’
2

At
A
i

A
e

APuNANm "MMyw1 oUT 0'NmyY

129 | WEIZMANN Department of " 00 n 'l]nn -' )
%nx INSTITUTE Sﬂem:eTeachmg I n LUTu - }:.ld|”]

apymn
S 3«"{:)5 OF SCIENCE DYTHn IR MM 0e™ M, Npupa Tn

MIPN1 773 VP - VW PN

ONTIAUN 1771101'K §'703 NITTNN 732 1MW X101 (DIW AXN 79N 197) 192 NIPN YW PN 770N
XIN '7'73 072 77000 VIXT DX N1EIMIRNN N1ITIPNT NN 7712 .0100 773 7w (onainni)
079N ONW O0'730 X, 190 N INIKA 01N 7W NX12P T 7V NJWd 07"AY93 g1 WNINn

73 7w n'RITDITD NPPOPIYN 7W 0271 O0I1W 002 AXV7 OMWY ON'NYN 2 NXPRI0IKNI
.In

NXNN 7w -900 N1JWA 123 N2 NNIK7IA 27 NNIWN 72 NP 0NNNA VW 1PN 7W 77000

7W NIV7PIN NIMTTY NT'NYN WK OMNIN7I20 0MPNNN 7W IXKTTIN N0 7W NN101Y OV ,NNTIPN
O™IN "IN, 1IN N1 177210 W NIMIVNNT 13T 17K 0M1YW .97 O TINT APT0NNn MY
172pNNW) OIIWN O7AIN7I2N 0IN2N2 NIN'WANN NIXKXINA 7712 P X'7,07190 730 0Mpint
N7X (O0M1IN0 7W MW APTOPIY9I VWA 1PN DK XD IWX NINKD N'OX NNTN N1ITTNAT 97
. ON7W NIATINI NTONNNN NIPTINTA 7712 02

NIYIWT NVIXPNN 7V 10 (3703 UXANN K10 1WXI) VW 1PN 7W NMANN NIVIWANT N'7VIN0
0721 0"NNN2 NINKINN OMIN ONIX 7W O'T'N7NN W 7V [0112 0201900 0M1nn 7W 11X00

. T0NNN 713'N2 NWIXPNN NINY0]

;13 OW7.0T0 7730 [0 KXIT 137K 1YW 1PNT,"N123N 1WPN D70 KN N1 A7V90 73 U1TJ
(2)-1 0"Mo* 190 A "UN7 NN 0P (1) ;0P IX JWA JUP AT NIPA O0™MO0M YIKA 1I7V00

ov (2010-11 Oww~ ") O"7WIN2 NMAVN N001ATIIXA O7PNA TNI'NA 01170 .0M2N19 OMIVW
O™INN NIMTY 971 1YW PN 370N 7W n7V9021 TIN72 137NUN 01171 .11NAJ OMIN DY)
7V 1V0WN X OpP70,01N ONIXK 7W 0jP10PIg Piny 1I'W 70,17 70N, IKT DIXAIKD nJMTNN1
.0n1"10

O'NNIN OMIN T 7V 713 [IWNXIN 1200 .UTN7 |NX' 13102 0210 JWA 13191 OM2N190 0MiYwn

1197 .(N"J9"7 NMAVNI N™MAVYT7 N9 1J07INT0 010N NITYL) 1T 11007 YIXT7 TN 1WINW 190

N"1I9N 0j"1NY NNIONA 1NN OIINN

@ T272 WIXjIN NIN'D JIIX7 NXKT,OMIW 12 JNY71 12 WNNWA'7 O'WIn D170 'NINTNJ3MY7 NIND Yaipn
ANK WIN'W 737 IX MN0N WIN'W7 X7

O™1PNN 0YINA 13VIW O™MI'WT71 NJMY7 'KINK 17K DX (190



’
A
3

A
e

APuNANm "MMyw1 oUT 0'NmyY

129 | WEIZMANN Department of " OO n 'l]nn -' )
%:13 INSTITUTE Sclence Teaching I |-| LDTu [ e

apman
3 }"735 OF SCIENCE e S— I D™ NI NP0a TN

O"AIATINT O"ONNNN O'71P'WN NK 112001 1V'WN 7700 DX 707 1K™ 1970 N0 11V'wn
N11NN L1027 .NNA 7V NAXINW NI1AININ 190 N 7W ANJ OV 7npPn 710 O"pNN 1NXY YW 17w
777 WX 2NN 70Ppn OV 1T DN AKINN DK "NPRa" 0Ty 09T 0NN 171719 1K NN
190N (WNIA NTAY O'7XKIWT 01N 7W NX12) JWN 1202 .J1TIN VWA 1PN 7W 09I1W 002N
NIINNWNN NININN NNK 7W 190 N2 103 12V10 11VWA , 20N 1YW (133N 7V Nviaw
JIVTWA O1'0 OV .DINK NN 0V "2N19 (91K 0VI0 ,21W TIVI1 [P0 11YWA NI0INNN NIjpyal

. (O'X{p'oNNn1 OMPIng ,0™IN ™IN,0MIN) 70pn OV [1I'T O07pnn

NY'W PN 770N

7N 1INUXNNAT ,ONTIAY 77002 NN OMIN 0271YN 12 7NX1AP 770N XN NP 0NnNna 1vw pn
WTPINN 2ANINNT NTA 7W N3 12NN T3 71N AN'J37 YINn 7 "tin" ninn 7w 17v19n 131

1 X7 Tpnnn 1YW PN ,N173 .0'Ny 7W NIJNINENTYIN'W 12201 ,n119'W71 nXINYT

X127 133N (X ;02N 0022 N2 NYPWA NNTP X7X 1YW 77002 NNt NN N17nInna
TN NYWAN ONINA NIMNWANA IV (2 ;090 N INIKD 0NN NXIAP T 78 MUWn 7w gIpirm
VWD 01 INX'7 O'9N1WN NN N2'WN (1;1N72Vn 71

1NN "191WN"N NYIWN NV (D ;INIWNN NINYIAN NIPONNT O'NP70 N2APYA WTINA 133N (T
. "N N3N 7731 0NNy INTWYT7 YW 7vn NI (150w NI0INNN INKY7

. "7 oW 0A7wWn 019 1707

N"1I9N 0j"1NY NNIONA 1NN OIINN

@ T272 WIXjIN NIN'D JIIX7 NXKT,OMIW 12 JNY71 12 WNNWA'7 O'WIn D170 'NINTNJ3MY7 NIND Yaipn
ANK WIN'W 737 IX MN0N WIN'W7 X7

O™1PNN 0YINA 13VIW O™MI'WT71 NJMY7 'KINK 17K DX (190



’
A
3

A
e

APuNANm "MMyw1 oUT 0'NmyY

129 | WEIZMANN Department of " OO n 'l]nn -' )
%:13 INSTITUTE Sclence Teaching I |-| LDTu [ e

apman
3 }"735 OF SCIENCE e S— I D™ NI NP0a TN

MY'WN NAVA 197 01N DX 7W NTAXIAp N17'u0 - 1330

273 At 27w

,LOMNK O'KWNI7 MWp,TN7"W XW1I2 013100 O70NNNN NN 7W NP'NYN NN e
TN7NNW O"0NNN NIV AT TWNNA IKIQ'W OM1Y'W [0) "0NNnn poix'7 27 Nniwn
;170107 X'7W 7831 1WATI'W N1IVUA 7V NINIWN av'7nn, (N1 pind TNyl wiags

N170N0 NDXNN NN ,N7K NIUY 12V "2'9NJ 78" AWK N170N0 70 NITI9 NN e
NN'J2 1N1Y7 NIMIX NI70NNW N'ONNNN N17°V900 NN ,OTP7 DTV |0 ONIK D17
NVUTWA 770N NNWNAN NNAYA TOIX [13IN1,IT N17'V92 N1J11IN N'0NNNA N2'WNNI
O™M9XN OWPN,0T'N7NN 7W NIMWIX NN NN ;(N1XI127 N1t TN ,"703119)
7W OTPA N'0IN ON AT NINYI7 NNIPNN .ONK TTINNNYT NIMWIX O0'I717T 7V [T On7W
O'N11"T1,07NIN NIYXN ,NNINT7 O'JTN/0NIN 133NN NNXA O'9N1WN 01NN
O'NTIPN 02A7Wn W 717002123 71X O'T'A7NN WP |1'TA O'NY7 .0MpNn/omnTpx
NPT ONYY7 IN,(IN3N (9182 0313 1K O"W{PN NYPY) OXNNA 0179100 001 1IN0 7w
.NT'N70 770NN P7N3 YW T3 TIN 17V 0'NY0N OMWPW XD

NN'J2 0'NY7 X ,N/1INNJ2 2110 7V 710'WA 7IVN N1AYAN7 NY0In MINn NN e
JINX

0'1'JIN 17'X 7N"J9N VPN NNI0NA O'W' OJ7 NAX1I 7°I0 113INA 70N TN ITKA 1 A7NW

?0'901) O'1'JIN 097010 ONN OXN 701770 0NN 17'X 7U1 03190 N'2d 0'7'V90 ON"N

NTN7 INIX "07231NN 0MY0N7 X1AN" XWI1IA 179X 11 MY'Wwiw (NT0IIKNN) NNINA 12 A7NW
1197 1UX12 707 001900 N7X 12N J13IN 213N 17'K IKNT7 101 ,11V'W 1PN 7W 770N 12V, 701K
W19n1 NNXY 70'2X 7W NMAT 7V P X7 1I0N0N 20JNYT7 00N 190 0'2'I7N0 17'K .11V'WN

JIVTWA NIan O'wan 711xn OJNIN17 .0J3'7N1NYWA 7V 01 X7X ompn

N"1I9N 0j"1NY NNIONA 1NN OIINN

@ T272 WIXjIN NIN'D JIIX7 NXKT,OMIW 12 JNY71 12 WNNWA'7 O'WIn D170 'NINTNJ3MY7 NIND Yaipn
ANK WIN'W 737 IX MN0N WIN'W7 X7

O™1PNN 0YINA 13VIW O™MI'WT71 NJMY7 'KINK 17K DX (190



’
A
3

A
e

APuNANm "MMyw1 oUT 0'NmyY

129 | WEIZMANN Department of " o0 n 'l]nn -' )
%:13 INSTITUTE Sclence Teaching I |-| LDTM [ e

apman
3 3‘735 OF SCIENCE e S— I D™ NI NP0a TN

VWA N2V 17nn2 OMnn NNX 1799 - 1oinan

TV .AN'WNY7 0/2N2IW NINN T 7V 11YTWA NNAVNA O'NJ1 YW 13IN7 O'9Niwn 0NN 73
O'9NIWN OMINN 11YWA 031 O'N'NY 01N Y1TN O'T'N'7N7 12010 ,N"MY0-N"2 NN10N WXITNW
O"0NNNN 002NN NWIATNA ,ONINWINN DX O'TUNN1 JNIWNN 133NN 1IK7 11V'Wa 091X

7W ANINN 7700 7V NVIWA N17V21 NPINPY D OX DM NN 90107 [NI) 0TI
001NN NMVWN VWA NI N7 (1707 1K) 01NN NNX7 AWIXNN X7 002 0Mpna . (01I3nn

.NINI7 PN NN KT

MV'WA N12Va INK7 NN

12T NIWI DK NDNYT 2103 17K N13'N021 1YWNA NNAYA INK7 01NN "2 07PN TNXIAPN NN
IX J1JJN7 0N |0 71V'WN 7700 217 DAWNN1 NWINN, AN 77 1027 N/1"010 N1IN7 NJ1WXIN
1WNNNN K7W N1O1XA 1K (1T OX) NVNZNA TPANT TNXYN NNTTAL]3 N3 .NNNK W10 73 1217
NI"00A IX O™MYX M71 O02AXN7 INIW N1IINNIA (1T OX) NIVNAW Nn7'1a (737 M210n 171K1)
N'/]"0IN N1INN 92 NITANTNI7XW O'7VN O0'9N1WN OMINN ,JWNNA . [NNI12'01 [J1NNA 770nnn
NX1122 IX1IW JINKN NNY7 NNKNIN N7X OI1" T2 NT7U1N0 N1T019'WA DT Y773 17T 07NN TKT

. INXIW NN NN 21N (91K 7'J07 nN7137'71

OJNIWN OX 1PN 29w 17771 n“M9X7 11NN 2XY'7 133NN NX12j77 OWIXND ON"D OXN <3 N7NW

?]1INNN 23N N1'N7 0'J3"X O0JNYT7 NN NN

o130 + 1T + N10JNa + 133N W TN
001NN NYNIWN NIV7NN 0 7V O'N0N O'J70N "13'W TIN WTNN VWA NX NIIINN AXI1aPN
JIWXIN 1IINN 191K 7N XN NIINWAT7 7131 0w 9P .A1WKIN N1I0INAN 7W NINIn 7Y

NnWigl ,ng1x 21w nX12Pn ,NINK NN'J2 VWA DK N0IN N/ANK NN .N10INnnn 17VW nJponal

N"1I9N 0j"1NY NNIONA 1NN OIINN

@ T272 WIXjIN NIN'D JIIX7 NXKT,OMIW 12 JNY71 12 WNNWA'7 O'WIn D170 'NINTNJ3MY7 NIND Yaipn
ANK WIN'W 737 IX MN0N WIN'W7 X7

O™1PNN 0YINA 13VIW O™MI'WT71 NJMY7 'KINK 17K DX (190



anaw
s
. Eu?-’,
LR
SN,
ZIWNR

apman
9735 OF SCIENCE e S— I D™ NI, 00a TV

APuNANm "MMyw1 oUT 0'NmyY

11220 | WEIZMANN Department of n w n 1] nn .' m
X | INSTITUTE Science Teaching I I-I w-ru - i'} ]::JIBJ

1YW 7N .)]'HJJLT]I nrnin I7'713( NJ2IN YW TIUN NYUXN TIN N10INNN NX NNJONI TN 1 T7

. OWIN'WY7 2XWNJ ,7"70N7 0'9N1W 1'N X7W ON'NY 01N7 UXIN

NYV'W PN 7W *N7'n/*071 7710

p123In NINDY N 21¥'€ 2pn 25NN

onmyT
"unnn Pm -
o 1 nawn Y -
T nion Y -

DN NNINx

: TSN
o'Tan nTnY NIMARTO NMAYNN -
0" TNYNN NIOYY - “
AN AUYD :0 n'onnn nivYYe Yy -

nmin/nnav Y7o 119N

N NIy
| DN NIYYPNNN NN
oMMy qin'wa 'y - “
YA NOXD Y I -
ANIN

NN 0MANKA 1T -

NN 1Y
nn'wn/oDu"T/oMso -
ANy T A7 0 -
N -

7V 17N 10NNNT1 7'W7 ININAN 7TINN NX OJNJAN 7V TINY XNJ 7W 7717'0 11X 12103 (4 N'7NW

. OJ'MITNY/0J3'NIYT g

77NN 7W 013N 17'X2,011 7W 2T'N71 NVXPNNN 770N 1YW 107 ONYNI OKX :5 7MW

? V1TN1 TPNNN7 031N 0N "NiM2vn"n NNy JiNn

N"J9N VPIY NIA0NA NAIN OIINN

@ T272 "WIX{jIN NIN'D JA1X7 NXTTL,O7MI'W 12 TNY71 12 WNNWAYT7 O'WIIN N17'0j 'NINTNIMY7 NINY Ya1pn
ANK WIN'W 737 1IN MIN0N WIN'W7 K71

O™IPNN 013N 137VIW 0™MI'W71 NIMY7 'KINK 13'K DX (190



2

N 1IN0,

Nam o™ nmnT, o, wn

,
B
i

apymn

S 3‘735 OF SCIENCE DyTHN nRNAY

IDIJ WEIZMANN Department of " (0 @
Inx INSTITUTE Science Teaching I n LDTM '

A
=X

APuNANm "MMyw1 oUT 0'NmyY

PN 170N2 0NNV "2 'K AN'J7 110N NNTWN NTNA 7V 1T 0P 001N X2n TINY1 :6 n7NW
N'72IXN NXMPA O'WPNNAW M) 0I1WN 01NN "71P'W DX MIX7 N1/0'WPANN /0330 21w

(.0'N'MY  O'NINATYAYT IX/1 ON7137 20'NI YNXN NWYYT O'WPANN

: XAN 190N TINN O'N1jPY7 00PN

LI: SON STUDY

Jupanese Approanch o Improsving Maotbemati

oo dhung and L carmng

NnNwnn

child [ ]collected "] number of ginko |

leaves. S/he drew I | pictures of her/his
family on the leaves. How many leaves are leftover?

FIG. 63 Story "v'\:h.-.‘l:\ -h‘\l'lurl‘d for the lesson

.N"1I9N 0PNY NA0NA 1NAIN O01INN

T272 WIXjIN NIN'D JIIX7 NXKT,OMIW 12 JNY71 12 WNNWA'7 O'WIn D170 'NINTNJ3MY7 NIND Yaipn
ANK WIN'W 737 IX MN0N WIN'W7 X7

ao™1pnn 03N 1300 O™MITW71 NJMY7 WINK 117K 1NX" 113N



Bl == | nwiv

OF SCIENCE DPYTHN IRNAY?
NP LUINNN "MW1 0UT 0NNy

As for making up the story problem, Mr. Saeki [the instructional superin-
tendent] has been telling us over and over since last year that we can in-
clude blanks in a story problem and let the students plug in some
numbers to make up their own problems. So that is why we used the
blanks in this problem ... Instead of just throwing out a problem [without
blanks] to the students and saying “in a case like this problem you have to
use subtraction,” it really comes alive if you introduce the problem in this
new way.

kD ik

mam o™ nma, mpmna mon

n
e
i

Ms. Tsukuda also explained how she and Ms. Nishi had settled on the

Not long ago, the vice-principal showed me several textbooks. All of those
textbooks used 12 and 9 (12-9 =) and 13 and 9 (13 -9 =). Most of the textbooks
started out by introducing the subtraction-addition method (genkaho) [We re-
mind the reader that in Appendix B we provide a quick reference guide to the
solution strategies included in the lesson plan and continually referred to by
the teachers during their discussions. This guide will help the reader keep
track of these various methods.] In the case of 13 minus 9, first, subtract the
number9 from 10 (10-9 = 1) and add what s left over in the one’s position (1 +
3 = 4). 1 thought that if you narrow it down like that [by teaching the subtrac-
tion-addition method], it’s not very interesting. So on Saturday, I suggested
using 15 minus 8, or 15 minus 7. I thought that these are a little harder than 12
minus 9 and 13 minus 9. Using these numbers should bring out a lot more
ideas from students about ways to solve the problem.

numbers 12 and 7, a decision about which she felt group feedback would be
useful. Ms. Tsukuda began with the following comments:

Ms. Tsukuda added that she wanted to use the number 7 because one of

her students happened to have seven family members. She said she wanted
to choose this student for the story problem because he was a low achiever.
She thought that making him the focal point for the lesson might help him
gain more confidence. The teachers in the group all supported this idea and
the use of the number 7 was treated as a given.
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The discussion then moved to trying to decide whether the best num-
ber to subtract 7 from was 12. The teachers all felt that 12 was a good choice
because regrouping would be needed whenever the number of people in
any of the students’ families was chosen as the subtrahend. This was be-
cause there were no students who had less than three people in their fam-
ily. However, the teachers could not find a good reason for why the
students would collect just 12 leaves. Finally, Ms. Furumoto suggested
that students could be allowed to collect more leaves, but that later the
teacher would ask them to select only 12 clean leaves for making the
ginkgo tree collage. _

Ms Tsukuda mentioned that in choosing 12 she and Ms. Nishi had taken
another issue into account. She explained:

Tsukuda: Well, I was thinking. 1 also thought of using 13 minus
7,butit's really hard tobreakdown 7into3and 4 ...

Maejima: [ see, you mean conceptually ...

Tsukuda: Right, conceptually, it’s easy to break 6 down into 5

and 1, and it’ s easy to break down 7 into 2 and 5, but
it's really hard to break 7 down into 3 and 4 for the
first-grade students.

Ms. Tsukuda and Ms. Nishi were interested in how children might de-
compose the numbers in the problem because they wanted to make sure
that a range of solution strategies emerged during this lesson. At one point
Ms. Maejima asked Ms. Tsukuda if she really thought that the children
would come up with all the different solutions listed in the plan. Ms.
Maejima mentioned that as a second-grade teacher who had never taught
first grade, she was not sure what could be expected from first graders. Ms.
Tsukuda conceded that the supplement-addition method was the one
method that perhaps would not come up during the class. However, Ms.
Furumoto was more optimistic. She mentioned that one of the students in
the middle grade at the school still used this method frequently.

The group also discussed that it would be important for kids to work on
specific review problems before tackling the main problem of the lesson. In
particular they talked about presenting the problems 10 minus 5 and 12 mi-
nus 2. The problem 10 minus 5 was suggested because it dealt with the con-
cept of supplementary numbers (ju no hosu), and the problem 12 minus 2
was suggested because it involved the number 12 but did not require re-
grouping. The teachers discussed whether these review problems might
provide too great a hint for how to solve 12 minus 7, because 12 can be de-
composed into 10 and 2, and 7 can be decomposed into 5 and 2. Despite
these concerns the teachers decided to use these review problems.
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Appendix B
Methods Students Can
Use to Subtract 7 from 12

“Counting-subtraction” methods {kazoehiki): Counting off 7 one by one
starting either with a group of 12 or a group of 2 and 10 (from which the 7 are
counted off),

“Supplement-addition” method {(hokaho): Count up from 8 while keeping
track of the numbers counted.

“Subtraction-addition” method (genkaho): 12-7=(10+2)-7=(10-7) + 2=
34+2=5

“Subtraction-subtraction” method (gengenho): 12 -7 = (10 + 2) = (5 +2) = (10
-5)+(2=2)=5

N"J9N VPIY NIA0NA NAIN OIINN

@ T272 WIX{PIN NIN'D 1J71X7 NKTL,OMI'W 12 7NY71 12 WNNWA7 0'WIIn N17'0j "IN NIMY7 NINY Yaipn
ANK WIN'W 737 1IN MIN0N WIN'W7 K71

O™IPNN 013N 137VIW 0™MI'W71 NIMY7 'KINK 13'K DX (190



