulavndnmiansy
advayunsiseuivesfunnsesnenisuewiu lagldniseusueeulalsliuy Zoom uay
demesuninnulunsnandessulatndnmansiatuayunisiioudvesfunnsemisnns
uealugunuuunGsuseulatuuuidaiieumy (MOOC)
nan1saunudnguszasddei 1 eduaiungiaouliannsananiesoulail
AdlnFansatuayunsGouivesunnissmensusadiy

4.1 NanNISWRIUIEBN15aUSY

onanswmadaniswands (Aulws: https://wwwivisualmath.pongrapee.net/.)
WwNasUsTnaUMeLlanmelUll
. ﬂ’]iﬁ&luiﬂm;ﬁmwémmqmimauﬁu
o 23AUIENAUVRIED: N15tSeuludu nasiSeusaulay
o sUnmludessulall: sawesnaiind Linweins1iind
o NSIATDAULARILYIY %58 Alt Text
o NsATININAZUNUYT: Ny mivesilandy asmlumaiaustoya Wi LA
wwindl Yneld diagrams.net uaz GeoGebra
e N15d393UIUIAGIN: GeoGebra 2D Ua¥ GeoGebra 3D
o AUlNNSINA
o N15WWeuanLn1s: Tu Word: Tulwd PDF vuntinidy
o AR LaTeX
d‘ aal
o MsUsTENlUED AL
e N15A519UPEBY: Microsoft Forms
A198198AULUUNITHOUANIAAENS
A v v & | &
dofunuuUsenaumelavisaaluil
At a = )
o IALDUNSUU 1599 NTWAAUNTS
o TAloUNSEU 1309 gnuIAf
aa = a a A X ¢
o TAlouniseu s JUSUIRARTIUSENOUTUINNGNUIAT

o LUUNAARUDBULAY Microsoft Forms
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wuuNagaauaaulal Microsoft Forms
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A9 4.4 Myasrwuunaaaulagld Microsoft Forms wagnsunsnguuas Alt Text
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Global smartphone shipment (millions of units)
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weuiumamivedeussulal

4. wuunAaaulsEIIuNT 6 Question 4 of 4 Toladunmantdlaninuves

Microsoft Forms lun1sasisteasundiamans anlang dudendl 1 inazgnaewnniign

Y

o

suiinveuseIniaiitaiausnugluuiuuswnluuagligvssnandingiaaeudnass

[ Y

nilsneuiiauasdolasinsianurine1deleiuesing (Thai MOOC) dsiansensisgaufng

a v

Werans Ieuaruinnssu ensiageunsulasieivluwnannasy Thai MOOC
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HAUTZIUNTTATIVADUAIUYNABIVIUUUNATIUA UL LB IUAZ TEAUAINS
HAUTHEIUYRIEN TR 1 AU NHAMUYEIMYAUNITaUANAMmanTLaENITIANA
UszillunalangivaeunugndesuunagdeusinUsiouasseaunnusnidinnaysiduna

FuuUnaNIngUsraAnIsiseus LOL uag LO2 311w 20 9o dmsuingussasdnisiseus

LO2 (uadiu) uag LO3 Tigiseulssiliunuies  fiall

Y

LO1: afuiednunzvetdessulaladinAans Aatvauun1ssous v unns o

NI sueiuld dszsunisinnaziiuiutaaau sail

- AR 5 U
- anutnla 6 1)
s 11 D)

LO2: TesesilodmiuaisdossulatadnmiansNatuayuunnseInan1sde i

[y

1¢ fszaunsinuazduiudaday sl

- AR 2 )

- Anunla 1 Nh)

- malUld-Uszanals - 4 U8
a '3 ¥

- MTIATIEN 2 )

s 9 )

Ly

LO3: assviseusuudesoulalndamansnatvayuiunnsaanisnisusaiula

wag LO2 (Ungdin) Toguuuunsusziliunuies

YoIAUDLULVRIRNTIAIIA

TOHBUUNTOAIUITAIATEAUAINT NGV Y wazdoaauu1etonisusudiatly

[y o

d0AARBINUAINY
ASuRageuTeiTlntdetauakugluuTuUT A lunag il nnandingiaaeudnass

nilsneutiausaolasinisiauiuvinetdelguesive (Thai MOOQ) daiansensisgaudnm

INYIFENT FVLWATUINNTITY LBNTI@BUNBULATIEIT Inannasy Thai MOOC

4.8 nausziuanufianelasenisieuunSeuseuladuuulaiaumay (MOOC)
lasesnswauIunInedeleiuesing (Thai MOOC) #9iANTENII98ANAN Y

INYIANENS "3“EJLLazui’mmimi@]’%’me%yjaLﬁamiﬂizLﬁummﬁqwaiwiamsﬁauwL%&Ju

wuudaiioumsy nauszdiuaufianelarenisiiouunisouseulatuuuiauuunaniesy

Thai MOOC Fsfluaasunalsissil
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dauil 1 anuawalanddeguuuun1sdanisiseunsaauy (n = 100 AY)

d AUNIwala .
Usziau — FZAUAMUNIND LD
X S.D.
1. dlemilanuituadi fudensiBeuudas | 4.47 | 063 1Nitgn
2. §rduizes iladny vaudamu 436 | 0.70 1Nitgn
3. sduuunsdaue aeau Whlade 4.36 | 0.69 1niign
4. fhegry/nsdifnw Weane FaLau 430 | 0.69 1niign
5. SULUUAINTTW/WUUNAdDU Wisneau dalau| 4.32 | 0.65 1niign
6. MANYR/NTMNTVUIN FEvianay 4.42 | -0.68 1niign
7. \Beeildlude wanzau datau 4.41'| 065 1Ntgn
52 437 | 0.67 andign

nMlasgideyatunelansaseauauianelalagldinast dall (Fisher 198

Tu Fvnad 1SaUsenus, 2539, t-15)

Aade SZAUAIUNINDLD
4.2 -5.00 1niige
3.41 - 4.20 un
2.61 - 3.40 Uunang
1.81 - 2.60 oy
1.00 - 1.80 Yioeian

=

nwaasvlunistsnudnanuianelavesd i nSeusiedv ‘n1sndandsoulal

mﬂmmam%ﬁm%’mﬁuﬂwiaamamimaaLﬁu’ Tuwwannasy Thai MOOC AilinasUwuUNg

Y

'
a1 =

FansSeunisasuilsziunnuianelaszduuniign nusediu Tasuseiduiiianedogs 3
Susuusn Thun Usdiudiu (demiiauiuads iudenisdsuudas’ fenade vty
a.47 wagddosuuunsgu Wiy 0.63 Useiiu ‘amenda/niiindvuin Avangay’
fifiedy Wiy 4.2 wardrudeauuinassiu Wiy 0.68 wagussiiuiu desildlude
wanzaw Faiay’ Teneds wiiu 4.41 wag dnudesuusasgi ity 0.65
daudl 2 awfanalaluawsausenisidrldszuu Thai MOOC fnadail

flanelauniige 43 Ay

Nawalaun a5 Au
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fanalavunana 12 Ay
Nanalatios - AU
¢ v ~

Hanalaesiign - AU

59 100 Au
HaaguAnuianelalunnsindenisidldseuy Thai MOOC Heaade windu 4.37

uwazduleauuinnigiu wiiu 0.68 Buansifidiseuilanuianelassavuinign



a a ¥
unn 5 dguna anUsnena Lasvatauauy

Tun19a g uI1ulATINATLS 99 “doLa'i‘mg;jaauwﬁmﬁaaaﬂaﬁmﬁmmam"‘

ARUARHAITTIRIVaIfuNNTBINIINITNaAn” dingusvasdvediasens 2 4o

a 4

TrUszasAaten 1 ieduasuniiasulaiuisandnieosulatadinaansnatuayunis
= Y o ] < o sy A - ' a
SHUSVRIHUNNTBINNNTUOUTU Uag TnqUszasAtoN 2 liawmeunsnulunnande
souladndamansiatuayunisisouivesjunnsemienisteaiulugvsuuuns ey
sauladuvuidaii sunigu (MOOC) lneng uid1uuievesingUszasndeon 113y
nauidmnevian loun asdaeundinmansseiuiseudnwinaunululsassudeindiinau
WANUNNSANYEISELANYY d1UNUAMENTTUNIINTANYITUILEIY NTENTIANBITNNS
PfinsdnnissugauLuunIsisusliuAtn sunlaNUNNTEIIINITIDLIAY Felu
senIengelinisssunueudnlisa COVID-19 aldnseusuuu Zoom Meeting @%su
{ @ sy o = & ! v VY a A 4
nqulvanevesingUszasaden 2 Sadunquidmuneses loun daulanisudndesouladl
Adinenansdmsuunnsesensuad L MdseulunanWesy Thai MOOC fausiud

30 AA1AY W.A. 2566 MIALTuNIATIElATIUTINTBYaNN TR IR TE N INsad Akay

anansaagluareiunenanisadunulafisgazidgasie Uil

5.1 a3UNav03lATINI3

o

Tnguszasnaden 1 ieduasuniaeulianusondndosoulatndinaansiatuayuy

9

= k4 ¥ ! = al o &
ATIEIYUI VW UANTBINNATITNDILNUY maaqﬂmu

1) 3nnuagidnsuniseusueaulatsuiuy Zoom Meetings 94 Ay

2) Sruumsnandevesyidious 60 Funw
o M5lElUsuNIy GeoGebra 15 fuau
o nsldfyarnds LaTeX 2 Fua
o 3fle 1 Gus

o N15d51999@aUlRelY Microsoft Forms 18 Juau

e N5asave@aulaely Quizizz il Juu

nuewe * udiinsunseusudwanudesnindmangiiiivug Wesanyinian
MRINTEUTY HTUun1seusuinisianseslfinnuredsasew/anufing taun n1ssuadas
UniSeu nsasuLazNIsiaaeu N1sinate n1sdaduidna nswanysenallednsli

v o Ao & = @ v
UNLTYUNANITINTTANY L UURNU
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3) AnuskaviAuARen1TaUTE: ANRdY (FAITELUNINATEIN)

o ANUINOUNTBUTY: 2.50 (1.35)
o ANUINMHINTOUTY: 4.53(0.49)
o JIAUARNDUNITOUTH: 3.66 (1.41)
o JIAUARNAINITOUIN: 4.61 (0.48)

LHIBVAADUAUUANANYBIALUUUNDULALEIMNEENR paired t-test WU AT

o w a

LAZYIAUARNAIN1TOUTUATUNINADUAITOUTURE ST ARy 9aian p < 0.001

4) Anuitanala: Anede (@rudeauunnnsg)

a

e IMYINTHATANSHNBUSY:  4.66 (0.42) SLAUNINTIAR

q

=

o Vinuweiilasu: 4.47(0.59)  s¥AUNNTAN
o sy o 44' ] a A ¢ a s @
agUszasAtan 2 iaweunianuslunsindeseulatadinmansnaiuayunis
SeudvesunnseamanisuesiiulugusuvuniBeuesulatuuudaiionnizu (MOOC)

NS sueaulatuuulniemIU (MOOC) dIMFUNITRELNIANSANT
Amualiluinguszasddon 2 lawewnsvuunannesy Thai MOOC 393187391 ‘N15KEA
a ¢ a s o o v | RGOS B Y ¢ .
dosuladadinrmanid v uansewminisue sy’ BulaliiSeuluwnanvesy Thai
MOOC fgusiduil 1 wgadniew w.A. 2566 NMsiusiusandeyaniuauiisnelasegueuy
N33YUNTTARUTBIRLNTEUT BTV ‘Mnandoaulaiadinmansdmsudunnsamianis
DL ANgLNsUULWanWosy Thai MOOC §1uau 100 AuusniliSeuasutionilusigden
a1 Q{' [ @ Y 1 d' [
1ANAdY WA 4.37 91NAZWUMAN WY 5 Askuy wazdiuleuuunnnsgiu windu 0.67
Fawdasidiiseuiienuiiwelaszduniniign

dmsutolausiuzdu WU ddetausnll “ANin YauNin wavesnliRmully
598 97 s zldsuanUsiiuALINNsSeus eI ‘nsndndeeulaladnmansdmsy

ﬁEUﬂWiIENVINﬂWﬁJ@QLﬁU

5.2 8AUsauna

Tasenns “soasuagimoundngosaulaiadiamaaimivauunisniouives
JunwIaamamsnetin Singuszasdiioduaiungdaeuliarunsandnd oooulall
adlnransAatuayunisiSeuivesiunnsemnmsueaiiu Taeldnsevsuesulasiuuy
Zoom uag WietrunInulunsnand seeulatadinmansiauayunisisousves

Funnsesnenisueaulugliuuunissussuladuuulaiioumasu (MOOC)
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HavaINsALiuUlagasy
SngquszaeAtai 1 TuaagUvasnisdiunu 3 sou il
daudl 1 erwiiagiirundvesiidniunseusy
1) ANUSURNEliITUNITOUTUABULALIEINTBUTH T1WIU 94 AL WU ANV

o Y a [

ASuMsausNEIfuNMIHERFeroulatatinFan SNAtuaUNSIS U VRIHUNNTBINING

'
o w aada [

UBAAUNEINTOUTLNINNIINBUNTEUTHRE NI TEE AN 9adAf p < 0.001 Wosangidn

o

v a

fumsousidungiaouadinmansldonssduanuiuasiinusiivtuaniided iy (Reskil-
Upskil) Tunsudnd esaulatadamandfivlug nnsiauinisideunisaeuliAdy
Feamnndaaru Kafyulilo, Fisser, Pieters, Wag Voogt (2015) ﬁammgﬁauﬂamﬁ’ﬁmi (pre-
service teachers) lun1sysannisinalulagdiunisasu wuiin §5un1seusudnavenis
Uszilureu-ndsnseusulduanuiuaginugnsysannanaluladiunsaeuiiianinng
Lﬂ?{auLLﬂmaEJ'Nﬁﬁ&JﬁﬂﬁszLazﬁqLﬂ‘%ﬂﬁ@'%’umia‘usmlé{ﬁ’]mmi’uazﬁﬂwiﬂﬂ’wuﬁm%w
e uenantiu ElSayary (2023) Iousuaslvillaussousn1eAdva (digital competencies)
wui1 metmuasassaligieuldGeuiuiansniunsltnaluladainnudisavessud
saunng svarauldwauransTurnsR Iva aduayukag nenisUf oAl
ouAn Wazaenndosty seilow an3Ty wazamy (2555) MmuIvdngmInIsausATNIg
Sidnnseling FeameIay LleimunsSounisasudmuasinemans sfuuszaufnm
wuin fumseusufienuiuazarnilademsidoiieiannnsiiouinguasynisisous
WMARSUE AL FUNNTOUTIANIND LIS UNTaUTY agnafiedfyneadaisedu .05

deRansanandnedsveanisvszidiuanuivesiiirsuniseusuiiilienisudnde
souladadinAansaiuayunIsyusvesfunnsemenIsuaLiiY edsusuiunuedegly
SEAUANIN

2)  iAUARYEINIUIFUNITEUTUNBULALIAINITOUTH IIUIU 94 AU WU B5UNS
ousuiBatunisnandoooulatndnmansiatuayunsiSeuivesfunmsomianisusiiu
Aoud1$uniseusuiiAuAR N IN150UTUAT U puNToUSHeE 1 i TEd AN @i A
p <0.001 Feaonaa paUIIUT T8 Wan Hassan, Ariffin, Ahmad, Hamzah, Rubani,
Zakaria, way Hassan (2020) 71@nw1n135uvesisouaise1drdnunlasld Zoom Meet
Webinar sgyinaifimsunsszuinidelada COVID-19 wudt arusduasvimunifienudiniudiu
uenINEU Marpa (2021) Iddsravimunivesasiaoundnmandiiertunisldmaluladly
nsaeuadnamanslurasnmaunsssuinvontolida COVID-19 wuin agfaoundinaansd
imuadidsuandonisimaluladunldlunsdianuaulosazairsnnudulalunislé

walulaglunsaounIndu wazaenAasdiyu Yaduy 53IMasAuINT wag aigna s1lw (2563)
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fiFnwmsiannguuuunsiinevsuosuladsemealuladdadfifedsujduiusmuun
AouaniaRdatuiieladuainsanssausiunenfiumesuazinaluladuesaguszdinig wui
dnilvigjfiviruadiifseguuuunazAanssunisiinousuesulad egluseduinn (Aiede wirdy
4.42 drudonvunnsgiu wihiu 0.61) Aasudunesuesglussduinyndiu St
mMaanug Fnweluuszsgndld TumsufdRau (e widu 4.49 dudsavuinnsgu
Wity 0.61) fuiilevn vidngns (Aade wiriu 4.47 dufonvunnsgiu wihi 0.61)
fAnens (Anade witdu 4.39 drudsauuninsgiu Wiy 0.61) wazduguiuunig
FAnousuriuiv (Anade Wity 4.31 dudonuuannsgiu Wiy 0.60) auddy
Fefinnsananaedsvesmsussifiuvinuaiivesiidniunseusudiisne msndnde

seulatadamansaivayunisiseudvesfunnsomanisueuiin egluseauiue e 1989

' a ~ Y a P
Uil 2 AnuianelanuineInskagnISENausy

HAN1TUTEI UV SUNITBUTL 94 AN NEINUAUNINE AR UINYINTUALATT
Hneusy wudi dsvduanuisnelagnnnanynsiensuseiv

Wanasauanuavuseiiuanuienelasuineinswaznisinausunldssuueaulall
a v [ a ::l' el' U & ‘:24’
fanudanrdasiuLLIAnANeNUNsausueaulall f9l

1) Anuansavesinensiluladendrdgroniseusuooulail deaennassiu
LUIAAVDL Aziz, Hussein kag Ibrahim (2022) S3u9 ShuUIA AR89 Wolf (2006) 1 Laue

[ a i Y a f§ < . . Yy A A a § @

AENYALYBINGINT Lakn inwenduwmaidn (interet skills) NMsldinTestiodumasidn
(internet tools) AUAINTAIUNTAIENEAANS N15LEHBAS q Nasramnudlaun sy
A159USY

Y vV o

2) sUwuunsTneusudly Zoom Meeting 1uguuuuiigidrsuniseusuaiunse

Y

4 ¥

Y vy ~ ° Ao v P | & aal = v o a
whialedne Insdnaveilddelivatesuiuy wu dlad J6le Wudu uwasid1suniseusud
lonalakandguisusivinginsnisuandsuseussenindiiisuniseusu meiy 49
AONAADINULUIAAUD Ema, Genisa, Muslaini Wag Suhartini (2022) uaﬂﬁ]’lﬂﬁfugﬂmumﬁ
BUINNINTUITMITIANI ST AR SSeuInuingUssasAiinadanuianelaveeysu
N190USY TIADAARDINULUIAAYBY Salamat, Ahmad, Bakht wag Saifi (2018) SIUN9INNS
) a ) ! . & v A a 1% Yy Yo 1
JaumsUsEUUSU-as (delivery system) liemmseusuuaztoyainettadlvigiseulasunou
A158USY HALNITIIYaIN1INaI8Y8IN19tUNISTNaL (Wolf, 2006: Adenegan & Abiodun,
2018)

3) lamniseusuiduilanfendunisidlusensulunisuandessulatndinaans

Y a“

IWInsaiaLuunaaeuigiiisunseusuasatldatuayunisiseuivewiSeudn

Y

il
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ANsUANTBIINNTIeLdY Tdun yad1ds LaTeX dmduadiaunisuazdydnualvig
adaeans lusunsunnmesnsindflddmivadinimuazunuds TUsunsy Microsoft
Forms dwiuaidoaouiinmadmmeunuusalufi uaznaidouternuuanumiiiansnse
T¥iulusunsuswminasls msldyaddauaslusunsusing g daeliadrsnmuazdadnusiil
mnuavdadledFouvenenluaiesdledidnnselind deairanuanenialunsithianis
Souduvveaulavisfifoufiunniemnansuesfiuuasifouuninall Faenndoi
Sauer (2020) Alg@Enwnsldausmiuszning LaTeX waglusunsusumiinge AsTeR uag
MathSpeak 7iaunsneudydnvainieadinaansfideuain LaTeX Code ¢ 49928l

] ] & a v = a v oa X ] .
EﬂUﬂWi@QWWQﬂ']illaﬂLﬁu@Jﬂ'ﬂ’]@JLﬂJ’ﬂQIUﬂqﬁLﬁﬁlu@m@ﬁqﬂmﬂ@LWNsﬂu UBNAINNUU Ahmetovic,

|
[

Bernareggi, Bracco, Murru, Armano, ke Capietto (2021) lﬁﬁﬂ‘mmﬂ%}‘qmﬁmﬁ LaTeX Tu
nsssuAdnmansseaulsenAnuwIneulaty wuly Yad1de LaTeX Yrelvdiseuniunnses
< v a Y = Y = a Y a 1Y X v a Y]
nMensuesiukasiseuluanansateudifmsieuiadnenslaunu wazgiseuialy
] v d' v o o A o o ‘a a v | °
finnudesnsuiniagldyaddaunairlyldlunsviianssuidaouusunuiy Wy n15¥i
F189UNAUe4N15UJURNS (lab report) kagnisvitn1stnu egaslsnudaeundslidaiy
poamstumaiseuinisldyadids LaTex misaslasuiausely dwsuilloninmsausuises
s a 6 6 o (% 2/ v al 1 [ J .
nNwasnIANddUTElesudmsunITas 1IN LA LNUNI TN BRDN15UTULES (easy to edit)
VUIALATAVDININ TN IWRDN1TAITIRaRUTeE A a8 linsuandeeaulaildl
AMNALTATUVULTNVBI89I 980NN FIADAARDITURLIAAYDY Bruhn tay Burton (2004) %1
! ! s a_ ¢ & ° o a q‘ v & v
na1711 wAmesnswnddusuivunsdnauan mua IR TInsaungauuntn Il agld
s2uAvlUTHATH MathML (Mathematical Markup Language) 91 10 US81898 QY@ nwalnng

U ¥ 1

AMAFNEAS LUBMIN158UTHLS 8900585197 ad0UANIAAANS F NS UL UANST 09N19N1SHB LTI

Y

TneltwaUunaatu Microsoft Forms @MuSuas1998aaufing19AIAauLUUsALUNR wazn1s
W oUTDAULAAIBN UL @ U150t T UTUSHNTUD1UNU190 19 TIT9AUBILDUNE LATY
Microsoft Forms @a M3silusunsueruntinvedeelvdiseulaflstoyanivualvluland
Uy lduddenninoniaineuvesdsilanddasnisla wazaiuisadinmuilaluteds
d! YV dl < = YV a 124 6 2% g.)l YV a

FEBsuMTUEous ey s e uUnAaansaldnndseneumsuilanddaymla sIunsiseny
ansaUssiivanuimvivesnwedls wasduiinuanisaeuvesdisouusiazauluzunisng
A o a & ° v v v ¢ a v Xy ) ° P

W lUllmneuasiawedeyaniudeinisle daueundinduidaeudiaunsadilulady
W3e9llalunsUsEiuNagae (formative assessment tools) LNaNISUUANAITHAILINISVBS

LSeuls Fedonnaeaiuni1d131aves Alarafeen (2021) Inudn Haouiiaudeaniswmun

v vy A A a 1 ° A A v a a a
V’n']llEL?@Qﬂ']{LSULﬂiaﬂll@ﬂ'ﬁﬂigLNUN@EJ@EJLLagquﬂiaﬂﬂa‘hﬂfﬂﬁLﬂ@ﬂigaﬂﬁwa
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§Iuil 3 NSHANFDVDILTUNTBUTY
Yo N & a &
ASuNMseusURanFenITaauUsEinamnnnesniiing agldlusunsy GeoGebra
F1UIU 15 TUIU TFA1E9 LaTex 91U 2 TUIU BagInte 1 TUY da1USUNITas19
WUUNAABU/MUURNTRoaulalTins1990a0ukuudmlulR t9LUswnsy Microsoft Forms
12U 18 Fuu waz 1UsWNSU Quizizz 37U 4 TUIU Fanasnunaan Juluniunei
vuA TIV9EY 40 Fua willdnnudiinTuniseusaIwau 54 au lulddakany esin
' Y] Y ~ Yo ~ a av a wa
YIWIAMRINITBUTUTUN 24 Turaw .. 2566 HSUN1TausUdnIsRaidesUdRuYes
TsaSau/anudneyd tawn N5SUatASENS U NISERULALNNSYIRAADU NISKUIANE NS
Haaudima niswandsenadetnslidniSeundnsanisane Wudu
IngUszavAteai 2 Inaasuvesnsaniiuau fil
' a ~ ' = ~ v Y o a ‘ a A

gauil 1 aufisneladeguuuunisiseunisaew dnaauvesiidiseusgiv-nsuandesy
ladadinmansdmsudunnseamanisuesiiu’ dwennsuuunannesy Thai MOOC laesau
fiszduanuiianelaszavnInign unlsanu Ussinusng 9 Annunlilunnsgiuniswie
518391993 Thai MOOC dnasennudnsavesgiseuluszuvesulatiuuln Jadenndesiu

a v a ca o A g a ¢ a 14 6 [ .
HANNTITBVDY BUNTTT AATE (2566) NANwITeY ‘NanIsseueaulatuussuudnns Thai
MOOC Tusnedvn kmutt001 AMSBTIURUY WeURUUNINAINTSUlEsY wanaintu Audsa
lun1sssueaulatiuuiUavesliSsuliuiluegiuaamivalsvesien N150nkuUTIEIN
watlaraaey war woRnssuveadisen SN sianaUssiiunandaaSulvgiseuladang
Usziliunanuley (self-assessment) kazn1sUszliiunaaniiou (peer assessment) Ll

ﬁLi&Julﬁﬁ@mmmmﬁnwﬁﬂﬁ (Bingol, Kursun & Kayaduman (2020); Admiraal, Huisman

& Pilli (2015)

dauil 2. aridlanelaluninsinsenisidrldszuy Thai MOOC fiAade 1i1dy
4.31 wagdrulsauuninggiu windv 0.68 dauansindidSeuiinnuionela sz
fign Gideandosiunanisisoes Bunsis Mise (2566) fAnwISes ‘Wansi3ouioaulay
UUIPUUIANTS Thai MOOC Tuse3¥n kmutt001 mM3euuuy Weuwuumademnssules lagd
fAwade iy 4.35 wardrndouuuanasg i wihiu 0.70

1iesa1nnsilasein ‘nsudndesulavadamansdmiugdunnssmianis
iy’ fisunsuuunanwasy Thai MOOC Tdsuayiinindadiiou dauafud 30
panAu 1A 2566 lnedinsdndunusmuieulvinsgiunisideneinidsuounsiv

WTNTeyady q 8n dmTudeyansiusin Mngainsdiseunladiigiifonssunisseu
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v =

Uszneausig Nsiieudannaduinle n1suaninuAniiu nsiuuunaaey uaruiinnisd

)}

(%
[

dusu Wneainsiduseusssoulaglidrdanawaraniun lun1simseideyanssil

Y

De

gt auaiitANINIngUIEaIATeN 2 NNmualy Ineduunnsiesenildinae 2 wnue

De
=De

Y v

NN 1 H@IASKNSEY 100 AUWLSA

Y

- ey 100 Ay

- AzUUURAY 69.84 ALY
- dhudsauunasgu 28.85 ALY
- ASLUUENER 98 ATLLUY
- AzUuUAgn 2 AU

Tuugiiazwuunun 70% lunislasulsenediedng 71 Ay

¥ C% v AQ‘ o

ndeyaninausdmiuinaeii 1 JadasidaSeu 100 Auwsn wul dEnviazLuy

Y

UL 70% tazlasuusenietleTns 91uiu 71 au Aty Sevaz 71 AAzuuulaasus

Y v a

ALULSEY 100 AULSN AR 69.84 AzuuY dIUTBUUUNINTIY AD 28.85 ATLUL AYLUUEIAR
B 98 ATLU UATATLUUANEA MY 2 AXLUY
¢ Y o YA A ¢
e 2 JasinsidiSeunniunmet 100 AUWSH

- wugiiaziuuiuinue 70% lunslasudsynaliedng 100 Ay

- ATLuNRnY 85.26 AYUUY
| =

= duleuuusnnsgu 763 AvLWuY

- AZLUUENER 98 AZLLUUY

- ATLUUAER 70 AZLUU

nToyandnatad miuinaeii 2 fadasiinieuniniuinmel 100 AUWSN WU
a a Y Yy o a ¢ o~ \ ~ N
fazuuniade vl iISeuINIuNMe 100 AULSA A 85.26 AxiuY @I lguuulInggIu fie
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Pages

All (19) | Published (18) | Draft (1) ” e —
l Bulk actions v H Apply J l All dates v “ Filter l 19 items
) Title Author | Date
[ d2@sine — Draft admin — Last Modified
2023/09/23 at 5:17 am
[) wihusa — Front Page admin — Published

2023/03/01 at 12:41 am

[ msEuunassiunnsasy admin — Published
2023/03/05 at 6:08 am
() aveilsznauda admin — Published
2023/03/01 at 5:49 am
[ —sdnmw admin &B — Publishe?
2023/03 W p
[ ——sineunaasunu in — Publi
Nﬁ' 3:12 am
[ —— aswinazununi (\ ﬂdl% — ublishe
% \ 3/03/18 at 138 am
[ ——glsaania admin & —@ Published
\ 2023/03/19 at 10:55 am
() —— suivinsidlnd a@ \ & Published
(\ 2023/03/18 at 12:10 pm

[ —aums — Published
2023/03/01 at 558 am
0O ord OQ) min . Published

— — AUA
2023/03/01 at 6:03 am

— aun1sTulvla PDF admin — Published
2023/03/01 at 6:38 am

[ ¥ — — aunsuumiaiu \ S admin — Published

2023/03/01 at 6:41 am

[ ———aadada LaTeX admin - Published
2023/03/21 at 1:38 am

O —&— admin — Published
2023/03/17 at 4:39 am
Ads

0O admin — Published
2023/03/05 at 1:16 pm
— uwiiu admin — Published
q 2023/03/18 at 12:44 pm
[ —3date admin — Published
2023/03/05 at 1:21 pm
[ — ziamau admin = Published
2023/03/19 at 11:47 am
[ Title Author L ] Date

l Bulk actions v H Apply ] 19 items
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83v1 nsudndessulatdadinaansdmsudunnsasmenisuasiii

#iadavan Section/aUa8a8 Subsection

1281 (W)

1. umid

1.1 uugiseIvn
1.1.1 Aaleuuginge3en
1.1.2 WUUEpUaIUNDULS U
1.1.3 Uz viAnusan
1.1.4 JunnmsigIusI

1.2 NSI3HUSVRIUNNTBINNNITUBAIY
1.2.1 UssinVvegunnsasnen1suadLiy
1.2.2 numuiiion
1.2.3 A0UNUNIU

1.3 NSL3UUATINAANTYUBIRUNNTBINNTUBAIY
1.3.1 FAdineansAuRuNnsownanIsueaiu
1.3.2 numuliiom
1.3.3 A9 NUUNIU

1.4 WUUVIRADY

1.4 bUUNA@auUsEa1undi 1

14 Y17
(FEoIRVIAU

5931 9 W)

2 (gUnnuarUanULanILNY

2.1 Uszinnyeaguniwl udessulay
2.1.1 S1AM9SLasINADINIIANE
2.1.2 109t
2:1.3. A18UNUNIU

2.2 gaannuianainululenans
2.2.1 Tepnuuansunudmiugunmluienans
2.2.2 AN ugannULEn LN
2.2.3 Juinnsl@Ius I

2.3 Faanuuans Ui Ul
2.3.1 Yamnunansunud miugunimuniuled
2.3.2 Rnunsngunmuuiu

2.3.3 JunnnIsudIus I

593 12 U9)
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#iadanan Section/sUagas Subsection

1281 (W)

2.4 WUUNa#day

2.4.1 WUUNAFBUUTZINUNT 2

3. nmiludessulandinenans

3.1 sUsAlndedlf
3.1.1 afguisundinaesiiinie GeoGebra (1/1)
3.1.2 aheguisvadinaadllfinng GeoGebra (1/2)
3.1.3 fhegdeguisundinasaili
3.1.4 wislunanu
3.1.5 Yuiinmsildiusy

3.2 sUsvIRalnaEudn

a v

3.2.1 aeguisvninauiifede GeoGebra (1/2)

3.2.2 aegUisvadinaniaifg i GeoGebra (2/2)
3.2.3 ﬁaa&iw?ﬁlagﬂwmmﬁm’mﬁa
3.2.4 wuslurasnu
3.2.5 Guinnasiaiusiu
3.3 WNUAAW DI W uazUHUA
3.3.0 @5 19N UNNALE Draw.iow(1/2)
3.3.2 @519 UN MR- Draw.io (2/2)
3.3.3 FDUIUNUN N
3.3.4 é’ﬂwmmmm'}mmsLLmuQﬁViiaﬁuﬂmwéaw
3.3.5 wuilunasnu
3.3.6-0ufinnsiaiusu
3.4 WUUNAEaU

3.4.1 wuunaaauUsEaunig 3

74 W
(FEoIRVIAU

593 48 1)

4, annrsludessulaadnamans
4.1 gunsuukwanweasu Microsoft
4.1.1 Microsoft Equation, MathType, Wag MathPlayer
4.1.2 dr519mnuAnLTY
4.1.3 Juiinnsddiusiu

4.2 aunsluguuu LaTeX
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#iadanan Section/sUagas Subsection

1281 (W)

4.2.1 YpFnds LaTeX
4.2.2 f0g1NISRUWALNT
4.2.3 Memsdaydnualuazyndd
4.4.4 AIDIUNUNIY
4.3 @un15uU Open edX
4.3.1 NMnInaunNIsuy Display wag Inline
4.3.2 Fnunsnaun1suuiv

4.3.3 Junnnsiaiusay

4.3.4 LaTeX Tu Open Response Assessment(ORA)

4.3.5 Math Expression Input

4.4 aunisuu LMS waziiuleddu 9
4.4.1 LaTeX YU Moodle
4.4.2 LaTeX Uu WordPress
4.4.3 LaTeX vunduladdng
4.4.4 ANDIUNUNIY

4.5 m%ﬂﬁaa%’wgﬂmwammi
4.5.1(sunsnaunisilulnggunm
&:5.2)g0gsaunsdulndsunn
4:5.3 \p3esiloadaauns CodeCogs
4.5.4 \w3eaileas9dins GeoGebra
4.5.5 dnasegunanaunis
4.5.6 Tuiinnsdlaiusiu

4.6 KWUUNARDU

4:6:1 BUUNAERUUSEINUNT 4

5. @oUssnndu 9
v @
5.1 LONASHALNULIU
[ v @ d' Y =2 2
5.1.1 dnwazyaenaskasnuI Ut
5.1.2 M99 UTNTUBIUNTNDD
5.1.3 kuUd1579
5.1.4 Yufinnsilaiusay

5.2 NNSMAUAIILT B

a

68 U

A da o«

GRRRNGY

593 44 119)
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#iadanan Section/sUagas Subsection

1281 (W)

5.2.1 nstmuaiadedly Word (1/2)
5.2.2 Mstvuawadedly Word (2/2)
5.2.3 mstvuaiiSesuuntigu
5.2.4 ANDIUNUNIU
5.3 doUsunvidnle
5.3.1 msvsseneludednlewieliiseaiugiunnsos
532 retedeinle
5.3.3 ANDIUNUNIU
5.4 LaUNaLAYU
5.4.1 woundlnduuniSeudisessugunnsed

5.4.2 nzikeundiaduinldey
5.4.3 Juitnnsildiusi
5.5 WUUNAgaU

5.5.1 LUUNAERUUTYIIUND 5

6. Jadousaulall

6.1 %aaauaauiaﬁﬁam%’wﬁuawéad "
6.1.1LUshnsueuninIenulode UUSEyIianesilaen
(Moodle)
6:1.2 TUsnsueuntneiuTade uUszLnviaesalaen (Open
edX)
6.1.3 domsidmivdeasussulatiisessugunnsos
6.1.4 fasgsUeaauaaulal
6.1(5-A90IUNUNIU

6.2 ANsassterpueaUlalAdnAE@nSAIY Microsoft Forms
6.2.1 Myas1aUpanuaaulatntind1a@nsAe Microsoft Forms
(1/2)
6.2.2 NMsa519UpapUaaUlalANAAIE@RSAIY Microsoft Forms
(2/2)
6.2.3 fpgnaaaauaaulal
6.2.4 Hnasstedausaulall

6.2.5 UuNnN1siaIusu

58 U9
GRRING

573 38 W)
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#iadavian Section/aUa8a8 Subsection

1281 (W)

6.3 WUUNAABY

6.3.1 LUUNAADUUILTINUNT 6







SWaAYn: EDTECHFUNDOO1  #alve: miwﬁmﬁaaaula\imﬁﬂmﬁm'ﬁm%'usjunwsfaqmamsuauﬁu o Eng: Mathematics online media production for the visually impaired nausinIsHIUTIEAY msfidion MAWNUNIY (30%) uuunadaU (40%)
viade Uszavie it Funit Folviddo Folvidunussen st sumia URL (YouTube) mngm Iw | ey | dwoude asuuy | Snwoude AL
aiMOO el

wuzAlAsINs ThaiMOOC subsection

Fleuuzihlazans ThaiMOOC Video
ectio

1.1 uuzthedn subsection . Q /‘

1.1.1 3dlouugiisein Video 2 52 Visual 01 01_course_introduction.srt https://www.youtube.com/watch?v=YFBKmQVo-4U

1.1.2 wuudeunmneuSuu iFrame

1.1.3 uugthia ianuidn Disscusion )

1.1.4 Jufinnsiidausu Problem P 2

1.2 muiFeuivasfunwiamnanis et A\l\ p’\ ( \ g

121 Uixmw‘um@unwimwmmi Video 3 23 Visual 02 Types 02_types_of_impairment.srt https://www.youtube.com/watch?v=MTXBoS4xgPo

12.2 numuifam HTML

1.2.3 fnmmunau Problem ! 5

1.3 maFsundinAranivasy et ‘ r\ V \\ V

1.3.1 Anadamanitufunnses Video 2 42 Visual 03 Math 03 math_learning.srt https:/mww.youtube.com/watch?v=LNOERatobLE

132 wuw’:mf}la\m HTML

1.3.3 fnumunau Problem 3 3

1.4 uUUNAFRY subsection . ¢ \ - ) A\( )

1.4.1 wuuvaAeuUsESIuNd 1 Problem 3 6
ectio

2.1 Uszianvasgunmludosaulai subsection N / .

2.1.1 awmesuaziinmesnsfing Video 5 10 Visual 04 Raster 04 raster_vector_graphics.sr mp_s://www.youtube.com/watch?v=3DTnbOX7Ih0

212 wummﬁam HTML

2.1.3 A10MMUNIUY Problem ! 5

2.2 foruuansunululensns subsection A (\\ N

2.2.1 Fornuuaniunudmivguam Video 5 25 Visual.05 Alt text 05 alt_text word.srt https://www.youtube com/watch?v=0aasbHNQDDS

2.2.2 In@eudonnunanunu Discussion

2.2.3 Suiinnsiidausau Problem 1 3

2.3 fapuuanunuuuivled subsection \

23.1 foanuuaniunudmivguam Video 1 a6 Visual 06 Alt text 06_alt_text.web.srt https:/www.youtube.com/watch?v=bNY4zJInixU

232 ?]mmingﬂmwuuﬁu Discussion

2.3.3 Suiinnsiidiuson Problem ! i

2.4 wuuvngay subsection ‘ -

24.1 wwuvadeuUsEdunil 2 Problem ’ ‘



https://www.youtube.com/watch?v=YFBKmQVo-4U
https://www.youtube.com/watch?v=MTXBoS4xgPo
https://www.youtube.com/watch?v=LNOERatobLE
https://www.youtube.com/watch?v=3DTnbQX7lh0
https://www.youtube.com/watch?v=oaa6bHNQDp8
https://www.youtube.com/watch?v=bNY4zJlnlxU

106

3.1 gUisuIAdndRA subsection

3.1.1 afuglisnadadesiifse Video 5 16 Visual 07 07_geogebra 2d_L.srt https:/ww.youtube.com/watch?v=e3nC3BTRGBw
3.1.2 afuglisnadadesiifse Video 9 aa Visual 08 08_geogebra 2d 2.srt hitps://www.youtube.com/watch?v=zH7gypplcEY
3.13 fetidegUisnindnaesiii HTML

3.1.4 wusiumanu Discussion

3.1.5 Suiinnsiidiuson Problem

3.2 gUisuAdinaudia subsection (\ O
3.2.1 afuglsnadaauiificog Video 7 51 Visual 09 09_geogebra 3d_1.st https:/mww.youtube.com/watch?v=AOWOSEYhiXc
3.2.2 afuglsnadaanuiifcog Video 3 25 Visual 10 10_geogebra_3d_2.srt https:/ww.youtube.com/watch?v= 8 4g3R{7EM
3.23 fedadegUisvindnadi HTML

3.2.4 wusiunaanu Discussion

3.2.5 Suitnnisildausay Problem

3.3 uNun1W N3 uazunugl subsection m\ - \‘ vk \
3.3.1 afauNun MY Draw.io (1/2) Video 8 32 Visual 11 DrawiO 11_draw_io_L.srt https://www.youtube.com/watch?v=N74UFySYIDs
3.3.2 @519UHUANAY Draw.io (2/2) Video 7 16 Visual 12 DrawlO 12_draw_io_2.srt https:/ww.youtube.com/watch?v=8YHXNEO6 gY
3.3.3 FI9YMUHUNTN HTML

334 a"ﬂwmwaanﬂmmzquﬁﬁ Video 5 39 Visual 34 Graphs 34 graphs_charts.srt htps://www.youtube.com/watch?v=NRIY9dbfKac
3.3.5 wusilumaenu Discussion

3.3.6 Suitnnisildausoy Problem

3.4 wUUNAERY subsection W R ( Av
3.4.1 wwunameuUszdunil 3 Problem °
4 a ectio

4.1 dun1suNLWaANaSU Microsoft subsection “

4.1.1 Microsoft Equation, Video 5 18 Visual 13 13_microsoft_equation.srt https://www.youtube.com/watch?v=fyRUetn-Yzg
4.1.2 drsrmanuAnuiu Poll

4.1.3 Juiinnnsildasau Problem

4.2 aumsluguuuy LaTeX subsection h N Q\ \ N

a.2.1 yaends LaTex Video 3 23 | Visualld 14_latexsrt https://www.youtube.com/watch?v=yPSmx4hFQGI
4.2.2 f20819NTRUNENNTT HTML

4.2.3 semsddnvaiuavyndid HTML

4.2.4 A0WNUNIUY Problem

4.3 dun15UU Open edX subsection LY ~ \ V

4.3.1 NSUNINANNITUUU Display Video 4 5 Visual 15 LaTeX 15 latex_edx_htmLsrt h_ttp_s:llwww.voutube.com/walch?v:SwF70 133Uik
4.3.2 Anunsnaumsuiniv Discussion

4.3.3 Juitnnisildausay

Problem



https://www.youtube.com/watch?v=e3nC3BTRGBw
https://www.youtube.com/watch?v=zH7gypplcEY
https://www.youtube.com/watch?v=AQWO5FYhiXc
https://www.youtube.com/watch?v=_8_4q3Rj7FM
https://www.youtube.com/watch?v=N74UFySYIDs
https://www.youtube.com/watch?v=8YHxNEO6_gY
https://www.youtube.com/watch?v=NRIY9dbfKac
https://www.youtube.com/watch?v=fyRUetn-Yzg
https://www.youtube.com/watch?v=yPSmx4hFQGI
https://www.youtube.com/watch?v=SwFZQJ33Uik

4.3.4 LaTeX lu Open Response

Visual 16 LaTeX
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Video 2 6 16_latex_edx_ora.srt https://www.youtube.com/watch?v=2UDbQO7XiT8
4.3.5 Math Expression Input Video 2 6 Visual 17 Math 17_latex_edx_mei.srt https://www.youtube.com/watch?v=1HdrOMy9lr
4.4 gunnsuy LMS uasiuleddu subsection
4.4.1 LaTeX vy Moodle Video 4 14 Visual 18 LaTeX 18_latex_moodle.srt https://www.youtube.com/watch?v=8HiZoxoFVeU
4.4.2 LaTeX uu WordPress Video 2 8 Visual 19 LaTeX 19 latex_wordpress.srt https://www.youtube.com/watch?v=s YfVVE1Y7U
4.03 LaTeX vuiiulasidu q Video 3 1 Visual 20 LaTeX 20_latex_websites.srt https://www.youtube.com/watch?v=FupDPCwOv_k
4.4.4 A0LMUNIY B
4.5 wiaaflaagragunwauns subsection (\ O
4.5.1 msunsnaumsidulvidgunm Video 3 23 Visual 21 21_equation_image.srt https://www.voutube.com/watch?v=aeGgk424cuo
4,52 fedraaunsiidulaidgunm HTML
4.5.3 indosileasrsanms CodeCogs Video 3 36 Visual 22 22_equation_codecogs.srt hﬂ;s:/lwww.voutube.com/v_vgt(ch?v:BO.JseFZIth
4.5.4 \n3osileatrsanms GeoGebra Video 1 14 Visual 23 23_equation_geogebra.srt https://www.youtube.com/watch?v=L50fC_BMxW4
455 ﬂnas"mgﬂmwaumi Discussion
4.5.6 Suiinnsiidiuson Problem
4.6 wuunagey subsection Av v » f\\ \
46.1 Lmuwmaauﬁﬁmwﬁ 4 Problem °

) ectio

5.1 enansuazminiu subsection ~ o
5.1.1 dnwargasenasuazuiiniuil Video 4 50 Visual 24 24 web_accessble.srt hitps://www.youtube.com/watch?v=eboJXAnUslc
5.1.2 nsvhauwedlusunsueuy Video 9 33 Visual 25 Screen 25_screen_reader.srt https://www.youtube.com/watch?v=i2tE6KPJIGOI
5.1.3 uuudsn Poll
5.1.4 Guiinnsfidausau Problem
5.2 nstvuaiaies subsection W | Vk N\ 2 . \ O
521 natmumiiedluienas Video 9 28 Visual 26 Heading 26.heading_word_1.srt https:/www.youtube.com/watch?v=0QyZB9ZSUyLc
5.2.1 msfmuntadadluenas Video 3 a7 Visual 27-Heading 27 heading word 2.srt https://www.youtube.com/watch?v=AL-V8XBD8gw
522 nstmuaadesuumiinu Video 4 34 Visual 28 Heading 28_heading_web.srt https://www.youtube.com/watch?v=P7gStvPNDgA
5.2.4 A01LNUNIY Problem
5.3 Aouszimidle subsection h N Q\ \ N
531 msussywhido ool Video 6 24 | Viual29 29_narration.srt https:/www.youtube.com/watch?v=jJdu-im-Wyo
5.3.2 shegnedeile HTML
5.3.3 A101uMUNIY Problem
5.4 uaundindy subsection N q b
5.1 upUndinduunideuiisosiu Video 5 16 | Visual 30 30_applicationssrt hitps://www.youtube.com/watch?v=meGMY _-ivYg
5.4.2 Wnnwieundinduillieg Discussion
5.4.3 Juitnnisildausay Problem
5.5 uwuunadau subsection . Q\* -



https://www.youtube.com/watch?v=2UDbQO7XiT8
https://www.youtube.com/watch?v=1HdrQMy9lrg
https://www.youtube.com/watch?v=8HiZoxoFVeU
https://www.youtube.com/watch?v=s_YfVvE1Y7U
https://www.youtube.com/watch?v=FupDPCw0v_k
https://www.youtube.com/watch?v=aeGgk424cuo
https://www.youtube.com/watch?v=B0JseFZIbt0
https://www.youtube.com/watch?v=L5ofC_BMxW4
https://www.youtube.com/watch?v=eboJXAnUsIc
https://www.youtube.com/watch?v=i2tE6kPJG0I
https://www.youtube.com/watch?v=QyZB9ZSUyLc
https://www.youtube.com/watch?v=AL-V8XBD8gw
https://www.youtube.com/watch?v=P7qStvPNDgA
https://www.youtube.com/watch?v=jJdu-jm-Wyo
https://www.youtube.com/watch?v=meGMY_-ivYg

5.5.1 wuunadsuUszuni 5
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Problem ° °
6 ectio
6.1 despussulmifisasiug subsection
6.1 Waunsuguniheeiuieasy Video 9 29 | Visual31Quiz 51_quiz_moodle.srt https://www.youtube.com/watch?v=94ZT6uDBSnO
6.1.2 Wsunsusuniheeiudeasy Video 4 22 Visual 32 Quiz 32_quiz_edx.srt https://www.youtube.com/watch?v=JRUK2nymPGo
6.1.3 domistrdmivteaevesulal Video 8 a5 Visual 33 Quiz 33_quiz_suggestion.srt https://www.youtube.com/watch?v=fcFED3rb7kk
6.1.4 fedadoasuesula Problem _
6.1.5 AN0WNUNIU Problem } 3 3
6.2 nsasnsdosousaulal subsection A > \ \>
6.2.1 nsasdeasuesulatl Video 9 16 Visual 35 MS 35 ms_forms_Lsrt https://www.youtube.com/watch?v=LbGAMbH{7w8
6.2.2 nsasdeasuesulatl Video 5 52 Visual 36 MS 36_ms_forms 2.srt https://www.youtube.com/waich?v=xUUVILKEMNE
6.2.3 fedadoasvenula iFrame
6.2.4 Hlnasedeaovosula Discussion
6.2.5 Suiinnisiidausou Problem ! ’
6.3 UUUNAEDY subsection Av \) » I\\ >
6.3.1 LmuwmaauUim"mwﬁ 6 Problem ! °
agunein subsection ~ o
uuugeuMIMSEY iFrame
wuudsavdaseusaulal (s subsection ( \ N \( )
PN P ) 2N

wuudsrmdaseuseulad (saimn iFrame
FrwaudaluenisiFeus 5 dalue 169 971 wiad il iy
fmuanadeddle 3 Falus vie |2 4

sauande 185 wdi AsUATIUIY 12 30 18 30 20 40

fmunsuiudedeu 20 4o sawdwaudeseu 50 kiG] fEuan fEuan
Andu 100 ALY



https://www.youtube.com/watch?v=94ZT6uDBSn0
https://www.youtube.com/watch?v=JRUK2nymPGo
https://www.youtube.com/watch?v=fcFFD3rb7kk
https://www.youtube.com/watch?v=LbGAMbHj7w8
https://www.youtube.com/watch?v=xUUVJLKEmNE
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Abstract: This research article presents a comprehensive-training program designed to enhance the
knowledge and skills of lower secondary math teachers in Thailand regarding producing online
mathematics materials that cater to visually impaired students. The training program encompassed
various topics, including utilizing LaTeX for writing. math expressions and equations to facilitate screen
readers and adopting vector graphics to ensure scalability for students with low vision. Additionally, the
program trained math teachers to create accessible documents, illustrations, videos, web pages, and
online tests. A total of 94 lower-secondary. math teachers participated in'a one-day training session
conducted online via Zoom. Pre- and post-training evaluations were conducted to measure participants'
knowledge of teaching mathematics. to visually impaired students and their attitudes toward accessible
mathematics. The evaluations also assessed participants' satisfaction levels and skills acquired from the
training program. Statistical analysis revealed a significantimprovement in participants' knowledge and
attitudes toward accessible math (p < 0.001, paired-sample t-test). Furthermore, the findings indicated
a high level of participant satisfaction, with an average rating of 4.66 out of 5.00, demonstrating the
effectiveness of the training program. Participants strongly agreed that they obtained valuable skills in
creating accessible math lessons, as indicated by an average rating of 4.47 out of 5.00. The results
highlight the positive impact of taking accessibility factors into account in teaching mathematics online,
ultimately fostering an inclusive learning environment for all students.

Keywords: accessible mathematics, online learning, teacher training, visual impairments

1. Introduction

In recent years, the integration of technology in education has opened up new opportunities for
online learning environments. Online lessons have been streamlined to be more interactive and
engaging with tools that teachers and students can easily access and use. However, while online
learning resources have improved for the general student population, there is still a significant
gap in accommodating students with visual impairments.

Improving accessibility in other subjects may not be very complicated. Teachers, staff, or
volunteers can create audiobooks, braille textbooks, or Word document files that support screen
readers. Mathematics, on the other hand, is challenging to enhance accessibility because the
subject relies heavily on communicating with expressions, equations, charts, diagrams, and
images. In order to enhance the accessibility of online mathematics instruction, it is imperative
for educators and media producers to gain a comprehensive understanding of the learning
processes employed by visually impaired students, both in offline and online contexts. This
entails recognizing the distinctive attributes of accessible mathematical online media and
acquiring the necessary knowledge and skills to improve the production of existing and
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forthcoming online math resources to cater to the needs of visually impaired individuals.
Moreover, fostering a positive attitude towards accessible mathematics is of utmost importance,
as it serves as a driving force for consistently incorporating accessibility considerations into the
development of online math content.

The project aims to increase the knowledge and skills of mathematics teachers in Thailand
regarding the production of online mathematics materials that support visually impaired
students. Additionally, the project focuses on fostering a positive attitude toward accessible
online mathematics that supports all groups of learners, regardless of their visual abilities.

1.1 Visually impaired students and their special needs

The education system in Thailand classifies visually impaired students as blind and low vision
[1]. The classification was announced by the Special Education Bureau, Office of the Basic
Education Commission to help in manpower and resource planning, as the two groups of
learners have different special needs as follows:

Blind students in offline learning contexts — Students use textbooks in braille with symbols to
represent expressions and equations [2]. lllustrations, such as graphs, charts, and geometric
figures, must be tactile. In addition, teachers must be specially trained to teach blind students.

Blind students in online learning contexts.— Students learn from audiobooks.and use screen-
reading programs, such as NVDA and JAWS, that can read text on-screen aloud (primarily
support English). A screen reader can-read simple expressions-and equations properly if they
are in a compatible format, such‘as LaTeX, MathType, and Microsoft Equation [3]. However,
Thai screen readers, such as PPA Tatip, currently do_ not support reading expressions and
equations. Also, braille is-inevitable for complex expressions.and equations. Illustrations must
include alternative text, captions, or descriptions to support screen readers. Videos and
demonstrations must have voice narration, or the blind will not be able to learn.

Low-vision students in offline learning contexts — Students use large print [4] (materials with
larger text) with high-contrast colors. With normal print, they need to look closer than usual
and may need a magnifying glass. Low-vision students are generally able to study with normal
students.in classes.

Low-vision students in an online learning context — Students use screen magnification to
increase their vision. Today's computers and mobile devices often have these functions built in.
However, the content must be vectorized or have reasonable resolutions so that it can be
enlarged to a certain extent without being pixelated.

1.2 Accessible online math

The blind students relied on lessons they can perceive using other non-visual senses, such as
braille, which can be perceived by touch, and screen readers, which can be perceived by hearing
[5]. Accessible math designs can be summarized by media type as follows:

Images

Math lessons inevitably require images, be they geometric figures, graphs, or charts. Improving
the accessibility of digital images can be done as follows:

Images taken from digital cameras, mobile phones, screenshots, and scanner images are stored
as raster graphics. They will be pixelated if enlarged too much. Raster graphics must be taken
at a high resolution to be scaled up to a level that people with low vision can see. However,
high-resolution images have large file sizes, which can take a long time to download and
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consume a lot of computational resources. Additionally, text embedded in photos cannot be
selected or read by a screen reader.

Math illustrations should be created as vector graphics (such as SVG) so they can be scaled up
without pixelation. Plus, they have much smaller file sizes than photos and screenshots. Screen
readers can select and read text displayed on vector graphics (if created properly). Current
display devices can display vector graphics without problems. Programs and applications like
Illustrator and draw.io can provide vector graphics output. Applications like GeoGebra, besides
being able to provide vector graphics output, allow teachers to share interactive content for low-
vision learners to interact with. Some applications can output 2D and 3D models (such as OBJ
and STL) that can be used to create tactile materials for blind learners using UV and 3D printers

[6].

No matter how illustrations are created, content publishers need to provide descriptions of those
images so that blind people can understand. Adding alternative text (alt text or alt attribute) is
one of the most common methods. A screen reader will read alternative text when it reaches
where the image is displayed. Additionally, the alternative text will appear if the image fails to
load. Various online platforms, especially those used in education, provide alternative text input
tools. Some educational platforms do not allow users to publish images without alternative text.
For platforms that don't have an alt text tool, designers'may add captions or describe the image
in body text [7], which is another good practice.

Expressions and equations

Most screen readers can read math expressions and equations properly if they are in a math
environment:

e Within Microsoft Equation or MathType blocks; or
e Within TeX or LaTeX delimiters: {math}, {equation}, $...$, $$...$$, \(...\), or \[...\].

Screen readers do not recognize expressions.and equations typed using subscripts, superscripts,
symbols, orfloating text boxes. For example, x>+2x-5=0 will be read as “x two plus two x, five
equals zero” with the minus sign being interpreted as a hyphen. Expressions and equations
saved-as images require alternative text. Using a suitable mathematical environment,
expressions and equations will be rendered in vector graphics, ensuring scalability for students
with low vision.

Documents and web content

A screen reader will recognize images, expressions, and equations in a document file (such as
DOCX) and-on.a web page if they are in appropriate formats, as mentioned above. However,
there are other requirements for accessible documents and web content. First, documents and
webpages must be outlined using headings so that screen reader users can easily jump to
different parts [8]. Numbered and bulleted lists must be created using the appropriate tools or
tags so that screen readers recognize them as a sequential list. Most users organize topics using
font sizes, colors, line spacing, and manual numbering, which reduces overall accessibility.

Tables in documents and web pages should be used for data presentation only. They should
have a simple structure — the first row is a header specifying data in each column, and
subsequent rows are corresponding datasets. Sales and transaction records are good examples.
Cells should not be merged, and tables should not be used to arrange content. Avoid adding
paragraph text to a table.

Blind people typically use the tab key as a shortcut to move to the next content both in
documents and on the web. Content designers should ensure that content is presented in the
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correct order when pressing the tab key [8], especially for images and tables. All images and
tables must be "in line with text" (no floating element) to allow the tab key and alt text to work

properly.

Converting Word to PDF preserves page formats and most accessibility features, including
headings and alt text. Unfortunately, expressions and equations lose screen reader compatibility
upon PDF conversion. Getting equations in PDFs back to work with screen readers requires
PDF tagging [9], which is a complex process. Therefore, teaching online mathematics to blind
students should avoid PDF files.

Web designers and content management systems (CMS) like WordPress typically use MathJax
or MathML to render expressions and equations typed in TeX and LaTeX format. These two
plugins provide accessibility since they are compatible with screen readers. However, some
plugins, such as Elementor with KaTeX, have accessibility issues. In addition, the content
layout may differ depending on the device as a result of responsive templates provided by the
CMS. Therefore, messages like "from the image shown on the left" should be avoided. Also,
hyperlinks should have meaningful display texts, such as "Click to open the image on a new
window," to prevent a screen reader from reading the entire URL.

Video content

Video media can present large amounts of information in .a short period of time with a
combination of motion pictures and sounds. Video materials for the blind must ensure that
content is understood by viewers using audio alone. The narrator must explain what is depicted.
Saying "from the image shown" or "from the following equation” must be avoided without
explaining the image or reading the equation aloud. Video materials with only animations or
demonstrations accompanied by background music without audio narration are not available
for blind learners.

Web and'mabile applications

Web and. mobile applications used in education often convert original content into raster
graphics and overlay interactive content. Presenting information in that way loses its
accessibility properties and causes learning difficulties for visually impaired students.
Investigating whether applications are accessible to the visually impaired can be done initially
by selecting text and resizing content. If the text is selectable, then the screen reader would
work. If the application does not provide a content resize function or the image becomes
pixelated when enlarged, it will not support low-vision students.

1.3 Accessibility inthe Thai online learning context

Visually impaired students in Thailand do not have much support [10]. Devices like braille
displays, braille tablets, UV and 3D printers are a rarity even in large schools. During the
COVID-19 pandemic, a large number of blind students were dropped from the education
system as most educational online content does not support screen readers [11]. Therefore, this
project emphasizes that the trainee teachers use equipment and free application both teachers
and students can provide. The project organizers were trying to offer a way that doesn't interfere
with the original teacher workflow but instead allows teachers to incorporate accessibility
features as part of their online math instruction.
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2. Related studies

Several studies have explored the development and effectiveness of accessible math learning
materials for visually impaired students in online settings. The University of Arizona [12] has
created an accessible word problem solving application for visually impaired students as an
iPad app with printed and braille materials. The app contains audio descriptions of images,
options to adjust color and contrast, hints, and videos showing sample solutions using Apple's
built-in accessibility features, such as Voiceover and Zoom. A study with 29 visually impaired
students and their teachers revealed positive results. However, both students and teachers
reported different quality of hints and found the video was not very helpful. It has been fixed
by adding a video description that shows step-by-step troubleshooting.

It can be seen that text-to-speech is one of the key assistive technologies that support visually
impaired students. Online learners typically have access to NVDA and JAWS, famous screen
readers. However, one of the issues with screen readers is that they primarily read math
expressions and equations in English. Screen readers-are often not developed to read
mathematical expressions and equations in other languages with distinct pronunciation
structures. Screen readers and add-ons that can read math in other languages are in-the research
and development phase and are not yet widely available. Mahidol University-[13] developed
an i-Math application that can read expressions and equations in Thai. It was tested on 78 Thai
secondary school students with visual impairment (52 blind and 26 people with low vision) and
their teachers. The results showed that the developed application was able to pronounce
expressions and equations in Thai correctly. Participants found the application useful,
especially for visually impaired students who had not learned to write mathematics in braille.
However, it has been found that reading aloud may not be effective for complex expressions or
equations. A similar application [14] was developed for reading mathematics in Chinese.

Teachers are one of the most important factors in-promoting inclusive education. The teacher's
role is to understand how visually impaired people learn, especially in math and science, despite
their small-proportion in class. A case study [15] that interviewed a blind technician was
conducted to analyze the factors affecting the learning of visually impaired students. The study
found that educational institutions had enough assistive technology for the visually impaired,
but teachers lacked the skills needed in special education. Many teachers did not believe in the
potential of those learners and did not incorporate accessible media in teaching.

These literature reviews highlight the significance of developing accessible math learning
materials, providing comprehensive teacher training, and utilizing appropriate assistive
technologies to ensure an inclusive and effective online mathematics education for visually
impaired- students. Further research in these areas is necessary to continue advancing
accessibility practices in mathematics instruction.

3. Methods

This project presented an online training program on creating accessible math materials for
visually impaired students in the online learning context. Participants consisted of 94 lower-
secondary mathematics teachers in Thailand sampled from 1,481 mathematics teachers in
inclusive schools (where normal and visually impaired students study together) listed in the
database of the Special Education Bureau, Office of the Basic Education Commission. The
number of samples was calculated using the Taro Yamane formula [16] with an error of 10%.
The sample was selected according to the proportion of inclusive schools in each region of
Thailand.
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During the introduction, participants responded to questions regarding knowledge and attitude
toward accessible online math in a 5-scale format, in addition to general demographics
questions. Materials and instruments have been reviewed by experts in teaching mathematics
for the blind.

The instruction phase began by introducing how visually impaired students learn mathematics
and the features of online mathematics materials they can learn from. The next part was a guide
on how to create teaching materials using online tools that teachers and students can access, as
follow:

¢ Adding alternative text to an image on Word documents, Content Management Systems
(e.g., WordPress and Google Sites), and Learning Management Systems (e.g., Moodle,
Google Classroom, and Open edX).

o Creating illustrations for math problems in a scalable vector graphics (SVG) format using
GeoGebra and Draw.io.

¢ Introducing the use of colors in diagrams and charts to. accommodate the visually
impaired.

e Learning how screen readers interact with online math expressions and equations.

o Writing simple math expressions and equations in LaTeX format using CodeCogs.

e Utilizing LaTeX commands on websites and learning management systems, as well as
providing alternatives for unsupported platforms.

e Recognizing other elements of accessible documents and web pages, such as headings
and tab key navigation.

¢ Introducing how to narrate in video media to accommodate the visually impaired.

e Practicing creating mathematic quizzes using Microsoft Forms with built-in features for
the visually impaired.

The training program was organized online through the Zoom application and lasted for a day.
The training material was delivered in web format, which itself acts as an example of accessible
online mathematics materials. At the end of the training, participants completed a satisfaction
survey and questions about their acquired knowledge and skills, as well as their attitude toward
accessible online mathematics. The questions are on a 5-level scale, as shown in Tables 4.1-
4.3. Data were analyzed using mean and standard deviation. A paired t-test was used to compare
pre- and post-training knowledge and attitude levels.

4. Results

A comparison of the trainees' knowledge before and after the training is shown in Table 4.1. It
was found that the trainees didn't have much information about accessible online mathematics
materials prior to the training (average at 2.50/5.00). The paired t-test revealed that the trainees
had a statistically significant improvement in knowledge at p < 0.001.

Table 4.1 Average knowledge of the trainees before and after the training (n=94)

Aspect Before After training
training

Math online learning of the visually impaired 2.48 (1.37) 4.54 (0.52)

Properties of accessible online mathematics materials 2.53 (1.37) 4.55 (0.54)

Production of accessible online mathematics materials ~ 2.49 (1.36) 451 (0.57)

Average 2.50 (1.35) 4.53 (0.49)

Remark: Numbers in parentheses are standard deviations.



122

A comparison of the attitude of the trainees before and after the training is shown in Table 4.2.
It was found that participants were aware of the need for accessible online mathematics
materials for visually impaired students (average at 3.66/5.00). Nevertheless, the paired t-test
revealed that the trainees had a statistically significant improvement in attitude at p < 0.001.

Table 4.2 Average attitude of the trainees before and after the training (n=94)

Aspect Before After training
training

Online math materials should always be made 3.66 (1.44) 4.60 (0.54)
accessible.

Accessible math materials also benefit normal students.  3.62 (1.45) 4.64 (0.48)

Published math materials should meet accessibility 3.70 (1.42) 4.61 (0.55)
standards.

Average 3.66 (1.41) 4.61 (0.48)

Remark: Numbers in parentheses are standard deviations.

Table 4.3 shows that the trainees were satisfied with the training program-at a *'very satisfied"
level (4.66/5.00). The trainees were most satisfied with the lecturer's ability to-explain concepts,
the training format, and the content respectively. Further comments indicated that the training
should be conducted in such a way: that participants can follow it step-by-step.

Table 4.3 Satisfaction results (n=94)

Aspect Average SD

The lecturer 4.73 0.47
The content covered 4.68 0.47
Training materials (website) 4.67 0.47
Question and answer 4,57 0.56
Coordination 4.64 0.53
Duration (one day) 4.64 0.53
Format (online via Zoom) 4.70 0.50
Average 4.66 0.42

The skills acquired by the trainees are shown in Table 4.4 as a result of the self-assessment after
the training. The results showed that the trainees had developed skills in producing online
mathematics materials that support the visually impaired. They were able to improve existing
materials to support the visually impaired and were able to convey the knowledge received.
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Table 4.4 Skills acquired through the training (n=94)

Skill acquired Average SD
Produce online materials that support the visually 4.47 0.60
impaired.

Improve existing materials to support the visually 4.48 0.62
impaired.

Convey the knowledge received. 4.46 0.63
Average 4.47 0.59

5. Conclusion and discussion

This project has trained 94 mathematics teachers at a lower-secondary level in Thailand. The
aim was to increase the knowledge and skills of teachers regarding the production of online
mathematics materials that support visually impaired students. Also, the project-aimed to foster
a positive attitude toward accessible online mathematics that supports all groups of learners,
regardless of their visual abilities.

The data analysis revealed that ‘teachers were less informed about accessible online
mathematics and that training programs were effective in providing such information. Training
materials created using the proposed techniques are effective in providing information and
showing good practices-at the same time. Managing online-training through the Zoom
application is effective enough, considering the results. However, synchronous online training
may obstruct.the learning of some participants. The project organizer has a plan to create on-
demand learning materials that allow participants to practice step by step and pause as needed.

Another aim of the project was to make math teachers aware that producing accessible online
math materials does not increase their workload. On the other hand, accessible materials should
be viewed as a proper and correct approach so that accessibility factors are taken into account
throughout production. For example, teachers can choose whether to use high-contrast solid
colors or gradients when creating.a graph. One option will work for all learners, while the other
will rule out visually impaired students. Also, the "Poor" option won't support any students if
the graph is printed in black and white (e.g., for on-site examination). Another example is that
many teachers type equations in Word and make screenshots while they can add equations
directly to-web pages if they use LaTeX commands. This is consistent with [15] that teachers
already have access to useful tools. Only teachers put them to good use under the perception
that the visually impaired are capable of learning, and the materials that support them are also
effective for other learners.
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