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1O 1IPPNA Y0 OaW AT

TR DWMNTY IR MOANRAT MPPLPIOT DAR R DATRRY D N7 NPLAND MYLR 20700 YN
TINA NRT 92 777092 2ARWN D2 NIRADY,12W T DRI TPOR 9020w 0nann PO DR 1927 ,NInT DR M
P17 0N 0P L(Borasi, 1994) 7m1P1R2 N°OYPN PNND 1T 20X MDA IR Y027 W 22YNaR 70017 710
72WN NPunNH MYL2 AR (Brodie, 2014) 7172 1% 125712 NPAATD AR°LPID MYLA Y1212 DR unnni
mMyLn Y1291 ,07 730257 99 99 PMARAW 13107 1000 DRI 19w DININ AW 71T IR NOpwR WK TaI0n YW
72 9°UD PIDOYY — POR 2321W 113N NI2T MDD — INUWID MY 0T 12725 WY 2R a0 OO
IR P07 R NP2 POV 2207 21 ,(Bray, 2011) 212 %9% .PUANNT 720WAT MINPOY ARWH WRwhw 79
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QW IR MYLA YIN 02w 7Y DR ORI IR DOREAM .02 N1 PRaY Cunann W WL 0onhen maws
70°022 TR AT NROXN ,MIVYY A2 20WN2 PRI 22X R0RpI0 wawn KOR NIV 1PN 777
ST 7000 9V 70

DURhR D200 AR POWA IWIA APnna "Ry KW KNI DMYDN Yﬁ’ﬂ: 210V
.(Bishop et al., 2022; Robertson et al., 2016; Schwarts, 2025) (MRT — Mathematically Responsive Teaching)
QP NYNIM oYW vann mmnpl ,Dﬂ"l’?ﬁbﬂ SW NIV 293 O NN 2N DWW O DR WOATH T WX
12N Apnya N NS NP2°URITIND 721N ,N°2°0118070 ARMA 5w MAD0a .NuANn APYPRAVIR NV
AWIY 71 A (Robertson et al., 2016) TTMI2 ARWAD MYLA YW 70°0N TR ,MYYY 79w NUANT

O°2172 2P NOW 2HTIAY RN 7D 12 w17 NIMa% ANIR wawn 917 NWIRNT

77T DIIN2 0°W71277 2211707 TR .NITR2 NANONAT NPOMY AWTA AVOIN 17 79w SHT7vab 0012 12 <tunNn Mnw
D°7°17N NATY DONIDMNAN D012 72W ,N°NIDREA 17392 N0 AR NIPXIN0 DWW ANONAT IPnNRT 2N K1
nOURNN 72°WA TI2°0 172,113 AR NIPDRID 2AN7 RT1T 11991 2217 2IWORAY NIXIDI NIV 2O¥A

.(Schwarts & Czaczkes, 2026; Zhuang & Zhang, 2025)

QMR AR DTV DIPRD PR OO Myon PIPNA2 I2MNR 2T TOW YTINa wnwn PN
NP2 ,NIWLT A0 NAR YW TYANA 2222770 ING DOY10N 35w 29T 7AW NIA0N N0 (Wang et al., 2024)
ay 071N YW MITTANTT MR DX 9WH 229307 IR 20971 9D I QOREANA LI2AN MO PADIVOR
990 N2 77N DIWWW DT 70w 9T DWW NMYL M 73 1037 (Lin et al., 2025) 2RI PY MV
SRTIVID DY 22T7N R QPN LOTPW MOAVIAT 7120 DR PORYm NPOWNANPTRUA 72°WR Mntoh aMn dT0°
71272 K91 ,NTIW0 DW NP NNAR 0279702 @2TRpRNA O IR LNMIYUA a7 209173 TOW 9T D AT

ST PRI TR RITW 2T N2OWR DY W 22011000

MIROAWI 5Y 0°2°31 0°IM2 AR 019 7AW 099777 NN MYEAR INonAT 2NY 01IN? wpan a1 apnng
7127 72Y0 PWRI TVX RN AT MNP LP0RNRY 00201900 AR DWIY MYEARD 70w 270 9w Nvvnanan
MMM NN NTYA ARYLRNAT DRI A9 2992 11201007 MIN°H2 TINNY NORWT ,INY 7207 Npnn
Qv AR O YW MIMwa M2 7Y 0°R1A ARURNNG N°2°011D07 AR DWW DOIORN 1R 1DORIW IR 192

20°00n MYLA 27T DR YOI MNP0 NYa 22173 75w 227N

nndo mmpo

i1j2'0NJIN7 1'2'0JIDDN NI

AN QIPMIPYIL WRWI DRI DOTAPNT NBWN DR 1M I7RYAN ORI DY KO N°2°0N000 AR
NAn D T NP0 NP2O0NO0N ARMNT 0Nk N L(Jacobs et al., 2010; Robertson et al., 2016) XTI
DOWPRAN 1R 777 pnn3 L(Bishop et al., 2022) XTI 932702 DV OYW MWD 02T MIPYIA NANNT
MI902 DM 020DV AR COPAAY N2AVH APPLANMY NPDONDDT AR YW TAWwHaT DR 200
WD 7207 70 P2 1WA AR ,(Buber, 1958) 1212 5 %Y :(e.g., Jacobs & Empson, 2016; Lee et al., 2020)
TWOATAW RN TP 0ANNT N°2O01D07 IR QORI IX,TNINT DR TN DW 5PN NN ,MT N0 5y nnwng
MDA T 0202 712 NIRTYY LTOXPRIVIRT DY 727 YW NOUANNT 02T NTIPI DR NITTY S0 D1INR DR
.(Robertson et al., 2016; Schwarts, 2025) 077°1°2

X7 ,0777W P09V DWW 9172 DPUANA DIWUR 2OTNPN P19 ,NP20011907 AR YW MPPUpIon nnv
72WNNT 0377 DR 17277, 70200 D0 02T DTIPI DR YRR 37001 DWNT K3 171N NIANKDY D08 AptupID
N DO NIPYIR MRYYNT .OMRY N2 070 17272 OIPAT IR 2°1101 092907 MY L, MvER 1902w 1w
DTIPT YT? NN2INAW DO 77327 [NDY DOTRRNN VIN? MYY L7292 A1237 A23WNT YW 02072 MTPRn
DO AR 1T PN IR DLANA NP0V N1NA? TOMD YPIp Wawn MY Y190 72%00 .oaow
,1OW D71 2w NOWANM MV D113 0°2°37207 10T 00 2P0 1R LI0WA DTN OV WA MR 2w T WA
M7 ,NRT DW 027 DT 9990 MITPO NNDY TN DR 2220077 L1103 WANAT AT P 0102 IWA? TR
TWOR 72W 70T NIDIT DITA 7DV 2T Y Wi, 0 TINA LYW ANWW SNOIR 72N OV 77 YW TPRINIRY

J1DW DTN 772 12 0K O3 ,NPURNR N1P2°01D0T YW IMWHRNT DR 117277 79K
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N1 992 5V DO IR ,0°9173 7O TN 201 1°2 NPEPRIVITRA NOWANM N12°01D0 YW 2OV NITTY 070
noIWw92a RN T L(Systemic Functional Linguistics; Halliday & Matthiessen, 2004) SFL DY D¥nnonn Y
79w ,SFL °97 719w MYXAR N°121 Mynwn 78°0 NI NIWORAT ,TIN2 TI7°°21 ,0°27 pnn RIN2 Npnn
TWOHR 2091 ,WA YANAT YT PIAIRDI 22DONNWN 1°2 000 D117 ARWN ROR YT N12VAY CWRAR P73 R? Nawn
7An7) RV K27 Q212 MOINT IR 7Y PR — NPO0W 771K 792 .1 :20Tn Jwihwa mwa gnRR 90 ik
;(interpersonal ,>WOR™1°27 T7) 71272 K7 2°0° MIIWN 1R — 1172 DPOW X R .2 ;(ideational ,*11°Y77
N30 77127 . (textual ,"PRIVOPYVT TANT) TPWT TINA TAIRNA 1027 TR — MW AIRNP2 NAPNWA TVHRT TR .3
NPAATD MIND2 P RY NRVANAW IR NIP20ND0T IR DRI IRW PPN NPTEIA MIN17 922 17 NOVIIRD
DW WYIONT WA 03 XX ,(Jacobs & Empson, 2016 1X7) DTN 0327 D2NRA DOYOXAW 113 0700 21172 R
72w 779121 ,N1P0A0N NIYY 208N 07 72 MIRTND MR IR MPKRY 77907 ORT 07920 779022 :79wa 00

JMWY 2N HW 20anan N1YIY PIWR DOYAIN 0°27 QAR 72 WO W 00701 0

JSTIRWA M2 72177 ,07100 TP YO %17 1217 WK, 5wnb) MTPa YW (system) NOIYH NAWNI 79w SFL
AN NNV MYATAT DX MAZYAY 19X 1T NMWRNT WP D1en 198 MR (AP R IR
DYTPRNR R AT RN INRDA DY OVMIRNT YPIT DR MIARAT DIA0P MR NIRTY WOR N3N
TIY WA DR NIDIYHA 1172 O9RIVOPUT TANR AR AR WK TN MNWRT 0TI M) WRwa
TR NPRINDA 1AW 2w, (Ebbelind, 2023 ,5Wn%) wanm IO TpNa 022 WwRtw 9210 MW MINa nvioan
Y9I RIT IR LIV TART NIV ANI2 ROW 11702 AT IpARa ,000037 TR WA .NPuann N12°01000a 10T

O°1INIT MNPIR 172 WANWIW NI MDA DX 1202 20X . TWRT PN 2OVOn 1KY DN pRn

Mood~i1 J1DVN

XPNT IR ¥7° NPY2 MIDA0D [IPWa On¥Y IR 2°2877 22797 T7¥° 11272 DINY Mood 1 N2AvA ,PWOR™1PA0 Tana
TPRW 130, 172 7027 WY 11T NIPID SN0 12 73120 NN MR QY TP W 2ORTRRY 0D
ORI — TUEPRIDIRD K702 TIMIW TRONT DX APWY NONY M9 ,AWR2/ARIINT IR AV A0 A9RY ,A0IND
Q%7 7707 OK NIRI? IWOKR 2 TN NOMIWA 72°WA7 AMW IR TP 12 DR 030,V 700 0% ,YT0 Wan R
JOR MW DW mWRI 21700 R LMK OTPRD LVTY NPV NN MY DX

(Modality) nI"7TINM N1>VN

MITPN9T IR MW ,MIRTNT NTRY MNWPRT DPIWH MR 12 73727 DTN NIV WIR™PAT 772 03
TIVVD IR L1177 MND LOWND ,TWWAD ,MORTY 772D — MAXIA NPLANA MIVY 12w DINT .TIV0T 9995 12177 YW
MW W 1Y NPV PRI IRWY ,ANNWAR 2070 7PWE 122 PRWA 1170 A0 Y TN — Pt nwaTa
T2 D°ATRA O 7YY MY NYA [P 12 0590 DO0A AR 11D TX°3 1A WwoRA (Modality™ Mood) Mown
JTND MW A2YD MONNWR TITOY 1721 P17 “0nnn Y70 NN

(Theme) 1IN F1DVN

SW TPINT MW RIT IDIR AR 279 107 TPIA 2232 0372177 NYN22 NP0W RN NOYA L 9RI0PYT TR
QTP MRIY 712 077°027 DR DWW AR 900D TX0D 11727 WOR IMYINRA WA 12 ARY ,0TIP0 Uwn
N L,ANIR Q2PN W DONON ,D0°WAN O AR 19w DT PXAW 77K DY 0°nnon o arag 70 ,mwa
*919°112 (uptake) TNV WHAINA 77772 R ORI PI722 WORA 7T MIN01 W TR DO 7300 DAYNN 1190
NN 027 DY AW NIvwen n1eo 001270

N30 MW 72072 INONKT PAPRYT TN 712 MR N12°01D0T IR MPANT? MAWORD T MIWnT W
SY MR TI/WH MAWORAY SFL DW NIN107 NIV 13772 TMYEARIAY 111°97 ,SFL-MRT 1277 X1p°n0 11 n2wn
N1°2°011907 1AW 1DINT NN “VHIR 90 NWAWR NIA0NT .(Mathematically Responsive Teaching) MRT 2377
NN NOVNIRNT NIA0AT 2w 2N ¥ 1 91K .NI12IN2 IR MMNM2AT NPTPRIVIRI NWHANRNN NAXYNN NOLRNA

STV
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SFL-MRT nowu»anmi n1°ase11507 7inc1® nawosaR naaon :1 9

MAI7ITINN

M9 272 ARPUANAY NP0V AR PPOR? NIV OMAD MN°I2 TANIT CIMIOR VI PR X AT P
1M AW DT RXAW NPunnn MYLA Y1202 T2 ,(LLMs) 209173 79w Y970 O NPXPRILIR DY AR
70 9717 DR K277 2°011 077 IWRD 79w 270 OV 2’01907 0NN NRT 297N AR O XY IR
12972 N7 MATPR 779912 22T AP0ANAY IR 10 20 1NN pnna LINIR IPNYY IMya 3137
YT OHYa DORATPR D207 N°19IN2 2LITVOY AR OTIROR NIWA 22070 2P0ITIV0 OORIAI XIP LPINT
0T NTPR

D12°Y2 09D DOVITIVOT MAW .NPTONAT IR NRT NI TIWOR PN DR 2°0NNWHT 21 NYTA 12505 12200
Rali/g

NN 7700

.(ChatGPT, Claude, Gemini [227?2) NPA2? 75w 927 QY DOLAND  TOYPRIVPR 27°1 AnNwn 9
DNTPIN TIWIT2 TR O MYV KDY DTN AWt 1P0AAR 7D 02 PATT T5W DTN Mnab 1920 2%Dnnwn
DTIROLOY WM W DT D DY ChatGPT ¥ MyLY INOn °2°011D0T W 2377 0PI XN L,a9°Nn
MY RIT XD QAT LMIVD? CNOWT D7D AR DPIUNIRG R0wn ¥ 7897 ((Marco & Stylianides, 2025)
,ANIT AW MWYY WRANT AR 00D ,M0IW WS 1207 DAY XYY ,NIPRY A% DTV XY DR 1PN7 UR'YD
YX27 IR N0 WPANT 70 awh .MV DR 1PN 19 2NV 101 IARDY MDY 70w 970 IR 22111910 O 7w
av amwh .2 ;myb? 1own 27mY 210 TIYY 27 NAI0INn nbana Pva M L1 ahRa 002w xR
D7 ORI P27 27D NP DY IR T YA XA (M) L3 50IpN2Y Mva 900 mYXw TV Iown PTn
DR WoAT? WPANT 2PLITIWON PRI VAT YW IWRaR YN 03 N9 IR awD Ny Sa0n) "ab" nown
(MM VOPY H21D) ARIPAD TRPRIVINT

ao'NXnn 7w Nl 0I0O'N
NI°2°01190777 NT°N DW MNP TNEY .22 2O 2°Now 2297 av AR o119 20 1900w mnw 20 19081
NILR 19w ,72%2 0O HW 0°YanT WM 3w 292 .(1 91K IRT) SFL-MRT D301 Wanw: AR 110 Sw
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N3P0 MNPIT NYWS ORNA2 ONOWT 700 S R AR D SW N12°01D0TT IR 722 A0 pnan
DOVOWH MATAMT NPD02 MIN°I M7 — (clauses) N1PPIDD? P2 AR 110 SW 2°YanT 995 ,SFLT N1aon2
JIIN°12 NP0 144 91571 702 2037 7 720N LRIWN XY 2297107

V2w MYXARD 77912 777IP N°PI0D 92 12w 1P N2 M0 AWyl PRI 27W3 .0°25W w2 N 21N
N1PI0DT D907 123w MR D019 11N21 12W ,IPRAT NP2 MDA AW "W 25Ww2 Y2 1N moavai
D20 R 19IND ANID 71720 20

WYY NTRPT DR VIO DY N2 7AW DIRDT DOAT DR VID2 MW aTPn pona
YD TIT DR DOM0RY DT VAN NWRNwa Moodn nowyna (1 n%avw R1)  anmya
;7AMNT W apnan anma (open interrogative) NS PRYW L1 DDITA mHW DTIM? gan W
;(declarative) 7777857 .3 ;N7 72WN IR DM0M YT NWRANT TPRY M ,(closed interrogative) A0 9RY .2

("mown DR 2wnn" ,Swnb) aweh 7w AwR2 IR AR M2 ,(imperative) IR/ Y 4

.(low/median epistemic modality) 713111 (high epistemic modality) 77123 :N¥A7 >NW %52 17T NPLTINT NN
NRT N2WH . IYIY? Mmn 1PRW PR32 IR NPRTND NRARAY NIYY TTPY 272 IMANT R0 O TP UwHanwn
12°WnN L,ap T2 TV MIATN 77R2D W VN L,V MAWTIT MIYY M2V oW NP2/ 7200 W 1R

AIPRIT IR VIR

127057 .70 IR NS RO ORT — N°P109 92 YW MINCNOT N IR 1OR MDA DY YW 27w TR NATYA
S0 YARD TR0 1TTIR XY AT 12K ,TIND Yank 1onn 77 IMND 39RW :Mood NIIYR YW MR av
¥an NN (closed interrogative) TTAD TPRWI 1TTIPW NIPRI0D OR Y2572 27 °3wn 93 nwnw N1HTING NN
medium/low) 712121 70> 17w NMIRTNT NAT I72W 0°AY92 DOIND 0217 NMMIAD MKW 17T .70 IR N9
7KW 12177 7KDY, "200WWA O 7103117 2002w ML 1TV DR aRA" A9RWA L7077 . (epistemic modality
TR NATIPA TP YW MIRTNT IR Dvn (Mo It mws 12 9w PN 2T 102 MITRRNaT IR L0
WIA 712 DIATAY PN T2WAY AT DM R, TTIA0 I9RW 1T NP1 A102AWw AR 197 .a9w nwTima a1na

JIND YR 3770 12 93 ,NaTIR 70K Dw

DT AW VAN MITYT DR A AR N9 1Y I9IRA DR WTTR IR0 N3N L 9RIN0pUT Tan3
T ,NPY 1112 PR MR 0TI AW WANAT WE KW 0°02 9Y 0127 DX 112 07 TY001 ORI 1w
WA IPWA DY ANOMMA AIRN2 RN NN NN Sw Mabnwnm MpR  NYOWAT DT DR NP

:(theme uptake) TNV 5w MY WIW1A 7P

AR DY MDA 0w 970 DW NOunnan 720WNN 7172 ORI 9019 97272 MR DI PR Ny 7w L1
SP2 IR MUY RIT IR D173 OW 97 97277 0200 MITR W OPD NV L2 070 T2 C11YIT HX02 NAvnwn
,TOWIT 970 HW NOUANNT T2OWAR W WIDR MR W 1w DAY L3 0200 1P 2w AR NPIWHT QX1 1K)
TR NS MINIA VAN WA DY A9°X0T MINNONIYY MT°397 2N ANIR P27 W NON ,TWhHnY 191N
72 2WPR DR N1 L1 7720 W nORRAWT 7MY YOI 003 " vy phn vt Hw ovmpn 1l
20U DOTITORM NPT L0002

NPIODT AN NALRY 2%8aT o1 Thaw

MRS MMM TRY NOPIDET M TR nonwn ™y
77130 "N Mood WIRTP2
77130 7730
amno 7N YR
77123 DYDY IO ;7911 1D T AV A0S 77130 T9RW
* b nroTIn
* ovA1
72V RD? NPV 790 ney HRILOPY
fahbyiifal Pon ey (Theme Uptake)
nIwn R7AR U

I "MMNS" 17 NPV MYRY AR TRARY 272 P IMR TWRNW DTRTIN SN0 MNI TR 121097 YW 11200319077 A <1 avauk 1y

R hmibtell
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272NN AWRW IR ITTPY MY Wan ORIPRA 1021 12w ,21°0 25w 15NN, TITRN NARTA DR 1005 0710
971N M2PY 01T DWW MY DMYH2Y NPT 932 TIND 123 71207 NN ANYYT DOITORT DA 77912
T2OPY QW NI DRI ITPT MNTAT 2w I DR WWOR AT 70900 LR 700002 AvaaY Ty amwn 107
SW MIDNT O¥NXY 27D ONXY TITR WA 0272017 1°2 SRIPRI DOVIVRT IRW P9I 2107 25w IR L0w
LR I IR QY NTAND TRT2 TINR WY TP 70000 AT PN 80 5w 10T R0 12001 NIYANT N

.SFL-MRT-1 N9307 20 77917 211°70°7p 2 Amwna e

o'NxYnn

NX N1 799 722 IRNY 270 YITR DW MNP X 71N T 772 1900 AR WIWOAT PR W DIRIN
SW MDA AT QRNPY PXAY 2T, NOWI DTN AR M0 PA MW 77TV IR DPUANAT NP0
O W DWA 7721 1907 AW ARNT0 .DOVIRT D92 W 2mIT MmN DR X1 1972 MR 1D OXPRIVIR
JIPWI NYA NP2°01ID0TT MRN2 MW YW 3T 072 ,0°Y2) SN0 NNAn 1aw

OX'Xi1 OV YOI IR NID 7W MXPRIVINRG
Y1 7INIW ANWRIT TN DR %A 2 1K . Chatgpt 1927 (172 OW) YOI ARNIT IO 12 AW DR RN ,A2°00
1R YDA TMRT MUY DR 2WRD 137 WP K711 UR'YO

7700 "Ipn 0YYNT) NOMXNT 7K now nx awn"
IIXNT YVRA O¥ NIAWT MTRY P 0NN NN
"(A1N3 ROTW 1D 0592 1IN 7NXY P onoNT 2 77N IR

TOUANK NIPY NIYD VR'SD 21959 970 TR PLIR TONWST :2 TN
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ARXINT QIR .13 7N, DOM0W 019 12902 AR DR 9P VORI KT 72w ,0R'SA YW 21T D000
MYER AW 57T a1 — 220w Avwnn YW 1 phna amhn vu1 mIvd) TN 0T RR 1AW 109107
DOWY 1UIVR SNOW YTIRM WOw v 145 K91, 0w M7 168 X7 vu1 YW m9RWA YUOITw 7K fow . (Nunnn
L) DO PR KPR NPD10 IRKIND 31T KD RIT IX 0K 7272 3 77w 379377 19K 168 190717 90 25

"9@71251% N2 ATX FOW 0°awnn TR" 01 72037 T2 5Y (127 24 17 12500 Ny 1w

NM30OK H¥ LR'YT 2w 2207 7171 T2RY — (open interrogative) TIMIND TPXWY 1T N3P0 1177 Mood 1 NI°11an
TPRWY TR T NPI0D (MIND T9RW L3I0 9RW 78T ,21°%) Mood T 2w 0°3777 Y2IRN 197 .00 2w
NOPI0D WTTIP 197 .NPRTD A3ATAY D207 2WNT Y01 YW 7°I2TW IR L(NPH0DOR T71Y) N1HTIND YA .m0
WO LNNYY WRA LMNDY Yani DR TR 2197 702 (low/median epistemic modality) N°211°2/79%21 N1YTIAY 7
DR 770K KD O3 190 NRv0nT A0I00R2 0V KD IR LOR'NT YW IN2WNn pona Iwnnws 198 Yoiw 2% o

DP9 INYR T NPI0D TR (P PRV PRI PRY L NINY NTYI) DAY NN vIPw 7N 7907 .Nwns

.0712571% PI7°0 MVEAR NMAIRAT 77X TOW DR D2AWTAY 19IRT 7Y 995 120712 Y01 2w 177727 DY 2937 uR'YS
.'D01251% P11°92 WINwA NATIPR TRW DY mav" nanan v

1% .09 77 DR 1P 7122007 K7 On2Y ,OR'YT 9V Y01 9w (imperative) M11°%2 17712 19X 0°727 ,Mood NI°11an
TIOTR DWW 17°77 KD 7100 2w 1129272 . (high epistemic modality) T2 D197 DAY TR MXIMIA 79207 70
JINY TV AT VAR 17T 10 93,0 MoK 1020 YW whanna ponh

WYAWA MOW 2WANY SNwp A" 179 72037 YOI .Y 721N INIR DX N1 W IR ,N0R QYD TV awnY 70°1 UR'Y
R aUrici7aabinkist Naky i sinlakhimipiaivliy (7l bris Bvii7a airinh(paty By tohitvn!

03 ,NATIPT NOPI0DN 1D TR WO NPA0IVOR DX NY2IPT MO0 NWRI RIW A2 Y01 D 750270
Y11 92w D171 1 0N RN WO LAY 2921 7123 N1OTIN NPT NPT ,Mood T NN M1RY ATTIR T NOPI0D
NWORAT ,TINIT TINAR DWW NAVDOR 772V TAXY DR NApHA T 7NN, BR'YT 21272 MY PR DR 7011 7000
PMINIT S0 NWTINA 79727 7O 12 DR P2 DMWY 1R NrIWDT N2 L, 00002 .00 Y 2 119n
YTRW D°HRIVOPLTI DPWIRTPAT DOARWAT TN NINK M1 Wn A Y01,59192 ,NRT OV .72°WN0 7200 1PN
TNR" 70 2937 YOI ,77IX0 70w DR 2wn? BR'ST T80 20 11°0°1 TV IARY .NANK 7172 2weh 702 ,amwa

L'DOUIWD 021297 MR YW ILWA WANWE? NWRAR IR QN0Y TI0°7 DU F0Wa wanwn

X7 1991 ,OR'XT W A9 NPPA0I0OR DR AIWRI? Y1 7IN2 ANWRIT NP0 .N1PI0D CNWw 9% 1T 1Own
NN NNEY YOI 72°WHT TPPIWE NOPI0D2 LTMA NPT I (declarative) 77787 QY1 W 10V QY 770
JINY TV T8 NPT DR AV N 2WER PHY TR0 uR'S Y

3101 7K 72WwNR" IPRT 077277 IR YOI 7200 ,711017 ARXIN 070D 30 OR'NT 2w R 1% R 1190°1 INRD
168 9apn oomow M2 AW 0 0212917 AR DR YN

2 DR N T AXAED T2 173 1R MIPDA W AAYEIT N0 Nv10n AT DR'ET X 11197 Y01 D 1 miIre
WA T YN O3 0w M7 168 Mm% ,070m 21507 TV INIK TR RO UR'EA W mubnan nvap) mrwyn
YT RIS PYET 927 HW 19102 L(TIY 7)) DR'ET SW TP MIIPYIA PRV IR NIOATNT KDY T 0own

"2145 a7p N92P TR 207 .01 71 PwOY" 01 7208 70 931,103 121wn

TP DR NI72AW AMND A9RY IRWY I1WRI? Y01 7702 ,7101 NNOY mO9ET LR'SIW NR? paw 27 oowh 1Ivn
77°1320 77X DR DR KY 777 00127 KD 12079 130,110 1170272 DPRI0D 1T NPPI0DY 1970 197 INRY NS
"?V¥NNA 1291 0N NI AR .002%70 5

NYAITA 772V AWYR? YOI LTOR 00 0377 DR P DTN AT ARXING DR WION2 12 198 MYRY
17TIP PR DOVAN LRSI W 20w 70N R MIPANR MWRanT ,MImaRm Mmns MvRwY nrohy Ny
(Mood: open interrogative; Modality: low epistemic; Uptake: partial) PPT NI A1 MMU0POR 2XM OV TN TORYY
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O'VIN'Ri1 '7'72 '7W 1NN N
nPPI0d SW DPTHNTT TX0M0R 9% NI nPPIosea 144 ¥ n12°01190777 3110 NIAPONT DR NIRNA 2 17920
J5owh 1 9202 nvens N°210577 N1°2°011D01 A11°0 °5 by BahhbYiial X7 IR Mwn DNPPI0DY N1TIAD IR NIMIND

DITPAD IR NITINDY PAW B NPIODT DR NPI0IB0T MO MAPENT 12 Tean

. MY RS NPRIDD MIYH NPIoD
' (no uptake) (some uptake)
mmns NPpPIod
52 (~36%) 21 (~15%) 31 (~22%) (Mood: open interrogative) OR (Mood: closed
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772K NININA WY MYEARD WPANT PR 10NNWIY 20 .(Segal, 2026) D30 2w PN NAXIA LTI
QXA QW D3 ,070AIRNT DURPIRT DWW OVH0 XXM N2V TNV 90N IRNWA YW TMUPYIIRT IR MW
PINN ORTAN OVPRIVIR WP 2°IATAT QORI 2IW MYAR 7P AT XD 7000 1902 anwna

0717 DR S12INTINATOTONDIDY YT MNCEY AT P0hN YW amna by ovntn

M2'AIR'AL TTMIVNANIN 1MVNINA ORI AT Arar71I350 Nia'1ao .2

M2°20 .UI0AIRA DRI 2R 20999 1097 LIARD  NYRRATY NPPD NPAPT DAL N12°20
MWORD W NV 2CI0AIRA MIPY W MY DRI TSI MIDUMY YD a7 MnTpn oK
DMNT PIVORA OV DOVHWA DAY MY DY OIAR L2OT2 DWW XD anah  o7ononk
.(Chan & Leung, 2014; Fahlgren & Brunstrom, 2014; Leung, 2008)
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0°5N MND? NI HROXIVID H¥2 MDD AW MINRT .(Golan, 2011; Golan & Jackson, 2009; Oberman, 2018)
nM>wo .(Boakes, 2011; Klemer & Rapoport, 2020 ;2015 ,Q°1K1 173'7?) A7UNMINAT 711°12 %73 PRI DPARN
DOWMN NN MDINTA N2V NWORDY ,0°0AIRA Q2IORM 2°0M° NPAY NPWMA WS NPO0R AR
TR L(Arict & Aslan-Tutak, 2015; Dagdelen & Kosterelioglu, 2020) D™07IR 202 2w NOon9 73277
MY Y9 1°2 172 70 INKY ,NPOVPRIVIR NOOUIAT 712°20 OF 717 2190 21w MVEARD AT HROXI0ID 720770
MR NODIAN 772 2w NN PV 02771 02PN .(Golan, 2011; Oberman, 2018) NAWMIND T1PN2 NPWNIN
.(Budinski et al., 2020) N°7PRMO TWAT PN MATAIL PITY LNI0PINRG 7127 MINCOY TAI00 1wl
NP2 IR NODIAA TUIVMIRS RN INE (Kandil & Isiksal-Bostan, 2019) JUDIA~20R°W R 22730 ,5wn°
PRUINTIRDORI DR 772172 .00 NPAXYT MPN0NT DWITN DX 17 2°7°1707 AW DR 177 N72%1 77702 719w
77702 1719°W R30I MODIAN MY W NMYEARI 70PN 1727w 00 3790w 1R (Aricr & Aslan-Tutak, 2015)
DOWITIN PR DOREN .OTPW PRI NMINA DRI DP0AIRAT Q2RI DR NN 70T M212° IR N5
MWY? IWOR SR 20 ,N°0ANA 77077 NPWIN MDINAN 12V NIWORND 7°°37 219°2 YW nOWmng movoT 73

.7292 N°YUUR*T 72°202 MK

MINONT 0°02 7Y D™I0AIRA DOVPPR W TPEIIDIAY 7712 NIWORAT NOAPT IPWANA NIDN KT TR
TVPT MYXARD MOYON TR WATY 07 DIWORM 227170 PNV DX TINT .AMR M
'|'|7:m77 Ny .(Arbain & Shukor, 2015; Boo & Leong, 2016; Leung, 2008; Segal et al., 2018) DP2YPRIVIR
NYW PR RMY 209120 2°7NPN TAW NOUAND T72VAY NP0 DR N9 PN MOD1AR I7°nY MRdwna
av pn Mwn 1w 1 oY .(Boo & Leong, 2016; Kohen et al., 2025; Kuzle, 2017) 27003 20 9¥
nOWANA NOYIXPA NMINNONT W MDA TR DX WOATAY 11 ,0°20 2O AV NANRD R TI2R'D

.(Avargil et al., 2012; Hahkioniemi, 2017; Klemer et al., 2023; Raveh et al., 2025; Wassie & Zergaw, 2019)
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D1NY DPMINPRTIRI0 QYR 070N DY CIWNIRA YT 22D DIXAXY OROXIVID ¥ XY ,0°INM DOYPI)
73" DR NPODN TPUI0ANTIR T DR T MINYOWR M12°207 *NW . (Budinski et al., 2020; Klemer & Rapoport, 2020)
73" IR NPO0A TR TIVA N2 7RI DW AW 3R YA, 21900 MYEARA VT DNXNT — "nowmian
J°¥2 719¥Y 7712 V12 DDPW TADN 2907 LARYIND TR MIDXDY NUWY 71037 N1 — 'NPnITTRiAon
M2321 31707 31272 W0 700 Y D AN2NRA MPAY 191 NRD 91 (PUI0RaNTIR) W 7200100
N 7TNPNW IR (Budinski et al., 2020) DRY *POITIA ,5WNAT .NWORA 1R 7727 NOPOT MPYOIW M99
DTIP Y70 WIN YT WP MM MATAT 17277 ,0700IRA DA NITTY DR M0 TNw 2177w 170w '
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SPI NYRAWR 21XV N2 NP2 IR MI2°20 DY W AT 12 190 HW IANR2 POW 1 P

N'AI'71300 1121'101 PN f110012N nin'wnl nrronnn (problem-posing) NI'Vva1 112N .3
T12°172 .(Cai et al., 2015) 7PWANA W IR PONA NPV APWPID WRwn (problem-posing) N1V 2N
PI0Y 0 W ovpman L(Silver, 1994) NWA™R N2 DY WINN MO W MW NPYa W 7% WO Nyl
VI DINMIND 7w .AP°0RNA N DWW NPLANAT DIAMATOT MPPLRIOT Y 212 YHwnD WY N1PYa Mana
DPAND DWRPT SW N1 OpAYA 7127 MDD DY 7272 POYW DAY XXM (Baumanns & Rott, 2021)
w377 (Kaur & Rosli, 2021) "20171 IR ,71172 .27 7°A20 XD N1AdWn NARNAL NI 72173 NOAATD MW
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.0>7°A%0 272 DY PN NI Mo
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7277 .(Segal et al., 2018, 2021) AWTA 7°¥2 1127721 2°WAIRA D70 1992772 Y7709 DMWY 21w YW Myswna
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T2 ,N1I0RIRG NN DAY prIv? 1A% woRn AT 2N L(Kaur & Rosli, 2021) 93w 1982 WINK 70012
NOOWIRT NPT MO 121 (°°1 DY 372V NAD) NPULD MY P2 TOXPRIVIRT NN NMYXARI INRWH
.(Komatsu & Jones, 2020)

(Wardat et al., 2023) 21X ORTY ,5WA% .2 T12V2 NOANIKR TR0WA? WA NPYa N0 19K 1IN T80
(Cai & Hwang, 2021) 3XMM °Xp .0 TR0 27189 NIRRT N1P0ANR N1V 72 270 Y2 130K 2°nan
X woaTn (Lee, 2021) 2 72 TR .PRMID0 1WA TIN™2 ,NPYA 20 TYAN2 2°91737 YR IR 20N
5w PR OTWRA DR TP LN1ARIO0 M0 INNNST NPYAT N0 C°0AN DR AW 2Mpnna TR
DO W O ANKRY 11709 1N TINA AT XA TRRN T PnnT 9K Mptupinh 0vn B osEpnT Y1 nnnona

XY OMORYA A2 297w MYERRA NPYa N0 TN
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DOANMNOR W 7X12P WO DAY NONIDRYA 11022 .(Baidoo-Anu & Ansah, 2023; Opesemowo & Ndlovu, 2024)
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.(Baidoo-Anu & Ansah, 2023; Chan & Hu, 2023; Marienko et al., 2020)
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MWIR NARMA 732°%0 22p% D910 191 LATA ORI CARWA WOV NYa MM Y0 72°N2 YD
5v 701 .(Biton & Segal, 2025; Biton et al., 2025; Chan, 2023; Chan & Hu, 2023; Gurl et al., 2025; Segal & Biton, 2024)
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M) O 7RRN DY LR YT 21TRY WA PRIXINID 117 WO NIMNN N1V NND DY O0URPRIVIR MW7

.(Getenet, 2017; Kasneci et al., 2023; Rane, 2023; Wardat et al., 2023) 717> 03
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.(Holstein et al., 2019; Rane, 2023)
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Characterizing preservice teachers’ mathematical
conversations with large language models (LLMs)
through the lens of responsive teaching: The case of
quiding an LLM out of error

Raz Harel, Nadav Marco, Parasha Reut and Gil Schwarts

Abstract

The rapid adoption of large language models (LLMs) in educational settings has created a new
reality in which teachers and preservice teachers engage in mathematical and pedagogical dialogue
with widely available Al systems. Despite the pedagogical potential attributed to these tools, there
is still no systematic, research-based understanding of their capacity to support the development of
core mathematics teaching practices, nor of the design principles such development requires.

This study focuses on interactions between preservice mathematics teachers and LLMs around one
of the most demanding practices in mathematics teaching: helping students move beyond errors
through their own mathematical reasoning. In instructional interactions with students, and in line
with the principles of Mathematically Responsive Teaching (MRT), this practice requires teachers
not only to identify and explicitly address errors, but also to treat students’ mathematical thinking
as a resource for advancing understanding.

Here, we examine how preservice teachers guided LLMs out of mathematical errors during a
course activity in which they were asked to challenge the models with a mathematical problem and
then support them in correcting their reasoning—that is, to lead the model toward a valid solution.
To this end, we analyzed 20 conversations between preservice teachers and LLMs using discourse-
analytic tools and characterized the responsive features of these exchanges. Our analysis draws on
Systemic Functional Linguistics (SFL), a linguistic framework that enabled us to operationalize
mathematical responsiveness.

The findings reveal substantial variation in responsiveness across preservice teachers and show
that responsiveness can develop dynamically within a single conversation. The study makes a
twofold contribution: methodologically and theoretically, it develops the MRT-SFL tool for
analyzing mathematical responsiveness in interactions with artificial intelligence (AI) models; and
pedagogically, it demonstrates that dialogue with LLMs, under certain design conditions, can serve
as a productive platform for developing responsive mathematics teaching.

Keywords: Large Language Models (LLMs); mathematically responsive teaching; guiding out of
errors; teacher education; Systemic Functional Linguistics (SFL).
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Characterizing the dialogue between mathematics
teachers and generative ai while designing geometric
inquiry tasks integrating dynamic technologies and its

contribution to teachers’ TPACK

Ruti Segal and Anat Klemer

Abstract

This study examined the characteristics of the dialogue between teachers and generative artificial
intelligence (GenAl) during the planning of geometry lessons integrating dynamic technological
environments and their contribution to teachers’ Technological Pedagogical Content Knowledge
(TPACK). In a qualitatively dominant mixed-methods case study, three primary-school mathematics
teachers used Claude to plan lessons combining GeoGebra and Origametria. Data included
transcripts of dialogues with Claude, recordings of Curiosity Driven Discourse (CDD), collaborative
research journals, and TPACK questionnaires. Quantitative analysis of pre- and post-course
questionnaires was combined with qualitative-interpretive analysis of the transcripts and journals,
using the constant comparative method. Findings revealed two main dialogue characteristics: an
iterative dialogue for refining prompts and a dialogue encouraging critical thinking. The dialogue
contributed to all TPACK components, including deeper geometric understanding, varied teaching
strategies, and improved technological skills. CDD emerged as an accelerator of learning, while
highlighting the need for professional judgment regarding GenAl outputs.

Keywords: Technological Pedagogical Content Knowledge (TPACK); dynamic geometry;
generative artificial intelligence (GenAl); mathematics education; teachers’ professional
development; Curiosity Driven Discourse (CDD).
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Integrating a chatbot into pedagogical instruction during
the training of high school mathematics teachers

Sigal Cohen Toledno and Orit Broza

Abstract

Lesson planning in mathematics is considered a central challenge in teacher education, particularly
in addressing learner heterogeneity, fostering higher-order thinking, and promoting effective
mathematical discourse. Despite the growing potential of Al-based chatbots in instructional
planning, the discourse that develops between pre-service teachers and a dedicated chatbot has
not yet been thoroughly examined, especially regarding how this discourse reflects dimensions of
didactical suitability according to the onto-semiotic approach.

This design-based research examines how the discourse of six pre-service teachers with a chatbot
constitutes a dialogic space for planning high school mathematics lessons. Using the onto-
semiotic approach, two planning processes with the chatbot were analyzed for each participant.
Six dimensions of didactical suitability were examined: epistemic, cognitive, mediational,
interactional, affective, and ecological. The findings indicate consistent engagement with epistemic
and cognitive dimensions across both interactions for all participants. Notable development was
observed in the second planning process regarding students’ difficulties, the co-construction of
knowledge, the expansion of representational diversity, and the promotion of learner autonomy.
In contrast, mathematical discourse and differentiated instruction remained limited, despite the
chatbot’s guidance on these aspects. These findings demonstrate that Al-based chatbots may serve
as a professional learning space that supports the deepening of pedagogical-didactical knowledge
and the development of reflective planning. Furthermore, the findings highlight the potential of
integrating chatbot use with human pedagogical mentoring namely, creating a critical dialogic
space between a pedagogical mentor and pre-service teachers around Al-supported lesson planning,
with a focus on the students’ decision-making processes when using the chatbot.

Keywords: artificial intelligence in education; mathematics teacher education; lesson planning;
onto-semiotic approach; dedicated chatbot.
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Between ready-made solutions and independent
thinking: Preservice mathematics teachers’ quided use of
ai in solving solid geometry problems

Nelly Keller and Galit Nagari Hadif

Abstract

The expanding use of generative artificial intelligence (Generative Artificial Intelligence; GenAl)
raises a central pedagogical question for mathematics education: Does artificial intelligence (Al)
replace learners’ independent thinking, or can it support such thinking when its use is guided and
controlled? This study examines how guidelines for the guided use of artificial intelligence shape
the ways in which preservice mathematics teachers engage with high-cognitive-demand problems
in solid geometry. The study was conducted in the context of a course on solid geometry. Sixteen
preservice teachers participated in the study, working on three problems that addressed the angle
between a line and a plane, the angle between skew lines, and the distance between skew lines. For
each problem, the participants were required to formulate an independent initial position, engage
in a guided dialogue with artificial intelligence, present a final solution, and write a reflection. The
data consisted of 48 work processes, which were analyzed through qualitative content analysis
using an interpretive approach.

The findings indicate that the structure of the task helped preserve the students’ position as problem
solvers and encouraged conceptual clarification, requests for justification, validation checking, and
reservations regarding unsatisfactory responses. Two moves were particularly salient: identifying
an implicit geometric assumption in the pyramid problem, and moving from visual intuition to
formal justification in the problem concerning the distance between skew lines. The findings
suggest that mathematical Al literacy is not limited to the technical skill of using a tool, but relies on
mathematical proficiency, particularly conceptual understanding, reasoning, and monitoring. These
findings have implications for mathematics teacher education, as they highlight the importance of
developing mathematical Al literacy grounded in judgment, reasoning, and monitoring, rather than
merely in the technical use of the tool.

Keywords: guided use of artificial intelligence (Al); solid geometry; mathematical proficiency;
mathematical Al literacy; high-cognitive-demand tasks.
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The considerations quiding secondary mathematics
pre-service teachers in rejecting ChatGPT suggestions
during mathematical problem posing dialogues and the

development of their pedagogical autonomy

Ruti Segal and Yaniv Biton

Abstract

This study forms part of a broader research project investigating mathematical problem posing
supported by generative artificial intelligence (ChatGPT). It focuses on a phenomenon that has
received limited attention in the literature: the reasoned rejection of Al-generated suggestions.
This focus is grounded in the assumption that moments of rejection, rather than acceptance alone,
provide a unique window into pre-service teachers' professional judgment, pedagogical content
knowledge, and educational beliefs. Accordingly, the study aims to characterize the considerations
underlying the rejection of ChatGPT's suggestions and to examine how these interactions contribute
to the development of pedagogical autonomy in the emerging context of human—AlI collaboration.
The participants were fifteen pre-service secondary mathematics teachers enrolled in a specialized
teacher education program. Each participant was asked to design two mathematical problems and
iteratively refine them through a dialogue with ChatGPT. A notable finding from the broader study
revealed that 11 of the 24 documented dialogue episodes (46%) included an explicit rejection of
at least some of ChatGPT's suggestions. This finding indicates that rejection is not a marginal
phenomenon but rather a meaningful pattern that warrants investigation as a research focus in its
own right.

The findings identify three distinct patterns of considerations guiding participants' decisions
to reject ChatGPT's suggestions and demonstrate how engaging in critical dialogue with Al
contributes to the development of pedagogical autonomy, enabling future teachers to exercise
independent professional judgment while using generative Al as a pedagogical partner rather than
as an unquestioned authority.

Keywords: pre-service mathematics teachers; mathematical problem posing; generative artificial
intelligence (GenAl); ChatGPT; pedagogical autonomy.
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Data-based instruction in mathematics among teachers
using a personalized adaptive learning environment

Ruti Berger Baraban (of blessed memory), Michal Ayalon and Yaniv Biton

Abstract

This study was conducted against the backdrop of the growing international emphasis on data-based
decision-making (DBDM) and data-informed instructional planning in mathematics education.
Over the past decades, educational systems have increasingly adopted data-driven approaches
to improve instruction and optimize the alignment of teaching with students' learning needs,
particularly in mathematics. The study extends current knowledge by examining mathematics
teachers' decision-making processes based on assessment data generated by an adaptive learning
system and by characterizing the pathways that guide instructional intervention decisions.

The study investigated the decision-making processes of five experienced elementary mathematics
teachers using My Way (Fractions My Way), an innovative adaptive learning environment
developed by the Center for Educational Technology (CET) to support the teaching of fractions in
Grades 4-5. All participants had more than 15 years of teaching experience and at least three years
of experience using the adaptive system. Data were collected through semi-structured interviews
and non-participant classroom observations.

The findings identified three distinct decision-making pathways: (1) a partial direct pathway,
involving only some of the decision-making milestones; (2) a complete direct pathway, progressing
sequentially through all milestones; and (3) an iterative pathway, characterized by repeated returns
to earlier milestones to obtain additional information before making instructional decisions.

The iterative pathway demonstrated the most effective use of assessment data, whereas the direct
pathways reflected a more basic level of data utilization. The findings provide valuable insights
for decision-makers in mathematics education and for designers of adaptive digital learning
environments. Moreover, the study highlights the potential of adaptive learning systems to
strengthen teachers' data-based instructional decision-making and enhance formative assessment
practices.

Keywords: data-based decision making (DBDM); adaptive learning environment; decision-
making pathways; formative assessment; learning dashboard.
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