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'7NN2 .AT'N7N D201 NNDN NO'DNA ND7 7PN DYI'Y Nxt 21-0 Nnn

NYN NIXYNN] ,N'T'S D202 WA9'N7 DN K7 D'T'NYNNIE DNIMN NAYRINA nTn?
(2006 ,|n'x) yiap nt71 NN Y2IRT 07120 NI'RY NYIRILYYTNND XYY [N 010IRN
DMANN )11'NN NDYN 1191 DA'YN L7020 [T'VR DR D1Y'ONNN DMA171000 D' I'WUN
AIYPNN NYON .NIMYTN NIAIZI1007 DRI NIPAVIVOKRI TIN'7N NIDIN NNRNN D2'NNN
NDINN NVN WK ,2010-2 781w 71v97 n7nn "21-n ANn% 711'nin n>yn nnxnn”
nromim NMEn Im LKW 1900 'Ma 7701 NnTpnn N0'CT ARIN DIYY RN
N9 N7 .(2014 ,0NRIN21-]an) NIYENI YT NIFAIZID0 217'wa ,21-0 ANNnn
TR 770 DN NAYRINNA QTN NINIEN [TV 19 ,21-n IXNT J12'NN N>YN NNXRNN

.(2014 ,0hnKIN2A1-a0) NIRNIIDN JI'NN NDYAN [V

N'IXIVA' AT NV'YY NTNIION AT'NY NIV'YN 1AVUNI NNIZD NYDYA

NINIPN [TV .)1'NN NITOoIN 70 7w N1'a0? NNKA NRAN NINIEZN N9AN NIXI9NN

TN NIV'Y TAX Y12 NAT? D0'DI'N D' AN 12N MINY DDINRD 0N2001
TR 'YX MK D NYRILYYT AT aynn NYYRIvTYT TN %7 1w nirmnion
RIIN N0 7W 11207 NNRNN NMWOKRA 17D D202 RN INKA ,)1'NN NDIyN]
NIv'Y 7700 ,0'TINYD NO'YWA 'UNA'TI9 'Y [AT7 D710 ARIINA NAI7I00 Q1Y
an 7 qona (2006 ,In*X) 27N D*70N2 NIOINNYT DTN DX TTIV'Y , TN7N NITRINN
Korhonen et ) nipzni at n72an X%7 ,000an nTmn% "nin? awa 97200 ,wma ntn?
D2 D"'YR DNIN )I'NN N0V LIZR Nrex? Tiana (al., 2019; Serianni & Coy, 2014
1'w X77 1272 NIrmIon NIV'YA IWNNYN DM JNYRI0YYT 0T'NY? Ni7anon? onya
NNDY TN ,0TNMNN TYN .0"70'T 0TV Win'ya NIdU NIRYA 1INGE '0NaTo
D'T'NY7NN |2 DNYON LN 0TI 727 DY NrnTT Npoony  nMIIionn Tin'n
NLPY N0 02270 D'WXNAK '2ud NINBWNN DTN .0MIXY NIYRIVYYIN NINDA
D'TN7N .0"0D DIYY D'AYS7I 'WR AwNn L NIv1on X77 ("0l 1TNn) nTN%Y
N'IYYN . NNNRNIN NINS 122021 D'TNI7 ,NI2N 0y ,0'NIND D'YXNAKX NI7Ya NINSWNN
[19702 YNNWN7 17'9X IX AUNNN DX 21707 XN ,0'NRD T¥XN D'WUYIE NIYI9oN 21707
D'VA'N DA W' PINON DTN7 D ITYn QY pnn D7 qoma .aTnbn nra Ta
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.0'0yn D'YXNX NIV NINdWNANI NTNAY NPT DY 0YT7' 2172 9NN 17'9X AT 2¥n
NT'NY NP7 oY 0T'RYNY DrRNTT AN 02 IxY? 07 RI0TN T 071N
NITIN N'O¥I NNLVR NIXIAPA ATNY 'Y 91X NITRY DNIMn DX 7IRY? NNWOXR

(Serianni & Coy, 2014) 1y'wn Nniv7pna
NIE? oy DTN 2V NYRI0YYT NTN77 Naynn W nyswinn DX [IN27 nauna

.Np'0NNNA 0D"MMN 0Y'YRZ DYV 0D'INAIKNN D'TN7Na LIT2ANAR] ,NTMY

D'7T21 7V1 O71Y2 AR'vnNNnn TIN'? 2V nINign N9IgNA NAYZINN 2T'n'7 NYSYUN

QT'!NnY% NI'ip? oy

DY D'TN7N 1Y NIPA ATN%72 NIRNN' 1901 7V 1IYRAaXN DN ,NINIEN N9an D1V
Serianni & Coy, ) T'70 MiIN 7 DTN NWONAI N'WOIN DY KNAIT? : nTN? Nl
.(Sorensen, 2019) ™71 227 NN nivTiNa n'vi (2014
,NTMY7 NP7 DY 0 TN7N 1Y V191 ,NIRILYY N0 NP'VNANN 7Y NTN77 CTWpNa
vin'y (3 nirmatn (2 28190 T (1 n1aum nRINY 0wron N7X 0rua D KYN)
. (Kadarisma & Juandi, 2021) nixnaiTa
N270 DRIV INM TN |DIR 7V 'OVIR'TIN AZNNNN 'Y 91X 7'0NY7 [N XY ,07IR
DIMN NI'NAN NANKA AN IT DDIPN D 207 [N X ,MNIPN N9IPNY nwyn?
Burdette ) n21Ta NN nIAIYNn NYAIT ATAY NP7 QY 0T Y 17 IRDTM7 .0Ninnl
D'T7'N NI'NAN P'VYN 'YIPN .0NINN 1Y ANK D hiang o'nyw (& Greer, 2014
NIy ni'wn nwa Xnw L (Lee, 2020) 1900 N YW Nd'ANN DWW JTAIR KID
D'T'N7NY% Yo7 0'N'7¥N X7 021 DNINY NTAIYN L9010 .ATN7 DR oy 0rTnne
T'ANNYIFAN? D'YPNNWUR,DTAY NP7 DY 077 79 TRN AWEn ,NTim n2'nan 1770
Baroody, ) nmxnni n'wr arne o'ipt (Schuck & Lambert, 2020) 7inn nT'n'7a
n'7T2n 0NN 10% D k¥n1 A% NIrp? X977 0NN 0N 21 17'9x (2006
Garbe, Ogurlu, Logan, ) "7 Ix nT'n%0 NI70n DY DT TY7 NdIN N¥2'0mM 1IN
.(& Cook, 2020
TNNN 7W 'WIpn PN DR NINT? 0'NY7¥N0 DI'R DNINNY KIND NP NT'N72 901 NanX
D"'OPMAIN DVYR DUINN DTN IY'YN NTA NNRNIM NI7Z'Wo Ny o'RNnYI
TNI K'M [9IX2 YNTIN NIX 022N DI'R ,NIN'YNNN 070NN NiaNg 0'y7 0'whann
.(Wen et al., 2020) nnTpn X7 NI¥al n'MNNY D111y

,NZ'0NNN] D'YPNN D'T'A7N 1Y IR ATN7N NIAdIM DX 'an? nlona
NIYRIN 'YIZN 1IN NIAN TAIYN MANKRD DX [ 7R DTN 'R 07'NN TN

AP Y

2

IOIIIING

mIan
m7via



D'a10 'NNI [ AYNd D"Ypn NifanLn

pnimn o"wp I (Developmental Dyscalculia - DD) n'ninnsnn 0177701
WX 720 ni'nnnn A% nvaen |0 (Mathematical difficulties MD) j1awna
NINANUVNA |"OINA N'VNNNN N7ID'N DINN NN NI [1IAN2 DV'YRA NITOXRNAI
n'onnnn N0 (Dowker, 2005) nnnan N nraRrm AT 3 7wl nan
Dehaene, 1992; Dehaene, Spelke, Pinel, ) nz'onnn% ni'a'xs0 ni710>'n |0 nyswin
D77 ni7ziom [nn (Stanescu, & Tsivkin, 1999; Geary, Hamson, & Hoard, 2000
Ashkenazi, Golan, & Silverman, 2014; ) n"unnnn owixan v Nd7wn Nitva
nZ'onnna nTN? niRY? .(Ashkenazi & Henik, 2010; Silverman & Ashkenazi, 2022
no 17 nNal (Shalev & Gross-Tsur, 2001) nvoiiknm 3%-6% v ny'swn
.(Geary, 2004) Ti0'n NITAIYA DLW [120 ,NI'0'0] NI'NI'A 7Y YIX'A] DMWY
nanY nnoon Nn' 90-n Nnwn . IawNa DUYWRN AT ONUNN NRIY NIMIRT (120
D2121201 7V NooIANI NT7IN XA NINMD |2 NHWATI NDIWIM NN 207 N'71D'0 D Y
N7 DYNITATIR D'7TAN D NIYIV NN 0"'YUZn NIMIX'M .0"9'¥90 D'NIN
NIN50 NI NNAR NI'VANN NI7ID' 7Y 'Y' 91X D'Y'DOYN NIND NINANY NIT2INN
1271 .(Halberda & Feigenson, 2008; Halberda, Mazzocco, & Feigenson, 2008)
ITOAN' NNINNSNN N™7IP770'T DY D'PTA) 7w D'0'02N D'WRN D 1IN 17X NIMIK'TN
NIMIR'TN 'O 72y NI'21200 X710 NIf7an'0 Nrmd 2 aRNwN 77D ,'0'oa i TIawa
NIN90N NDWNI 190N N NYIIDA NIIXA NTN7IY ,N'71210'0 NINd ,NIMD TR 'WIpn
NNNIXA DIYN NINIRD 07K DTN NNdN NIAN 7w 21'Y NITA1 X' NIFOvnn
2 ,XNAIT7 .NNAI NP'MN0NIX NIZDR [P T'RPON AT'TA NIMd N1aNY? D Niodia ik
7w njz'vn D"wpn DN nn,Szucs, Devine, Soltesz, Nobes, & Gabriel nna 2013
Dy D'PT (1 .NIFA'0MIVXR NIMIN'TD MY 1N DN .00 Y7720 T Dy DTy
N'712707'T DY 07121 (2 NIND N12N DYYR NIXINY DY T'NYN DFNINNONN D710 T
QYN D"'Wi? DY D'7T22 D IXIN NIRXINN .0"77D DY NIXINYT DY T'NYN N'NINNSNN
T 'wIp 72 K77 ,0'2N2'R N7 AN IRITT DT [ND'T NIZDMRA DYYR 1TV
.N"77170'T7 0'02) NIND TIA'WA 'WIPN 7 NMIR'NIN 227 NIAWN 190N NN , TN .NIND
7¢ NINNBNNY7 1191 [9IXQ NON'NN X7 NIND N1ANA 'WIZN NMINTNN D (Y01 ,N'WR)
NT2NN NOWIMN DR TR MY XN NIND TIA'WY 7¢ Np1Tan N'71an'on ndwnn
7w p'wn 'wipn Noel and Rousselle, (2011) ' v .(Noel & Rousselle, 2011)
,NIND T2 7 N'71an'0N NDWNN 7Y NINNSNNA KIN [12AWN] DNINN DY'YWR DY D' TY
D'{7T21 ,79N KX 70190 .N'71an'0 K70 NDWNN NINNONNYT [MIYNY NIYE NII'K TWUN

J7120'0 X7 NNIYND X7 IR ,N'7120'0 IRIYND 'WIR 71 IR DNYY

2

IOIIIING

mIan
m7via



271 ,112wNnn DINN2 NIZ0N YIX'A] 02NIYN DYIAYN DI'RY DY DNER  NIY
NI N7 0vY W NMINNONN N'*71770'T DY 0'7T217 'D NIONIA NNNK NIMIX'T
Szucs, ) N2 N7 IR AWR L' ND'T ,NTIAY [ND'T NNAIT ,NT DINNY NNYIN
20162 ny¥annw o'o*7ax Xuna ,xnaIT7 .(Devine, Soltesz, Nobes, & Gabriel, 2013
NTIAYN [N2'T 7w NYW7IN2 011NN DNINLV DYWL [1IAWN DV'YR 7 D10 "W W' 1D NXN)
219 DT [ND'T 'YIRA DY AR YR OY NIFTANINIPZA D'RYNIY DYYRI NN
.(Szlcs, 2016)
NN TIA'Y NN WK L|1AYN 7W "MINNONNN ¥ 7V 72non7 w' D jyul vy
27w '9 72V NMINNONN N'Y7177770'T 7w D10 'NN W', NIRT NNIRN ' 7V .1amn nn7ynin
'WIPA XIN NP YR NNV N'Y7IR770'T RIN TAR 210 NN .O"WEN 1700 12 ' NINNSNNN
V'OINY ,N'T2MIZ N'2171770'T XKINY ,1Y A10 DN NY71Ia1n'0 X7 NIND NO'ONY7 TN
nOWNN W NP NININAN NINNSNNN 7Y Y'9YNI AWl IRNPZ "YU OV jp'va
.(Von Aster & Shalev, 2007) n*71an'on

7w D"7'DMD [1An DM T'AR NDI'R [1I2WN] 'YIEN D D'ONIAN DA DPNN W' TN
7¥ D210 'MN 7¥ 11 190N DM D 0'ONIA DINNK DMPNA ,XNAIT? .[lawNnd D"'wp
7w n210 'Mn 2w v D Ikvn  Skagerlund and Traff (2016) ,xnart? .n'177701
NN NIMIR'MY '9) ,N'7121'0 K71 NDWIN NIND TIA'WA 'WiR 7V 001ann TNXRN - NI
'wiz oy NNl (Halberda & Feigenson, 2008; Halberda et al., 2008) nx'n nimdn
.(Noel & Rousselle, 2011) 1272 *7213an'0

Chan ) 1 0x? Dn7w nia'x'n DX P12 DYP170'T 7w D210 'NN S5 K¥N DK 7NN
MIYPY N'717770'T 7 D'AI0 'NMN W IXYN] ,0TIRN pnn? nnim .(& Wong, 2020
,NTIAY [ND'TA 'WIZ N7V NOO0II NXIAP NRXNAI 71200 TIT'RA 'WIRl '*71an'0 X7 't
Chan & Wong, ) 1awna "7xna'n 'wig N2y nx¥iap 910271 'a nnna gy an'anny
7w D210 'MN W 0719719 'MN KRI¥YNT 770 1In'7xn X7 ANK gnna ,NRT nniv? (2020
Huijsmans, ) 0210 'NN |2 ['N2N7 7'awa T AN0N KW KN [IAYNY 17'0NI DY
.(Kleemans, van der Ven, & Kroesbergen, 2020

["TY 72X ,|I2wN2 D"'YR 7¥ D210 'MN 7Y DI'R 227 NINS02 NaNY NI nndon ' ol
lAUN D"'W7'7 0N NINIMD INXWI NITRY 190N

nn (31 )awna 0w ¥ 010 ‘NN 0N NN (2 .1awna 0v'wiz? nairorn X0 onn (1
JIAUN 0"'Y NO'Y FTINY Y97 INNAY 0N 'YWINK 7Y DIpnn

, 021 D'T'AYN 212 DTN DNWYD X MINIRD [TV D DFT'YN 0YDIN DY (AN

Jrawna nTM? NiRhh X019 oy 0NN 2P TIN
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-'N NIN') DMIYXRIN 010'AN "A7wa 0"apy X7 nTNY1 720N 7w ,nnyT? ,van won
D'wpnn 0'TN7n a0pal (Geary, 2004) "nir NN ApronnNnY? 1 ax otinnn L (2
.0"'9'¥90 D'MIIAYN D"'WR 7Y Y1 7V DXVIN DT WO

D'TN7N 272 TI0'N NINDA NUIZA NTNAY NIAPYA NXAY DU'YRD 7Ry DX 207 nNona
0T 7NN W1 ,0'Upnn DTN 21720 12WNY DPIYRY DYYR K77

NIDYNN NINDIN 7Y DY AWOXRY TNy 715 ,'NdIN NN 0'wpn 19 )37 Qo
NOIPNY NXNY DTN DMYON DIXAX? NIMRAYNN DFIMIMN 97 NI'o'¥s0
.MINIEN

N9an N1 1NN Javnn 7Y nYSwnn NN DINIAY D'2Y DNPNA 109 X7 DI Ty
D'UPONN 11N X7 ,TNI'NY .7RW NIYRINNA NTNM77 NN N'MYIoN DTN NINIEN
NTN7 2y opnn .0'wnm o'pan omnn i ' nip? oy ormnn v 170
N'N 12YNN MK NINIEN AT ,0%IK .NIYIYA NIRYIN D'RIN 1770 [9IK2 NAYRINN

.0'mI7n1 D"MImn 7w NN K77 ,mIKNSI NN

'NdNA PNNN
17721 NNIAPE TR NINDA (IAYNA DUWR DY DTN NYIAZ 27N2 'NDIRN pnnY

7¥ N1'N2 X' 'NDIN IZNNN 7Y MIYKRID D0ND LTI DNDIM L7 mMRInn Dipa
1N NITYa ,nTN? NiMp? X791 oy orTnn 7y nYRiont 07 avnn nyswn
NoIPN ITA7YW D'T7' 7w D™MIIAWN O'YIX] 7 NN X'N ND0N ANV .0MIN7 DII7RY
D200 17NN2 NAYRINAN NTA7N NYOYN TX¥D [YOX7 N011 1IX .1 'K NINDA NINIpn
NTN7N NOIPN D NR'ARN NNIX .ATN? NR7 X721 0T N v o
D1 L,0'WUPNN X777 0'YUPNN DTN 2 0MYON DR N7'TAN DNA0N N1 NYIRI0TTIN
NNS0N '97 MWK ,|IAWN] D"YR 752 0'TNNN DY N2'0N K7 NYRIMNN nTN
.(Baroody, 2006) n'n*1ini n\apy ,NAITA AW ARIINT D'RIRT DNpnnn

TINY'? T2 ,NP'ONNN NIY77DN1 NIFD'YO0N NITID'A DINNA D'PTAN 110, [IWRIN 27w
I78Y K7NY7 1IWpaAN D' T'A7NN NN 72 apnnn TN 7w ovwiznl Nipninn 7y
.NNIPN NOIPNA 077N 7w NTN70 12T

:NINQN D'PTANN N7710 DX 177D NpP'oNNNA NIF9'YO0 NITZID' 1IN TWX 0'INAN

N7 INHWUN NITIRI DAY 2 NHWNT 1IYPRAn 0770 1T Nn'ynl - N'71an'o X7 nNnwn
N71D'7 PITN |DIN2 MIYR ARXNA NDWIN NINd AIX"? NT72m N7 nax'n n'7an'o
DY D'7T2) 7¢ 'wig 227 NN901 NINdOoN 'R NIN' 150N N 17nn2 niwvn
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NP NAIAN 7'A1 ,N'71an'0 ARIYNA D'YR OV NY7Ian'0 X7 ARIYN 7Y n2'pn Nt
N'7217970'T oY D772 N'712N0'0 DAl NY71AN'0 K7 NRIIYNA 'WIRZ DR ,7'REA NNDn
N7 NXIIWN2 D"'WP7 0'9x¥Nn NNAX L|D7 .(De Smedt, Noél, Gilmore, & Ansari, 2013)
LNDIN NN NYIR70T DY D' T7'2 N'71an'0
1YY 19WUN1 D772 DTN 1100 17002 D' T2 7 Nf'71an'o AN N0 Nind) ,Nav
NN'YN7 N2RNN AT NI 21TA 090NN |'an 17'K 0'7NN7 IYPENIE D'NN90 TN DMIY0N
NN AT — 7NN VPOX X NN'YNI NI N1 ,9012 .7'a0 OY 0M9NWN 2IrTal T
nn? (71 3 XNaIT?) NN 0'PINN N DMNIYIAN DN90NAY 7123 A7y ZirTal T
N'1R770'T oy D'pPT2) D NIKA? N1 .(Ashkenazi, 2023) nnn 0N DnY axnn
[21 7I'TAl NAIANN [AT2 0w K77 0'7T217 0N LIT NN'WNA DY 0'RIN NMINNONN
.(De Smedt et al., 2013) Pnnn vj7OX2A
NN NIN9Y7 1WPaAN DTN [N9'WI 1M [NAN NIYYNXK] .NIAYN QLY PTA) 'Yy
JI'0'0Q NIMIYAN NITAY 7W |NNON 2¥P 772 .0PTA 7921 NPT 1IAN ‘22200 MNi'Y
N7/MI7'w' NIMA0TVOK 7V 7'ON7 AWONN KINIINKN ,TNI'MA YN DTN DINNN DX 1IRXN
,(MNIpn 01v) 2008 nawn N7 NN 7w NI EA NIRYINND XY L2 121 [NN97 NIy
NINNAIT? 1 N901 AR .NISIPNN MY |2 D'PN DTN WIND 7¢ ARIYAN NMYWORNN
.N70nn v
'Y 7V NTANTN DX NIF7 DMK 050NN .0Mvona 'Y 7y A 7711 N'van
IAYN D"YRN N12N NAIYN XN 2NN 2719010 2 N'¥RIYIONRN [271,'780IN 0'MD0N
N'71P770'T DY D'PT21A 190N 27 aANNN A YA DYYR D'RIN DN |Han
.(Ashkenazi & Henik, 2010) n'ninnonn
,NOW NI71D' NN NI71D' (12D , N7 NI73 [1ana Nii7n N NI Dy -
A7 Nirarvtap NIt N2 wn 0NN yapn 27 CTIVE QTIAY [N2'T DI7D!
Ashkenazi & Blum-Cahana, ) 271790 nn'wn NIty arxiamaN NIzt 11021 N'UR)
Ashkenazi & Blum-) nimiwn ni7>% nrromp |0 axaqner niznt D v (2023
0NN 7y DX N2 1PI790 K AN NzrTa? nadxn an'wni (Cahana, 2023
0ISY71 0O"7RM9MI5N DATAN D7YNNYT PT2IN 7V .N1'' IR N7XNY D190 D'AT NNTO
.N1'N' I NINNAY NIID 'WXNKRN ATN DRN
AWNIMN 101 NN'S 'NJIN IPNAN N'¥IA701'K [N2N 0'01 7V . TIT' 7 NITId' N1N1) NIV
TaN7 D'WNT D'7T2IN TYX 701 .70In K71 WTN 712001 190N WU XKjpn axXin QY
N712'"7 'MIynun X1 X'N TIA'W NN D RN K7 IX 190NN )1Y7 OXIN 71an'0n DRN
Ashkenazi & Blum-Cahana, 2023; Peterson ) n'x7'a 77wa j1Iawna pv'wi?721 lawn
(et al., 2016
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NONIYNN N713' DA X'N 1NN DI'Y .NNS0I D'MYY 7¢ 2'nn DI'Y N713* N1N11 ,N'w9Y
.(Peterson et al., 2016) Dnw |2 'TANMIZ 'WIR? DNWIzAl [IAYN ARNPY

'N NN D'TIN'YN NON 'O 7Y D'WATIN DONA NLVY7WIE N1AN [NIAN 1101 D111 L9010
IT N'OMP NOIZNA IAYWN 7Y NITION NWDI 7V NY'OWN NINIRN T¥D 207 Nn1una Ll
.(Ashkenazi, Mark-Zigdon, & Henik, 2013)
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D'VIX'2 DY D'T?' 7w ND0N NX¥IAR 117 7907 'TI0' 190 N'1] DN DNIXA DA NYRA
.D"YR R77 DX NN IT DXAR .DP'0NNN YXINAN 7un IX D'YXINN

I"n DN 94 98w [19¥N TINNQ 190 'MNA 7-n,"T-2 NIN'DNA 1NN2) D' T? NYWNI DY NINN
72) 0 rn 47 1 nnon 11541 .(S.D. =0.53 ,8.64 = yximn 72) 0a ' 34 ,'a nnon
.(S.D. =0.51,9.83 = yximn

D"YR I'N 67-1 D" K77 1N 48 "1 Aanon ,MD 1'n 54 -1 ovwp 877 110 40 ,'a nnon
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7217'n1 ANd2 21W'N 793 ,ANd2 2IW'N 1I0'NI AN, TAIR ,N'o0 7710 ,KeyMath 11
A107 T2 ,|NANN )TN 'O 7Y nprunnn Y 72 197 ppimnn yxmnn ji'vn DX 10awn
12%-7 nuwn SD -1.2-n NIN9 7w '01TI00 |I'X DY 9NNWN 70 .NIXIAPY7 D'ONNYNN NX
117N o1 NXY? .(DD) n'ninnsnn 02177701 T NXIA7 010101 DWYIN'YANN MNIF D'DININ
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INIXN) D"wp X77 077 23-1 "2 nn'on DD 7w Moy myw 17 23 9w nxing

.(Im1 AND MINN) D'RINN D'YR K77 0T 25417 Ann 2541 anon L (1mi ano

NIMIYKI NIXRXIN

-2 7w XO7X AIW'N NINIEN NIYOWN 1T [I7XY

NN NRXINN LJI7RUN 7 190 NINN NP TA7 21N 79 X97R naw'n N'UX)
2V 7apnnn wn 7Rt nike 9 nTin nnik '1an? 7'awa L(0.38) noma nront
N2 NXW NIXIAPN |2 D'702m D770 INY NI7RY yarn 73 .0.82 nyTn
JI7RWN

-1'01I797X 0'ANIA NINY DINIFZN NIYOYWN 12T DN [I7RY

200N 1 DA K¥N I7KWA NN NIRNRNN Y2 0'0M9n 6 7V 0'MNIa NiNNa
Nniwnn 52.61%

MIVII790X D'NIIA NN 1 a3V

Factor 1 loading (52.61%)

Q3 80.
Q8 80.
Q5 73.
Q6 72.
Q14 67.
Q1 66.-
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17NN AWp W Mu? N nwp 0T N7 v Y 0'Ypnn 0Tnn? onimn

NIN'YN 1TNONY NYR NN DN T D v nTN? niMp? oy orrmnh onin

DYY97 NNMA NINIZN N9IEN D D1I'¥N NTN? Y7 oy 0T me oninn

nixXNpn |'a D'772N 190N IX¥N)

JNIYAWN DN N NIRT N7RWA 7TaNN .0t X7 nnigmn

NTNM? Nph X797 00T 2R YWRN N DT NIvnun

AN

A

12 07202 NIAXINA NIXRXINN

NN DI NIXIAPNNA NNKX 707U nyximnn AXXINN DY NNIEn [1I7Rw2 NI7RwN =2 010

Ihi?'n NX7? NIZNAM YaTin ANd2 Ninionn nI7RY XN A (hrambh nipnam

NN NINNYAY? 11912

-
The translated guestion TD (n=50]} MD (n=33)
Mean s Mean  SD I

The student was able to keep track of what was going on 3.09

1 during class 3.58 .01 10 0ax
The student was able to understand the teacher 3.24

2 3.50 .05 87 25
It was harder for the student to study in a virtual compared to a

3 frontal class 3.26 .43 3.85 .28 06
Digit learning aids, including short movies, helped the student

4 understand the subject matter 3.65 11 3.38 .98 25
It was hard for the student to concentrate during virtual math

5 class 3.06 .25 3.82 13 006%*
It was hard for the student to find symbols on the keyboard 2.51

6 |21 3.06 43 07
The student performed the tasks that were given to him/heron 3 gg

7 time 24 3.42 .09 09
The student had a hard time performing the online task by 2.95

8 himself and without help from others .26 4.00 .06 001%*
The student always had a quiet and isolated environment during 3 39

9 online learning .26 3.27 .35 71
The student always had the computer available for learning 4.04

10 21 4.15 .18 68
The student left the online lesson anly when it ended 4.33

11 g7 4.15 23 43
The student used a mobile phone instead of the computer 2.16

12 during learning .96 1.94 34 a7
The student had a stable connection to the interment during 3.90

13 online classes .97 3.94 .20 87
The Corona period resulted in significant learning gaps for the 3.51

14 student .34 4.15 .03 02*

* p< .05, ** p<.01 *** p < .001, bold font represents significance after Bonferoni

.1 N901 NXY NIX'MN NIRXINY
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.F)1,474( = 24.39, partial n?= .05, p =.001

JANNNa 0T AWRN DY7'0N NI N0 NS T ANDa DT

AT 127 122NN 210 2 NYPRIVIR NRYN)

.F)1,172( = 407, partial y?= .46, p =.001

ngum AN antn (M =19.7, SD = 7.56) n1Nipn 197 nxInpn 1Ia'na D Xy
(M =12.67, SD = 5.17) ninipn TNX7 n¥iapnn

1)181(= 10.52, p =.001

7937 X¥n1 190N 019 TN D7IN

ngum N antn (M =19.1, SD = 5.85) nanign nx nxian

(M =13.3, SD =5.86) ninipn 19'm

1)476(= -8.37, p=.001
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NN DNOIDTIN'N NN2INA KXW 'O 7V 2 anodal

mIan
m7via

I 2nd 1 2nd
Closer to number Who is closer to 77 5 or 3 =
What's number is between § LOIOGICIEEC] mem
Tber s heteen Number line exact oflreflz = mmr‘ﬂ
Between numbers and 1576, 9, 16,4
Number line ®
Count up Count from 11 to 21 o -
L
estimation @~ = o ot e —
E 1
e Select the even number 1,9, 8,  Create all the even numbers
R One changed the decade in 52 to
Parity 5 from 4 and 2
Changing unit decade 4 how much the number grow.
Create the biggest Please create the biggest number Serious —4.68 20,4060,
number from 6 and 3 Subtraction 18 - 98-76
Create the smallest Please create the smallest 4+3
number number from 2 and 0 Addition 43+38
Whether the results of 34 +36 1s
Estimation larger or smaller than 1007
Find a mumber that is greater in
Find a number 2 from 24
Equations 3t]=126
Multiplication 3Xe
Multiplication rules 31X1
Read number Read the number 71
Comparison Select the larger number 7 or 4 Select the larger number 13 or 29
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F)1,72( = 25.52, partial p* = .26, p =.0001

NXIAPI AI0 |2 N'YPRIVI'R NXYN)

F(1,72) = 17.96, partial p2 = .20, p =.0001

T2 7'22N0 210 127 NXIAR 2 NYPIVIRN DX 7197 7'ava
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D'¥7219) 'K AN'DA D'TIN'YZ N'DIN '00IAN 07N A N TR pIr1 -4 a1

.WATIN 2Nd32 DINIoON 1IN |I7'N INXY7 0'ZNain 0'7T7an .axIag v

TD (n=43) MD (n=231)

Mean sD Mean sD p Cohen's D

0.93 0.17 0.72 0.29 .001** 0.86
Subtraction
Series 0.95 0.14 0.67 0.24 .001** 1.30
Parity 0.97 0.14 0.77 0.39 .004%* 0.71
Number line estimation 0.87 0.22 0.81 0.18 .168
Number line exact 0.98 0.07 0.95 0.15 A2
Enumeration 0.94 0.15 0.83 0.19 02* 0.64
Counting 0.99 0.07 0.96 0.19 235
Comparison 0.94 0.16 0.93 0.17 .899
Closer to number 0.92 0.19 0.86 0.17 087
Between numbers 0.92 0.22 0.80 0.25 029* 0.51
Addition 0.98 0.07 0.89 0.18 .002%* 0.66

*k%

.05n nmop nipnam *,001 n mop nignam *** xpm

NIXNYNT? 2N912 [I'N INKR? NIZNAmM waTin ANd2 NIIonn NITRwN ‘D

Jnn

nnpon

D'MINNN 752 0'N122 TR 21T 'TINK IKNN D'WR K77 077

DM90n 'Y 7w ndwn AT 21T 0.95n pham 71an nxnw TR DINNne @
790N N2 NPT NIXA NTA71 NI'RY

|07 WD 72X NI70N 112N D'IN] D'YINY INDN DV DY D' T

,N'N AT 'R AIT 11222 VPONAI NINTOI 0N 1I'N 71T 2N VPON ININY NI7UNN

12N DIIY DMS0N 1Y ' Y90N

2 NN'DA ZINN 1TV D'T'NA7N 12T NIRXIN

. 53 n'wpnnin nxpar 0T 54 1'n Npan NxinEa T ano 7w nxinpa
NIRXIND [N 17X

D'7'27NN 2107 NPV VPOXR KXN)

.F)15,1575( = 30.87, partial y2 = .23, p =.0001

NXIQ71 210 "2 NXPRIVI'X NXRXYN)
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F)15,1575( = 17.01, partial u2 = .14, p =.0001

T2 N1 20 T Ikan MD T nikiwina 072IX .0'pnam 10 nixiapn 2 0fTann '
.TDn

.D'RWUIN 2N 0wz INn MDA omixy 10 nixiapn 2 of7mann

0.55%n n»in owixa ixdn MDa T2 o'Rkwinnn p7na

210N, NIMAIT L1790, NINIYNA ,NYY 112N ' (12D

.(0.87) anwy n1ani (0.75) 110'n7 V19 D'RWIN 702 DX D'WYIX 1IN TDA T

5070

.2 An'Da 0'Tin'? NN 'ooin o'ana T and 'ttt - 5 ahao

.WATIN ANJ2 010N 11N912 [I7'N WNXY7 0'ZNAIM D'7TAN .aXIAR 7¢ N'¥j2119d

TD (n=54] MD [n=53)

Mean 50 Mean 50 1] Cohen's O

0.96 0.14 0.41 0.35 A001#* 2.06
Addition
Changing unit decade 0.87 0.27 032 035 001** 1.75
Comparison 0.92 0.22 0.98 0.08 .05 0.36
Create the biggest number 0.58 0.14 0.59 045 A001** 1.17
Create the smallest number 0.94 0.22 0.62 0.46 A001#* 0.88
Estimation 0.94 0.17 0.57 0.41 A001#* 1.17
Find a number 0.56 0.15 0.59 0.41 J001** 1.19
Equations 0.95 0.17 0.40 0.40 A001** 1.78
Multiplication 0.93 0.19 0.45 0.40 A001** 1.59
Multiplication rules 0.99 022 0.69 0.43 A001#* 0.87
Number line exact 0.57 0.14 0.69 0.43 J001** 0.87
Number line estimation 0.96 0.10 0.85 0.28 _009* 0.52
Parity 0.56 0.13 0.48 0.41 A001** 1.6l
Read number 0.96 0.15 0.73 0.42 A001#* 0.72
Serious 1 0 0.63 0.45 J001** 1.15
Subtraction 0.75 0.33 0.23 0.34 A001** 1.551

A line represent significant differences from 0.95 for the TD group.
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Dissociations between short and long-term effects of Corona closures: The

case of math fluency in developmental dyscalculia and typically achieving

children.

Sarit Ashkenazi* and Sonia Hassoun?

Abstract

Over the last years, many studies have explored the effect of the Corona closures
on learning and discovered that it resulted, mostly, in learning loss. However,
studies that tested the long-term effects of the closures are lacking. Hence, the
effects of the closures on the ability to solve addition or multiplication facts, in
typically developing children and children with developmental dyscalculia were
tested. A group of children that were in the 1st and 2nd grades during the closure
were selected and were tested 2 years later. Another group of children with
similar characteristics, before the closures (during 2018), served as the control
group.

While addition facts were learned during the closure, multiplication facts were,
mostly, learned after the closure. Concerning addition, typically developing
children showed reduced ability after the closure. Interestingly, concerning
multiplication, participants who were during the closures showed improved
abilities. Children with developmental dyscalculia showed weakness in addition
and multiplication but with more severe weakness in multiplication. These
results indicated that learning loss is related to the time of acquisition of the
subject matter. Addition, that was learned during the closures, resulted in a
learning loss. Multiplication, which was learned after the closure, was not.
Keywords: Corona closure, developmental dyscalculia, mathematics, individual

differences, mathematical fluency, arithmetical facts.

27

2

IOIIIING

mIan
m7via



Dissociations between Short and Long-term Effects of Corona Closures:
The Case of Math Fluency.

The coronavirus pandemic has led to drastic changes around the world
generally, and in Israel specifically (Kaufman-Shriqui et al., 2022; Lee, 2020;
Shahar et al., 2022). Schools were closed during the lockdown in the spring of
2020 in almost every country in the world. In Israel, specifically, the education
system was closed from 2020 to 2021 between 11.5 to 24 weeks (Buonsenso
et al., 2021). Even today, during the Gaza war in Israel many children, and
young people, are still involved in distance learning. Distance learning has
become a common solution to every situation where children cannot perform
in-class learning. Hence, understanding the long-term effects of closure and
distance learning on young children and learning mathematics, is very important
both from educational and social perspectives. This question is particularly
important for children who were in the 1%tand 2" grades during 2020 and
needed to learn the basis of arithmetic during the closures. This age range is
unique because: 1) the mathematical curriculum in the 1%t and 2" grades is the
building block of later more complex mathematical knowledge (Haverty, 1999;
Siegler, 2016), and 2) children as young as the 1% and 2" grades cannot perform
distance learning due to their inability to operate a computer by themselves, and

concentrate for a full class.

The question about the effect of school closures on mathematics performance
has already been tested around the world (Zierer, 2021). Kuhfeld et al. (2022)
compared mathematical performances before and after the closures in the USA
and found that both 3™ and 4th-grade mathematical performances decreased by

9 percentile positions for children after the closures, compared to before the
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closures. Maldonado and De Witte (2022) looked at the effect of 7-week
closures in Belgium, and found a decrease in the test values achieved in
mathematics by 0.19 standard deviations. A meta-analysis that combined 12
studies regarding learning loss during the closures found that most of the studies
reported learning loss to different degrees (Zierer, 2021). However, the results
were highly heterogeneous. One of the explanations for the great heterogeneity
in the effect of closures is individual differences, such as the presence of
learning disabilities (Kadarisma & Juandi, 2021; Petretto et al., 2021; Poletti,
2020). Participants with learning disabilities are likely to be more heavily
affected by the closures than their typically developing peers (Schuck &

Lambert, 2020).

Independent of the Corona lockdown, multiple studies have tested the effect of
remote online learning on participants with learning disabilities and found
mixed results (Lee, 2020; Schuck & Lambert, 2020; Serianni & Coy, 2014;
Sorensen, 2019). On the one hand, the advantage of online learning for
participants with learning disabilities is free access to the course lectures and
materials (Serianni & Coy, 2014). Moreover, online learning increases parents’
awareness of the course materials, which is beneficial, especially for students
with learning disabilities (Sorensen, 2019). On the other hand, previous studies
mentioned a few points that can damage online learning in students with
learning disabilities (Lee, 2020; Schuck & Lambert, 2020). Specifically, the
online learning of students with learning disabilities requires great parental
involvement, which might be a challenge to some of the parents (Schuck &
Lambert, 2020). Moreover, students with learning disabilities need to use the

support network of the school more than students without learning disabilities.
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Hence, online learning disconnects the students from the school support

network, affecting mostly students with learning disabilities (Lee, 2020).

The studies mentioned above looked at the effect of school closure on
arithmetical abilities in general. However, the present study will examine a
specific topic that is explicitly learned at the beginning of primary school: math
facts (Boaler et al., 2015; Royer et al., 1999). Math facts are the ability to solve
small math problems quickly and correctly (Boaler et al., 2015; Royer et al.,
1999). Simple math problems are part of everyday activities. It helps to calculate
how many candies you need for your kids' birthday or to calculate how many
clothes to bring for a 6-day vacation. The ability to solve arithmetical facts was
found to be a stable ability (Gliksman, Berebbi, & Henik, 2022; Gliksman,
Berebbi, Hershman, et al., 2022; Petrill et al., 2012) and to predict math
achievements throughout the primary school years (Durand et al., 2005; Russell

& Ginsburg, 1984), and high school (Zentall, 1990).

Math facts are small addition and multiplication problems with operands from
1 to 10 that are learned mostly by rote memory, and retrieved automatically by
the 4" grade. In Israel and other countries, the curriculum requires explicit
training with math facts. In the 1% grade, the curriculum requires learning
addition facts that sum up to a maximum of 20 numerical units. In the 2" grade
children train on addition facts and at the end of the 2" grade multiplication
facts are first learned as repeated addition. Please note, however, that schools
differ greatly from one another, and most of the schools in Israel during the 2™

grade cover multiplication operations of only 1-5. Importantly, in the 3" and 4™
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grades the full multiplication table is taught, and in the 4" grade children should

master all the math facts in addition and multiplication (Silverman et al., 2018).

In the initial stages of learning to solve mathematical problems, participants use
backup calculation strategies that include counting or repetitive addition. With
learning and practice, participants start using more advanced, memory-based
strategies, including decomposition and direct retrieval. Advanced, memory-
based strategies are faster and less error-prone than calculation and backup
strategies. Hence, mastering arithmetical facts requires using memory-based
strategies. Children with mathematical learning disabilities have persistent
difficulties remembering basic arithmetic facts, and they continue using backup
calculation strategies long after their typically developed peers. Their difficulty
is more severe for large facts (e.g., 7 + 8) compared to small facts (e.g., 2 + 3)
(Geary, 1990; Geary et al., 1991; Geary et al., 2007; Jordan et al., 2003; Ostad,

1997).

A popular way to examine mathematical fact knowledge is by using
a math fluency test. A math fluency test includes multiple simple problems in
addition or multiplication, and the subject needs to solve correctly as many
problems as he/she can in one minute (e.g., (Gliksman, Berebbi, & Henik, 2022;
Gliksman, Berebbi, Hershman, et al., 2022; Lockwood et al., 2023). To succeed
in that task one needs to be both accurate and fast. Hence, only by using retrieval
or decomposition strategies (that are very fast) can one can be faster and attain

greater success in that task.

The Present Study
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It has been documented that in most countries, the effect of the
coronavirus pandemic has led to significant learning loss all across the world.
However, the long-term effect of coronavirus closure on the ability to solve
arithmetical facts has rarely been examined. Arithmetical facts are both learned
explicitly at school and are one of the building blocks of more complex
mathematics. In this study we selected children that were in the 1%tand 2" grade
during the closure, and tested those children 2 years later during their 3™ and 4%
grade. Children that were in the 1% and 2" grade during the closures are a unique
population because they were in their initial stages of learning arithmetic and

were too young to fully participate in remote online learning.

We will test them on two math fluency tests: addition and multiplication.
This will provide a unique window to test subject matters that were acquired
during or after the closures. Specifically, additional facts were learned and
practiced mostly during the closure. However, multiplication facts were mostly
learned and practiced after the closure. Hence, the short-term effect of the
closure will be reflected in addition facts knowledge, while the long-term effect
of the closure should be reflected in multiplication facts knowledge. It will be
interesting to test whether the closure will have a long-term effect on the
mathematical subject matter that was learned after the closure. To understand
the effect of the closures, we will compare the performances of children who
were in their 3™ and 4" grade in 2018 before the Corona, to a group of
participants who were in their 3 and 4™ grade during 2022-2023 and
experienced the Corona closure in their 1% and 2" grades. Another goal of the
present study is to understand the effect of the coronavirus closure on students

with learning disabilities. Hence, approximately half of the group of participants
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that experienced the corona closure in their 1% or 2" grades, were defined as a
mathematical difficulties group (MD) due to severe difficulties in mathematics
according to their teachers, and according to curriculum-based tests that were
designed by the Ministry of Education, and half were typically developing (TD).
We also selected a subgroup of participants that were diagnosed with

developmental dyscalculia (DD) by a standardized test.

We believe that the group of children before Corona will show better
performances in math fluency than the group of children that were in their 1%
and 2" grade during the Corona closures. The effect should be stronger for
addition than multiplication. Among the children that were in their 1% and 2"
grade during the Corona, this effect should be stronger for participants with DD

than for TD children.

Materials and Methods

Participants

2018 cohort

Three hundred ninety eight children from 3" and 4th-grade students
from 4 schools (Misgav, Irisim, Bialik, Korchac) in the northern district of
Israel. 188 of them were from the 3™ grade (mean age = 8.79, S.D. =0.146) and
210 from the 4™ grade (mean age = 9.91, S.D. =0.42). There were
approximately the same number of females and males in that sample (55%
females and 45% males). None of the participants had a diagnosis of learning

disabilities.
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2022 and 2023 cohorts

Group categorized

Defending the MD group

In the first step, we asked elementary school teachers from regular
classes in the Northern District of Israel to select a group of children from the
3rd or 4th grade according to 1) Teacher assessment that they suffer from severe
difficulties in mathematics. 2) According to achievements in mathematical
curriculum-based tests in Israel (lowest 20%). The mathematical curriculum-
based test was administered to all children in Israel during these years. Children
who met these two criteria were defined as having mathematical difficulties
(MD) group. We also asked the same elementary school teachers to provide us
with an additional group of children with average or above-average

performances in math. This group was defined as typically developing (TD).

Two hundred and nine children were selected from the 3rd and
4th grade, from 7 schools (4 were the same schools as in the 2008 cohort) in the
northern district in Israel. 94 of them were from the 3rd grade, 34 were males
(mean age = 8.64, S.D. =0.53) and 115 from the 4th grade, 47 were males (mean
age = 9.83, S.D. =0.51). From the 3rd grade, 40 were TD and 54 were MD,
from the 4th grade 48 were TD and 67 had severe difficulties in mathematical
knowledge according to their teachers. The parents of all the participants signed
a consent form for participation in the experiment. Two of the MD group
participants did not complete all the tests and were excluded. One of the

participants in the MD group quit during the experiment due to difficulties.
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Defending the DD group

In the second step each of the participants that were defined as MD,
performed 4 subtests from the KeyMath IIl diagnostic test, including
numeration, estimation, written calculation addition and subtraction, written
calculation multiplication, and division. We calculated the average standardized
by-age score of the Key Math to classify participants into groups. Every
participant with a standardized score of less than -1.2 SD equal to the lowest
12% of performances was entered into the developmental dyscalculia group
(DD). Then we selected a subgroup from the TDs to serve as the control group
for the current analysis. We found a subgroup of 23 children that met the criteria
of DD from the 3" grade and 23 matched controls (from the same class and
sex) from the 3™ grade and 25 from the 4™ grade and 25 matched controls (from

the same class and sex).

Tools

Math fluency test

Participants begin with the addition subtest. 81 addition problems
are presented on a sheet of paper (see Appendix 1) with operations between 1 to
9 including twins (the same digit twice). The test is completed by the all class
together. The examiner puts the sheet of paper on the table and gives the
following instructions: "Now | would like us to go over a few simple addition
problems. Start here (the examiner points to the beginning point) and after
finishing the line, move to the next line and solve every problem until you finish

the page or the time is finished. If you do not know the answer to a specific

35

2

IOIIIING

o7

maaun
1



problem move to the next problem. Work as fast and accurately as you can, you
have one minute. Tell me if you have finished before the minute is up. 1 will tell

you when to stop. Are you ready? Start now."

Participants will then continue with the multiplication subtest. 81
multiplication problems are presented on a sheet of paper (see Appendix 1) with
operands between 1 to 9 including twins. The test is administered to all
participants together. The examiner sets the sheet of paper on the table and these
are the instructions: "Now | would like us to solve a few simple multiplication
problems. Begin here (the examiner points to the starting point), and after
finishing the line move to the next line and solve every problem until you finish
the page or the time is finished. If you do not know the answer to a specific
problem, move to the next problem. Work as fast and accurately as you can, you
have one minute. Tell me if you have finished before the minute is up. 1 will tell

you when to stop. Are you ready? Start now."

Key Math 111 test

This was used only for the cohort of 2022- 2023. Mathematical
abilities were assessed using KeyMath subtests: numeration, mental
computation and estimation, addition and subtraction, and multiplication and
division (Connolly, 1998). We chose KeyMath due to its comprehensive
inclusion of several mathematics subtests, and our laboratory had translated it
into Hebrew for previous studies (Silverman & Ashkenazi, 2022). In addition,
since it is a standardized measure, it has high reliability (median subtest-retest
reliability .88; (Connolly, 1998). The reliability between the subscales for the

participants in the current study was very high (Cronbach's alpha = .90). The
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items of each subtest are arranged in order of difficulty. The experimenter
moves on to the next subscale after four consecutive errors or the end of the
subscale. Numeration, mental computation, and estimation were conducted
orally, with each item presented on the KeyMath easel, while addition and

subtraction and multiplication and division were paper and pencil tests.

The numeration subtest includes 49 questions related to numerical
understanding (place value, magnitude, number sense, decimals, fractions,
percentages, exponents, integers, multiples, and factors). Mental computation
and estimation, addition and subtraction, and multiplication and division are all
part of the KeyMath area operations. Mental computation includes 40 items
related to mental computation of whole and rational numbers, mental
computation chains, and estimation of whole and rational numbers. Addition
and subtraction include 35 items, and multiplication and division include 31
items. Both subtests ranged from basic operations with integers to algebra. All
of the KeyMath subtests were given a raw score, the number of correct answers
in addition to a standardized score according to class level. The KeyMath
average score was used to classify participants into their developmental

dyscalculia group.

Results

Accuracy before and after

Include a partial sample of the 2018 cohort
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We included all the participants from the 2022-2023 cohort who did not suffer
from difficulties in mathematics (TD). Those groups included 40 children in the
3 grade and 48 children in the 4" grade. The cohort of 2018 is much larger and
includes nearly 400 children. To equalize the number of children in each cohort
a subgroup of children from the 2018 cohort were randomly selected for the
current analysis: 40 3™ grade children and 48 4" grade children. A three-way
repeated measures ANOVA was conducted on the number of correctly solved
problems in 1 minute with the operation (multiplication or addition) as the
within-participants factor and grade (3 or 4) and time (before or after) as the
between-participants factor. The results of this ANOVA are summarized in
Figure 1. The effect of class reaches significance F(1,172) = 9.94, partial #2 =
.61, p =.007. Children in the 4" grade (M = 17.28, SD = 6.42) correctly solved
more problems than the 3"-grade children (M = 15.13, SD = 5.34). The effect
of time was marginally significant F(1,172) = 3.12, partial p2= .02, p =.08. The
only significant interaction was between operation and time, F(1,172) = 264,
partial p2= .06, p =.002. To understand the interaction we calculated an
independent t-test for each of the operations. It was found that the pre-Corona
group (M = 20.54, SD = 7.96) was more accurate in addition compared to the
post-Corona group (M = 12.53, SD = 4.87) t(147) = 7.69, p = .001. However,
the opposite trend was found for multiplication. It was found that the post-
Corona group (M = 19.1, SD = 5.85) was more accurate compared to the pre-

Corona group (M = 14.06, SD =5.96). t(174) = -5.67, p = .001.

Include the whole sample of the whole cohort

38

2

IOIIIING

o7

maaun
1



Next, we compared the complete 2018 cohort to the group of children from the
cohort of 2022-2023, whose teachers did not report that they suffer from
mathematical difficulties. A three-way repeated measures ANOVA was
conducted on the number of correctly solved problems in 1 minute with an
operation (multiplication or addition) as a within-participants factor and grade
(3 or 4) and time (before or after) as a between-participants factor. The effect of
grade reached significance F(1,474) = 24.39, partial #2 = .05, p =.001. The only
significant interaction was between operation and time, F(1,172) = 407, partial
p2= .46, p =.001. To understand the interaction we calculated an independent t-
test for each of the operations. It was found that the pre-Corona group (M = 19.7,
SD = 7.56) was more accurate in addition compared to the post-Corona group
(M =12.67,SD =5.17). t(181) = 10.52, p = .001. However, the opposite trend
was found for multiplication: the post-Corona group (M = 19.1, SD = 5.85) was
more accurate compared to the pre-Corona group (M = 13.3, SD = 5.86). t(476)

= -8.37,p = .001.

Accuracy for MD vs. Control for the cohort of 2022-2023 only

In the current analysis, we included only children who were in the 1%t and 2"
grades during the Corona. First, we included the typically developing (TD)
group, which according to their teacher had average school achievements, and
the mathematical difficulty group (MD) which according to their teachers and
curriculum-based measurements had severe difficulties in arithmetic. A three-
way repeated measures ANOVA was conducted on the number of correctly
solved problems in 1 minute with an operation (multiplication or addition) as

the within-participants factor and grade (3 or 4) and group (MD or TD) as the
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between-participants factor. The results of this ANOVA are summarized in
Figure 2. The effect of grade reached significance F(1,205) = 18.02, partial #2 =
.08, p =.001. Children in the 4" grade (M = 13.2, SD = 4.77) solved more
problems correctly than the 3rd-grade children (M = 10.8, SD = 4.5). The effect
of group was also significant F(1,205) = 176.5, partial 2 = .46, p =.001. TD
Children (M = 16.96, SD = 5.33) solved more problems correctly than MD
children (M = 9.38, SD = 4.16). The interaction between grade and group was
marginally significant F(1,205) = 3.813, partial 2 = .018, p =.052. The only
significant interaction was between operation and group, F(1,205) = 7.27,
partial p2= .03, p =.008. To understand that interaction, we calculated an
independent t-test for each of the operations. We found that for both addition
and multiplication TD children (addition- M = 12.53, SD = 4.87; multiplication-
M = 19.10, SD = 5.8) solved more problems correctly than MD children
(addition- M = 6.12, SD = 4.11; multiplication- M = 10.85, SD = 4.37) t(208) =
10.22, p = .001; t(153) = 11.69, p = .001, for addition and multiplication
respectively. However, the difference was greater for multiplication (8.26) than

for addition (6.56).

Accuracy for DD vs. Control for the cohort of 2022-2023 only

We selected subgroups of participants that according to a standardized
measurement (KeyMath) were defined as DD and a matched control. A three-
way repeated measures ANOVA was conducted on the number of correctly
solved problems in 1 minute, with the operation (multiplication or addition) as
a within-participants factor and grade (3 or 4) and group (DD or TD) as a

between-participants factor. The results of this ANOVA are summarized in
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Figure 3. The effect of grade reached significance F(1,92) = 6.7, partial y2=.07,
p =.011. Children in the 4" grade (M = 13.2, SD = 4.77) solved more problems
correctly than the 3rd-grade children (M = 10.8, SD = 4.5). The effect of group
was significant, F(1,92) = 84.79, partial p2= .48, p =.001. TD Children (M =
16.96, SD = 5.33) solved more problems correctly than MD children (M = 9.38,
SD = 4.16). The only significant interaction was between operation and group,
F(1,92) = 5.417, partial 2 = .06, p =.022. To understand this interaction, we
calculated an independent t-test for each of the operations. It was found that for
both addition and multiplication, TD children (addition- M = 11, SD = 5.26;
multiplication- M = 17.42, SD = 5.7) solved more problems correctly than DD
children (addition- M = 4.29, SD = 4.09; multiplication- M = 8.48, SD = 4.08)
t(94) = 6.98, p =.001; t(94) = 8.78, p = .001, for addition and multiplication
respectively. However, the difference was greater for multiplication (8.93) than

for addition (6.7).

Correlation analysis for the cohort of 2022-2023 only

We conducted correlation analyses on all KeyMath subtests and math fluency
tasks (addition and multiplication for the TD and MD groups (see Table 2)).
First, in the two groups, multiplication fluency was positively associated with
estimation and numeration KeyMath subtests (r(122) = .40, p <.001 and r(122)
=.39, p<.001; r(88) =.38, p<.001 and r(88) = .35, p <.001 for MD estimation,
MD numeration, TD estimation and TD numeration respectively). The
correlation was not significantly different between the groups (minimum p =

37).
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Second, in the two groups, addition fluency after Bonferroni correction
was not significantly associated with estimation and numeration KeyMath
subtests (r(122) = .24, p <.01 and r(122) = .20, p < .05; r(88) =.31,p < .01l and
r(88) = .27, p < .05 for MD estimation, MD numeration, TD estimation and TD
numeration respectively. The correlations were not significantly different

between the groups (minimum p =.39).

Third, both addition and multiplication fluency were positively associated with
the complex written calculation of addition and subtraction (r(122) = .47, p <
.001; r(122) = .35, p <.001) and multiplication and division (r(122) = .52, p <
.001; r(122) = .51, p <.001) in the MD group but not in the TD group (r(88) =
14, p=n.s.;r(88) =.16, p=n.s. and r(88) = .08, p =n.s. r(88) = .2, p = n.s.
(For addition and subtraction with multiplication fluency and addition fluency
and multiplication and division with multiplication fluency and addition
fluency, respectively). All the differences in the correlations, except for the
correlation between fluency addition and addition and subtraction in the
KeyMath, (that was marginally significant, p = 0.08) were significant (minimum

p = .005) (see Figure 4).

Discussion

The main goal of the present study was to test the long-term effect of
coronavirus closure on the ability to solve arithmetical facts. Arithmetical facts
are important building blocks of more complex mathematics, and are part of the
mathematical curriculum. The population of the current study included children
who were in the 1%t and 2" grade during the closure. We tested those children 3

years later during their 3" and 4™ grades. We compared their performances to a
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group of children with similar characteristics that were during their 3 and 4%

grades in 2018, before the Corona closure.

Children who were in the 1% and 2" grades during the closures are a
unique population because they were in their initial stages of learning arithmetic
during the coronavirus closure. For these children, addition facts were learned
and trained mostly during the closure. However, multiplication facts were
mostly learned and trained after the closure. As expected, concerning addition
facts, children who learned them during the Corona closure showed reduced
ability compared to children who learned it before the Corona. Interestingly,
concerning multiplication facts, participants who were in the 1% and 2" grades
during the closures showed improved abilities compared to children before the
coronavirus in 2018. One explanation for this is the increased usage of digital
learning post-Corona. Online digital aids help in the rote memory of facts, such

as multiplication.

Another important goal of the present study is to understand the effect
of the coronavirus closure on students with learning disabilities. Students with
learning disabilities are very vulnerable to changes such as the coronavirus
closure. Hence, half of the group of participants who experienced the
coronavirus closures were defined by their teachers to have severe deficits in
mathematical processing. We found similar results for the whole group of
participants according to teacher classification and for the group that was
defined as DD according to standardized measurements. The two analyses

discovered that children with severe deficits in mathematical processing reflect
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weakness in addition and multiplication, but with more severe weakness in

multiplication.

Last, correlation analysis discovered the DD but not TD group showed
correlations between math fluency and complex written calculations. However,
the two groups showed a correlation between basic numerical knowledge and
math fluency and estimation and math fluency. Across groups, the correlations

were stronger with multiplication fluency than with addition fluency.

Why do children who experienced the Corona closures show advanced

abilities in multiplication compared to pre-Corona children?

Transformation of traditional learning environments into online learning
scenarios occurred rapidly during the Corona closures, requiring teachers and
students to acquire digital skills and competencies, implying the continuous
implementation of educational innovations long after the Corona closures
(Megahed & Ghoneim, 2022). The post-Corona pandemic increased the
awareness of combined new approaches to face-to-face learning including
blended learning methods (Cobo-Rendon et al., 2022). Blended learning is an
instructional method that includes the efficiency and socialization opportunities
of the traditional face-to-face classroom with the digitally enhanced learning
possibilities of the online mode of delivery (Dziuban et al., 2004).
Characteristics of this approach include (a) student-centered teaching where
every student has to be actively involved in the content (b) increased
opportunities for interaction between students and additional learning material
(Hrastinski, 2019). A blended method comprises in-person sessions that are

accompanied by online resources and tasks—essentially a combination of both
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face-to-face and online learning. It had already been found that the blended
method is better than traditional face-to-face learning for elementary school

students’ study of mathematics (Seage & Tiiregiin, 2020).

We believe that online remote learning during the Corona closure
introduced the opportunity to incorporate computer programs during the post-
Corona learning process of mathematics. Hence, new subject matter, such as
multiplication facts that were learned post-Corona, improved due to the
intensive training in computer programs, because teachers and children became
more familiar with blended learning methods that incorporated in-class and after

class training with digital aides.

Weakness in the retrieval of arithmetic facts in DD: a specific deficit in

multiplication

Persistent difficulties in memory of arithmetical facts is one of the
diagnostic criteria of children with DD, according to the DSM-5 (American
Psychiatric Association & Association, 2013). Importantly, children with DD
are more consistently weaker at retrieving arithmetical facts from memory than
at other aspects of arithmetic (Jordan & Hanich, 2000; Jordan et al., 2003,
Jordan & Montani, 1997). Children with DD often rely on counting strategies
more than on fact retrieval in arithmetic, long after their typically developing
peers. The delay in the retrieval of arithmetical facts can be found long after the
3 and 4™ grades (Cumming & Elkins, 1999; Ostad, 1997; Russell & Ginsburg,
1984). Moreover, it was discovered that high school students with MD show
severe deficits in math fluency tests, and their performances are matched to

those of 2" or 3" grade typically developing children. Hence, in line with
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previous studies, the current study discovered that children with severe deficits
in arithmetic, according to their teacher, as well as participants who were
defined as DD according to standardized measurement, showed deficits in math
fluency. Importantly, the deficits of DD in multiplication were larger than in
addition. Addition facts were learned and trained during the Corona closure.
Hence, the TD and DD groups showed low performances in addition fluency.
However, multiplication facts were learned and trained post-Corona and were
actually better for TD children post-Corona compared to a group of children that
was tested prior to the Corona, resulting in large group differences in

multiplication.

Correlations between math fluency and complex mathematics: in MD and

typically developing children

In previous studies, math fluency was found to be correlated to multiple
complex mathematical abilities and to predict arithmetic abilities later on
(Durand et al., 2005; Russell & Ginsburg, 1984; Zentall, 1990). In line with
these findings, in the present study math fluency was significantly correlated in
the two groups to 1) numeration, a subtest of the KeyMath 1ll, that includes
questions related to numerical understanding such as place value, magnitude,
number sense, and to 2) estimation, a subtest of the KeyMath I1I, that includes
non-written computational estimations, demonstrating that post-Corona basic
fact knowledge is related to arithmetical understanding both for MD and TD. In
addition, in the two groups, it was found that correlations between arithmetical
understanding and multiplication were stronger than the correlations between

arithmetical understanding and addition, demonstrating that the subject matter
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that was learned post- Corona is more related to individual differences in
arithmetical understanding than the subject matter that was learned during the

Corona.

Only in the MD, but not in the TD group, was math fluency strongly
correlated to achievements in written complex calculation. Mostly,
mathematical fact and procedural knowledge deficits are dissociable, and
written calculation tests procedural knowledge (Koponen et al., 2007).
However, written calculation requires a solution of arithmetical facts and
procedural knowledge. Because the DD group has severe deficits in the retrieval
of arithmetic fact, they also have deficits in more complex written calculations,
which results in the relation between math fluency and written calculation, only

in the MD group.

Conclusion

Over the last three years, many studies have explored the effect of the
Corona closures on learning, and discovered that it resulted mostly in learning
loss. However, studies that tested the long-term effects of the closures on

learning are lacking.

Hence, the main aim of the present study was to test the long-term effects
of the closures on the ability to solve addition or multiplication facts, in TD and
DD children. While addition facts were mostly learned and trained during the

closure, multiplication facts were mostly learned and trained after the closure.

For TD, concerning addition, children who learned it during the Corona

closure showed reduced ability, compared to children before the Corona closure.
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Interestingly, concerning multiplication, participants who were in the 1%t and 2"
grades during the closures showed improved abilities compared to children
before the Corona. These results indicated that learning loss is related to the time
of acquisition of the subject matter. In addition, as expected, we found learning
loss. However, for multiplication, we found learning gains. The learning gain
might be associated with a blended method comprised of in-person sessions that
are accompanied by online resources and tasks, which have gained popularity

post-Corona.

The DD post-Corona group showed weakness both in addition and
multiplication, with a specific deficit in multiplication. This indicates that the
greatest group differences emerge in the subject matter that showed a learning

gain because of Corona closure in TD.

The present study provides a new perspective on the effect of Corona
closures by revealing the complex effect of it on specific subject matters. The
present study also points to dissociations between the short-term and long-term

effects of Corona closures.
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Table 1

Correlations between mathematical abilities tested by a standardized

measurement (KeyMath I11) and mathematical fluency by operation and group.

Fluency Multiplication Fluency Addition

MD(n=122) TD (n=88) Diff | MD(n=122) TD (n=88) Diff
Fluency Addition X SR 46
KeyMath AS ATEE* 14 005 JSREE .16 .08
KeyMath MD S2FE* .08 =001 | .51%*%* -.02 >.001
KeyMath Estimation A40F** 3gEE* 43 24%* S1F* 29
KeyMath Numeration 39 35EEx 37 20% 27% 30

Note. * p< .05, ** p<.01 *** p < .001, bold font represents significance after

bonferoni correction (p < .003). AS= addition and subtraction; MD=

multiplication and division.
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Figure 1. The number of correctly solved problems in math fluency tasks as a
function of grade level and time before or after the coronavirus closures. It was
found that the group before the coronavirus was more accurate in addition
compared to the group after. However, the opposite trend was found for
multiplication, where it was found that the post-Corona group was more

accurate compared to the pre-Corona group.

Figure 2. The number of correctly solved problems in a math fluency task as a
function of grade level and group (TD, MD): all of the participants in the current
analysis were in their 1% and 2" grade during the Corona closure. It was found
that the pre-Corona group was more accurate in addition compared to the post-
Corona group. However, the opposite trend was found for multiplication: it was
found that the post-Corona group was more accurate compared to the pre-
Corona group. It was found that for both addition and multiplication, TD
children solved more problems correctly than MD children. However, the

difference was greater for multiplication than for addition.

Figure 3. The number of correctly solved problems in a math fluency task as a
function of grade level and group (TD, DD): all of the participants in the current
analysis were in their 1t and 2" grade during the Corona closure. It was found
that the pre-Corona group was more accurate in addition compared to the post-
Corona group. However, the opposite trend was found for multiplication, where
it was found that the post-Corona group was more accurate compared to the pre-
Corona group. It was found that for both addition and multiplication, TD
children solved more problems correctly than DD children. However, the

difference was greater for multiplication than for addition.
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Figure 4. Correlation between multiplication fluency and complex addition and
subtraction ability (top part) or multiplication and division (bottom part) and
group (TD, MD): all of the participants in the current analysis were in their 1%
and 2" grade during the Corona closure. It was found that the correlations were

significant in the MD group, but not in the TD group.
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Abstract: (1) Background: Over the last three years, many studies
have explored the effect of the pandemic closures on learning.
However, in Israel, the perspectives of parents and teachers on the
short- and long-term effects of the lockdowns on students with
mathematical learning disabilities (MD), have rarely been examined.
(2) Methods: To fill this gap, MD (n=33) or typically developing (n=50)
children were selected. They were in the 1st and 2nd grades during the
closures, and we tested them and their surroundings, two years later.;
(3) Results and conclusion: First, according to the parent’s survey,
children with MD had physical conditions similar to the TD group, the
two groups had similar stable connections to the internet, computer,
and a quiet environment. However, MD children 1) needed more help
and 2) had a harder time concentrating during virtual math classes
compared to TD children. Moreover, the coronavirus closures resulted
in a greater learning gap in the MD children compared to the TD
children. We found positive associations between difficulties reported
by the parents and actual weakness in performances in complex
multiplication and division and verbal working memory. Second,
according to the teachers’ survey (n = 15), we discovered that teachers
are currently using more digital aids than before the coronavirus
closure.

Keywords: long-term effect of coronavirus closure, mathematical
learning disabilities, perspectives of parents, perspectives of teachers,
individual differences.

1. Introduction

The coronavirus pandemic has led to drastic changes around
the world generally, and in Israel specifically [1-3] . Schools
were closed during the lockdown in the Spring of 2020 in
almost every country in the world. In Israel, specifically, the
education system was closed from 2020 to 2021 between 11.5 to
24 weeks [4]. Even today, during the Gaza War in Israel, many
children and young people are still involved in distance
learning. Distance learning has become a common solution to
every situation where children cannot participate in in-class
learning. Hence, understanding the perspectives of parents and
teachers about the short- and long-term effects of closure and
distance learning on young children with mathematical learning
disabilities is very important from both the educational and
social perspectives. This question is particularly important for
children who were in the 1st and 2nd grades during 2020 and
needed to learn the basics of arithmetic during the closures. This
age range is unique because: 1) the mathematical curriculum in
the 1st and 2nd grades is the building block of later, more
complex mathematical knowledge [5, 6], and 2) children as
young as the 1st and 2nd grades cannot perform distance
learning independently, due to their difficulties in operating a
computer by themselves, and concentrating throughout a full
class period.
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The question about the cognitive effects of school
closures on children with and without learning disabilities has
already been tested around the world [7]. Kuhfeld, et al. [8]
compared mathematical performances before and after the
closures in the USA and found that both 3rd and 4th-grade
children’s mathematical performances decreased by 9 percentile
points after the closures, as compared to before the closures.
Maldonado and De Witte [9] looked at the effect of 7-week
closures in Belgium and found a 0.19 standard deviation
decrease in the test values achieved in mathematics. A meta-
analysis that combined 12 studies regarding learning loss
during the closures found that most of the studies reported
varying degrees of learning loss [10]. However, results were
highly heterogeneous. One of the explanations for this great
heterogeneity in the effect of closures is individual differences,
such as the presence of learning disabilities [11-13]. Participants
with learning disabilities are likely to be more heavily affected
by the closures than their typically developing peers [11-14].

Independent of the Corona lockdown, multiple studies have
tested the effect of remote online learning on participants with
learning disabilities and found mixed results [3, 14-16]. On the
one hand, the advantage of online learning for participants with
learning disabilities is free access to the course lectures and
materials [16]. Moreover, online learning increases parents’
awareness of the course materials, which is beneficial, especially
for students with learning disabilities [15]. On the other hand,
previous studies have mentioned a few points that can interfere
with online learning in students with learning disabilities [3,
14]. Specifically, the online learning of students with learning
disabilities requires great parental involvement, which might be
a challenge for some of the parents [14]. Moreover, students
with learning disabilities need to use the support network of the
school more than students without learning disabilities. Hence,
online learning disconnects the students from the school
support network, affecting mostly students with learning
disabilities [3].

Incorporating digital aides into post lockdown classes

Transformation of traditional learning environments into online
learning scenarios occurred rapidly during the pandemic
closures, requiring teachers and students to acquire digital skills
and competencies, implying the continuous implementation of
educational innovations long after the pandemic closures [17,
18] . The post-Corona pandemic increased the awareness of
combined new approaches to face-to-face learning, including
blended learning methods [19]. Blended learning is an
instructional method that includes the efficiency and
socialization opportunities of the traditional face-to-face
classroom with the digitally enhanced learning possibilities of
online modes of delivery [20]. Characteristics of this approach
include (a) student-centered teaching where every student has
to be actively involved in the content (b) increased
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opportunities for interaction between students and

additional learning material [21]. A blended method comprises
in-person sessions that are accompanied by online resources
and tasks—essentially a combination of both face-to-face and
online learning. It has already been found that the blended
method is better than traditional face-to-face learning for
elementary school students” study of mathematics [22].
However, the question of whether post Corona classrooms
incorporated blended methods more than pre-Corona
classrooms has yet to be determined.

Environmental perspective on distance learning during COVID-
19

A few previous studies have explored parents' and teachers'
perspectives on distance learning during the COVID-19
pandemic [23-27]. Stites, Sonneschein and Galczyk [27]
examined parents' perspectives in the US and found that
parents were more involved in literacy-based activities than in
mathematics activities. Additionally, the surveyed parents
stated that time was a significant factor in helping their children
with distance learning and expressed a preference for activities
that didn't require a lot of time. Later, Godwin, Kaur and
Sonnenschein [24] tested the viewpoints of parents and teachers
regarding remote learning for elementary school children
during the pandemic. Teachers reported that the amount of
virtual instruction was less than in-person instruction and that
children were more off-task. In addition, parents reported that
fewer than half of the children completed online lessons
independently. Furthermore, parents reported that children
preferred in-person learning over online learning. Other studies
investigated the perspectives of parents of children in special
education and found that these children were unable to
participate in virtual learning without significant adult support.
Parents often had other responsibilities and were unable to
provide their children with assistance during virtual learning
[25, 26].

The Present Study

It has been documented that in most countries, the effect of the
coronavirus pandemic has led to significant universal learning
loss. However, in Israel, the multiple perspectives of parents
and teachers on the short- and long-term effects of the
lockdowns on students and classes with students with learning
disabilities, have rarely been examined [23-27]. In this study, we
selected children that were in the 1st and 2nd grade during the
closures and tested those children 2 years later during their 3rd
and 4th grades. Children who were in the 1st and 2nd grades
during the closures are a unique population because they were
in their initial stages of learning arithmetic and were too young
to fully participate in remote online learning. We selected a
group of typically developing children (TD) and a group of
children with mathematical learning disabilities (MD). The MD
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group was defined due to severe difficulties in mathematics
according to their teachers, and according to curriculum-based
tests that were designed by the Ministry of Education in Israel.
In addition to their performances on multiple mathematical and
domain-general tasks, we collected online surveys from their
parents and teachers.

Whilst most of the studies described above focused on the
national lockdown period, little is known about parental views
on remote learning during the lockdown. The first study aimed
to ascertain the impact of the COVID-19 pandemic on the
learning process of children with mathematical learning
disabilities in Israel, from the parents’ point of view, with a
focus on experiences of school closures. To achieve this goal, the
following research questions were formulated: 1) How did
parents of children with learning disabilities perceive the
impact of school closures on their children’s abilities to learn
math later on, and whether there are differences between
parents’ perceptions of children with or without learning
disabilities? 2) Whether parent’s perceptions about difficulties
during the lockdownsare associated with specific subject matter
in the mathematical abilities of their child? 3) Whether parent’s
perceptions of difficulties during the lockdowns are related to
specific domain-general abilities associated with their child’s
learning?

We believe that parent’s perceptions of difficulties during the
lockdown will be more severe in children with mathematical
learning disabilities (MD) than in typically developing children
(TD). Moreover, based on previous studies, our expectation
relates to parents of children with learning disabilities who
reported that they need more help than parents of typically
developing children [14]. We believe that parents of MD
children will report that they need more help than parents of
TD children. Moreover, based on our previous findings, from
the same population, we found that MD children have more
meaningful weaknesses in multiplication than in addition. We
believe that perceived difficulties related to the closures will be
associated with real performances in multiplication.

Moreover, little is known about the long-term effect of the
lockdown on teachers' instructional methods. Hence, the goal of
Study 2 was to examine the effect of the lockdown on teachers'
instructional methods. In a recent study (Ashkenazi et al.,
submitted), we discovered that in multiplication facts, that were
learned after the Corona period, post-Corona lockdown TD
children showed better performances than children before the
Corona. We believe that the Corona lockdown forced the
teachers to use online or hybrid learning methods, that
incorporated digital aids during and outside class. These new
methods with digital aids potentially explain the improvements
of children in subject matters that were learned after the
lockdowns. Accordingly, we hypothesized that teachers post-
Corona are using more digital aids that improve multiplication
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training. Hence, in Study 2 we selected the teachers of the

same children as in Study 1, who had practiced teaching before
and after the Closures, and asked them to use the online survey
about their classrooms and digital aids post and pre-corona. We
believe that teachers would report that they are using digital
aids more frequently post-Corona compared to pre-Corona.
This will be evident in all mathematics subject matter and both
in and outside class.

2. Experiment 1

The present study employs a survey design to assess parental
perspectives on the impact of school closures in Israel, as a
result of the Covid-19 pandemic. Data was collected between
October and December 2022- 2023 following ethical approval by
the Ethics Committee of the host higher educational institution.
All data was anonymous and informed consent was obtained
from respondents before initiating the survey. Table 1 presents
the full items and average responses by groups.

2.1 Materials and Methods of experiment 1
2.1.1 Participants

In the first step, we asked elementary school teachers from
regular classes in the Northern District of Israel to select a group
of children from the 3rd or 4th grade according to 1) Teacher
assessment that they suffer from severe difficulties in
mathematics, and 2) According to achievements in
mathematical curriculum-based tests in Israel (lowest 20%). The
mathematical curriculum-based test was administered to all
children in Israel during these years. Children who met these
two criteria were defined as belonging to the mathematical
difficulties (MD) group. We also asked the same elementary
school teachers to provide us with an additional group of
children with average or above-average math performances.
This group was defined as typically developing (TD).

Eighty-three children were selected from the 3rd and 4th
grades, from 7 schools in the Northern District of Israel. 34 of
them were from the 3rd grade, 16 were males (mean age = 8.64,
S.D. =0.53) and 46 from the 4th grade, 21 were males (mean age
=9.83, 5.D. =0.51). From the 3rd grade, 17 were TD and 20 were
MD, from the 4th grade 16 were TD, and 30 had severe
difficulties in mathematical knowledge according to their
teachers. The parents of all the participants signed an informed
consent form for participation in the experiment. The study was
approved both by the ethics committee of the Education
Ministry and the School of Education at the Hebrew University.
Two of the MD group participants did not complete all the tests
and were excluded. One of the participants in the MD group
quit during the experiment due to difficulties.

2.1.2 Tools
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Domain general and domain specific general tasks.
2.1.2.1 Math fluency test

Participants start with addition and then continue with the
multiplication subtest. 81 multiplication and 81 addition
problems are presented on a sheet of paper with operands
between 1 to 9 including twins. The test is administered to all
participants together.

2.1.2.2 Key Math III test

Mathematical abilities were assessed using KeyMath subtests:
numeration, mental computation and estimation, addition and
subtraction, and multiplication and division [28]. We chose
KeyMath due to its comprehensive inclusion of several
mathematics subtests, and our laboratory had translated it into
Hebrew for previous studies [29]. In addition, since it is a
standardized measure, it has high reliability (median subtest-
retest reliability .88; [28]. The reliability between the subscales
for the participants in the current study was very high
(Cronbach's alpha = .90). The items of each subtest are arranged
in order of difficulty. The experimenter moves on to the next
subscale after four consecutive errors or the end of the subscale.
Numeration, mental computation, and estimation were
conducted orally, with each item presented on the KeyMath
easel, while addition and subtraction and multiplication and
division were paper and pencil tests.

The numeration subtest includes 49 questions related to
numerical understanding (place value, magnitude, number
sense, decimals, fractions, percentages, exponents, integers,
multiples, and factors). Mental computation and estimation,
addition and subtraction, and multiplication and division are all
part of the KeyMath area operations. Mental computation
includes 40 items related to mental computation of whole and
rational numbers, mental computation chains, and estimation of
whole and rational numbers. Addition and subtraction include
35 items, and multiplication and division include 31 items. Both
subtests ranged from basic operations with integers to algebra.
All of the KeyMath subtests were given a raw score, the number
of correct answers in addition to a standardized score according
to class level. The KeyMath average score was used to classify
participants into their developmental dyscalculia group.

2.1.2.3 Nonstandardized basic numerical tasks

Simple operations RTs. Simple addition, multiplication, and
subtraction operations were shown to the participants on the
screen, and the participants were instructed to give a vocal
response to the operation. RTs of the correct trail served as the
dependent variable.
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Comparison is symbolic. Two digits between 1 to 9 were
presented on the screen in two sizes and the participants were
instructed to ignore the physical size and select, by a keypress,
the larger digits. Numerical distance (1 and 4) and physical size
resulting in 3 congruity conditions (congruent, natural, and
incongruent) were manipulated; the dependent measure was
average RTs for correct trials. A typical trial started with a
fixation cross for 500 ms and then the digits appeared until the
response, and ended in a blank screen for 500 ms.

Comparison Non-symbolic. Participants were presented with
dots, ranging between 5 and 24, in various sizes, the
participants had to indicate by a key press, in which size there
are more dots and ignore their physical size. A typical trial
started with a fixation cross for 300 ms and then a blank screen
for 500 ms, then the dots appeared until the response and ended
in a blank screen for 1500 ms.

2.1.2.4. Domain general abilities

Vocabulary. Twenty-three words were presented to the child
verbally and they were instructed to say what the meaning of
this word is. Every meaning got a score between 0 to 2.

Visuospatial short-term and working memory. A computerized
version of the Corsi block test was used to measure the
participant’s spatial working memory span. Nine blue squares
(2 cm x 2 cm) were unevenly distributed over a 16 cm x 16 cm
quadrant on a computer screen. The positions of the squares
were fixed. Each trial began with the presentation of nine blue
squares, and then a random sequence of squares was lit up in
yellow at a rate of one square per second. The squares remained
on the screen for 500 ms after the sequence was completed.
Then a black screen was presented for 15 seconds. Finally, the
nine blue squares were presented again and the participant had
to reproduce by mouse click the sequence in which the squares
had lit up, either in the same order (working memory) or in the
reverse order (central executive). (Task from the Psychology
Experiment Building Language- PEBL).

2.1.2.5. Verbal short-term and working memory

A computerized version of the digit span test was used to
measure the participants’ phonological span. In each trial, a
sequence of numbers was auditorily presented to the
participants. The participants were asked to repeat the sequence
numbers in the same order (working memory) or reverse order
(central executive). Trials started with a sequence of two
numbers and increased in difficulty with each successive trial.
In contrast to the phonological span test, which involves the use
of non-numerical stimuli (letters), the present task used digits.

Inhibition. A row of 5 fishes were presented on the screen and
the participants had to indicate by a keypress whether the
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central fish is pointing to the left or the right, and ignore the
fisheson the sides. In the congruent condition, all the fishes
were pointing in the same direction, in the incongruent
condition the central fish was pointing to the opposite location
compared to the fishes on the sides. A typical trial started with a
fixation cross for 500 ms and then the digits appeared until the
response and ended in a blank screen for 500 ms.

Processing speed. In the tasks participants were presented with
the number 1 to 9 that matched 9 abstract symbols, e.g., the
number 1 was matched to that abstract symbol . the matching
between the 9 numbers and symbols were on the screen for the
whole experiment. During the experiment, participants were
shown a pair of a number and a symbol and had to indicate, by
a key press whether the symbol matched the number or not.

Raven. Children were shown 37 trials with a pattern with a
missing part they should indicate to select the part that is
missing from a few options. Dependent variable was accuracy.

Parent's survey- the influence of remote learning during the
Corona period. The survey included 14 items. The survey was
sent online and the general instructions for the parents were
"your child was in his first or second grade during the Corona
period, try to remember the closures time two years ago, when
your child performed virtual learning. Try to answer the
questions as exactly as possible. For every item, please decide
which ranking best describes the remote learning period during
the closures. Please answer with a score of 1-not atall, to 5 -
very much. Please mark only one answer. Please work fast, but
relate to every item separately. The individual items are
presented in Table 1.
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Table 1 Results of all the questions for all the groups

The translated question TD [n=50) MD (n=33)
Mean S0 Mean 5D I
a1 The student was able to keep track of what was going on during 358 11.09 33.09 1.0 ..004*
class 9
az The student was able to understand the teacher 250 1102 3324 o008 .25
7
a3 It was harder fior the student to study in a virtual compared to a 1112 3385 112 .06
frontal class 326 9
Q4 Digit learning aids, including short movies, helped the student 265 1112 3338 005 .25
understand the subject matter B
as It was hard for the student to concentrate during virtual math 3.06 11.23  33.82 1.1  ..006**
class 3
Qe It was hard for the student to find symbols on the keyboard 11.18 33.06 114 .07
251 .
ar The student performed the tasks that were given to him/her on 2 g8 11.24 3342 11.0 .05
time 9
[al:3 The student had a hard time performing the online task by 11.26  44.00 1.0 ..001*+
himself and without help from others 2% [
ags The student always had a quiet and isclated environment during 238 11.26 33.27 113 .71
online leaming 5
aio The student always had the computer available for learning 11.21 4415 11.1  .EE
404 s
Q11 The student left the online lesson only when it ended 133 00.77 4415 11.2 .43
3
Q12 The student used a mobile phone instead of the computer during 11.35 11.84 113 .47
learning 218 4
Qilz The student had a stable connection to the interment during 2 50 00.95 33.94 11.2  .BY
online classes ]
Qla The Corona period resulted in significant learning gaps for the 351 10.97 4415 112 .02+
student [

* p<.05, ** p<.01 *** p <.001, bold font represents significance
after Bonferoni

2.2. Results of experiment 1
2.2.1 Preliminary Analysis

Reliability Analysis. The questionnaire included 14 items. In
order to test the Reliability of the test we calculated Cronbach's
Alpha. With all of the 14 items Cronbach's Alpha was rather
low (.38). In order to increaseit we first omitted Q2, Q4 and Q12
to receive Cronbach's Alpha = .58, then we omitted Q7 to receive
Cronbach's Alpha = .63, then we omitted Q10 and Q11 to receive
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Cronbach's Alpha =.71, then we omitted Q9 and Q13 to
receive Cronbach's Alpha = .82. Then only 6 items were left: Q1,
Q3, Q5, Q6, Q8 and Q14.

Factor Analysis. Exploratory factor analysis (EFA) was
performed on the correlation matrix in order to identify
underlying dimensions (factors) as measured by 6 items
comprising the Parent's survey- the influence of remote learning
during the Corona period that found to be with high Reliability.
We used principle axis factoring method. The results indicated
a single factor with an Eigenvalue of greater than 1, that
explained 52.61% of the variance with direct Oblimin. The
results are presented in Table 1. The model fit indices obtained
through EFA for the one-factor were: x2/df =10.46, Kaiser-
Meyer-Olkin measure of sampling adequacy = .77, Bartlett's test
of sphericity p = .001. Thus, the one-factor model was
acceptable.

2.2.2 Main Analysis

Group Comparison of Responses. In the current analysis, we
included the typically developing (TD) group, which according
to their teacher had average school achievements, and the
mathematical difficulty group (MD) which according to their
teachers and curriculum-based measurements had severe
difficulties in arithmetic. A three-way repeated measures
ANOVA was conducted on the response with item numbers (1-
14) as the within-participants factor and grade (3 or 4) and
group (MD or TD) as the between-participants factor. The effect
of item was significant F(13,962) = 16.44, partial u2=.182, p
=.001. The interaction between group and item was also
significant F(13,962) = 4.157, partial pu2=.053, p =.001.
Accordingly, we tested group differences in each item. The
results are summarized at Table 1. First, according to Q1, in
medium effect size, parents of children from the MD group
reported that they had a harder time following a virtual class
compared to parents of children from the TD group. Second,
according to Q5, in medium effect size, parents of children from
the MD group reported that they had a harder time
concentrating in a virtual math class compared to parents of
children from the TD group. Third, according to Q8, in large
effect size, parents of children from the MD group reported that
they had a harder time performing their virtual learning tasks
without help, compared to parents of children from the TD
group. Fourth, according to Q14, in medium effect size, parents
of children from the MD group reported that the Corona closure
resulted in larger learning gaps compared to parents of children
from the TD group.

Responses by Group for Only 6 Reliable Items. A three-way
repeated measures ANOVA was conducted on the response
with item numbers (1, 3, 5, 6, 8, 14) as the within-participants
factor and grade (3 or 4) and group (MD or TD) as the between-
participants factor. The effect of item was significant F(5, 385) =
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7.81, partial u?=.09, p =.001. The interaction between group
and item was also significant F(5, 385) = 4.897, partial u?= .06, p
=.001. The results are summarized in Table 3. All of the
questions that showed significant group differences were
included in the current analysis, hence, we did not analyze the
group by item interaction (see the previous section).

Table 3 Results of the items only according to relatability

2
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analysis

T [n=50) MDD [n=33) P Cohen's d
Mean 50 Mean 50

a1 3.58 101 3.09 110 4% -0.47

BE] 3.26 143 3.85 128 06

as 3.06 125 3.82 113 JO06** 0.64

Qe 251 121 306 143 a7

[a]:3 35 1.26 4,00 1.06 JO0LE* 0.90

aila L1 1.34 4.15 1.03 2% 0.54

Correlation Analysis between Responses, Domain General, and
Mathematical Abilities. We conducted correlation analyses
between responses in the questionnaire that showed significant
group differences, and domain general and domain specific
factors. First, we tested the relations between general abilities
and average score in the items that showed significant group
differences in the previous analysis. The scores of Q1 were
coded as opposite scores (results of 1 were coded as 5, results of
2 were coded as 4, results of 4 were coded as 2 and results of 5
were coded as 1) and then the opposite scores of Q1 were
averaged together with Q5, Q8 and Q14 (see Table 1). Table 3
presents the correlation between these scores and general
abilities. It was found that only verbal working memory was
negatively associated with response in the questionnaire, 1(62) =
-43, p <.001 (see Figure 1). Table 4 presents the correlation
between these scores and numerical and mathematical abilities.
It was found that after Bonferroni correction, only KeyMath
multiplication and division was negatively associated with
responses in the questionnaire, r(62) = -.35, p < .01 (see Figure 1).
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Table 4 Reswlts of the items only according to relatability analysis

Test Correlation Significant
Vocabulary -01 8z
Visuospatial short-term memory .05 .87
Visuospatial working memory -.05 72
Verbal short-term memaory -.01 .85
Verbal working memory -43 .001
Inhibition A3 .25
Processing speed 12 .38

Rewvan -.18 A3

Note. Bold font represents significance after Bonferoni correction (p = .006).

Note. Bold font represents significance after Bonferoni
correction (p <.006).

Figure 1
Correlations between responses in the items that showed significant
differences between MD and TD groups and verbal working memory score
(left part) or complex multiplication and division tested by the keymath
score (right part). The result showed significant and positive correlation
between parents’ report and actual weakness in complex calculation and
verbal working memory.
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2.3. Discussion of experiment 1

The main aim of this study was to examine parents’
perspectives about the online learning during the closures in
Israel. We took a group of parents of TD and MD children. Both
groups of parents reported that their child had a harder time
being part of the virtual class compared to a regular class, and
both groups reported that it was not so hard to find the right
symbols on the keyboard during class.

However, in line with our expectations, the parents of the
MD group reported that 1. the children needed more help from
others to perform the online tasks. 2. They had a harder time in
concentrating during online math class. 3. Last, they reported
that the Corona time resulted in larger learning gaps in the MD
compared to the TD.

An additional question of Experiment 1 was whether
parents’ perspectives about the child’s weaknesses is related to
the child’s performances on mathematical abilities or to general
cognitive mechanisms, at the basis of mathematical abilities. The
results indicated that subjective parents’ report of weakness in
the survey was positively related to the child’s actual weakness
in complex multiplication and division tested by the key math
III standardized task, and to individual weakness in verbal
working memory.

In a recent study (Ashkenazi et al., submitted), we looked at
the long term and short-term effects of Corona lockdown on
retrieval of arithmetical facts in the same age group as in the
present study. We looked at the short-term effect by examining
addition fact knowledge, which was learned shortly before the
lockdown, and multiplication facts that were learned after the
Corona lockdown. As expected, in addition facts, participants
that experienced the Corona lockdown, showed reduced
performances compared to participants before the Corona
lockdown. However, in multiplication facts, typically
developing children post Corona lockdown showed better
performances than children before the Corona. Children with
mathematical learning disabilities showed weakness both in
addition and multiplication with more severe deficits in
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multiplication. While TD children improved in

multiplication compared to Pre corona, for MD children, this
was their biggest gap. The present result in addition to
previous results indicating that multiplication facts are very
sensitive to the effect of the Corona time. Additionally, we
discovered here that verbal working memory of individual
abilities was the only domain general factor associated with
reported weakness. Verbal working memory is one of the
building blocks of complex multiplication and division [30-33] .
For example, [33] discovered that verbal working memory
(digits backward), was a significant predictor of mathematical
abilities at the beginning of elementary school. In a meta-
analysis [34] found that a complex mathematical task has the
strongest correlation with working memory. In a recent study,
[35] examined the associations between multiple mathematical
tasks including complex calculation and working memory tasks
in children. They discovered that verbal working memory, but
not visuospatial working memory, had a unique contribution to
complex subtraction, multi-step computation and number
series. Hence, it came as no surprise that the perceived
difficulties of the child during the Corona period were
associated with both complex calculations and verbal working
memory deficits.

3. Experiment 2

Experiment 1 examined parents’ perspectives about the short-
term effect of the pandemic closures on elementary school
children with or without learning disabilities. Experiment 2 was
aimed at testing the long-term effect of the Corona period on
classrooms of teachers with children with learning disabilities.
Most of the previous studies have indicated that the Corona
period resulted in significant learning lost to different degrees
(Zierer, 2021). Please note, however, that these studies mostly
examined the short-term effect of the closures. Indeed, a recent
study tested the effect of the closures on addition and
multiplication knowledge. We discovered learning lost in
addition, that was learned during the Corona period.
Interestingly, this was not the case for multiplication, that has
been learned and trained post Corona. Hence, we found
learning gain for subject matter that was learned after the
Corona. In line with this view, we hypothesized that improved
instructional methods of teachers after the Corona were the
origin of these learning gains, due to an increase in the usage of
digital aids. Hence, Experiment 2 was aimed at comparing
teachers’ usage of digital aids pre- and post- Corona.

3.1. Materials and Methods of experiment 2
3.1.1 Participants
We asked elementary 3rd or 4th grade school teachers, whose

students were part of Experiment 1, from regular classes in the
Northern District, to participate in Experiment 2. All the
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teachers that were selected, started teaching before the
Corona and currently continue to teach.

Fifteen females teachers answered the survey online, from 7
schools. Their ages ranged between 28- 57, average age = 42.33,
S.D.=7.09, their average time practicing teaching math is 13.4
years, SD = 8.58. One of the teachers was excluded due to
missing data.

3.1.2 Tools

Teacher's digital aids questionnaire. All the items were
answered twice, once referring to 2018 (prior to the Corona) and
once referring to 2022 or 2023 (2 years after the Corona), for a
total of 5 items X 2 =10. The first item asked about incorporating
digital media during class. The second item asked about
incorporating digital media during individual work in class.
The third item asked about incorporating digital media during
homework. The fourth item asked about training addition using
digital aids. The fifth item asked about training multiplication
with digital aids.

The survey was sent online and the general instructions for the
teachers were "The next survey is designated for teachers of
mathematics that were teaching in the Northern District during
2018 and during 2022 and 2023. The survey will refer to before
and after the Corona period, and will try to discern a pattern of
usage of digital aids before and after the Corona. Examples for
digital aids could be websites that were acquired by the
Ministry of Education such as "10 fingers". The scores were
between 1- not at all, to 5 - very much.

3.2. Results of experiment 2
3.2.1 Response for the Teachers

A two-way repeated measures ANOVA was conducted on the
responses with time (before, after) and item number (5) as the
within-participants factors as the between-participants factor.
The effect of time was significant F(1,13) = 9.02, partial p2 = 41,
p =.01. The effect of question was also significant F(4,52) = 8.42,
partial p2=.39, p=.001. The interaction between time and
question was not significant. The results are summarized in
Table 3; as can be seen in Table 3, the use of digital aids was
much more common after the Corona period (mean = 3.86, S.D.
=0.89) compared to before the Corona period (mean =3.01, S.D.
=1.29).

3.3 Discussion of experiment 2

The main aim of the second study was to examine teachers’
perspectives about the long-term effects of online learning
during the closures in Israel. We took a group of teachers of MD
and TD children at regular schools. Generally, teachers reported
that they were using more digital aids post Corona as compared
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to prior to the Corona. The biggest differences between

before and after the Corona, were not due to digital aids during
class, since in both cases teachers reported that they had used
digital aids during class pre- and post- Corona. However, the
biggest differences were in independent work during class
(before mean = 3.93, after mean = 2.93) and as homework (before
mean = 3.71, after mean = 2.71). Moreover, a similar increase
was found in the instruction of addition and multiplication.

In a recent study, for the same population in multiplication
facts, typically developing children post Corona lockdown
showed better performance than children before the Corona.
Hence, this improvement can be partially explained by the
increase in digital aids as independent-work in class and
outside class. A study conducted in the US examined the use of
digital devices at home to support learning before and after the
COVID-19 pandemic. The study found that children's reported
use of digital devices and parents' confidence in assisting their
children's learning with such devices increased from pre-
COVID to post-COVID. confidence assisting their children’s
learning with such devices reportedly increased from pre- to
post-COVID [36].

4. General discussion

The main goal of the present study was to test the
perspectives of parents and teachers regarding students with
mathematical learning disabilities, to the short and long-term
effects of coronavirus closure. Many novel aspects can be found
in the current study. First, we looked at a population of students
with MD according to teacher assessments and curriculum-
based tests. Second, we correlated parents’ perspective with the
actual performances of the child in mathematical tasks as well
as cognitive factors. Third, we used children in the 1st and 2nd
grades during the closures. These children were in their initial
stages of acquiring basic mathematical abilities.

In a meta-analysis Zierer [10] found that most of the
studies reported a learning gap to various degrees, although
the size of the effect changed dramatically between studies, due
to individual characteristics of the learner or Socioeconomic
status. For example, learning gap was very severe for students
from less-educated households, they experienced a greater loss
of 60% compared to the general population [37]. Similarly,
studies from all over the world found that learning gap was
greater for students with learning disabilities compared to the
general population [14]. In line with the investigator's view
about learning gap, in children, especially children with
learning disabilities, most of the parents, with a small
preference for the parents of MD children, believe that the
coronavirus closure had a negative effect on the learning of their
child. Specifically, 75.8% of the parents of children from the MD
group and 55.1% of the parents of children from the TD group
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strongly agree with the item" The Corona period resulted in
significant learning gaps among the students ".

Effective online learning requires physical conditions such
as 1) a stable internet connection, 2) an available computer, and
3) a quiet environment [38]. The Program for International
Student Assessment (PISA) s an international assessment that
measures 15-year-old students' reading, mathematics, and
science literacy [38]. The Pisa (2018) compared these physical
conditions during online learning in the coronavirus closures
across countries. According to the report, the Israeli learners
had relatively good physical conditions during the coronavirus
closure. Specifically, 1) According to the Pisa 2018, 90% of the
students in disadvantaged schools, and over 95% of the
students in advantaged schools reported that they had a quiet
place to study. In our sample, only 50% of the TD and 42.5% of
the MD parents reported that their child always had a quiet and
isolated environment during online learning. 2) According to
Pisa 2018, 90% of the students in disadvantaged schools and
over 95% of the students in advantaged schools reported that
they had an internet connection. In our sample, only 74% of the
TD and 69.6% of the MD parents reported that their child had a
stable connection to the internet during online classes. 3)
According to Pisa 2018, 90% of the students in disadvantaged
schools and over 98% of the students in advantaged schools
reported that they had access to a computer for schoolwork. In
our sample, only 70% of the TD and 72.8% of the MD parents
reported that their child always had a computer available for
learning. These findings demonstrated that students in the MD
and TD groups had similar and good environments and
materials for online learning. However, our results constantly
demonstrated worse physical conditions in our sample
compared to the results of Pisa 2018. Please note that our
sample was much younger than the Pisa 2018 which included
only 15-year-old students [38].

One of the main aims of the present study was to look at
the different experiences of children with or without learning
disabilities in online and remote learning during the
coronavirus closure. One of the differences was related to the
independency of the learner. Our two groups were children
who were in the 1st or 2nd grades during the coronavirus
closure, and accordingly, had minimal technical knowledge,
and required extensive help from families. However, in line
with previous studies, 72% of the parents of children from the
MD group and only 37% of the parents of children from the TD
group strongly agreed (give answer of 4 or 5) with the item "The
student had a hard time performing the online task by
his/herself and without help from others". Schuck and Lambert
[14] have already reported that the online learning of students
with learning disabilities requires great parental involvement,
which might be a challenge to some of the parents. Moreover, in
line with the greater general difficulties of MD students with
mathematical learning in class or remotely, we discovered that
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MD children had a harder time keeping track or
concentrating during virtual class than TD children.

An additional goal of the present study was to look at the
long-term effect of the coronavirus closure on learning
environments. So far, most previous studies have examined the
short-term effect of the corona virus closure. However, in a
previous study with the same population (elementary school
students who were in their 1st or 2nd grade during the corona
virus closure and were tested two years later) for typically
developing students, no long-lasting negative effects were
found for learning multiplication facts, which were mostly
learned post corona closure. This finding demonstrated that the
coronavirus closure, in the long term, could result in learning
gains. We hypothesized that the increase in the usage of digital
aids, post-coronavirus closure, could be the origin of learning
gains. From teachers’ perspectives, they were unprepared for
the sudden move to online learning during the coronavirus
lockdown period [4, 23, 39, 40]. For example, in the report of the
Pisa 2018 according to school principals, only 50% of the
teachers in disadvantaged schools and 70% of the advantaged
schools’ teachers had the necessary technical and pedagogical
skills to integrate digital devices into instruction. Moreover,
only 50% of the principals in disadvantaged schools and 70% of
the advantaged schools reported that teachers had sufficient
time to prepare lessons integrating digital devices [38]. This
demonstrates that during the closure, online learning was not
satisfactory in Israel, especially for students in disadvantaged
schools, and one can reasonably assume that applied to classes
for students with learning disabilities. However, these
unsatisfactory experiences with online learning during the
initial closures might have improved teachers' technical and
pedagogical skills to integrate digital devices into online
learning, and as a result, improved the learning experience later
on. In line with this view, we found that two years after the
Corona closure, teachers incorporated many more digital aids in
and outside of class. This can have particular importance to
students with learning disabilities. The ability to practice
mathematical or numerical abilities, by yourself and based on
your individual abilities, can improve the learning process of
students with learning disabilities [41]. Hence, incorporating
digital aids, such as computer training, was found to be
beneficial for students with mathematical learning disabilities
[42, 43].

5. Conclusions

The main aim of the present study was to test the perspectives
of parents and teachers about the short and long-term effects of
the coronavirus closures on the learning process of
mathematics, in children with mathematical learning
disabilities. We used a population of students who were in the
1st and 2nd grades during the closures and tested them and
their surroundings two years later. Children with MD had
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physical conditions similar to the TD group, the two groups

had a stable connection to the internet, a computer, and a quiet
environment. However, MD children 1) needed more help and
2) had a harder time concentrating during virtual math class
compared to TD children. Moreover, the coronavirus closures
resulted in a greater learning gap in the MD children compared
to the TD children. We found positive associations between
difficulties reported by the parents and real weakness in
performances in complex multiplication and division and verbal
working memory.

We discovered that teachers are using digital aids much more
today than before the coronavirus closure. We hypothesized
that it results from the long lasting effect of the coronavirus
closure. Incorporating digital aids in the learning experience has
a potential beneficial effect on students with or without
mathematical learning disabilities.
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#|Correlations between average scores in questions that show group differences ond numerical and mathematical abilities

Test Correlation Sig
Mumerical Fluency (number of correctly solved addition and -17 a7
multiplication in 2 minutes)

Simple operation (accuracy) -.29 .02%
Comparison symbolic (RT) -.10 44
Comparison Mon-symbolic (RT) .10 43
KeyMath Addition and subtraction (number of correctly solved) -.26 .04*
KeyMath Multiplication and division (number of correctly solved) -.35 .004**
KeyMath Estimation (number of correctly solved) -.29 02*
KeyMath Mumeration (number of correctly solved) -.29 02*

Mote. * p< .05, ** p<.01 *** p < .001, bold font represents significance after Bonferoni correction (p < .006].
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Table 6 Teacher's responses ta questions before and after the Corona.

The translated guestion Before After
Mean S0 Mean 5D
1 Digital aids during class 3.86 0.26 429 0.283
2 Independent-work with digital aids during class 2.53 144 353 107
3 Homework with digital aids 271 138 371 1.14
4 Digital aids for training addition 271 135 364 1.08
5 Digital aids for training multiplication 2.86 141 371 107

* p= .05, ** p<.01 ¥** p < 001, bold font represents significance after Bonferoni
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Does Grade Matter? Long-Term Effect of the
Corona Closure on Mathematical Knowledge -
The Case of Young Children with Mathematical

Learning Disabilities
Abstract

Over recent years, many studies have explored effects of the Corona closures on learning
mathematics and discovered that it resulted, mostly, in learning loss. However, studies investigating
the long-term effects of closures on testing specific mathematical subject matter are lacking. We
investigated the closure effects on the ability to master subject matter learned remotely during the
closure. Two groups of typically developing children (TD, N= 105) and children with mathematical

learning disabilities (MD, N= 79) were tested 2 years post-Corona.

TD children were able to fill the gaps in most of the subject matter learned during the Corona
closure. However, for students with MD, learning losses were more severe and were related to their
school grade during the lockdown. While MD in the 1% grade during the lockdown showed weakness
in specific subject matters (e.g., simple and complex subtraction). MD who were in the 2" grade
during the lockdown, displayed a complete lack of understanding in calculations, equations, and place
values, in addition to large discrepancies in most of the other subject matter. Lack of understanding

place values blocked the capacity of MD students to learn other subject matter from the 2" grade on.

Keywords: Corona closure, developmental dyscalculia, mathematical learning

disability, mathematics, individual differences, mathematical curriculum.
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Poor numerical and mathematical understanding is associated with negative outcomes in daily
life and in the academic world. For example, poor numerical and mathematical understanding is
connected to higher rates of employment in low-paying manual occupations and more frequent
periods of unemployment. Poor numerical and mathematical understanding can result from
developmental disabilities, inadequate schooling, and any combination of these factors (An et al.,
2021; Parsons & Bynner, 1997).

Developmental dyscalculia (DD) or mathematical learning disability (MD) is defined as a “specific
disorder of arithmetical skills that is associated with a specific brain dysfunction” (Ashkenazi, Black, et
al., 2013; Ashkenazi, Mark-Zigdon, et al., 2013; Ashkenazi et al., 2012; Henik et al., 2011; Kosc, 1974;
Shalev et al., 1993). It has been suggested that humans and primates are born with intuitive and
preverbal number sense (Dehaene, 1992; Dehaene et al., 2003). Number sense is the inborn ability to
represent and compare approximate non-symbolic quantities (Dehaene, 1992; Dehaene et al., 2003).
Later, with development and practice, a culturally and verbally mediated exact number system is
developed (Halberda & Feigenson, 2008; Halberda et al., 2008; Libertus et al., 2011; Mazzocco et al.,
2011). There is a disagreement whether MD originates from the innate preverbal representation of
quantity (Halberda & Feigenson, 2008; Halberda et al., 2008; Libertus et al., 2011; Mazzocco et al.,
2011) or the verbally mediated exact numerical system. According to the number sense theory (De
Smedt et al., 2013; Noel & Rousselle, 2011) MD is based on weakness in innate number sense
resulting in exact number representation that develops later on, and weakness in multiple numerical
and mathematical domains. However, the alternative theory suggests that the innate number sense
and the culturally and verbally mediated exact number system are largely dissociable, and MD results
from weakness in the exact verbally mediated number system based on weakness in the innate
representation of small quantities, with intact number sense (De Smedt et al., 2013; Noel & Rousselle,
2011). To understand the core deficits in MD, most of the studies regarding MD have focused largely
on magnitude or number representations or arithmeticseeking for the main deficits in these domains
(Geary, 1990, 2004; Geary et al., 1991; Jordan & Montani, 1997; Russell & Ginsburg, 1984) . According
to the number sense theory, the core weakness in MD is the innate preverbal representation of non-
symbolic and symbolic quantities. Hence, this line of studies focused on a comparison of numbers and
translation between symbolic and non-symbolic representations. Indeed, a recent meta-analysis
suggested that deficits in comparison are one of the main characteristics of MD (Castaldi et al., 2020;
Espina et al., 2023; Mishra & Khan, 2023). Additional discrepancies were also found in calculations. A
frequently reported deficit in MD relates to the retrieval of arithmetical facts. MD participants use
calculation backup strategies when solving simple calculations (such as 3 X 4 or 4 +5), while their

peers are use mostly memory-based strategies. Additionally, MD children have deficits in procedural
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knowledge and the proper usage of procedures in complex calculations (Geary, 2004; Geary et
al., 2007; Ostad, 1997).

In most of the studies, the classification of MD involves the use of a standardized mathematical
test with a specific cutoff point for inclusion in the MD group (ranging from approximately the lowest
3 —25%). Moreover, the classification of MD usually comprises exclusion criteria of impairment in
arithmetical skills that is not explicable based on inadequate schooling (e.g., DSM 4) (Nelson et al.,
2022).

However, please note that approximately three years ago, the entire world experienced
inadequate schooling during the coronavirus lockdowns, and schools switched suddenly without
correct preparation, to online learning. Schools were closed during the lockdown in the Spring of 2020
in almost every country in the world. In Israel, specifically, the education system was closed from
2020 to 2021 between 11.5 to 24 weeks (Buonsenso et al., 2021).

Most of the studies that tested effects of the corona closure on learning mathematics found that
the corona period resulted in varied degrees of learning loss (Zierer, 2021). For example, Kuhfeld et al.
(2022) compared mathematical performances before and after the closures in the USA and found that
both 3rd and 4th-grade children’s mathematical performances decreased by 9 percentile points after
the closures, as compared to before the closures. Maldonado and De Witte (2022) looked at the
effect of 7-week closures in Belgium and found a 0.19 standard deviation decrease in the test values
achieved in mathematics. One of the explanations for this great heterogeneity in the effect of
closures is individual differences, such as the presence of learning disabilities (Kadarisma & Juandi,
2021; Petretto et al., 2021; Poletti, 2020).

Participants with learning disabilities are more likely to be heavily affected by the closures than
their typically developing peers (Schuck & Lambert, 2020). Specifically, children with MD need more
help from others during online learning, which might be a challenge to their families. Moreover, for
children with MD who need the the school’s support network more than others, the school support
network is absent in online distance learning (Schuck & Lambert, 2020).

Poor mathematical understanding can be associated both with MD or inadequate schooling. It is
hard to determine, based only on a cutoff point in the standardized test created pre-Corona, who
should be classified as MD post-Corona. Moreover, it is not clear how the individual characteristics of
the learner, such as learning disability and the class that he/she attended during the lockdown,
shaped the knowledge of the child in the post-Corona world.

The present study

It has been documented that in most countries, the effect of the coronavirus pandemic has led
to significant universal learning loss. The present study proposes to explore learning loss two years
post-Corona in a group of students with MD or typically developing (TD) students during their 1st or
2nd grade during the coronavirus lockdown.

Children who were in the 1st and 2nd grades during the closures are a unique population

because 1) they were in their initial stages of learning arithmetic, which are the initial building blocks
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of arithmetical knowledge later on. 2) Children in the 1st and 2nd grades are too young to fully
participate in remote learning independently without the help of others, and for a full grade.
Moreover, mathematics at the beginning of elementary school is a very hard topic for online learning,
since it requires multiple physical demonstrations, that cannot easily be performed remotely.

We selected a group of TD and a group of children with MD. The MD group was defined due to
1) severe difficulties in mathematics according to their teachers, and 2) according to their score on a
standardized test: the lowest 13% in curriculum-based tests that were designed by the Ministry of
Education in Israel. We selected children that were in the 1st or 2nd grades during the closures, and
tested those children 2 years later during their 3rd or 4th grades. We looked at multiple subject
matters that had been learned during the coronavirus lockdown according to the mathematical
curriculum in Israel. Specifically, we created a test with all the subject matter that according to the
Israeli mathematical curriculum, ought to be learned in the 1st or 2nd grades. We administered the
test of the 1st-grade curriculum to children who were tested in the 3rd grade, and the test of the 2nd-
grade curriculum to childrenwho were tested in the 4th grade. A small group of children, who were in
the 1st grade during the Corona lockdown and learned the 2nd grade curriculum one-year post-
Corona, alsocompleted the 2nd grade curriculum test, to look at the long-term Corona effect.

We hypothesized that two years after the coronavirus lockdown, TD children would be able to
fill the gap in most subject matter learned during the lockdown, and would show high accuracy on
most of the subject matter learned during the 1st and 2nd grades.

As mentioned above, MD participants show multiple deficits in numerical representation and
arithmetic (Agostini et al., 2022; De Smedt et al., 2013; Espina et al., 2023; Geary, 1990, 2004, 2011;
Jordan & Montani, 1997; Mishra & Khan, 2023; Russell & Ginsburg, 1984). Hence, we hypothesized
that MD children would show weakness in multiple subject areas, regardless of the Corona lockdown,
such as numerical comparison, solution of arithmetical fact, subtraction, and estimation (Dehaene,
1992; Dehaene et al., 2003; Dehaene et al., 1999; Mazzocco et al., 2011). Moreover, we hypothesized
that MD children would show greater learning loss than TD children, and we believed the learning gap

would be modulated by school grade during the Corona lockdown.

Materials and Methods

Defending the MD group

In the first step, we asked elementary school teachers from regular classes in the Northern
District of Israel to select a group of children from the 3rd or 4th grades according to 1)
Teacher assessment that they suffer from severe difficulties in mathematics. 2) According to
achievements in mathematical curriculum-based tests in Israel (lowest 13%). The

mathematical curriculum-based test was administered to all children in Israel during these
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years. Children who met these two criteria were defined as the mathematical difficulties (MD)
group. We also asked the same elementary school teachers to provide us with an additional
group of children with average or above-average math performances. This group was defined
as ‘typically developing’ (TD).

One hundred and sixty children were selected from the 3rd and 4th grades, from 7 schools in
the Northern District in Israel. Fifty-three of them were from the 3rd grade and completed the
1st grade test, 48 were in the TD group, of which 30 were females (mean age = 8.69, S.D. =0.58)
and 31 were from the MD group grade, 17 were females (mean age = 8.72, S.D. =0.58). There
were no significant age differences between the groups, t(73) =-.21, p = .83. Thirty-five of them
were from the 3rd grade and completed the 2st grade test, 24 were in the TD group, of which
12 were females (mean age = 8.63, S.D. =0.54), and 11 from the MD group grade, of which 9
were females (mean age = 8.74, S.D. =0.45). There were no significant age differences between
the groups, t(33) =-.55, p =.58. One hundred and seven of them were from the 4th grade and
completed the 2st grade test, 54 were in the TD group, of which 23 were females (mean age =
9.88, S.D. =0.42) and 53 from the MD group grade, 41 of whom were females (mean age = 9.9,
S.D. =0.42). There were no significant age differences between the groups t(101) = -.42, p =
.67.

The parents of all the participants signed a consent form for participation in the experiment.
The study was approved both by the ethics committee of the Education Ministry and the
School of Education at the Hebrew University. Two of the MD group participants did not
complete all the tests and were excluded. One of the participants in the MD group quit during

the experiment due to difficulties.

Defending the DD group

In the second step each of the participants defined as MD, completed 4 subtests from the
KeyMath Ill diagnostic test, including numeration, estimation, written calculation addition and
subtraction, written calculation multiplication, and division. We calculated the average
standardized by-age score of the Key Math to classify participants. Every participant with a

standardized score of less than -1.2 SD equal to the lowest 12% of performances was entered
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into the developmental dyscalculia group (DD). We found a subgroup of 8 children that met
the criteria of DD from the 3rd grade, mean age = 8.75, S.D.= .35 50% of them were females,

and 35 from the 4th grade mean age = 10.03, S.D.= .34 87% of them where females.

Key Math Ill test

This was used only for the cohort of 2022- 2023. Mathematical abilities were assessed using
KeyMath subtests: numeration, mental computation and estimation, addition and subtraction,
and multiplication and division (Connolly, 1998). We chose KeyMath due to its comprehensive
inclusion of several mathematics subtests, and our laboratory had translated it into Hebrew
for previous studies (Silverman & Ashkenazi, 2022). In addition, since it is a standardized
measure, it has high reliability (median subtest-retest reliability .88; (Connolly, 1998). The
reliability between the subscales for the participants in the current study was very high
(Cronbach's alpha = .90). The items of each subtest are arranged in order of difficulty. The
experimenter moves on to the next subscale after four consecutive errors or the end of the
subscale. Numeration, mental computation, and estimation were conducted orally, with each
item presented on the KeyMath easel, while addition and subtraction and multiplication and
division were paper and pencil tests.

The numeration subtest includes 49 questions related to numerical understanding (place
value, magnitude, number sense, decimals, fractions, percentages, exponents, integers,
multiples, and factors). Mental computation and estimation, addition and subtraction, and
multiplication and division are all part of the KeyMath area operations. Mental computation
includes 40 items related to mental computation of whole and rational numbers, mental
computation chains, and estimation of whole and rational numbers. Addition and subtraction
included 35 items, and multiplication and division included 31 items. Both subtests ranged
from basic operations with integers to algebra. All of the KeyMath subtests were given a raw
score, the number of correct answers in addition to a standardized score according to grade
level. The KeyMath average score was used to classify participants into their developmental
dyscalculia group.

Curriculum-based tests check the subject matter required in the first grade.
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The first-grade mathematical curriculum includes understanding of natural numbers until 20,
parity and number line, counting, and numerical comparison. Addition and subtraction until
10. All of these subject matters were evaluated in our tests. Please see Table 1 for all the
subject matters and examples. Every row in Table 3 had 3 repetitions, but some comparisons
had 4 repetitions.

Curriculum-based tests test the subject matters required in the 2nd grade.

The second-grade mathematical curriculum includes the understanding of natural numbers
until 100, with a spatial emphasis on place value, parity and number line, counting, and
numerical comparison. Addition and subtraction until 100 and simple multiplication and
multiplication rules. All of these subject matters were tested in our tests. Please see Table 1
for all the subject matter and examples. Every row in Table 3 had 3 repetitions, but some

comparisons had 4 repetitions.

Results

Group Comparison of Responses for subject matter of the 1st grade for students in the 3rd
grade. In the current analysis, we included the TD group, which according to their teachers had
average school achievements, and the MD group which according to their teachers and
curriculum-based measurements had severe difficulties in arithmetic from the 3rd grade. We
examined the student knowledge in multiple subject matters that are part of the curriculum in

the 1st grade, that was learned during the closures.

Accuracy analysis.

A two-way repeated measures ANOVA was conducted on the response with subject matter (1-
11 for all the topics, see Table 1) as the within-participants factor and group (MD or TD) as the
between-participants factor. The effect of the subject matter was significant F(1,72) = 25.52,
partial p2 = .26, p =.0001. The interaction between group and subject matter was also
significant F(1,72) = 17.96, partial u? =.20, p =.0001. Accordingly, we tested group differences
in each subject matter. The results are summarized in Table 2 and in Figure 1. First, TD

participants (M = .99, S.D. = .068) were more accurate than MD participants (M =.89, S.D. =
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.18), in addition (for example 4 + 3 =7?), in medium effect size, t (76) = 3.23, p =.002. Second,
TD participants (M = .92, S.D. = .22) were more accurate than MD participants (M = .80, S.D. =
.25) in indicating which number is between two numbers (for example, what number is
between 8 to 15? 6, 9, 16 or 4), in medium effect size, t (76) = 2.23, p = .029. Third, TD
participants (M =.94, S.D. = .15) were more accurate than MD participants (M =.83,S.D. =.19)
in enumeration (for example, participant counted 12 shapes), in medium effect size, t (76) =
2.24, p = .020. Fourth, TD participants (M = .97, S.D. = .14) were more accurate than MD
participants (M =.77, S.D. = .37) in parity (for example, please select the even number: 1,9, 8,
5), in large effect size, t (76) = 2.24, p = .020. Fifth, TD participants (M = .97, S.D. = .14) were
more accurate than MD participants (M = .77, S.D. = .37) in series (for example, please
complete the following series __, 4, 6, 8). Last, TD participants (M =.97, S.D. = .14) were more
accurate than MD participants (M =.77, S.D. =.37) in subtraction (for example, 18 -7 = ?).

Since TD children learned this subject matter 2 years ago, they should have perfect
performances in this subject matter. Accordingly, we examined whether the scores of the TD
are significantly lower than 95%. Only 1 subject matter was significantly lower than 0.95-

number line estimation (Mean TD = 0.87, SD = 0.22), t (46) = -2.48, p = .017.

Reaction time (RT) analysis.

Only 3 subject matters showed very high accuracy rates (accuracy rate > 0.93) in the two
groups, enabling RT analysis. A t-test for independent groups (MD or TD) was conducted on
the RTs of the correct trials. The results indicated that the RT of the two groups in comparisons
was similar (TD = 2716, SD = 1896; MD = 2889, SD = 1269), t (78)= -.45, p = .67. Similarly, the
RT of the two groups in counting was similar (TD = 10726, SD = 3940; MD = 11273, SD = 5370),
t(72)=-.51, p =.61. However, MD were slower to respond than TD on exact number line (TD =

4083, SD =1296; MD = 5269, S.D. = 1862), t (48)=-3.09, p = .003.
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Group Comparison of Responses for 2nd grade subject matter for students in the fourth

grade.

In the current analysis, we included the TD group, which according to their teacher had average
school achievements, and the MD group which according to their teachers and curriculum-
based measurements had severe difficulties in arithmetic from the 4rd grade. We examined
student knowledge in multiple subject matters that are part of the 2nd grade curriculum that
was learned during the closures.

A two-way repeated measures ANOVA was conducted on the response with subject matter (1-
16) as the within-participants factor and group (MD or TD) as the between-participants factor.
The effect of subject matter was significant, F(15,1575) = 30.87, partial p2 = .23, p =.0001. The
interaction between the group and the subject matter was also significant, F(15,1575) = 17.01,
partial u? = .14, p =.0001. Accordingly, we tested group differences in each subject matter. The
results are summarized in Table 3. In most of the subject matters, but not comparisons, TD
children were more accurate then MD (effect size range 0.87 - 2.06). Specifically in: addition,
changing unit decade, create the biggest or smallest number, estimation, find number
equations, multiplication, number line exact, parity, complex and subtraction. However, in
reading numbers (effect size = 0.72) and number line estimation (effect size =0.52) TD children
were more accurate than MD in medium effect size. Comparison was the only subject matter
in which MD were more accurate than TD (TD = 0.92, SD = 0.14; MD = 0.98, SD = 0.08) (p =
0.05).

Since TD children learned these subject matters 2 years before the date of testing, they should
have had perfect performances in these subject matters. Accordingly, we examined whether
the scores of the TD are significantly lower than 0.95. Only 2 subject matters were significantly
lower than 0.95: 1) changing units decade TD = 0.87, SD = 0.28, t (54) =-3.4, p =.001, and 2)
subtraction -TD =0.76,SD =.32, t (54) =-5.45, p =.001.

RT analysis. Due to the high accuracy rates in the two groups, we were able to compare
reaction times between groups. The results indicated that the RT of the two groups in

comparisons was similar (TD = 3791, SD = 2681; MD = 4661, SD = 5969), t (107)=-.91, p =.372.
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Group Comparison between MD and DD of Responses for 2nd grade subject matter, for

students’ accuracy in the 4th grade.

In the current analysis, we included children from the MD groups only in arithmetic and
participants from the DD (MD n = 23) group which according to the standardized key math Il
test had severe difficulties in arithmetic from the 4th grade during testing. We examined
student knowledge in multiple subject matters that are part of the 2nd grade curriculum and
were learned during the closures.

A two-way repeated measures ANOVA was conducted on the response with subject matter (1-
16) as the within-participants factor and group (MD or DD) as the between-participants factor.
The effect of subject matter was significant, F(15,765) = 28.09, partial p? = .36, p =.0001. The

interaction between group and subject matter was not significant, F(15,765) = 0.70, partial p?

.01, p =.80. The effect of group was not significant as well, F(1,51) = 0.58, partial u? = .006, p

.58. The results are summarized in Table 4. We could not carry out the same analysis with the

3rd graders due to power issues (only 8 of the MD children were defined as DD).

Group Comparison of Responses for 2nd grade subject matter for accuracy of students in the

3rd and the 4th grades.

In the current analysis, we included TD and MD children who were in the 3rd or 4th grade
during testing, and tested them on 2nd grade subject matter. The 4th grade children had
learned these subjects during the closure, and for the 3rd grade children, these subject matters
were learned one year after the closure.

A three-way repeated measures ANOVA was conducted on the responses with subject matter
(1- 16) as the within-participants factor and group (MD or TD) and current grade (3 or 4) as the
between-participants factor. The effect of subject matter was significant F(15,1995) = 21.75,
partial p2 = .14, p =.0001. The interaction between group and subject matter was also
significant, F(15,1575) = 12.31, partial p2=.085, p =.0001. The interaction between subject and
grade was not significant (p = .07) and the interaction between group, grade and subject

matter was not significant (p = .18). However, the main effect of class was significant, F(1,133)
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= 6.0, partial u? =.043, p =.016. Children in the 3rd grade were more accurate than children in

the 4th grade (3rd =0.89, SD = 0.21, 4th = 0.77, SD = 0.35). There were a main effects of group,
F(1,133) = 42.17, partial p? = .24, p =.001, and TD children were more accurate than MD
children (TD =0.95, SD =0.12, MD = 0.62, SD = 0.37). Last, the interaction between grade and
group was significant, F(1,133) = 5.12, partial p2 = .037, p =.025. In order to understand the
interaction, we split our analysis by group. In the TD group there were no significant effect of
grade (p = 0.58), or interaction between grade and subject (p = 0.67). However, in the MD
group, there was a main effect of grade F(1,62) = 4.44, partial u? = .067, p =.039. The MD

children in the 3rd grade were more accurate than MD children in the 4th grade (3rd = 0.78,

SD =0.26, 4th = 0.58, SD = 0.38) (Please see Figure 2).

Discussion

The current study examined the long term effects of the coronavirus lockdown on children
who were in the initial stages of learning mathematics during the lockdown. We examined all
the subject matter in the Israeli curriculum which were learned during the lockdown in the 1st
grade for children who were tested in the 3rd grade, or all the subject matter in the Israeli
curriculum learned during the lockdown in the 2nd grade for children that were tested in the
4th grade. Most previous studies that examined learning loss in mathematics examined the
average learning lost without looking at the specific learning lost in each subject matter and
reported learning lost to differentiate degrees (Zierer, 2021). However, the long-term effect of
the corona closure on specific subject matters were rarely examined. Hence, the main goal of
the present study was to test the differential influence of the lockdown on students with or
without mathematical learning disabilities.

TD children, who were in the 1st or 2nd grades during the lockdown, and were tested two
years post Corona, were able to fill the gaps in most subject matters that were learned during
the Corona closure. Mild learning loss was observed in number line estimation (accuracy = 87%
S.D.=22%) for students who were in the 1st grade. Number line estimation, in contrast to exact

number line, is not explicitly drilled in class. Students who were in the 2nd grade during the
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Corona lockdown showed mild deficits in two-digit subtraction (accuracy = 75% S.D.= 33%)
and place value (accuracy = 87% S.D.= 27%).

For students with MD learning loss was more severe and was related to their class during the
lockdown. MD students who were in the 2nd grade showed greater learning loss than MD
students who were in the 1st grade during the lockdown.

Specifically, students who were in the 1st grade during the lockdown showed minimal learning
loss, based presumably on the typical weakness of MD students. These weaknesses included
comparisons between numbers (Cohen’s d = 0.51), enumeration (Cohen’s d = 0.64), simple
addition (Cohen’s d = 0.66) and parity (Cohen’s d = 0.71) in a medium effect size and more
severe deficits in subtraction (Cohen’s d = 0.86) and series (Cohen’s d = 1.30) in a large effect
size.

The preverbal representation of quantity is believed to be needed for estimation tasks
(Halberda & Feigenson, 2008; Halberda et al., 2008; Libertus et al., 2011; Mazzocco et al.,
2011). During numerical estimation, a quantity (symbolic or non-symbolic) is translated into
an abstract code of that quantity in the form of the number line (Dehaene & Cohen, 1994;
Dehaene et al., 2003). The mental number line is also required in subtraction more than in
multiplication, and in complex unstructured numerical tasks or numerical comparisons
(Dehaene & Cohen, 1994; Dehaene et al., 2003).

Subtraction, series, and number comparison weakness can be based upon a core deficit in the
mental number line and quantity understanding, as observed in MD children (Dehaene et al.,
2003; Kroesbergen et al., 2023; Mazzocco et al., 2011). However, weakness in parity and
addition can reflect an additional flaw in the verbally mediated quantity code in MD (Dehaene
et al.,, 2003). In line with deficits in addition, a recent meta-analysis discovered that MD
children show deficits in multiple calculation domains, and that these deficits are similar
between complex and simple calculations (Kroesbergen et al., 2023). Last, it has previously
been reported that MD children show enumeration weakness from early childhood until
adulthood (Ashkenazi, Mark-Zigdon, et al., 2013; Decarli et al., 2020). In line with this view,
we found that MD children who were in the 1st grade during the lockdown showed medium

weakness in enumeration.
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The MD children who were in the 2nd grade during the lockdown showed severe deficits in
most of the subject matters tested, except for two-digit comparisons. In fact, MD children who
were in the 2nd grade showed accuracy below 55%; therefore, they displayed a complete lack
of understanding, in all calculations including two-digit addition and subtraction and one-digit
multiplication (but not multiplication rules) and in equation and place value. In all the rest of
the subject matters that were tested, they showed a large effect size compared to TD, except
for reading numbers and number line estimations that showed a medium effect size.

Previous studies had argued that a distinction should be made between different types of MLD,
based on severity of mathematical deficits (Geary, 2011; Mazzocco et al., 2011). In line with
this view, we divided our MD group into participants with severe deficits in a standardized test
entitled DD, and the rest of the MD group that did not pass the criteria for DD. Previous studies
indicated dissociations between the abilities of MD and DD, for example Mazzocco et al. (2011)
that discovered that number sense deficits characterized DD but not MD. However, in our
study the learning loss of students that were tested during the 4th grade, were similar to
children who were defined as MD and DD. The latter suggests that learning loss was related
more to the interactive effect of learning disabilities and the Corona closures than to severity
of the learning disability. Hence, in line with Kroesbergen et al. (2023) we were not able to
detect a consistent and specific profile of cognitive mechanisms underlying more serious,
persistent, or specific difficulties of DD compared to MD.

One task that aimed at examining the number space association, is the number line estimation
task (Booth & Siegler, 2006; Siegler, 2016; Siegler & Opfer, 2003). According to this task, MD
children are expected to show severe weakness in number line estimation tasks (Geary et al.,
2008). Please note that contrary to our expectations, MD children who experienced the
Corona lockdown in the 1st grade showed intact number line representation in both exact
number line and estimation. In number line estimation, TD children and MD children showed
similarly minimal weakness. Similarly, MD children who experienced the Corona lockdown in
the 2nd grade, showed a relatively small weakness in number line, thus indicating that number

line representations are mostly intact amounts MD.
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We also compared the long term effect of the corona closure on children who were tested
during the 3rd grade and children who were tested in the 4th grade, on the 2nd grade
curriculum (the 3rd grade children learned it in class one year post corona, while the 4rd grade
children learned it remotely during the coronavirus closure). For TD children there were no
effect of grade, both groups show near prefect performances. Importantly, we found that MD
in the 3rd grade were more accurate than 4th grade MD’s, indicating that MD children are able
to better understand the subject matter learned during the 2nd grade if they are taught in class
rather than remotely.

Accordingly, MD students who were in the 2nd grade during the Corona closures is the group
that experienced the greater learning loss compared to all the other tested groups. They could
not make up the Corona learning loss, even partially, in some of the subject matters. The main
topic that is learned during the 2nd grade but not during the 1st grade is place value. We
believe that the large gaps between MD children who were in the 1st grade or 2nd grade during
the lockdown is partially based on the MD students’ inability to understand the place value
principle remotely. Accordingly, they were unable to fill the gap later, when returning to
traditional in- class learning, and understand more complex mathematical principles later
(Wittmann, 1994).

The place value is a notational system for representing written numerals In our Arabic digit
system, positional property and base-10 rules dictate the meaning of multi -digit numbers
(Cheung & Ansari, 2021). Understanding the place value principle requires the understanding
of two independent components. First, position- the identity (as a unit or decade) of a specific
digit in a multidigit number, is based on it’s place in the multidigit number (Baroody, 1990).
For example in 52, 5 is the decade and 2 is the unit. Second, bundling 10- exchange rates of
1:10 between different digits in two digit numbers. The first principle is easier to understand
and is learned explicitly, whereas the second is harder to understand and is learned more
implicitly by training with multidigit numbers (Baroody, 1987). Most of the previous studies
did not separate these two components. Moreover Cheung and Ansari (2021) discovered that
fully understanding the relationship between place and value in multidigit numbers takes

years to master. However, it is not clear whether MD should show weakness in place value
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understanding. A recent study that tested 4th graders with MD found that Place value
understanding was the only subject matter that was similar between MD and TD (Andersson,
2008). This study mostly tested the position component of the place value, but not the
bundling 10 component.

In our study in the 2nd grade curriculum test, creating the biggest or smallest number and
number reading examined the first component of position and changing unit decade and
multidigits calculation, especially subtraction, examining the second component of the place
value principle bundling 10. Changing unit decade was one of the subjectsin which TD children
show mild deficits (87% accuracy) and in which MD children show only a 35% accuracy.
Indicating that understanding of exchange rates between digits in a two-digit number is a topic
that is hard to learn remotely, either for TD and especially for MD children. Another indication
for the deficits in understanding the component of exchange rates between digits in two-digit
numbers is two-digit calculations, that reflect very severe deficits in MD and mild deficits
specifically in subtraction in TD children.

However, the first component of place value- position was found to be fully understood in TD
children and better understood in MD children. Specifically, TD children in the 4th grade
showed near perfect performances in reading numbers and creating the largest or smallest
number, while MD children showed only medium deficits in these topics (accuracy between
59% to 73%).

We believe that weakness in the understanding of the place value of MD can result in severe
difficulties in all the other 2nd grade subject matters. One such example is parity. MD children
from the 3rd grade have shown only minimal weakness in single digit parity (accuracy = 77%),
however, MD children from the 4th grade have shown meaningful weakness in two-digit parity
(accuracy = 48%). Two-digit parity requires understanding the parity principle, in addition to
understanding the place value principle. Specifically, a child should understand what are unit
digits and that the parity of just the unit digits determines the parity of the whole two-digit
number.

Conclusion
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The present study examined the long-term effect of the Corona closure, by testing, two years
later, the understanding of the subject matters that were learned remotely. We looked at
grade and the presence of mathematical learning disability as possible mediators for learning
loss.

Students without learning disabilities were mostly able to fill the gaps in most of the subject
matter, except for number line estimation in the 1st grade curriculum, which is not learned
explicitly at school. In the 2nd grade curriculum, TD children show minimal learning loss in
understanding the component of bundling 10 in place value, and as a result mild learning loss
in multi digit subtraction.

The results were more heterogeneous in the group of children with mathematical learning
disabilities, and were modulated by grade during the lockdown. MD children who were in the
1st grade during the lockdown showed relative understanding of all the subject matter learned
during the Corona closure, with the typical weakness observed in MD children. In previous
studies MD participants showed multiple deficits in numerical representation and arithmetic
(Agostini et al., 2022; De Smedt et al., 2013; Espina et al., 2023; Geary, 1990, 2004, 2011;
Jordan & Montani, 1997; Mishra & Khan, 2023; Russell & Ginsburg, 1984) In line with this broad
view, our MD group showed severe weakness in subtraction and serious and medium deficits
in number comparison, enumeration, simple addition and parity.

However, Learning gaps for MD students who were in the 2nd grade during the lockdown were
much greater. MD children who were in the 2nd grade showed accuracy below 55%, and
therefore displayed a complete lack of understanding, in all the calculations, equations and
place value. In most of the other subject matters, they showed weakness with a large effect
size.

The main differences in the curriculum of the 1st and 2nd grade is place value and
understanding multidigit numbers. Understanding of the place value principle, and specifically
the bundling 10 component, for MD in the 2nd grade was very hard in remote learning. We
believe that lack of understanding of place value blocks the abilities of MD students to
understand other subject matter learned during the 2nd grade. In the post corona world, it will

be important to teach MD students explicitly in class, the place value subject matter.
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Table 1. Examples for each subject matters in each class

zm'.-'

Closer to number

Between numbers

Count up

Enumeration

Changing unit decade

Create the biggest

number

Create the smallest

number

Estimation

Find a number

Equations

What 1s closerto 77 Sor 3

What number is between 8§ and

1576.9.16.4

Count from 11 to 21

If you will changed the decade
digits in 52 to 4, in how much
the number will change?

Please create the largest number
from 6 and 3

Please create the smallest
number from 2 and 0

Whether the results of 54 +36 15
larger or smaller than 1007
Find a number that 1s greater by
2 than 24

3+2=26
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Table 2.

Results of all the subject matter from the curriculum of grade 1 for students in grade 3.

TD (n=43) MD (n= 31

Mean 5D Mean 5D P

0.93 0.17 0.72 0.29 .001**
Subtraction
Series 0.95 0.14 0.67 0.24 .001**
Parity 0.97 0.14 0.77 0.39 .004**
MNumber line estimation 087 022 0.81 0.18 168
Number line exact 0.98 0.07 0.95 0.15 12
Enumeration 0.94 0.15 0.83 0.19 .02*
Counting 0.99 0.07 0.96 0.19 235
Comparison 0.94 0.16 0.93 0.17 899
Closer to number 092 0.19 0.86 0.17 087
Between numbers 092 0.22 0.80 0.25 .029*
Addition 0.98 0.07 0.89 0.18 .002**

* p< .05, ** p<.01 *** p <.001, bold font represents significant

differences, an underline represents lower than 0.95 for the TD group.
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Table 3

Results of all the subject matter from the curriculum of grade 2 for students in grade 4.

TD(n=54) MD (n=53)

Mean  SD Mean SD P Cohen's D

0.96 0.14 0.41 0.35 001** 2.06
Addition
Changing unit decade 087 0.27 032 0.35 001%* 1.75
Comparison 0.92 0.22 0.98 0.08 .05 0.36
Create the biggest number 098 0.14 059 0.45 001%* 1.17
Create the smallest number 0.94 0.22 0.62 0.46 001 % 0.88
Estimation 0.94 0.17 0.57 0.41 001%* 1.17
Find a number 0.96 0.15 0.59 0.41 001** 1.19
Equations 0.95 0.17 0.40 0.40 [001#* 1.78
Multiplication 0.95 0.19 0.45 0.40 001%* 1.59
Multiplication rules 0.99 022 0.69 0.43 001%* 0.87
Number line exact 0.97 0.14 0.69 0.43 001 % 0.87
Number line estimation 0.96 0.10 0.85 0.28 [009% 0.52
Parity 0.96 0.15 0.48 0.41 001** 1.61
Read number 0.96 0.15 0.73 0.42 001** 0.72
Serious 1 0 0.63 0.45 001%* 1.15
Subtraction 0.75 033 0.23 0.34 001%* 1.551

An underline represents lower than 0.95 for the TD group.
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Tahle 4

Results of all the subject matter from the curriculum of grade 2 for students in grade 4.

MD (n=30) DD (n=23)
Mean 5D Mean sD
0.44 038 035 0.29

Addition
Changing unit decade 0.38 037 0.25 0.31
Comparison 0.98 0.09 099 0.05
Create the biggest number 0.61 046 0.56 0.44
Create the smallest number 0.64 047 0.59 047
Estimation 0.60 041 0.54 0.41
Find a number 0.60 041 0.58 0.40
Equations 0.50 042 0.51 0.40
Multiplication 0.52 039 0.38 0.40
Multiplication rules 0.70 045 0.69 0.43
Number line exact 0.68 044 0.71 044
Number line estimation 0.86 029 0.85 0.30
Parity 0.53 042 0.44 0.39
Read number 0.71 042 0.77 042
Series 0.66 047 0.59 0.42
Subtraction 0.28 030 016 034
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Table 4

Results of all the subject matter from the curriculum of grade 2 for students in grade 4

and 3 by group.
TD 4% (n=54) MD 4% (n= 53] TD 3% [n=189) MD 3* (n=11)
Mean sD Mean S0 Mean 5D Mean 5D

0.96 0.14 0.41 035 0.98 0.02 0.63 0.11
Addition

0.87 0.27 0.32 035 0.96 0.02 0.42 0.14
Changing unit decade

0.92 0.22 0.98 0.08 0.85 0.06 0.97 0.02
Comparison

0.98 0.14 0.59 045 0.98 0.02 0.78 0.12
Create the biggest number

0.94 0.22 0.62 0.46 0.98 0.02 0.78 0.12
Create the smallest number

0.94 0.17 0.57 o4 0.98 0.02 0.78 0.08
Estimation

0.96 0.15 0.59 o4 0.96 0.15 0.59 0.41
Find a number

0.95 0.17 0.40 0.40 0.98 0.01 0.74 0.05
Equations

0.95 0.19 0.45 0.40 1 0 0.75 0.01
Multiplication

0.99 0.22 0.69 0.43 1 0 0.91 0.04
Multiplication rules
Number line exact 0.97 0.14 0.69 043 1 0 1 0
Number line estimation 0.96 0.10 0.85 028 1 0 0.87 0.06
Panty 0.96 0.15 0.48 o4 0.96 0.03 0.61 0.09
Read number 0.96 0.15 0.73 042 1 0 0.97 0.03
Series 1 0 0.63 045 098 0.01 0.81 0.08
Subtraction 0.75 0.33 0.23 034 073 0.05 0.54 0.04
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Figure caption

Figure 1.

A two-way repeated measures ANOVA was conducted on the response with subject matter
(1- 11 for all the topics see Table 1) as the within-participants factor and group (MD or TD) as the
between-participants factor for the children who were in the 1% grade during the corona closure. The
effect of the subject matter was significant. First, TD participants were more accurate than MD
participants in 1) addition in medium effect size 2) in indicating what the number that is between two
numbers in medium effect size 3) in the enumeration in medium effect 4) in parity in large effect size

5) in series in large effect size 6) in subtraction in large effect size.

Figure 2.

Grade comparison of responses for subject matters of the 2" grade for students in the 3™
and the 4% grades, accuracy for MD. There was a main effect of grade. The MD children in the 3™
grade were more accurate than MD children in the 4" grade (3 = 0.78, SD = 0.26, 4" = 0.58, SD =

0.38).
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Note. NL = number line, BN = between numbers, CN = close to number,
counting F = counting forward. NLE = number line estimation.
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B MD 3rd ® MD 4th

Note. RN = read numbers, multiplication R = multiplication rules, FN = find a
number. NLE = number line estimation, NL = number line, SN = create the
smallest number, BN = create the biggest number, UD C = change unit or

decade.
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