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NP PR 5w 973 X 1 MR
(Conway knot, 2024)

'ATIN2RYOP NWIDIANIND np!m:m:’? ]1:73‘7 70T Www
(Klarreich, 2020)

12979990 107
Lisa Piccirillo
(Klarreich, 2020) 710170 X7 X7 »1Np WP KD X7
2R V72 2 DY 779°0 X D1 NRD DOIAR 200
QRPUANAT TR ,(Cameron Gordon) 71777 Rl
VDD ,2WPS NN a0Am L, I0°0020Na
TV AmTAY a2 T2 NTA LNWANIT NN
DR 7pP0YAY YA W PON9? 17 NXTID X
X°77 ITTVA LDhIw 92D 722 DIN2 MmN 02w
Annals of NPT N¥I 2037 MW DR OO0
TYAN N2V 72AN0W RN ,22Pn0  Mathematics
X177 727 W 19102 .0°°NIWD TWRIW VDWW YW V179p
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https://www.youtube.com/watch?v=gz-MN3s-jcQ&t=270s
https://sites.google.com/view/lpiccirillo/research

IR WP 7O PW WO 00NN WYTINN 2Hva
"SINR WwR" owa YT RN ook AT vhaw
DY VTR CTARNR DR¥NI NNwana (0¥ 1 1K)
"DMWwPa 02uR" RIPIW DR L7 AN .0°27 2R
SRPOURNAT SW ony MD X1 ,(Bar-Natan, n.d.)
MR 13571 ,77IP2 WML NY0IIINA JNI7I2 N7
aNR2 DWPT A DR O3 170 PO .4 R
MR MY 572 Wwp %Y 7INY% WwoR 12w knot zoo

.(Scharein, 2020, 2022) >2°LPXIVIR TAn~N702

MIN2N 73227 NP AR NP0V 2 WRT NN
NN Y DWNThn X ,o7rnh owpn v
faivaln Ll 7 Rin1afa RO WR AR Lin b My ol 788 a) [ Vo T PR AR 01y
DX W NIPDNT DR NP SN T L
T30 MPLOYR OXNTMDTA MINWA JIRY 21UNIN
DPIUNING DY 1Y PRIV LY R NN
170 O 901 A% 1D LTI T W 2RI OIRY
MYINR2 7 T 2°92p0n 00 oK 2T 20awm
DWPT NN Ga7aw R VR Oha Rn Ny
DN L,IR%Y A2 MWTT NN OTY AR
NP°1on o072 ,0°27 2PUANN KXY 2MINNA DA
LAWNNT VTN CLIRNR. WM P02 2YLINRa
WIT DI NI PR 2PN 0%1an

etk

27101ND NI YWUPW ININ AT N
DORYAIT D7ANTIN 221X DMWPA POV IRD TV
7090 VAT MARD 32 0MT CTAnTNPNT 2nna
70170 RV UNNP WP AR RO 7IND 1P
9K 72yn w7 A019d Wp YW 777Ana L(Slice)
2N YW DvRNn 79997 RITW CTANTYAIRT 207070
DOWPT YW 17 WO OTANTYAIRT 2712 7RnnoN
70179 WP N0 AwIwh CTanTnhnn avwnn

YRy 7oy Do v mpwn bwoawnna w2

oW aman v 7Y Drew's Campfire, 2022 712

VIV DY RN IR LTA? OMTT MR T30
.(Hartnett, 2021)

712 WP RIT 9V HW IR DWW 97D MNT WP O
DOOWA MIZP NR D2127RW *IAKR) MR 2P NHwS D
0D WP NI ANm inol X1 (M2 NP
LD WN2W DY RIW INONT WP DX LINPNT wR
VRNV WP Qv MTIPNT Y XA WOR X
SRRV WP AN R 1971 MR Mnoh 29an

8 noon wp 3N
(Mickaél Launay (Micmaths), 2020)
5532 RIPIw ,]ﬂbﬂﬂ PR TN WP AN 3 MR2
.0°NAX YR 1 WY .8 71007 AP RN

9907 D DY KR’ QWP MY MWD 2°0770 NNX
NAIX SHY2 DWPYW MIRTY AWR XY WP 0NNk
anINaY (177) VRNV WP 2NPW 2 N TR
2y PRI XY R L(TAn o2 ovhnon
P W0 IN9NT WP RIT N2 VRS 0ONRXT 90N
TR PN (JN2NA WR) DNRY awIRw HYa TR WP
WP 1w P W (8 7907 W) DONNY AYaIR HYa
QWP IWIPW WO ;00NNE WOt Chya It aT oW
HY2 OUIWR AYAWY ;R°NNY WU YHYa AT T 0w
N7IN2 2o .4 PR DAY 071D .Y Avaw
WY MY 279 2°27 0UANN 092 WNPD WP
K7 99137 7930 ST 702N 90, AT 201 20Wwp

STOWD

WP 190n a7 70 97X D°NNXT T90nw I
DONAY aPAY Y2 DWRT 00n LT T 201N
WM ,0°nng aywn Shyva onwp 48 v 217H voan
PYR A2 .nnX gy hya owp 160 Hvn
DWPR 552 90 Dw anwa M0 MNP 179X

QPELIBDOE
VO @LH

NN 771 6,5 ,4,3 ,0 592 00wp 4 MR
(https:/katlas.org/wiki/The Rolfsen Knot Table)
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https://protect.checkpoint.com/v2/r02/___https://www.math.toronto.edu/~drorbn/private/KAtlas/index.html___.YzJlOnRlY2huaW9uOmM6bzo1NGY4OTZhNjQ3Y2JmOTlkZjIxZmI2ZmZkZTYxMDMxZjo3OjE4MzY6Njk4ZWQ2NmZlZGRkMDFlYzYwYmFlNjM4MzkwNWEzZjkyNjcwMjE5OGViZDRkMWJmZmY0MjYzOTg2ODA0NjBjMDpwOlQ6Tg
https://knotplot.com/zoo/
https://www.hayadan.org.il/%D7%A2%D7%9C-%D7%AA%D7%95%D7%A8%D7%AA-%D7%94%D7%A7%D7%A9%D7%A8%D7%99%D7%9D-%D7%95%D7%9E%D7%9B%D7%A0%D7%99%D7%A7%D7%AA-%D7%94%D7%A7%D7%95%D7%95%D7%A0%D7%98%D7%99%D7%9D#google_vignette
https://arxiv.org/pdf/1901.03186
https://www.hayadan.org.il/%D7%A2%D7%9C-%D7%AA%D7%95%D7%A8%D7%AA-%D7%94%D7%A7%D7%A9%D7%A8%D7%99%D7%9D-%D7%95%D7%9E%D7%9B%D7%A0%D7%99%D7%A7%D7%AA-%D7%94%D7%A7%D7%95%D7%95%D7%A0%D7%98%D7%99%D7%9D#google_vignette
https://scholar.rose-hulman.edu/cgi/viewcontent.cgi?article=1234&context=rhumj
https://pubs.rsc.org/en/content/getauthorversionpdf/c6cs00448b
https://katlas.org/wiki/The_Rolfsen_Knot_Table

>TRR=1T POIT ¥ (embedding) nvavnm 2 2w
STRR=YIIR 7177972

7D YW 2AmY IANT O3 RV OTANTIT poT
23 X7, PR R ITIPI 702w nuwn X1 ,°TRTN0N
YTANTIT POYT DOYP2LA WK 4MWOR 70 Do TA
(PRLINR) T7RYN 9P 910 RIT PTHRTNPNN 20M2
MW 32 MR MNY?Y MNR? 23 IWOKY 27N IwIn
DAR (PRI MR 7Y AXDY PYI WH navw °o2)
,PWR IRWS RITINIR 22N DOVNP KD TW 9D
YV CTANTIT PO°T WRD LITIPI 902 I XN
MWy W NANT TV NDONNA , TANTYAIRT 272
TPATT IR YOI 2192 KD MPYAW 72721 MW 12
52pNa° WY 2 TINR LA0WAT YW ONEY TINT R
177V RITW 1377 9725 71 muwn STanTY2IRT 2nIna
9707) VIR 17272 R? DAR LR VWR OTonTIT
,N1°1917 MO 12 N1AR DMWY .ampa 902 (whd

3.ITRD MIRA OONIRND D°I2YM) 22T DOLINP

mMD°X MW D°AWIMT DYIPWY SWRILIK 1207 1902 3
IDIR2 PNOY WOHR AR PR R CTANTYT QN TN
2WIN2 PR V90 AR 37PI% QN2 770 IR 92 97X
POY VLAWY WOR O NI X7 OTHNTIT own o
IR DWW DR 0°7732 2927 DR DIYIP NWR P 9D
,ATIP1 29 5w 7127202 MTIPI MR NIRNAT T°XPID7 20
12 PR OK TR ORI OTANTIT DN AR OTVY DORW
privs ) I abhttatal Ma ki bin ks tyiialy M stioli7zatm B a Kadhiiiviy Mivie ok o
S oMPwn S v ,orwn YW own ox on
RaXhivh]
TTIP1 Don ornh 0OTAna wowa MaT W aman 4
°19 DY ATIPIR W90, TAnTIN AMNa NYTART0DR RO
(799279 HY IR L2397 5V TP 10 A0 N MND) 1wh P
AWOR R 7P 922 70K IR TR PO VYunaL weR
Don YTNTIT AT IPaR AP Y920 IORDY-ID 110
I172 939 9¥ AP NAD L7130 IR MND) nown 10 DY A7P]
ROR ,ININR—T22TR P R? vYUNAR waR (710 N2 N
193,112 7 11PN N2 I MV TYRAY-I7 03
S92 NI TAN2 YYINIY TN 7A%2 AT 9on WOR
Y19 WK R TP 932 LIART TAn2 2R DR Nawh
77m1 By Hwn W1 oR [uwHRTn N0 29an qun—1ovn
72139 99WNA? 1912 95 AR PR — M9 010 HY nyyunnw
IR T2 TN IMIPD TANTNONT 2NN IR0 N7 R
OO YDA AN Wt w17 own minon Hona
STOR—T9VR IR TIRAY-IR ,TNAR-RTR 1000 SnYa
WPRW Y727 132 Y117 TR TnTNENa Y AR 010
TYIN NAWORND TANTYAINT 2702 LI9R DDwa 1N
17 wp 12mD 3T DR O — A0 1102 71PN N2
999 mI72 ,1NYT DY MPYRR 7ntnon oA o0 R
WO aNYT Y MPYAR Swpnm v7antIT R0 WY 7onw
1°RTT DAV DO0PI DORPUIDT LNANA IR YN Nwn
.070737 D°7ART DWIPWA 170 Nha YT Tand AT DR

70179 WP L, (PRI WPA RYT DA TIR) DP9
(NP WR RTATD) DN 077 22X DOPON DIRY
O 701D KYY PR A01D KD 2w 2w
ORI MPLANKAT TN AT 9NN T Y02
DR 721 79201 o7 MR? TN KT DA YW
NI TOWAN TV DR AW XA A°Y02 L0072
AT WOR 1277w TR OINR) 120 7000 W

.(R277 729077 DR M2 770ann Yy

APRN L0 RIAW MR Ctann Wwp 9y L1
(boundary) 79WA X% OX PN DK LMD K
T2 TN2 (embedded) YOI MTANTIT POUT SW
TARNTY N W POT PN OTANTYIIR

.(Slice knot, 2024)

TNV 02%W WIPWA DRI AT DX 7’25 701
RITW WP PR 01D RIIW WP 12 mInann v
MDY 770D

297AR=YaR 72 1 i1 2w

(disk) 2wo¥m MW na 11T, 7RnTIT amna T
90 DV prnaw MTIPIT P MTIPIT 90 A0 X
IO DRAPIT LT 20N AR 7RI 3R DX
DIV DR .O1TY RIPIT R VAP DTIRD MW IR Jup
(circle) 2ayn7 — T30 P aMIN LTANTIT VR XY
TN DPNN 23V 5Y MTIPIR) OTAnTIn X XY
272 TP DR (TR kY prann Y RO
77 WO .0PWnn 07901 PW MTO AT AX1N DTNTITN
MUPTIRIP N

MTIPA7 92 A0 RYT (ball) 7277 T =NNa A na
TY12P ATIPIN TR DR 90 YW prannw MTIpaT P
A(D17777) R ¥12p 2710 W R TR (1271:7) T 22
T30 [UWR QMmN TANTARN PR RIW T DR
717277 19 %Y MTIPA2) .(sphere) M7 °10 — >TANT1T
N (L1oTann 10w proan YW RTY 1MW 0pnn
SV Y70 AYWORW NAZ N YTHATNYNN 20012 TR0
IDITNRIP WY 9 W .0°Wnn 001907

(4-ball) "M73™2°7"7 *THNTYIIRG 20N ,AN1T2
PAONIY MTIPIT PO MTIPIT 22 2w A0 77An
T0p (12717) AT AR AR AT 1R DR 90 W
07 MT7I977 219 .(01TI) R V1ap DTID MW ON
77D 01D ¥ MTIPIR) TaNRTNRN 0 Nown
DR (10T 10w P YW RTY PPNW ovpnn
2w 77170 77°Y°27 NAXMM STANTYAINT 20702 AP0
TIRM WP .MLITNRIP Y2IR 79 W .01WHn 22007
S7ANTIT PR ININ MY IR NTITIDT DR 7ONTY
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3

QYR Davn D TanTNRNN Q2A VAT iS5 R
(Amit Alon, 2025) >Tan™177

TN D2 NRT NYY L (CTARTIN RIAW) IR
T2 IR 0277 WHR DIV INIR TINA TTIRI NN NN
M21237 7772 2R NN ROXITD 791 27700 DR MWwnann
D3y 2PY? OR AMIT2 aMnowa VAeh v9an Lavan
STRTNONN 022 NN DOYO20AT YTRTITT 0N
PR VDT T A0 2IWR IR Papnah oo
A2 OTARTIN DOUPPAR NMARD 07 Wwp L5
A7 0Pan ANIR DAY WOR X 1AW TRnTnonn
27N QPPN 072 ORI AR AR LW PRaTa
o ooIIR "N CIR WOR L THnTYAINRT
DOV WRD WA ARATI 301D TI0%AY 29an
2127 TANTYAIRT TN NTITIDNIA CTHNTIT POT
IRIP2 IR QPR WORY Muw podT 2apnnb
NN PO 22PN DX WYY, IWRTIRA 1190 NIV
NRT 952 DaR ,WPTIORA MR PPAD WOR ORW 2T
N LORID KD IR WP INK PRAY WOR IR
DMWP2 K IR TIAR IR WP 2T 1AW Wwpa
W APYM A0 RIW WP AN 7277 299120
SY°277 7n2 "Aann 02" 00107 12112 K19 ,0°391010
N0 VAL MIRTY WOR T 12m2 "nng 0"
QW YR N2yna pwviw "oop nx¥nTnoIn” hw
21237 P QY STANTIT POOT NAPY ROT LOTANTYIINT
W V1P 092 DaR) "V MY omR nnnwn 1w
WNIR . AWPY IO AT P TV (717 AT 2Ophn paThb
TTW NON WNIND 17 LY PR NIRI? 209100 KD
SV°2777 7Ana WOW NO0IN WO NATT N1 37p
RITW WP DR IRXINT DX NIRTD 229127 MK DI
PO°T DW 91237 101021 L0 TnTNRNT 22w AR
X177 ,°7AN"Y2IRT 27712 NTOTID I VALY NRY
(P29 IR IP9N) N°TANTNPN 01D TN XYM
SN0 W

NIV M0 0°I277 DR DOIRDA Duann T2
52X ,MI9°X N7 MI2PIY 2OINWH N7 NPEPD
1721 992 770 Don M mon2 R 30

PO DW NYAR IMITAW RYT 0MD AN PR
YW aYauan 7antnbn M W Inn TRt

20N STANTIT POT W avawa novann arnan
7207 VXD MYINARA DOWYI O OTANTYIINT
MLITNRP N NV T7IP1 22 DARY DR T2°RNNY
Y2IR NOYA AT DAR ATIPIY CTanTITn podTa Yy
N22pNAn ANANT OTANTYIINT 2772 MVITNRIP
TPRY DM R OTANTYIIRT A7l
T°T3 779772 RY DAR P87 POOT X7 730ANT OTRnTIT
YAV PO T MNP LITIPI 902 (AN WX NNX avd)
JAXY DR CINIT DKW 009 IR 20 092 nown X1
SYa,mMyn XX, "0 R neah D198 R KD DaR
YaLIT PO°TI OX .OT°IN? DR 20T,
MR IRNY WOHRY GUWR R OTANTYIIRT 2702
,7TIP1 992 770 D1 7T 977 ORI MYINKA
X7 DaR 7°%7 R OR .IPRA RO VLAY DN
2¥ DMWY RO ,NMMRIDM KT VALY DI,
muw’ NAXY DaAR ,MTIPI Nw 3 Pa "maown o

APXT KD 1IN DOINWR DNRY 0w DODW 9v2

MR (297RARTTR) 2WPIIRS AW 3 ahw
STRRTYANT

POYT PRV TN WPR RIT ORI WP
TOWD 37 AYaVIT OTANTNPNT a0 CTnTIT
MYXARA X7 STAN"YIIRT 2702 70717 P07 YW
MYy 92 992 podTT BV NMWwn NI N¥PID
T 097 19 VY L1200 [P0 Avans omr L
K177 09ROV WP LT 9°Y0 NN YR avoomnd
722 ,2°NRT DRI TR 9 0239 P01 70170 WP
WP CTANTVAIRT 27N X L4 1R 20X 9K
7YaVa2 Yavwan *1anTY7 po°7 2w (boundary) 79w
JIPRR 0D RITW POV 2N T aphn
P07 DWW OW Wawn X OTANTYIINT AmOn2 X
,NTITD2 MMM VAL YavIng CTanTIT
RITWD ORY ,AARIDMW 8D R VDY DN
TOW QW wnwn RY X3 OTANTYAIRT 20702 vavn
7770779 RY R IR WD 2TAnT1T p0YT Hw

210U TIN2 TP MWnRa Pavn HY 21wn 010007
TRNY—T1R) PTANTITA MWD NN AYINT OR
ROTW) ITIPIT DR ROXIT? WOR OR L, (TNAR—ITP IR
OmNa 2ayn? Tyan T vHan MRvan (NPT oOR

72 0°IPAW CTANTNPNT 2NN AP DY WY WwOR

W STenTYAIR IR 2°92pn T TINMY 2°RM0n 03TYIna
ATIWNY AN 192 MR TIN30 0°1°1an K9 DORPILANNI

IXD W (N"M2va) XD WD DTN DY Jamne LS
L(N¥93182)

QXY MAwa wanwnh S2pn 0Wpa NN MR L6
2799 93091 AT PR PR D RY .ovRnD
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https://en.wikipedia.org/wiki/Homeomorphism
https://www.hamichlol.org.il/%D7%94%D7%95%D7%9E%D7%99%D7%90%D7%95%D7%9E%D7%95%D7%A8%D7%A4%D7%99%D7%96%D7%9D

(1ron) IP0ILTILYTR WP (FRAWD) PNNP WP 16 R
SW WINN ARATIN IO ,TINT NMVEARA IR 72pNn TR
(Klarreich, 2020) q30%a:1 P2

f10'7 7W NDINA 'TOYNA I'VA 1FIN
A7

NRIPIT ANON DY NIYWI P 07 W anonn
X7 WP DW 72pyn .(Trace of knot) WP YW 72pyn
TWRD TRWR WP YW ampyaw "oan nyeap”
WP STANTYIIRT MTOTIDN2 PN DR DY
X°77 2PV WP DU TRy YW DD TR PnaTe
WP TR 777207 RO vAnn Ren T2 wew "y
DWR WY OTANTYIINT 202 AIRDM Yaun
TIPPAW VT ,TARY MR DA 7100 IR T 0w
70179 OAW — F0IDD TAYH MK OIwh W T
IP9T 701D QPR IV IR L,IP0

DOTYYY VIPID 017 ARIN 1R A0Yh oW M
190K ,PNP WP DW 2PV DR MATY 19°00 100K
777 RIXA? 7029 7PV MR Y WOW IR WwR M1
TOWNW 27 ,AP%0 0119 RIT NN WP OR 21727
7°°12 ."12703" NP WP DY O 721WNT DR DTN
DA ,T0P K7 MANKR AREYOWD 73103 72pY 2¥2 Wwp Sw
JPTIND NYA NYmAM 12°°R 10%H NN p17a o
WP NMYARY ANWRIY 12 7YAYY 01377 MKW V1w
TPXID°3A2) 217 VIR AVRYNWI RO L, ONNP YW
R WP MR WD CNNP WP OV mapyn Y
D°YI7° 0°92 MIYXNARA 21727 AN0°N 72APY MR 1D WO
5w 19102 .7 IR P90 70179 RIT NRT WP OX
(7 A1R) AW DoMND WP NI YR R 02T
STNMAY" RIPIY DM DNTNAIR POV 32YDT RO
7817w (Rasmussen's s-invariant) "j012087 5w
T77 1807 .APYA 70D XY RIT AN12W WINN WRnw
nPaL 9127 XY NP WP DA mIponk xR N
727 MWYL 1R 0°7 Amhea 79 .aphn 701D
DOWIAND TR aA7%0 X2 MWY? 1071 7°10% 002w
TR ONEY DR DOORIW 2020 ORPOLAND TATR LTI

.07 71 %Y 1awn RS

75 PW 7ARTNON NN RO TANTYAIRT Amn2
DRWIN MW7 710D YA RIT T TN OTARTY2ON
1002 DMWY NRY NYAPNAY Y NO1D MW
YauYAT 2TnTIT POCT aMNW Wp DY 197 .anv 19%
P21 — 701D RYT IWRIW D°INR CTANTYAIR MO

D0 R

"[131p WP '7W 101D TAYN NnI7un

i infa by I a X 11745y Biby vty Mo 748 akh o) 77y B ok 7408 alpXlgFolu)
701D RWIW WP 9D TANTYRIRT 27N DININY
IR TI077 1037 PR ,NPNIDI0 701D 23 R AR0N
X177 NP0V 01D RITW WP 7D K7 L1101 71902
70179 oW DWW L MANR 291 .aphn oD
T CIDA T .IPO0 01D PR IR LN
TWOHR X V72777 TN YAV N 2200 OYTank
own? 790 XY 2 N0 nuwn 9 "y
phn

,NI0D IR 2ONNY WYTDhw CHya 2wpn 9% yaia
077 OR PI72% DORPOLAND VPO LONNP WP TN
INDNT WP SWnY 70 .ARP0 120K IR NP0 701D
70179 R? 12112 1991 NO2I9W 701719 R? K17 (2 1K)
AL 70119 X (3 1K) 8 71907 WP AP
770179 RIW 7207 PNNP WP 230 3P0 70170 o
VA9 WATY WPHET R? QORP0ANAT IR LN
902 9 ,XPW 17w 077 .APPN 10110 R AN AYRw2
"¥9077 NNON" NRIPIT TR 150 19 7700 AR
P21 10D anw owph 923 7172 wow #(Ribbon)
RITW PNNP WP TINA 7T WP REAI T DAY T 0NN
MIYINAR SNNP Wpn 22p0n X7 PP 70179 19
920120 ,2M07 YUPA DV WINN P27 PP ,TINN
0°°197 DORPOLANA SIW WRXA 1T WP DR .6 1RA
077 92X ,(Shin'ichi Kinoshita and Hidetaka Terasaka)
WRY TIRN AT NI AR DY 792 Pran mhRn R
IV RPNT L1V N2 Momwn MNoN Hyar »np
ST 73T AR QW DOIWRA W AP 0110 N

7AW DOWANN 79YR7 DIRPOLANNA YOYD NP R
SW N1 NPRWA YW 172 95 0192 "ny" nvna
JIP9T 0179 @3 LN 701D R 1w Wwp
7Y ,M20 22w AMDYN TR NP WP IRWI D

P9I 70179 RY RIW AP0 1P 000w

MW wanwa? S2pn WP NNa 1701 20w 0d 7
TWOR D°0I0 OOW DWR DY 0501 201D .O°IRND O¥Y
RS REnb
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M"7NIW' VAN ATIPIN AY'W 1PN WATN

11271 OMNaANI '0I0R 1IN, TN NAd J1'72

NPTIT 7MY NMINTIA MAWRI DPIANTA DN
D020 MMAWN MTVINA PR M2BN .2NR0 Mava
T10NW X122 P20PYOT MW MR T NY PIon°
WINN PR 20NN% WORD AT PYAN MWW DR
SW 722w D772 DN DR PYaY 00NNt DX
TP97N7 N30NA AR NION DR HRIW 27nhna
TTONPW WA Y WYY PR 2w 97N . qwnnn
TR 92200, DI 7PN KO OO YW NOYIXPN
0°2°%70 YW N ARY 7127 7NN 0290w 370NN
W AMWM Wyn pnna 2poW 0N IWRD LI9R
192 990 °N22 QWA MWW PR .00 IR°0RI0
DONNRT DYV VWONY D, AR YR T
YIXPN MY SWRARD ,07IW5 %2772 MINR M
TRP0RNM 2 2P NOWHANNA FTR? DY NI2N NTYN
mama awa 0 movn L(Lewis & Lee, 2017)
LW PR DW D0IMRT MANNT DR Mon
MR "R2MHM PARD 0920 DOXNRA DWYI 70 Y
JIANT?) DM DW DVIZPRn MInnsna Nvaong
YW i v "R (Quaresma et al., 2018
NPAWIS2 TN MR N1M2907 N°19°7 M2INT 1
TDIRDY LI1XIY PUIPAD MIINRI TN JPRY NVARNT
Skott & Meller, 2020;) *npnn P70 Hw 0w
D17 NRYY 1R ORI (Stigler & Hiebert, 2016
217 VPO PO RYT IRD INTAT PANRT LT A0
YW PR MR 2Yena Mo pnn Yw Ny
TUORY WP 72 WhNRT MR 2PW 9ROl
IR MI2TN2 T DT W DOMIpRan avnauaa DX
MI9° IN9°apnn NN a7 ANwa ORI
OR*X10192 77977 .(Schwarts & Karsenty, 2020)
W Tava 17 RNV MW PR HW 270 00nn
UR OLANAT P TATHA WM PN DTN
0°727 AYOXAT OTINY 79070 YW Ipna oKX
YW MR YW apyn a2 0077 (1) 9K
0022w D LRNATRLAM D2LANAT NIV
nwn Y7 NPWOR (2) ;00PN QRYIN
nPRTI (3) ;MWwn NINUn DR MINAwRT MYy
SW 191021 172 T2 ,N1DDT NPARTD MW 1II°
DPNIYY W DyTI arna (4) ;1KY R 02T
fa ol B2 By tn 74w M Vo T N a L o ML 7208 o RER ATy kY

12 077w R DA ,EPAIONR DW IR 71100 HW 2% 107
"3TIR AT 9w T RPN IR ANKRD Wpan CIR a2
(Dehlin, 2012, p. 237)

XN
AW 115N 2w 20 X177 (Lesson Study) W 0
NMLAT DY NN TITAI D0, W0 YW PIITA
0°7°17N77 2N M0 P32 2°07192 71907129907 112
NAWY 21NN DOWORIN 9D DY A7Ma MWD NIom
X177 1MR2W L1010 7107 TN WIsNK INYR NNT
DOAOXM IR AT RN .NMDY ON72 M2°012 MYNINN
11210 2w NNDYRY 11100 1°2 IR POV P
2P0 IR IPAY YA ORI YW pn MPRa
TOMPR DRY 2OW 2N INORT NYOIN DX
PR W AT 777,191 AR .02 002 2 Ma0na
IRYAIY NOR PW D°01DT AY2INR DOPOW IR 7P
1R 72 DY A0 .0nn TR 92 111907 INOR P2 o)
gphislal Bnilab dhmbl M yrabialakin NalvivaiohlokiTalakigiohtal
72712 227507 7T 12 NPXPRIVIRT OV Wpn2
MR 71027 W PN W TOIN2 WY 2w
AW 099777 YV NNR DWW NPIWOR NMvowna 0017
ANIR DORWH MW PR 201NN PRI 200

MM MR ;YW PR 10N ;INOKR s mban
airalelalatal

Nian
PR ML P71 X7 (lesson study) NYW P
292 .(Fernandez & Yoshida, 2004) 19°2 1Mpnw
DOWADIT 01 NXIAP DWW NOMWA T2V NREA 27N
DTN NINND DRWIN NP0 2PN LY3AP 1T
NPT 990,200 SBIDY MW RNNEA 2731002
T7VANAR 030777 112N 2°7°17N SW NPIWOR NN
,NN02 NYWIT DR TR AX12p2 200 TR LY
2 AWYIT DR 2O7VNM MW 20918 2ONRT T2
71507 0N MYWA DR DANIA AXIRT 190 R
72990 N,V TIVA DR N9 TR DT
MIABN PIW I R MW i L(Fujii, 2018)
DO7T°N2N7 M2AMN LRI IO .25WIN T 27NN
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MR W XN anw 2TvE" vpIt MR onvb
"QO7NoN QY 017 YW MnnRI AponIT? 721N TV
NIV 7WD? M3 ,(Chazan & Ball, 1999 . p. 7)
TINPR2 NINTY 2°IWY 2 LN PXRIVIDY ORNTA
DOMAIN 02N 07 AR VDA ,D79W RPN 11N PO
72 T0n .(Borko & Livingston, 1989; Pinto, 2017)
MWs3 W 2WnT7 INORM VORI NIdDNT WY
SW 2X¥12 MANRY TIODA? WYY TN LIRNT? MIAIN
n27N% MYWR PR YW YT DR QRN 11700
IND TMTAT PAR2 MARD LAXIW 7AW W DONX
NYAIT MDD NP0 X 1977 AT AR PRYIT
DX RNI 197 IRY .21 27NN NNIRT AW
M AW PRI PR YW PNAITINNT DR WP
WY IRXAIY NDRT ODIDT? YA AR DRI
TPM2 IO NNPR 027 21 2N YW Noeenk
5Y MNPKR YW NPAweR NWOwn2 P71 91027 MWW
YW PAY 201NN ORIWS2 2NA 7AW 20077

ANIR DOAWM

anbo mMypo

AT7R1 NYUDIN

a7 AR ONNAR WY INPR YW n°Hho 770
,N1°I01190 ,N1°PNT°X ,NI0°0N , MW On2 ,0%2% YW
912 MINPX .(Dehlin, 2012) 2>N20 2237321 MWD
D101 ANRNT DIWORAT AM¥Y NAAYA 0 2wnaR
S1PYW Wwon 1 ,0719¥ nha Doavn hw o Cavn
TPEPADNNR TN LNMIRY KD DIREIN D XA
rwen avnan 7 (improvisation ,MINYR)
Ta%21 ROW DY onva"  myawnY  improviso
aman2 P L(Harper, nd.) "WXIM 11T
"D NP1 KDWY Q¥R QY MITTANIY Domhn
M7 PAX - L(Dehlin, 2008; Montuori, 2003)
SY MNNAT NPIVND0 MWD SW 219372 NPRA IR
M737 .(Crossan & Sorrenti, 2002) TXXIVIR 7
SW a9 W MIMIRA" 17 NNPRY AR NN
"NNTPIA IR IR 02T WY IR YEAY N, a0
TRRE oW 72woa"  ;(Dictionary, n.d.)
"UAY MR PATW A NMIWEAND WY IR
21937 WY MN9X .(Cambridge Dictionary, n.d.d)
2Ny ,(Dehlin, 2012) MwTn van MTIPI2 MPND
X7 INTUAY ,NPI01D0T PIWRIVIR AN WM
MATIP NPIDN 1AW MDY XY 28A QY N2V MTTIANT
9% M737 .(Holdhus et al., 2016) TI¥ NPLINDT 11X
NRTPIN T22WN IR 77197 707 2W 0°2°377 DININR MV
I QPARWA DU RORIDIR DW NOIRT IR, WDN2
LMY IR NN L NORIPR 2D IR INORY

VIEPR 7900 YW 7012 (5) ;Mewn Tonna 0ahwh
NWRWY NPNN2M NOIIXPR A2%AN AptAvan NTmo
770 7IWYT MM Y0Y RPMPTNa NYAon
ORI MW i Yo 19nna (Arcavi, 2020)
D70 DWW ODRRILIDT A0 WY ANAR TINn
NOVIXPR MNNONT 7°9 X022 MIWORT WN1AT LT
DOPYY oowpa DY oavw ,on Bw nowann
IR 77°9P2 2PV 2D L97INT NYAvaa Mvnn
NS Y AT N0 .I0N0IW MNWT MPOTR2 IVHanaT
0°217077 QIANR MAT MPAY TR 787 19193 7700
D77 [N9Y AR 7¥MAY ,7°9hN2 2 Msnnwna
mMn®»p HW NP0 NN D90 19K DMANKR? POND
SY MY 20V AR WAT1 79090 LR S
MIARNT VX2 "NN0nn °19°7 H7mY NuDmn NIIAR]
D°°T270 MIPYI 9V 7w N eIpna wpna
MOPNI YW PR DWW oW TR DTIng 22aw
T71V2 NIPO0 PN 00N RWA P2 .0°Won and2
,NIDNT 720N YRRDY AT YW 7200 AvpwaT DpTXn
YW HW 0NDA TN — NPom mavpa "IN o2
YOAT? 2O DV OWIPA 0T 1NN AR won L7
%1227 727 90 DY 0O0MT NYW TR — DINIXNPD
M0 MW3 DOXARD DAY 72PN 72w NM2Na —
DOV 07 MYT P12 M 7AW 2N IR
YA Ao MR .(Nagari-Haddif et al., 2022)
Rakin i Mivii72 ' in 720 74 Tn b tn Bt a Lo} in oty B a in e by B a Ki'daR\ Vol
MOVIXPR AP 07297 ORAXY 19INA 7YY 19aNaw
LN 5w MM BY 00ann anTavw nIa
noWNR? Mua 207D WAwIYY A2V PN PInR
R DD HW NPARATDT MWONTY MWWnn ,MIava
.(Nagari-Haddif et al., 2023) mMann  nax)
02107 MRW TANKR2 TPANT? DOWPAR NR T IMRNP
TTXT P2 7NN 0022w ,"INPR D 1Ion" INR
0°27 271 1YW ,NNHRA TNRT P 00R NION2
nnn AR TPRAN2 YInl onhaY CnInn ponk awm
TPRLIAYORORT DWW DWW Y2 2R 2vnwn T
(implementation chain, Koichu et al., 2022)
WADNT DR AN MW 2V DR AWOATAT
N2 NIRPXNT DR WD PIONT 1AW L7092 Winns
T IR RN WOR AR 370000 S v nonm

127 19IN2

VDN NION TN RYAI MW P 2w 2700 1912
YT 10017 ,5WnY) DO DOaRWHN NI LPTIT
TWHRT D30 LYW DPR PRWA? 70 L,(DONNwni v
Muona NP2 7% YR L0098 SN 0vavnb
DMWY 0O NRT NAWH LMYWR Tana NIUN00
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w2 nX1 v .(Holdhus et al., 2016) n°o107
"MpPaon" W L7091 MNPRT Onaw 9N 20NN
INPXR 992 7772 (Coker, 1980) TIN9R? M1om
,(TURM ROTIN LIRI0Y) 1ONIW M2 NN
,PIVN00 ,NPNTEY . NWRN A 0°2°372 PUDINRA
Holdhus et al.,) *2°0p?I21 "W K *10°21 2°112°0 No°0)

(2016

XN N7
DMAW NPILNDO MWOD RLIAND RN NN
D°™19X NP2 DOYIPRY 7210 IR 2NV ,00YNan
WY NNOR IR 03,00 DOMITN2 1D .AN°o2
LUTIM2 K211 IR DX DAY ,0TIP 11°0°1 7 NN N
m7X1M NNPRY 197 37w DR oM VHwn R
,MN2A NYA20 YW FWOAN 720 NI DWATI AR
T2 DWW MR MR 2030 DOIN? NIWORDT
1A% DA 1Y 200N HW NYRY R MAvn
TOaW D W INTIAY NRIWIA 7I02T 00NN IR IR
LONWR TRORIVIK 12 Pianw L (Fischbein, 1987)
NTPONMAY YTMATAND M2VRIW DPNNR NYANn
IR TPXRIDPR PR WRIDIR '0poo7’ Pynd
LN 7700 SWY DYTIR OXRYoT KW %I ROnw
TMIT2 NTNN DWW MR 7Y MYINRA NINonm
NPNAY DPNWRI DPNN P2 PRATY 20N UR 00
TYaN2 YTRTAN2 N2 NPIWRI NPNA NTIwn
nPIWR NN IRY LDTRA PW NOVavs nInnonan
NPILIDBD MWD YT PEPYOT INn MWwoM
0 CIWH MYOWNA N1AD NYIWWY MWW 0 W
NYAT NPIWRI NI P MDD MDD
NPNA DY MODIANT PR T OWORIVIR OPYDI2
MonNONT ,ANY NPNYW MWD MXVIND NPIWH
DX NIWPNN W I 02087 700N 7AW VT hY
oo YA 07 3 (Berliner, 2001) 210972 5w 1navn?
D2 NIWORDT 0NN NPUMLIR D°1Non
N*1977 I 00X SN72 0°aXN Y MY TN
SUMIVIR .INT 0°2070 D°IANKRY 0°2OWOINP DPIARWN
(deliberate practice) 121n 21370 TINM N°121 7 M
TNORT .00 MANMNT INWIDT DR PWIYRY
TIRTT TRANAY NPT NN Yav? ama 1o
movn NRT oY IR (Borko & Livingston, 1989)
DTV DM MNYRA WANwa? WO onn A NMIORW
PRI NIV INPRY TIMPH WOR ORT M3an vanh
Sawyer, 2004,) 770 .(Sawyer, 2004) 77wyl 17
NP2 N30 A NIRRT M2wn DR weaTn (2011
T DR VX RN PNY ORI NG P

(disciplined improvisation) "¥nwwan MINOR"

RPINT IN? 130 MIMTIP NN DWW 79 WO 10
mMuona Y191 28Y7 DMWY IR MWTI0N IR MYTIN
ORI ovnAw e pn e .mw:
70O 722 NIAY NOWUR WD 9D uynd Pw
TINOR YT ROW IR YTINA VAT MR N72PND
M2 RV2NMT DTRT NINTINT 2w °0°02 V277 KIODR K
a)inkinkin)dablymistyinlinbyiaRhti\afakhti74akmliziriaintal biafal ol
Meland & Espeland, 2017; Maheux & Lajoie,)
1wp (Calvin, 1997 ,5wn?) o>x o pin (2011
TNOR SHHI DN WO LPRINHVIRD INOR P2
71257 ,5Wn7 ;115w NPEPRIVIRT MWD DR 28XV
VHAY 1,207 DY MINKRNT DWT 1N
NPEPRILIR DW 277 W 2w "INRR"T vaua DR

W) Mi7ahty

0JIW 13T 'NINA INTR
29572 2WNI MNORTL(DINIT MIAIKR) 7PN 072
122077 WY "Institutio Oratoria" IN7°X2 2110
*> (Quintilian, 35-95 77°50%) ROVINP RN
SORTA D10 D00ORPUN ARIPR VIR DMRN DY
MY 192 ,°3011901 SWOIT DRI 72D NRT 2IPRY
7721 S MR NDR 1°2 1127 RT3V IR NI2IND
DOARI 0T DY PRIN TMINIR NNDR LI IRY NN9R
MpPoIova WRWwa DO1AYAY XY 0% 2ORYANAT
71377 M2WA DR WOATT IROLINR MW NS
WY WY PW NN2VRA 7712 DY W a1 INIRY
nmwY .(Copia DW2 AP NMLIT NN NIT) 11130
IR 2IAN0A QMR ONUAIR IPRY INIRA NNT
7137 9 NN NN L0050 ARYNTT WD Y P
791 7107 DY MM v IRLINR LNnTPIN
mya n9RY aRIT YW N IR A My
NP Sw YT DR 03 08T R L (Holcomb, 2001)
072w o°va WNRT L(happy incidents) "MImawn
DR Y77 O7°9YY ,NPAIRND IR 290107 QORI
DPIRIA MWTN MIN 25W7 270 32w NNORT N1
XI7 PR LIR'A2 07921, TN L(Qw) PR 1oN2
771 L7AT2 12 NURIAAY DRI TINYT DX
717317 1WA R PPIPAR AWIA AROTIN N7°X°2 XVanah
772 HW MR VXA SW NOWOR NIWID 09D NP
naR D010 DY 72w DTWRn 17 wawn 700 00
DWn NPNY AL Awn1 MNYRI LY a1 2wp
737 XINY TR TV DOIAIY PR 1AW 28D TIY
X212 229127 R 97p0 1 2OYRaNT 17 .00 0w
9PN TINORA TNWR LNONPIRD AY9IA AR N
T1OXRN2 INDR ,9AP 2199 VDI K93 7172 1120
TYDITY WK PN TOINY MNP 2NYY onn
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IR OWOIIN MR DIAR 19O1W 70,7 NYR 20n
faXiytahlaliakin )l By (\on TaRiin ristaty MR a ok iy i dTaYa Py ipd]
IRNWI2 NOR SN DW N M 0 001000
.(Borko & Livingston,1989) o°?nnn  om°
MY Y2 AR DR QORNT2 N1 QRN DT
QW 27NN ORI NPNNCD ApRTY H21N2
SW U002 PYIAT DY SYRY TN MWW jana
NV IR MPRWA 2°9PN1 077 WRD 23 YW 7V
DOWTN 0% NRT NAWD .D0TNPNT T8 NIMDX ON7a
DU ,7INOR2 20NN 07 IWRD DPWPa 29PN
TIYRA N7 MR NIND NPV NIANRA RIIT?
72°mN% DUPWT DOWIN QMW AW RN LW
TPXPYOTT WD DRI YT DR PWYAY 070 197707
N%2 2°2%¥N QY MITANA? DAPHT DR DT

.(Borko & Livingston,1989) o15x

TRIWINTN
72707 PR NPHRIWIT MAIN2 MPINY WA NNOR
WYWwH 70101w "INR" 792 K17 012y "noR"
WDY "IN DY xnan pono P nopna
QW NI MYV DYOWwa2 L'opnn oY R 1’
70977 ,A9IPNT MR DW NMMIRA 01T 20ROV
AR HW 'R DIRT IR LR MIRD DY YW 'Y DIRT
faXirhi by BinVabivio Biie Volvi iy D X'ex B a1\ Sin et v70s fa My alA A
(@pna 9y ,"anR SY) e MNbR 071avn
721N PO0R MNYRAYW TAYAW B LT T DWP
MIRTITR ,MWH3 S0 DRV 7INMa ,TN82 1°70n
Sharkansky &) 'Y 2117711 POIPIW D DY 1100 N
0°07Y 0°3Wwn 0°nYY N2 ,(Zalmanovitch, 2000
WOIPIW ORIV WP LNNYRY PIONY oW
N2PNI DA D17 DPIANKRT %D 0°1°°%N 'Y
NP ANW ,MTTANT? WO TV DWNT IR
299179 W HRAWH WRA 02110171 D°ITA MDD
AXY 2N TOTYA TIW AW ,aMK TR °Maan
“NP2YA OO DR 97 INIRT INIRY 10TV
v MTTIMANAY 79 NIAITPR NIPAT MDpPNn ,NPHRIw?
Y7 ,MIXIDNY NPT PWRI2 DoXnn wp
RIN2 292NN DOARWR DY DTN 72NN WO
ORI PIN2 .MTWOT LAY TN L MIRTITN
DTPNX DMLY Y NI DMANR2 20w 19PN
moaxa) oW DI av MTTANT L0 NmMon R
NX° 7Y RO R L0027 NROWE o7hy Dunw
,NNHRD MM 770017 QP LIXI91 MNPR M2IN
mY210 5802 0°°1 YW 0920 2°02°72 MopNwni
TN MM ML NPT I NALIVOR
71717 2w DM NPIRDT NITTY DRI NI

,NPI0190 TARNT DT PION 25Wn 1T 2N
disciplined) "nynwmn gpa" Sw o oawean amT2
W NNW NIA0MA TR DR AW L (inquiry
NODIAMY W AR 7Y NYEANA 7AW ,ARRNM PION
"ynwyan" 177°n7 .(Shulman, 1981) a1 7R 1190
77077 DRY NIRRT 712n7 MW DROawhan
789 00N TRANa YW anm NIpYd oA XA
DWMTI IR 207 DMRY YN INORT INT
IR YRR MNPR DTN AR MY
DOWORAT MR NPIMR P00 BV Ddann
D°I9X SN92 DA oY MY TMANT? 3m°
991 a1 YN .(Beghetto & Kaufman, 2011)
"ITRY/ARNT VA" My N R 3a
DY NPUATIA M9 (teachable  moments)
MO N NN DR TN LAY 03 790
TR0 7ThAn DR wyah C7d avRD WA
"DPUPTT D°a¥R" AWM QY 2nonn T rv)
Brousseau ,?wn?) 10172 3% (didactic situations)
777 NPINR NR¥AI10°022 23 , (& Warfield, 2020
"701 MNOR" AIT2 AR RO 202X XY
IRMNIIW 77977 9V 00207 (regulated improvisation)
Thomas) 09X N%2 0°2¥A? NTANNA TARNT NP1
DN 1IN YOI W AaRNa (et al, 2023
myTn' 720 SV O°IWOR DOWORNN 0°°2n) 0°091N
MY N92P% 0°022 (situational awareness) 'AXN?
(Endsley, 1995) "707IR yauw n1m X7 2817 MYTIN
1727207 1Y 020171 YT NPAY N1 INYHwm
TRY 72 200 2OIWYY 2OANNAT W00 ,IVORn
U Ay 5Yea TNRY MIrn 23D MyTa et
DYNWOYIT 1T NIDWRL WATIT 770 NNOR
970% TINPR ,0°Pn7 w2 (Thomas et al., 2023)
7AW PRI OV QOTTVAND DN VAW NNYR)
17V NWINN 1721 NUWTAY N0R A ,7707R? 770
212371 %Y 1712°%70 07°PON DR NIRTY IWOK 1XD .10°07
AT NPNTPRY NIWOAA P 202 DO MNP 1A

AR

TN 5902 TIM2 NPMINTNPNNAN NINXTID
WP 29070 NN 7797 M I SuHNN
.(Mausethagen & Mplstad, 2015) n°»xpn AxMA2
MUYy (Mzland & Espeland, 2017) 7179081 7191
VIZPA DIAYH YAwIAR INOR2 MIRAD W 0D
WY MWA DIROWTM LARMTY wTa
SRITYY INA QDWW TN 2R YW ¥TR 0°022
SPAWNAL WIW DR 1P (Maheux & Lajoie, 2011)
2w MNPR NMIAA MINCEY NPT VW 27PN
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95 (@ 67 927 o) Mhpn 23772 o09p
WIDIIW TATT WA IR 20T 220w 112y MR
0P 92 DW DIRM 297X 90 manwn 25w 9
7"WIY DR TIND QNP 770X 770 WK 25w
MDY R 0P T2 2090 Daph T amnen
POV 191 NROW 0°25%wi .(Karsenty et al., 2019)
72°7P0 SW Mxiaptnna YHa T2 v Tpna
VMR RV PV 1197 990 MWW PR YW 220 9D
SY W NP WOW TR VED W% ,In2Iw
M1 AN MW IR LA 99on 11000
DWW MW NROVM 2MIRW NYwn YW oonony
,OWTIN 1907 99 172 TORY ,2207 22 TR0

YW PR YW WA 220 nna weR 707

NN 'DAWN
WIPWn 2N AW (R) (229910 AT pnn onnwn
S ARMT PN OOYa LR Y IR I mvnp
17077 PRI DA DYDY LAnRNTa 20w 471 8,20
WPR2 O3 WOKI L,O7PMPIPY NN 2
IRD WO I3 WANWAY MR IR DWW
MY 7,000 (2) ;anRnna ,3—1 'on Map awa
PO NoYa L4 'on aRUapa nONXn amn qwnww
n90~NPa AN MR (3) mw 25 Syn hw o aRNa
TINI .D°W 35 W AR PN NPYa LS 'on avap hw
DR 77291 21N N9°R2 YW PR 2202 I5NNW
79°7P DW n000Tnea Anan L () 10w MW
TONNWT DR 2w 8 YW AR P nova L4 'on
;IR OV 2OMINT NPOTR2 YW PN SW 220 1NN2
03 ,TOTIR (77) S1A0MNW MYOWT DR RO AR 77209
30 Syn W AR PN NPya L7 'on anpa xR

T

O'31513 f10'XI1 NN 7D
:1PR MIAR 271N 12 190K L, IMIR K1 PN
MYWA DTN L MR W O cwaon YW muopn
5Y 12711 11I0INW 2PN W IRTY MR 110N
W ORIPRI 1723 22TIN? DAY 9 0102 .M T
12991 72 DY A0 01070 MIPRIY 7297 2on on
YXINMA DWAIY ,NUPRIT .NIAR MmN oy NULRA
DYNM SV NPRY 19901 XA 20121 YR ,avwd
YWA PN TTPYAN TR NMIW NPNXIAPY NPWOR
TPMNAT NIA0A 197101 WP MR 9D .0Ra
WnN PRI 2N TPRNN NI LIRD INTAT
TIARY 0227 ;IR PV ,RD LD OTIN OV MR

.0”172 077 AT RN DDA IR Maw 95 .1

o .(Sharkansky & Zalmanovitch, 2000)
DOARWA2 NMI2237) M3 DANKR QY TN 227NN
MY My M2372 2N 77792 77 ,NIRTIR S0 20280
TM2V2 DO PAVIVORD TN NNYRT LANIRM
N2>y DArY aptIYnw L(ORTUIRLD) P MNAN
TN ,02WwRY O71D¥ KD D°2¥N2 anYaa unib
Y RN T PYIN INEY PO 2np? npon
.(Wu et al., 2023) mnra 0wna anexm amny
PO MDA NBYIA MO WO MNYRY oY
KX IR TIM7 DN ,DOIAR 2°AIMNA 1D ORI
TN9RIT N°A102 TPRNA 1200 WINPT PN LT P9on
NXI2P2 A7°OP2 WRIA JIDMNY MWW DR T2
TINAY NYTY 1M1 WRD A0AY T N0 WY PN
QXTAX1 AN KD DRI 2°NNT L0199 D7D TN
SW YA 9°97 LAX12P2 11 PTIR WW TvnD
QW WPIA 12T MPRD IR XYW 39Y INOX

SR MWW P

TINRA CIPORM DN R 72 WPOYW PR YR
29RW°2 NYW PR TORIN NIA0R 1IN DNV

1" AI'7ITIFINE VOPLIIP pPNNi

NNl 11110

NRT? PPN ORI PRIWSD MWW pn upnnD
7Wen) N™IDN MW YTAY X Nona DY
X"DWN nIwn Hhn (M2 DWW M ,MpupID
,ORW2 90 SN2 ANNWA LPMIOT MR 1Y
professional) "nTM% nwEpn A2°R" YW NdDNN2
learning community; e.g., Chauraya, & Brodie,
1907 N2 SW aptuanng e 12 oanw (2017
72°7P 92 an WAl R"own 2700 v I0an2
NDNN2 IR 0N ,0010 OR D019) NwWw 60 Twn?
D°ON O°AX7 PN IBNNWAY 1905 9N .(N° 720200
paizaioBiataln)ialath dy iR ki | i7ata By tinl sy vli7d aRh) A bYa
95 0”1 M 0N7 ,0090 WS MY 00
I2IW A0 I DN I 0T DY annng aoap
QvLR SNXOT MY 907N APLRNAT NNX TN
TIWT 7KDY TOWIT M2y 2omIng PO LpEm 1on
NX12P WK L7907 N2 VPO NYYEIY TRTPY
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Improvising within a Lesson Study process: Israeli
teachers’ perspectives

Galit Nagari-Haddif, Ronnie Karsenty and Abraham Arcavi

Abstract

Lesson Study is a process of meticulous and collaborative lesson planning, spanning from a detailed
definition of the lesson’s objectives and overall structure to specific aspects such as anticipating
student responses and designing teacher actions according to various scenarios. In contrast,
improvisation is perceived as an entirely opposite process, fundamentally involving spontaneous
responses to unforeseen circumstances. This paper presents a study that examines the tension
between planning and improvisation in lessons developed within Lesson Study teacher communities
in Israel. As background to the study, we review the phenomenon of improvisation across different
fields and its cultural and social foundations. Then , through case studies, we explore four patterns
of improvisation that emerged and analyze the relationship between improvisation and planning
within each such pattern. Additionally, we examine expert teachers’ perceptions of improvisation
and planning in the context of teacher-student interactions during lessons planned through the
Lesson Study process. Finally, we discuss potential implications of improvisation for the ways in
which teachers in Israel engage with and implement Lesson Study.

Keywords: improvisation; planning; lesson study; professional development of mathematics
teachers; professional learning communities.
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Enhancing mathematical verbal problem-soluing
and production through fostering self-requlated
learning in elementary school students

Inbal Koloshi-Minsker

Abstract

This study examines how fostering self-regulated learning, through an integrated model based on two
theoretical frameworks—Self-Regulated Learning (SRL) to enhance cognitive and metacognitive
orientation, and Self-Determination Theory (SDT) to support motivational-emotional orientation—
can improve students’ ability to solve mathematical verbal problems and facilitate their transfer
from problem-solving to problem-production.

The research involved 383 third- and fifth-grade students from three public elementary schools
with similar nurturing indices. Each school implemented a distinct intervention program designed
according to the principles of self-regulated learning: (1) SRL-based intervention, (2) SDT-based
intervention, and (3) a combined SRL+SDT intervention.

Findings indicate that students who participated in interventions integrating both cognitive/
metacognitive (SRL) and motivational-emotional (SDT) components (SRL+SDT), or in the SRL-
only program, showed significant improvement in problem-solving and successfully transferred
their skills to problem production. In contrast, students exposed only to SDT-based intervention
exhibited a decline in problem-solving performance but nonetheless demonstrated improved ability
to transition to problem production. Additionally, fifth-grade students were found to generate more
quantitatively structured and mathematically complex problems compared to third-grade students.
This study’s model and intervention programs offer valuable insights for mathematics educators,
providing structured and integrated self-regulated learning strategies to enhance students’ problem-
solving abilities and support their progression toward mathematical problem production.

Keywords: mathematical verbal problems; Self-Regulated Learning (SRL); self-determination
theory (SDT); elementary school students; problem solving; problem production.
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Opportunities and challenges reflected in the
teaching and learning of mathematics on WhatsApp
on the background of the national project Bagroup

Ruti Segal and Yaniv Biton

Abstract

In the current study, we examined teachers' perspectives on the learning and teaching
opportunities that can be created through WhatsApp as a social network to help students
prepare for mathematics matriculation exams within the Bagroup project. The project was
launched by the Ministry of Education and the Center for Educational Technology three months
before the matriculation exam to serve as an additional environment for mathematics learning.
The study involved 24 mathematics teachers who guided the learning processes in WhatsApp
groups, each containing approximately 100 students. They implemented blended learning that
included both synchronous and asynchronous instruction, presented mathematical problems
to solve, and provided solutions to problems that students found difficult. Using quantitative
and qualitative research tools, the teachers' perspectives on learning and teaching opportunities
that emerged alongside challenges were analyzed. The mixed-method research approach enabled
a comprehensive understanding of the reasons behind teachers' attitudes toward learning and
teaching via social networks in the Bagroup project. Quantitative and qualitative data were
collected through three tools: a questionnaire including Likert-type closed questions and
open-ended questions, semi-structured interviews, and observations in four WhatsApp groups
conducted over a three-month period. Factor analysis revealed three categories of the Bagroup
environment: factors contributing to the emotional needs of the learner, factors promoting
learning, and factors inhibiting learning. The findings of the current study may influence learning
.and teaching opportunities in social networks and distance teaching

Keywords: social networks; communication; social-emotional learning; mathematics teachers'
knowledge; secondary school mathematics teaching.
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The contribution of collaborative learning to
mathematical problem solving among students
learning to teach mathematics

Tsurit Elitzur

Abstract

Working in a collaborative group setting, and its contribution to dealing with complex
mathematical problems, has been of interest to the research world in recent years, and is
increasingly penetrating mathematics curricula as part of 21st century skills.

The following article is a summary of extensive research I conducted, which examined the
contribution of collaborative learning to complex mathematical problem solving among students
learning to teach mathematics.

As part of the study, two separate classes of were compared, who studied the same course on
'‘Mathematical Problem Solving Strategies'. In one class, a great deal of emphasis was placed on
collaborative learning, with problems being solved in small collaborative groups. In the second
class, the class was conducted without this emphasis, and the students solved the problems
individually. The analysis of the findings in the two classes made it possible to examine whether
there were differences between the two groups, and whether collaborative learning contributed
to the students’ skills in solving mathematical problems.

The main findings were based on a comparison between the pre-test that all students took at
the beginning of the course, compared to the post-test at the end. The tests tested the students'
mathematical skills and their argumentative skills in solving problems. The findings showed that
both courses started from a similar starting point, and in both courses there was an improvement
in both mathematical skills and problem solving skills. However, in the course which emphasized
cooperative learning, the improvement in both indicators was significantly greater.

.and teaching opportunities in social networks and distance teaching

Keywords: cooperative learning; problem-solving strategies; mathematical argumentation;
problem-solving skills.
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Professional identity exploration of mathematics
teachers through body mapping: Perspectives of
mathematics education students

Ariel Levin

Abstract

The present study's premise lies in the significance of examining mathematics teachers'
professional identity as perceived by students in the field as part of their professional preparation.
This exploration of professional identity was conducted, for the first time, using body mapping
methodology combined with interviews. This tool provides participants with a means to
communicate and express ideas, meanings, and emotions, while offering opportunities to explore
and realize professional identities related to teacher education. The examined components of
professional identity included the intrapersonal component—how teachers view themselves,
and the interpersonal component—how society views both the teacher and the profession.
The findings reveal aspects characterizing the profession, such as the development of creative
thinking, establishing order and boundaries, and the importance of investment; characteristics
of mathematics teachers as accepting and containing while maintaining boundaries; and society's
perception of mathematics as a challenging and important discipline. The study's contribution to
teacher education lies in providing students with opportunities to develop reflective processes in
teaching in general and mathematics in particular, concerning their identity as teachers.

Keywords: professional identity; mathematics teacher education; body mapping.
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Misconceptions of relational symbols among
pre-service teachers for early childhood and grades
1-2

Dina Hassidov and Bat Sheva llany

Abstract

This study examined the understanding and use of the mathematical relational symbols (<, >, =)
among 158 pre-service teachers for early childhood (pre-primary) and Grades 1-2. Participants
included prospective kindergarten and early primary school teachers, some of whom had
completed a dedicated course on the topic, while others had not. The research employed a
mixed-methods design, combining quantitative and qualitative approaches through a 25-item
questionnaire and semi-structured interviews. The analysis focused on the “quantity” dimension
and compared three groups: Grade 1-2 pre-service teachers who had studied the topic, Grade
1-2 pre-service teachers who had not, and pre-primary pre-service teachers.

Findings indicate varied, and often incorrect, uses of relational symbols, with a tendency to rely
on visual features or everyday contexts (e.g., number of items, size, shape) rather than their
formal mathematical meaning. A statistically significant advantage was found among those
who had studied the topic, who demonstrated higher rates of correct answers and consistent
mathematical reasoning. Among those without prior instruction, three main categories of
misconceptions emerged: (1) the belief that relational symbols refer to any visual attribute
rather than solely to numerical value; (2) interpreting graphical objects as numbers; (3) using
contradictory relational symbols for the same pair of numbers.

The discussion highlights the necessity of systematic training for early childhood educators in the
language and rules of mathematical representation, as well as the development of activities that
generate cognitive conflict to promote the distinction between everyday and formal mathematical
uses of relational symbols. The results underscore the importance of strengthening formal symbol
comprehension during teacher preparation to prevent the transmission of misconceptions to
future learners

Keywords: early childhood mathematics education; relational symbols; misconceptions; teacher
education; symbolic thinking.
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The added value of a Wiki environment in creating
learning opportunities for prospective mathematics
teachers : The case of a percentage problem
Dorit Cohen

Abstract

The study focused on the learning and teaching of pre-service mathematics teachers in a wiki-
based environment during a teacher training course as part of a mathematics teaching certificate
program for secondary education. The wiki environment was integrated into the regular course
instruction in an attempt to address the "telling/not- telling " dilemma and was intended to provide
additional learning and teaching opportunities. The aim of the study was to identify the learning
and teaching opportunities afforded by such an environment and to examine differences among
learners in terms of their utilization of these opportunities. This, in turn, aimed to offer solutions
for the instructor in promoting student learning while transferring learning responsibilities to
them.

The present article presents one of the three different teaching sequences examined in the
broader study. The teaching sequence described here focused on the "Father and Son Problem,"
a word problem involving percentages that students were required to solve using two different
approaches, thereby creating a cognitive conflict. The study followed the methodology of design-
based research. To identify the added value of integrating the wiki environment, a comparison
was made between learning in the course without the environment and learning and teaching
with the environment in the teaching sequence focused on the "Father and Son Problem."

The findings indicate that the main contribution of this environment to the "Father and Son
Problem" was in the collaborative phase that took place at the end of the teaching sequence.
This phase provided an opportunity to summarize the problem-solving process and the overall
teaching objectives. Differences were found among learners in their interactions with the
environment, which may affect the extent to which they utilized these opportunities.

Keywords: Mathematics teacher training; cognitive conflict; wiki; collaborative learning;
percentages.
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Clinical simulations with actors in a mathematics
teacher training course, and their impact on
participants’ knowledge and self-efficacy

Iris Schreiber

Abstract

This article describes part of a study that integrates simulation workshops with actors in a
mathematics teacher training course. This article presents the findings of interviews with six
mathematics teaching students who participated in this process. The findings of the interviews
shed light on the process that the students went through in the workshops and the impact that
these workshops have on the student's knowledge: what knowledge component is expressed in
the workshops, do students feel that they have acquired knowledge during the workshops, and
whether this workshop affects their sense of self-efficacy. Findings on knowledge indicate that
specific knowledge components are not expressed in simulation (whether by choice or due to
lack of knowledge) and that the students feel they are acquiring knowledge in the workshops.
Findings on the student's sense of self-efficacy in their knowledge indicate that the process does
not increase the degree of self-efficacy for some of them and may even undermine it.

Keywords: pedagogical-content knowledge; self-efficacy; simulation.
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Mentoring in times of crisis: Fostering emotional
awareness to strengthen the educational resilience
of preservice mathematics teachers

Galit Nagari Hadif, Mirela Widder, llana Waisman and Anna Prusak

Abstract

Academics play a dual role in educating and nurturing the educational resilience of their
students. On one hand, they are subject-matter lecturers whose role is to teach and follow course
syllabi. On the other hand, they serve as mentors to students in crisis, providing emotional and
professional guidance and fostering their educational resilience. Embracing these dual roles,
lecturers become mentor-teachers—or, as coined by Prof. Avi Levy, President of the Shaanan
Academic Religious College, morentors (a portmanteau of “moreh” [teacher] and “mentor”).

Strengthening educational resilience is particularly vital in times of national crisis, such as the
ongoing "Iron Swords" war. The national crisis in Israel has further emphasized the urgent need
to retain potential mathematics teachers in academia, making the educational resilience of
future math teachers a pressing concern—especially given the existing shortage of both qualified
teachers and teacher candidates in the field of mathematics.

Emotional self-awareness is known to influence individuals™ ability to pursue their goals and
therefore plays a critical role in promoting educational resilience. Mentorship can contribute
to the development of emotional self-awareness and support the coping processes of students
returning to mathematics education studies after active military reserve service.

This article presents a case study that explores the emotional journey of a preservice mathematics
teacher who returned to his academic studies during the Iron Swords war, following a period
of active reserve duty. The study focuses specifically on changes in the student’s emotional
awareness, as reflected in his spoken accounts during a workshop and follow-up interviews.
The findings demonstrate how a mentoring process can foster emotional transformation in the
mentee and help support a more positive and resilient mindset.

Keywords: mentoring; morentor; emotional self-awareness; educational resilience; the emotion
tree (blobtree); "correspondence with the Professor"
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