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We put these Coins in the 3 boxes.

H1 =YIOFEOTHESS

oioicioioics

It's the - as choosing one box from six boxes.

Probability = 3/6 =1/2 = 50%

B2 =sIcEENHSHER

Then we choose one
bo...

1 And we anly open @
one Side .. ‘
ﬁ <> probability that the

And we find & gold eoin contains a

What is the
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inside, gold coin ?
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The number of sl | 1 z | 3 4 5 | 6
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What's in the other box?
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Gold coin's Probability=  2/3
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Guess the numbers 1,2 and 3.

13723

Please tell me all cards name which have

your number.
9 1PS3FTOHEHTH IH—NR

BatEel, 1756 T TOREHUTTLS ),
1705 3 FTOHYT LR 2 NoEEL I
LELTEd 2 (M10). T2HAT -2V — L+ %
A3 % (K11),

Guess the numbers 1~6.
A B C

135256 456

B0 1h56FTZEHTIHA—K

L4
Let's write on the EE
worksheet (1)! e 11 SLI
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B11 BEmUD—7 Y — 0OsHHE
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Guess the numbers 1~6.

B e

5 (2%]6/(®@5 6

3 4
_3=;-+5

Rule1:
B12 =L 1 &=L 2 DEESR

2 1257TDOEELHTEH— FOIEK
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ELofer] [ 20688 [208%E] 7 EORIG
N b
H—FOELEXIIV—LVD3IDHDE LT
[(H— FOELFLOETR2O/EHL 20 HFEIC
oTwb Il | RS 5 (H13),

What cards do you need to guess 87
Du you need another card?

()3 59 553 6 7

- Top left of cards (£

*Double (1=2-2,2%2-22%2=4)
- Power of 2 (29=1, 2'=2, 2?=4,)

E13 JL—)U 3 DESR

B) 1 »515FTOEELHTEIH— FNEES
1757 FTOEZLTHICIEIMDT— K
VEThHo7zZ L2 MRL, WIX1258FTH
BAEMTHEI—FEELZ L2 H T L, LD L)
d— RBREPEEZ DL L) IRRT b, 7272
L, 7—FiEEmMLT LwZtxz&HEIF5, 7
W=7k, T=7 = MIh—FeEELRN
525, LIELLLTHS, WO0DF)V—
IRRLTHS ) [ELP8Dh—Fx 1K

B OBEE & R 37

g ] Lw)EZNHEN, TOTIV—TI
HHEZMY & [8%UTAHDIZIEEILTHD
) —HDETE | [ EIZIE 2 DRFEOHH L
LHMLELRIZ8TY | &2 TG [9%
WMCHDIE, EOH— FIZANDL LWL TT
2l L ROEMAHENLE [9=1+8 %D T,
QIFALDDH— FIZAND vk BnE 4]
3 CICREN D 72,

[ TOFEEZEIC, 125155 TOHEY
ThHh—FEEoTAETL L) | LHEIERE
Nh, BRI -7 = eFEHboT-0% R

BRLTLINLEREPS 2R ZARA, ZO
HEEIRATHE [15=1+2+4+872H 5, 4
DT — RPLETT A5 —FRELBEDT,
EOH—FIZbANET] LRI L, /87 —FK
AV MRl &R THRRLL (M14), &7 Vv—

WZAMDORELH—FZ2BLD, 12056155 TD
BAEBTEH— FRERT 5 X9 IR L7,

TNV—=TT LI, EOETHREDT—FIZAS
PaEZ, = FEERL TV, 22007 ) —

WZHTE Ty, BHO7bDEo72— KT
BUTr—2axn LT, ELLYBTOHND D ZHERR
Lo 20tk ST —FA Y N TH— FEHERL
7= (X15),

We need 4 cards to guess

1~15.

“15=1+2+4+8 ‘

A B [ D .,,.
@35?@35?@559?

E14 1Hh515FTOHEZITHH—K (1)

A C

D3 57@5 67 2=1i8.

g (L1315 12131415 10=2+8 |
N=1+24+8

. 0 12=4+8

@3 7 ? 1o (1 13=1+44+8

o4 15 (213 1415 14=2+4+8

15=1+2+4+§
E15 1HhS15FTOHEHTS H—K (2)
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T o= VREE FEPAGILOEESY
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fECEh] 1F, BEQLEFEQICIET ZIHE
T, 5BEBETHETLZLDOTH S,

1) 2% [Probability of a Gold Coin (Bertrand’s

Box Paradox) (£EDHER) | (FERE 1 FF)

BEOQICET 57 v — METIE, AEEE
O (BEOELL) BLUO® (NWEDHRE) 12
BWT, &7 5 A% 50N 1 FESKOFIYHED
WL 4. 2P E (F4) 2RL7Z. ZOKRE
M5, WEOITEREIZE > Tl T3 <, B
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D EFEIZIZ I BT W o 72 BEME % R
THDTH b, LD>T, SHOTESLDIC
BWTE, A0 - HENFEO ST
BFE 2 7IEOLRIRD 55,

2) 1Z¥® [Let s try to guess your birthday ! (GiE

HHET)] (PFERE 2 FF)

BEQIZHET A7 v — MRATIE, HAEHE
HO (E¥E0ELS) BLUOQ® (NEOHEE)
OFHEI TN 4.6 L E (R5) 2R L7,
AT, MEBICBT2EEREZNS L, RS
EOIXSDEDRD VT EPHEREINT, Thb
DREFR, S, BEOIIAEEICE > T—HLT [%
LS, LT W] & LTHEMIZITIE
DOENTWIZ EDRBENL,

R, PHEORE S LIEERED/NS S OMIHE
Mo, WEQIEIAEEMERIIHT L THEICEEN R
By Z TwibkEzOND, UL, BHEN
BRGHEY DS HEGED B - LR B EE | @) L )
BLTWaZ k, &b CIIRENENERED ST
PEICHE STV EZ R LT\ b,

Db Z b, HHEQOEHI D LFEEKIZ
BWTI, AEORRMMY - HEAOMITHICEE L 72
FEED R L Tz L3 CE 5, 51
DIFFEEEKIZBVWTY, 29 L-HEOE %
F-BEIELZEIRkOLNE,

K3 EEO7VI—MRAEIER
Item Evaluation
@ | Did you enjoy today s class? 1 to 5, with 5 being the most enjoyable.
@ | Did you understand the class? 1 to 5, with 5 being the most understandable.
x4 BEOD7VIr— MAEER

14 1 (1/8) 2 (1/9) 3 (1/7) 4 (1/7) 5 (1/8) 6 (1/9) 1 74F

M SD M SD M SD M SD M SD M SD M SD
@O | 48 | 039 | 44 | 117 | 46 | 062 | 47 | 047 | 46 | 062 | 48 | 047 | 47 | 062
@ | 44 | 061 | 39 | 113 | 42 | 066 | 43 | 072 | 46 | 063 | 46 | 075 | 43 | 0.75

G¥) £HoO/[IFOAOH%E%ET,
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x5 BEQO7VI—NAERER
5 4 1 (1/7) 2 (1/8) 3 (1/9) 4 (1/7) 5 (1/9) 2 AR
M SD M SD M SD M SD M SD M SD
@ | 48 | 049 | 48 | 048 | 47 | 065 | 48 | 036 | 47 | 052 | 48 | 050
@ | 46 | 070 | 49 | 032 | 46 | 071 47 | 0568 | 46 | 069 | 47 | 060
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BEERARL T 5,
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1. %@ [Probability of a Gold Coin (Bertrand’ s Box Paradox) (£ENHEER)| OFHigEE
<{EEDRSL>

ik —DOBATRTOEZRIT L EEBN Ao T L &I,

b ) HTTOFEIZ D BEDA - TV LRI

WS B RbhEER, TORBEZHNATLIENTE S,

HAGE English

1. (1) BS&BN (1) Self-introduction

HC BIXAZALBIER, W10 F LT, ROLRTNIZOO Hello everyone, nice to meet you. My name is OO .

iy EEVET, HROETFTEWIFH ST L7ze B | I am from Iwate in Japan. I like baseball. I have been
IZEPERDIF & ©F 1MEMEERZ Bl T\ F 3, fill | playing baseball for 13 years. In winter, I go snow-
2, KA —FR=FIf7&8 4, HE A | boarding. Have you ever tried snowboarding? The
ZA ) —=FR=F%&L722LEHYEI0?HERE | view of the beautiful snowy mountains is  amazing.
HoEEar2 A2 L3 THEFELNPEBVWTT, 72 | However, it’ s really cold, so I don’ t recommend
RETHEVCOTREVERELZDIZBEI® L 4 | staying for a long time.
Ao (ZANHBHTHMN) Where do you think Japan is located? Japan is 4,600

BFIAHRIIEZIZHALTLEID?HARE Y 1 | km away from Thailand. And here is Iwate Prefec-
13#94,600km BENLCTWE T, LTI IS TET | ture. Iwate is the second largest prefecture in Japan in
o 5 FRIGAARTCZHFHICHBENRKZVERTY, | terms of area.
BERNICIE, B LWAERYRELVWER, o Morioka has delicious food, beautiful nature, and tra-

EESUCHEN TV E T, EBRLWE~WIZREM = | ditional history. One of the famous foods is the ‘Mo-
K- EbNDLLONHY, FIIfEATWS AL | rioka Three Major Noodles, which the locals enjoy
INSEFATENT T, ELWHRKIZ, ST 1L | eating. The beautiful nature is the Mount Iwate. There
FLTT o B RERIZ/Z EAH Y T35, %5 | is a traditional history, and one of the most popular
WCEAZHYPARTT . BE/NAHICKEOTEIZ | events is the Sansa Festival. Every August, Every Au-
EbETHY R HEh 2R EE T, FAD/NSWEE | gust, participants dance to the rhythm of taiko drums.
L2 endnh) T4, I also participated in it when I was young.

2, TIIEHEEZBEOT L Lo Let s start the lesson

ELYN EEAZEREEEVHORICH /2 &, £ If you can get a Gold coin or a silver coin, which one

LEMLVWERWET2? ZNE e TTe?

SHIEZFOTr—2am LizwvwEBnEd,
-SSRSO =EMS ) T4, £ LT
. TR HECHR. SRR EEE oM
TANE T,

ETHz—2OBRATHTOHELZHTE T, ZOK
IZEEDSHTL AERIZTVWSTL L O 2 ? Fhid
BETT¢?

ZOMBEIX6ODDHEDOHF NS 1 ODFE ERZ
LERLZRDT, &8%5I<HERIZ3/6. 2FD
1/2&7%0 %,

o BDT, LDELDERPHKLNTT &
1o

TITRIZ, FE—D2OBRATHHTOEZHITL &
BRA->TWE L, ETHI)HHOMIZHE&ED
A TVBFERIZWSSTL LD ?

LR LLEFTA?—MHBEZMHEHCTE) EZA
T TLEH)H»?

EHELOMBEL &E YT HEERDLFITED
NFELAD, ZHBCIE THHOEZHITTEED
H7ZFIC ] E VI FEIHRPASTVWET, 2WHH 5D
CETHEHELIELADIZERVWET, ZOHRLH
LIS EZFICHRIZED LI ITRKOLENLDT
LtoHm?

SHIZZOMEICOWTERZTHALVEBRWE
i
BRIV RICEEETIHERIIOVWTE R L
Jo

do you want? Why?

Today, we will do this game.

Here, there are three boxes, and each box has
two lids. We will put the coins in the following
combinations: two gold coins, two silver coins, and one
gold coin with one silver coin.

When you choose one box, what is the probability
that it is a gold coin? And why is that?

This is the same as choosing one box out of six,
so the probability of drawing a gold coin is 3 over 6,
which means 1 over 2.

What should you do when you want more gold
coins?

Next, you choose one box, open one lid, and find a
gold coin inside. What is the probability that the other
box contains a gold coin? And why is that?

Is it difficult? What is different between the first
question and the second one?

Both questions ask for the probability of drawing a
gold coin, but the second one adds the condition “when
one lid is opened and a gold coin is shown.” This is
probably what makes it feel harder. How can we cal-
culate the probability of drawing a gold coin with this
condition?

Today, let’ s think about this question.

Let s think about the probability of drawing a gold
coin.
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3. (1) F#8 (1) Prediction
J B FTHEIAEMIITFHLTAELE ). IO % First, let's make a prediction together.

LEBWETH,?
FRALZSMARICEZZRERLTHOWVWET,
EIYLTEDELHIZEZFE LD ?

(2) =B
ZNTIIER T L THEPOTHEL L) 405
EEHOMEEEREZEDY 3. 7V —T7THD
LT OoDEBRMERZ R LIERERDOTLLZL
W

HRAWTIEEZSHEL 3,

D ELDOATIADTN—THHTe, 25FE. 5%
BAED N, HEBHT S ANZE 25T TIT .
@ Z00fPLBEBIZ—OBRIFHTOELRIT S,
@ EETHoBHEIZL IR HTOEDRIT S, 220
[ 0) E L ZNDEETH o BB E DT 5,
@ HETHSLHHEEIRAPERVET FOHAE
FFEBFREEORIBUIIED 7\,
® ROFEREREICHRET S,

FonL BDOTH ) FHIPPREZ - 12D Bz
THATLIEE N,
FNTIZEL DAL T NV—T %) EEi%
ToTLZEV EBP220d LNV T,
WBHLBHWEESITVEL L o
Q) FEREbEIERE
FEEROFEREZELO THERE L RDIZL A, 2O %
nF L7,
TEHEILTCIOL) BMHERIIRDLOTL LD
PP FOHHZEIATEZTCATILLE ),

(4) SHEIC>WIEKRFTT 3
O BSAR RUICRTEERTCEENIHTE
B2 ER T L) ?
COERIZTTA LI A TWD, BT s
ZEWTEETH?
Tld R 272012802 FELrH. @K
HRRIZENENL. 2. 3EFEFEIRD F9,
CIT, AHOBERRIFBICEET - 25413
EHIBEVIRZ LI ENTETTH?
- /1. £B2. ER3IFNFROBELLTY
FAZENRTETY,
LR T OBEZRTEONE&%, BERE LT
EFEXRLTATLEE Y, E9RDFLAR?
1482, £F2L4®1., &% 3 LK
1DOBGEFTLIENTETT, TD3@) O
POER MO L BADT, HERIZ2/312%0
9,

b RADPIRETH MRS EARICE 2T, iR
X1/312%0 9,

FERL 2R E R T AL EREWHEIZZ > TV
CENHERTE TS,

After you write it down, I will ask several people
for your thoughts. Why did you think like that?

(2) Experiment
Let' s conduct an experiment to verify. I will dis-

tribute the experimental boxes and coins (gold and sil-

ver) . Please work together in your groups to record
the results of the two experiments and calculate the
probability.

I will explain the procedure to everyone.

@O Make a group of three with people nearby. One
will record, one will mix the boxes, and one will
open the boxes. Take turns.

(@  Choose one box at random from the three and
open one lid.

@ Ifit is a gold coin, open the other lid as well. Re-
peat this 20 times and record how many times it
was a gold coin.

@ If it is a silver coin, it will not be included in the
total number of trials

® Tell the teacher the calculated probability.

On top of this, record how many times it was a sil-
ver coin.

please make groups and conduct the experiment.
Let's work together and help each other.

(3) Consider based on the results

After collecting the results of the experiment and
calculating the probability, this is what we got.

Why does the probability become this way? Let's
think about the reason together.

(4) Reconsider the calculations

When you first opened one lid and found a gold coin,
What probability did you think?

Can you tell where this gold coin originally came
from?

Now, to distinguish them, let's assign numbers. We
will assign the numbers 1, 2, and 3 to each of the three
gold coins and three silver coins.

If, when you open one lid, you find a gold coin, how
could you rephrase that?

If you find a gold coin, you can separate the cases
into gold coin 1, gold coin 2, and gold coin 3.

Please create a tree diagram for the case when you
open the other lid. What does it look like?

You can separate the cases into gold coin 1 and gold
coin 2, gold coin 2 and gold coin 1, and gold coin 3 and
silver coin 1. Because you choose the box with two
gold coins, the probability is 2/3.

In other words, the probability of the other coin be-
ing a silver coinis 1/3.

By comparing it with the probability observed in
the experiment, you can see that the result is close.
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TODEREFLNTRSL & AP EEE 72k
X2 I ISR o RO TR EVE b
DETH, ZOTENRLEIV)IZENELDLT
Lx)h?

&R 2RI, ) e orn

BT hoTnd, L) ZEPFERZT T,

By comparing the two probabilities, we can see that
the probability of the second coin being a gold coin is
higher when the first coin is a gold coin. What does
this mean?

This means that when the first coin is a gold coin,
the second coin is more likely to be a gold coin as well.

& o™

(1) REOZEED
SHIEEFEFTINDLEELWIERIZOWTEIA
&"?’L‘]Egbi Lf:o
INFEZTONRT TV ADOKFEZENL T &
AT, SHEFEBLZEEX [NV T vofi] &5
PNLELLGMETID LD MEE [T Ky
2] EBVET,

MBI OB R RS Ry 2 AL LT [fEEHDNS
Fo2z 2] L) 0B T3, ZOEEIHE
HAE U ADRT0%B DR CTHEET L E ) D
TY o BIEDNDH L NI OFARTATLZE N,

- SHFEBL ool ERIENDEYDELT/ —

MIEBALTFLEO,

(1) Summary of today’ s lesson

Today, we learned about a tricky probability
together.

This concept was developed by the French
mathematician Bertrand, and the problem we studied
today is a famous one known as “Bertrand's Box
Paradox.”

Another famous paradox is the “Birthday Paradox.”
It says there’ s about a 70% chance that two people
in this classroom have the same birthday.

If you are interested, I suggest you look it up.

Let’ s reflect on what we' ve learned today and
write it down in your notebook.

2. 1BE® [Let s try to guess your birthday ! (B4R N T)| DOFBIgEE
<{BEEDRSL>
— Fefio CHREHZ L CTANEE, ZOHETYTALT LN TELENZHPILIENTE A,

HAGE English

. | BN Self-introduction
5

| BEAZAILHIE FIFE LT, B BIEARDS

b

e

RFE Lo RETESFSEZFATVET,

DM ELRZ EIX, TF T F v TT, HE AL,
HFxHF X2 o TWETH? ZOFEEIZ, D
ROHF X HF 2 Try MWD 1EHTY,
MWRLBHH, ETHMTEVDTROITZHR-Th
TLEZE W,

RO ERZEIF. TYMNRTETA FAVTY, &
CROFEE LD, Bz L) LTwEd, £
720 TA RVBIFETT, TOTA FVEH->TWw
F90? TIUE AKBA3 T, # A I b Mlik 7 v —
7O BNK48SH ) 3,

EFEOBN

AR EAE. BROEFSEZ 5N T h
CZIHHARTY, HAE Z A1, #4600k mEE T
WE g, RRebid, HROIBHZH 58T &) &
IHIFEATVE T, AFRICIE, BEOLILH
LB EPYRBRY L EDVH ) T,

- Hello everyone. Nice to meet you, we are from
Japan. We are studying mathematics at university.

- My name is QO. I like gacha gacha. Do you know
about gacha gacha? This photo is gacha gacha
store. There are many kinds, and they are very
cute, Let’s try!

- My name is O O . I like the outdoors and idols. I
enjoy hiking and walking with my dog. And I like
idols. Do you know this idol group? This is AKB48.
Thailand has a sister group, BNK48.

Introduction to lwate prefecture

- Do you know where Japan is? (Quiz)

- Call me stop in Japan.

- This is Japan.

- Japan and Thailand are about 4600km apart. Here
is a map of Japan. We live in Iwate Prefecture in
the north of Japan. Iwate Prefecture has many
delicious  foods and traditional festivals like the
ones in the photo.

[Bem OSrat] >dui

CRICEAEADPEINTVDL I — FEETHALTLE
é‘/\o

- FEAHIEZCJH TY,

- MTHLZEpTEE L

“LedH. bI1IAR>TAHATL I I,

CHE T AR LT A ATV E T ?

A= FPA~EFTHMBY T, 2ON, B
DFEADPEIPNTNWDL N — FELETHZTLEE
Vo

- FEA HIZCOOH T9,

S RICEEADPEINTCND D — FEETHRLTLE
Sy,

cFEAHIEOOH TY,

- Please tell me all cards name A, B, C, D, E which
have your birthday?

- Your birthday is []!

- See, I can do magic!

- Let's try some more magic.

- I need another student to help me. Any volunteer?

- There are 5 cards A through E. So, now please tell
me all cards name A, B, C, D, E which have your
birthday month?

- Your birth month is []!

- Please tell me all cards name A, B, C, D, E which
have your birthday?

- Your birthday is []!
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(1) FHE%EITS (1) Make predictions
S E)LTHAERZHXTOENZZDOTL &) D% - How did we guess the students’ birthdays?
(2) AEEORBRR (2) Today’s assignment
cH—=FOMHAEEZ LD, - Let’s think about the rules for guessing the birthday
card!
CRDBITHEDBELTHATL L Do - Repeat after me today’s assignment.
2. (1) hNEWHOBYTTHT (1) Thinking this magic using a small number
B O1~3FTORYTH— FeHERT 3, (® Check the cards of 1~3
b CHIDIZTI ~3FTEYSTET, - First, guess the number 1,2 and 3.
[T CEER T AR LTLND NTVETH? - I need 1 student. Any volunteers?
H 2D —=FHBHD FT, —DODOHEFEXHEAT, £ | - There are two cards A and B. Please choose one
% DEFNEPNTVDL I — FEETHZTLEE number. Please tell me all cards name which have
z W, your number.
2 | -S:A S A

Bl B ECTE LR
: {)/‘) 1}\'@’3‘(&i l/ct ;)o
(I 1TARD)

@1 ~6ETORYTH— FEHERT 2,
CHIDIZ1~6FTESTET,

CHERHII LT ND NG FE T ?
C—ODOPFEEAT, FORFENEIPNTVD T —
FEETHATLEE W,

S:B&C

Bl 6 B ETE L2,
)1 AR TAHELE I,

(B 1 ARD)

QOHBFEYUTHRIENTELIEREERD

B ENMBTCELEIENTEOPEZTAHATL &
o

TN —=TTEZTHAELEI,

(T2 19— — M EEB)

(ST N—FTEZSB)

eV REHITES, - FOHEEMoTRELER
LTAFLEID)—FEINV—TTEZELL I,

CERTTEERBATLIEE v,

. S Lo~ o~

CEICHERELE L X Do
CBIZIE3ITHNIIE, ALBIZHY T3, DT,
3=ADH—FD1I+BOH—FD2%HioTHE
FTIENTELNDT3=1+2¢%0DFET,
1223 —FOELEOEFTTYT, H— FOELED
BEEFoTERTIEDH— F2IEAL—LD 1D
HTY,

- ZF LTy 22OHOL—=VIE1 DD — K bfiioT
VWHTFIZ L DDA THDL EVH) T ETT,

D1 ~7%5YTBHh—KEES,

cEFTEE, 1~ 6% —HIT—27 = MNMIEELRDH
MELELI). HRELEL I
(WEBELRYWSL T — FIZBEFEMNITELTWVL)
CHEEOEFIZL. 2, 4% FT, EELEND)
1. 2, 437 —VF&hELEEICEELETHROT
HEDTFELEI

1l —-FAILHY FT,

- 21— FBIZH Y T3,

* You chose number 1.

- Let's try some more magic. Any volunteer?

- (Another student)

@ Check the cards from 1~7

- Next, guess the number 1 to 6.

- I need 1 student. Any volunteers?

- There are three cards A, B and C. Please choose
one number. Please tell me all cards name which
have your number.

-S:Band C.

+ You chose number 6.

- Let' s try some more magic. Any volunteer?

- (Another student)

® Thinking about why did can teacher guess the
numbers.

- Let’s think about how did I guess numbers?

- Please think in a group.

- (T2: Giving each groups cards.)

- (S: Thinking time in a group)

- I give hint. Using addition. One more thinking in a

group. Let’s write on your worksheet.

- Please tell me.

. S: ~ e~

- Let’s check together.

- For example 3, card A and card B has 3.So, 3=1 in
card A + 2 in card B.

- The numbers 1 and 2 are written at the top left
of each card. Using number of top of left in these
cards. This is rule @ for making the cards.

- And, you can only one number from each cards.
This is rule @.

(® Making cards to guess the numbers 1 to 7.

- Let’s check 1 to 6 together.

- Let’s write on your worksheet together.

(Writing blackboard)

- The number of top left are 1, 2 and 4. These are
important numbers. So, please write circle this
number 1, 2 and 4. (Say and write)

- 1is here.

- 2 1s here.
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- 3=1+2T¥, DT, 3IADHI—FEB®
H—=FIZAY 9,

N - il A S ) = S
+5=14+4T%, DT, 5FADHI—F&CD
A—=FIZAY ET,
“6=2+4TFo DT, 6IZFBOI—FELCD
A= FIZAD EFF,

ST, TIREDH—FIZABTLEI B ?
CTWADLERIETON— FIZTF2RIFCLEE
Vg
CAZEEI N, BRZEEAH AN, CHEEES A,
CIEfRIZAEBECOI—FTY,
c7=1+2+4T¥, ZDOT,ALBECDA—
FIZAD 9,

Ok LOHBFICEET 3,

cH5FTL, 2, 4FEFoTRLEFLTEE L
CINLOELEOEFOL. 2, 413ED L) BT
T

St - 2058 - 20 %E

= NORELEOBFD 2 DFEHS 2 DRFEIZR->T
WFE9d, TNHAIL—ILD3IDOHTT,

SWIC, 8FTHUTHEI—FEMEVTL &),
C3OHONV—VEBEOWHELTATL X ).

8 EMTHLDIZIFEDEL ) B — FPLETT
2= FEEMLTHRWVWTT,

TNV —=TTEZC, T =1 DH— FIZENT
HAELEIo

B2 ERBZTLIZE v,

“St o 1KY, - BRSO — N,

CIERTY . 82U THZZDIZIED D 1A — A
ETY, FLOBFENS DI — FHFLETYT, 81
2018, 20RFEOMTHLNSLTT,

ST, 9B THLDIZIE, 9IFEDH— FICAB
TLEI Do —HMICEZELL D,

- 9=1+8T9F, ZNDT, 9IZFALDDOH— FIZ
A FET,

1 ~15FTHTCHI—FaEoTAHATL L),

- 1 ~15F THCTHDIUIMMHKD I — FHRLIETT
e

-S4

-S:15=1+2+4+8

“ 1513 1 ~15DF TR RKEVHTTHD ., 16771 +
2+4+8TETIENTELDTLHTY,
LS TN =TI H— RERY 1,

TNV —=TFTISETEERSEEL &),
(FNV=FT1~16%4THHh— FEHED)
“10=2+8T¥, DT, I0EBOA—FED?D
71— FIZAY T,
“11=142+8T%, DT, 1lIFADHI—FEB
DH—=FEDDOA—FIZAD T3,
-12=4+8T¥o DT, 12BCHOHI—FEDD
H—FIZAD T,
“13=144+8T¥, DT, IBBADHI—F&C
DH—=FEDDOH—FIZAD T,
-14=2+4+8TYo DT, LEIBOHI—F&C
DH—=FEDDOA—FIZAD T,

- 3=1+2. So, 3 is in A card and B card.
- 4 is here.

- 5=1+4. So, 4 is in A card and C card.
- 6=2+4. So, 6 is in B card and C card.
(1~6: Check together)

- Which cards does number 7 in?

- Please raise your hand for all the answers.
-A~,B~,C~.

- This answer is A, B and C.

+ 7=1+2+4. So, 7 is in A card, B card, C card.

® Focus on the number in the top left corner.

- Now, we use 1, 2 and 4.

-So, what kind of relationships are there in 1, 2 and 4?

— S: - Double - Power of 2.

- The numbers in the top left in cards are double and
power of 2. This is rule ®.

- Let’s make cards to guess number 1 to 8.

- Please remember the rule ®.

-+ So, what cards do you need to guess 8? Do you need
another card?

- Let’s think in a group. And let’s write on your
worksheet.

- Please tell me.

+ S:1 more cards.

+ That’s right. We need 1 more card to guess8. Top
left of this card is 8. Because 8 is double and power
of 2.

- Please write together 8 and write circle.

+ So, which cards does number 9 in?

- Let’s think together.

- 9=1+8. So, 9 is in A card and D card.

- Let’s make cards to guess 10 to 15.

- How many cards do you need to guess the numbers
1~15.

- 54 cards.

- S:15=1+2+4+8

- 15 is the largest number of 1~15.

- I give each group cards A, B, C and D.

- I give group cards sheet. So, pleasemake cards to
guess the number 1~15 in a group.

- Let’s make cards to guess the number 1 ~ 15 in a
group.

(S: Making cards of 1~15)

- 10=2+8. So, 10 is in cards B and D.

- 11=1+2+8. So, 11 is in cards A, B and D.

- 12=4+8. So, 12 is in cards C and D.

- 13=1+4+8. So, 13 is in cards A, C and D.

- 14=2+4+8. So, 14 is in cards B, C and D.
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-156=14+2+4+8TJo DT, 15ITADH—F | -15=14+2+4+8. So, 15 is in cards A, B, C, D.
EBOA—RECOHI—FEDDH—FIZAY EFF, | - The cards for the numbers 1~15 are like this.
-1 ~15%UTHI—FIFZDLEHIRY I, - Let’s try to guess the number using the cards in a
Aol — F RS TN —TTEYTE L TAE group.
Li9o - Let’s guess the number everyone. Please come here
CHBALTEYTELCATILLE) 2OZIV—TH this group. Please choose number and tell everyone
WCBEWLET, (1 AMTT) —28FE2HRDT, number gesture. Please tell me the all cards A, B, C
BRATRNZHZ TLIZE v, and D in the number.
4FED 4 . Summary
cLHHIZ, 20BRERPHTFOMBREME > THYTH— | - Today, we made card to guess number by using
REED F L7z AOFEEA~Y v 7 b ZOH Power of 2 numbers and number relationships.
HrflioTnwET, I use this these rules to guess birthday.
RO RELEFTHIYETCHIENTEZ) TY | - Can you make card to guess a bigger number?
P
-SEwn | —S: Yes!
4. (1) 4RV (ABFOEFH) (1) Reflection (Evaluation at the time of the event)
Wik | OBET v r— b2tk b, - Please review the content of the class at this time

(7Y v +T)
S HGH oI E RGBT HAI W 20 E T
LE9o

on your worksheet.
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BRI T A EREANDENE 2 AR A PRV DR
— RS 3 SHAE DPRIRE ] OBRA D 8% —

i T N T, AR BT, CTE BT, R AATTTT

KIKUCHI Yoichi, YAMAUCHI Yoko, HISASAKA Tetsuya, HIRASAWA Suguru, SAKAMOTO Yuuki

(41 8 4E 1 A31HBE)

[E#v]

(BRETNVA) ] 13AF Y FEHOISHNE L LT EMNE, 512 [HA & TBRET VY] OF
BHOIMHMANETH LD, €2 T, KR TIIHE 32ED LBk 44 | Bt [B, 7Vvh) &
A+ 2] BO [HH] OBET, TNETOFENELZIGEHL TE X LREGMN R HRE L HE LoD
WTHGES L72e ZOBIZ, 20X ) BEROBEICBVTCHEBPEFLAEEIENTEIZNII RS20
72ODRLRE & MAAATIZEAIE L 2o RIFELFEERL, FHIL R AFTHELVWEE 2S5 D
B2 Ff o THEEH L, PHMSIZOWTOMEEZ LY IRD L 2 EATE, 2O, BEIEF AR~

DEEII AR L 72 Z L dvbiro 72,

[F—=T—=F] WE3IE A4, RETNAY, B, BOFY, WFRARE

1. [FUBHIC

EVEDCOFEBIZ) 728G Em I RKD SN T
Wz Y BEABEBEICBVTLEVETIZONT
DR TR, HARW 2 55 7 03k A3
ENTHY, DHPEORENLHEMFRTHL—
Atk N H ARBERHE ¥ (SIST) O&KFT
b0 EBESAEITERTHS DY Fn
PO T 2 EZRILRTH DD, ToHokk
RERBEFRO—DIC [HEFIARL 7 5 0H
BEZOFER] BT N5, MkIZIES X5
HATWRZITTIERL, #SUICEHLTZZ4E
EHERE D, T2, WHABAERD Z LIS
L0, HRROEREN ORI LAE DT HE
D, OB SRS ERT 5, 2
OB\ T, B EE OF LD HIFES L5,
FoBEERESAE SR E LR S NS EK

RHOOMETOEREN S, FRT L OERR
WUXHPEEREINDL I NG, [FEHEE
RE L DHAGROBE L ZOMEM | ZLIET2 S EE
HEHEDONTHDE I ETH LD, EVFUDFEH
W C, SHICHEEH I NI L EEZ NS,

[EREIEAR & 2 2 k0B R L oMM ] &
H4DEFEOFTHERINTITONLALZ LTI
HHH, EeH - BIICB 2 HICEHE R 7 1)
¥ 2.5 AR AY (2RI AGA F 725 ASRD SR
THb, BI2IE, /IWHAREFHZ BT 5 B o
MELT, WWTFHIE, &FFOFHENED [a7
Mk MBI LCORL, BE - ARo—B L7z
a2 —vary— i LTCIEHTEKER
ZLTwa PO F7 sz, WESES
B2 BT BRI A L W 2 SRS DORAE
FERTLEEDIC, HMTFHELTHE L OFEELH T

* AFRFYEFER, * +FHMIEEHRER, *+ *EFREEZAS, **xx xZATHEEAS
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EHT27200%8 sy — otz 7 2, K%
BEYHITEBZ TEHTAREFEERLHEL T
OB R R N E SN TNY iif:
TR ERE 2 2721, BARFO LK AIZo
WTHRZ RO L Z EDHIFENS,

—7, HITRmE L )L TO I EIE T oM
b, UHOFENEOMFLYEFEIIEDL LTE
HThHb, BIzIE, —EDOTLTY)DOFEZMD
721812, TNFETOMA OBENE LG T %%
B O(RAW RS 2EL, TN s2 L
X, UFEOFFEHNEICOWTHEO D A &4
SARDOHREEMEN L S DIZT HDIZENT
HHLEEZOND LTz > THEWFEUDRERIZ,
LStk O RBANRREY HE T RN
BL—00NRy = LTETETHEAI A TDON
BEEZOLND, LHL, ZOL) LBEHLRE
BOWELTNL, BROFEHELE LD LMD,
HEPE T LB EDPENCEIZNIZR S v
DB Db, TOMBEELIZERELEE
N5b,

DEDZ E%&BHIC LT, RBfFE Tl 34
O MbFEee A+ ] B [BR, 7vh)eA
F ] BOFMOFEZIY) LIS, AN
R ARE L7 BEIIOWTHRE Lz, 2o CHE
D F o EGENORLE b M AAA L
720 AIZHEDOERK L FHHIZOWTHET %,

2. PLZUADEETHE -8R (PIvAY) %
2B EDEHE EPHRIC

REFZE T FF7-% - 336 (7 vl ) ik
MM (TUA ) X, MEFESTOR
WRHEHNED—DE LT, /NP SN EL
FESTLNETH D, THIUSDRVFETEE 2
A28, Bk HEE (Tvn ) OWRFIZON
T, ZOEZREMILTB L,
FEOKERE L D - WEOERIIEL LS
COLOPTRENTE Y, Z2odc, BiE
ZHEN TR0, OT V=7 AD%ER, @7
LY ATy Fea—1) —nE#xER, QN ADER
THbH9)o FHEMORT, /INERTIZWMZRE

T, PE B R A

RIIFHEL TR, FERERTIIOT L=
ADEFRE R, BRILFETIEIOT L ATy F
L= —DEHRETW) . ONA ADERIT—MK
B KRFED ETEET L, 2O L) I25F )N
O THY ) EEIZEAT 5o

TV ADEFRMBIIKIZA LT Y EHTH D,
BT ARBRIE A + >~ 2T b Do 1E, KEHE
HOWE - AR T L2, #IZ5) &, &
RET D SUBHIKEWPIZRE STV, Fh
PR LI2OPDT L ATy Fea—1) —D%
# [KEAFTOFZ] THY, SHIZIERL
DWONA ZADEF [FEFGEF O] Th
bo B, BHRLLETE - HEo—EihERE
LTHRDIASIN TV EIDIIQT L Y AT v FE&
O—1) —DEFTH b, BB -MEOL) LEEL
FERNFIIBWTER T HEIFET 2 0RELO
bbb EEZNR, FETLEILOLHOT
LYATy REO—Y) —DEFRCTEETLI L%
WHRERTLIER DL EEDNS, L2L, HFEK
THBTHOT L= ADEFRIT - 721D
KELBESDDEEZ Do

WER EoHREHFRIZ BT (K] 3R EER
BHRO—DTHb, KEHLIZL THRES:DS
CERBTHIENTELLEEZLNLIZETH
%o HRIZ, ALFERUSO EE R FULH; & 7 5 i
BT 2R FEOFERIIKEBTHD, RKRKTYH,
HEOEETYH, RADOHFEEFEOFGOE ) OF
WOIZEALIZBWTY, KBEEISHRE LD,

ZZT, TLZUZAOEFRTHRDY LIFTWw5BHIK
FA T v EKBIE A F i, KOEREZEZD
bDTH b, KEA T v &KL A *+ > HEE
L7z DOpKTH Y, ko HCREEPEIC X - T,
K, KFZEAF >, KB A A+ > O=F DR
HEENTWEL, ZOZEoWEE L TORE -
WE (TuA)) 1mz, BROWmEE Lok
P TNH ) EOERD G RTINS,
SHICHEOERR, FHEESDEOHRIZFH
THHEIZH KO IT R,
FENIBWC, B - HEIESUSIEERL - IS
LA TRENRILFEEDO—2 L LTHDbNS
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S, [ 7k - VLRSI 3REN R TSR DH ? ]
R FICHWET A 01I3EN LV, B &
TERIB THIUL, ZRHP ORI DD B PRIER
ISR & E ORESHZ &8, GRS 2 A EE LR G
ThobrIehbrh)edv, 72 [BET0EZ]
RERIZCLTH, §NTCOETOEEZTHLET
DRV T, REWRAEELETHDL Z L
DHEI DB —T, [KRFEAA P OFZ] D
REHZACFEIETH S E Vb TL, HREKkE
A4 Y RFENIHY EIF 200 ? 7 EOFHILE
MFERIHETIE RV, 22T, 7Ly 2ADEHR
5L, HMERFETRDEELZYWETH ) JULHT
bbb K] ORISR [KFEA 4~ LKBILY
A+ IZEDSNWT, FRFho=MRE D ik
) DT, BRIEESOHE FORFIZBNT, &
TREMTEERLFERICTH L hE2 b)) RT
CIRLTWDLEWR b,

bH A AREORARN R BIRO 72D -
OEEE@T Ly ATy Fea—1 —DEHRRLG
WA ADEFRIHR L CEHTAZ EI3EER
ETHAHD, EBROEE,SE, s30T L
ZYADEFRER TR/ A TEATLONLF
LWeEZL, KEERELIZOT7 L= AD%E
Fld, AT LAKEKETH 2 HER FOREOHEW
LHEREOHEPEL, BhErVEREALT
W5,

AT &2 P, EREO 3o EFICHE T
BT ETWRIE, [l - HEOBHEVOMWE &
LT oE] Lwvwz b, 2Z2TOT7 LY ADE
#ThHIUX, HRILE TBREEE (T )) 8
OGS LT, AREEDSTELL] & DERBMTE L,
CORIBDOAREE, [KFEA & v LB A 4+
YHRBIRBTELL (PR ] Th b,

H + OH — HO

ZOLERIERICE 5T, EVonEIITHH
SND L DOHMADHIEIR SN S, FHIZ X
LB O - ik - 7 ) OB b
DTV BRI OISO X OFfEL

ER D REWZERNS, PRIKISATHEE &V
FHEICHHTELZ L LM TE S,

L7z28o Clg - IEESUSOEF X, 31307
Lo ADEFRICEDOVTEBERZ Loy &
HE 2720, ZORTHAISOHEFEE LT, H
2 (g -3 (Tuh)) OBEVWOWELITEH
HTZ L] VI BRNRERBTIIR, ZOR
B [KRFEA A v LB A * > D HKRHTE
LRIG] D3%H E V) L) IZETERFRD I,

3. AERRBRETOMENLIEE

M 3EDA F VFFIZOVWTHBELZ R
& ML A4 V] HITid 3 o0&, L% 5
TWdo 1 EIIBWTKBROBERILEN L E
R EBRBOERICESNTA T VAT EA L
TWb, SHICEME L IIFEMYE, EHEREOH
i AR, BErolEryEH T 5, F1 5T
A F T BEBECOVTOFRETH S, 82
L I3EIL, BBBLIO® - 7VA)T, Fh
ETNA T UBEEOISHANE L L TR S TWw
o B2 LH 3EONFIIMA LIFOBRICIE
oo TV

CCTRIZETIEEE - 7vh ) OBHEiZ LY I
Fhe SSTIRERMEE T VA VMOME, BRE T
W), KREAF v KRB A & > 7 EOIER
REB LI, ENLERREEDLEDICHN
e LCHRIERET L, $hbb, BRET VA
VIdA F U FEBOIGHMANE L L CEfE, &
51 Tl 1EEEE 7V ) OF B OIS
b LA o THEL Lo ) BT %
ZLiE INETOFEORNWSYENIZL 2D
EDTTH D, &2 CTARMFECTIZHZ #klE
IR CTFEBL7-RIC, CNFTOMBLIEHL
TR HREM R REICHRR T 22 L, 3%
EERKEITo 72,

KIZETE, KIIWRLZE)ICE—I—HD
KRB B EITFA L CERALEL AL ER %
19, BROKE SOREIZ, RBEHNOEEERD
B2 S CTRILZ L2 5, KEBIZ, 1ZLOIE
HWHIER CHEIKIIH S C BHITLTWwa, 221
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A AZIKERL N 7 ZOKIBR 2 A T Ebga
BHLZ.

H1 REROREX

CORIEDALFA ISR DB TH %o
H,SO, + Ba(OH), — 2H,0 + BaSO, (F1ik)
A4 A TEFTLROMEY) TH 5,
2H"+S0,°” +Ba*" +20H™ — 2H,0 + BaSO, (47t

COREOTER, [BRIZKEL N 7 4K
BRAMZ CTholzb &, EEEOWZ S1ZEH
LhLh? EFEILLN?] ThHhbH, 2T
CHHEIE, FUDIIEBERNHL DV TW5
A3, IKERAL N 7 AAKIEW OB E & b IZEERAS
<D, HRIEISED EBERDTHERZ 5. &6
VZKERIL N ) 7 2K 2 N2 % & B OVEERDST
LI WD, 2O EEPHIC X BARDAERE
HEATEDIRTH 2H/NY) 7 A DEREEZE L
T, BWEAND A+ AMAEFREOIFEZ BEIZE Z S
ZERTEIT L v,

C OBRBINIAREIT THE L7250 7 YU
FNELEGEENT VD, COREEZEZ LD
B AR AEZ LT ORT ERDEY
Thb,

<HEBEERDIZODEFR>
(&) KEWENIZA F ¥ HFIET B L BIFAVI

T, PE B R A

%o OKEHEMNIZA F ¥ HHEHE LRV EE

TSR )
(W) ) TWIRERIL, KFEA v LA 4+ 1
FHEL T\ 5,

(9) KERA LN 7 2OKER T TIE, N T AA
T v EKEAL A A ICEEEL T\ A,
(2) BEOKRBEICT VA ) OKERZREES D

w5 EHHIRAET 5,
(B) FRNZ XY, KFEA 4 v LB A + >~
MOBIKBTE S,

(%) HRIBGBIC & o TROMUZIE S EKT %,

(%) {ICIZIEBET 2D 008D, KERIL N >
DI T A TH Lo (BIHEI/NE V)

() BRET VA OEBRIZOVTA A=V %
b o THHT S,

C S DS S T AUEAR R 0 B % I B
CHFNTWL SN TE L, HItOREEIZZO
L9 R ENRREICHEK T 201X, ZhETO
FEEEIRNEY, BOSN MR E R L CERET
HIEWEII 25 Z LR s S,

4. EFBEFRNDER

RO L9 A0 2B Ml 2 LT,
FLRNEORE % RO, BESNEAFIE 72012
YINLILTEHLY, BEPEFTCIZFET
DEFEBENOBRD 3 TE R VERIZE > T
LWIRERH A2 b E2ONE, 22T,
COL) EROBEELEE T B2, FFRC
HPRREENORELVLETH DL EE LT,
ZOFHEE L TARMZEOZEEKTIE, BEW
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PF @ 11 20 2 o
INZXE 2 2 4 0 0 0
OF @y 2 1 3 11 o
it 6 8 14 6 7 13
2-2. FAEIEH
2-2-1 Ioi&E

YELEEPS [REEFESEORESH~ = 2
7 OVERTAE BT 1R S et (I (8
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REE] = (FFEE (kg) - FRINEERKE
(kg)) BEHEEAE (kg) x100 (%)) % H
WTHEI L (BREAGOREZSH ~=2 7L
RIZE %, 2015). JEGE ORI EIX, —20% LT
I, —20%~20% A & IE R EPE, 20% DLk
30 9% iy & B EERE G, 30 9% LA 509 A 2
M, 50% VL E& m R & LC\wb, RifET
1320% LL Fo R s & it & L, 2 lStoliE
= JEREG A & L7z,

2-2-2 FEATZX B LUVEFEE

BT AN (B, Bk L, BEAHE,
FAEMEE O, 20m> ¥ MV v, 50mik, LHIE
LV, V7 PRV OBIEE L KT EEE
HAERNORFME L, FEROHKE (EHFE,
&, Bl BRL, 5% KL, KF) OFFELF
BWiaE i oREMEE LT L.

2-2-3 BR - (AEHLUSH

BE - REIE, BEROEENDOIZER SN
HBIRNEOEEZFH L7z, SAREEEE LR
#WET B 720, YAMASA #8545 TM-5108
L N TM-460% 12 AR & B¢ 1 JARZERS L
BHOBICHEIARER L2 A LR EENS,
WiksEt s 4 7O 3D MAEEL - HNTH Y, W
AT I L 72 E BB L OROIR ) THREE R
M L Cwv 5. Troiano, et al. (2008) < AfEHIZ A
(2009) 12 &R, AEE R 2 HE S 5 720121,

3 HHLU EOBREOF M LEELZEZbNL L
5, RSO WIREDKIEH A5 HEH
D6 HH Otz 7— 4 & L7z

2-3. #rEthnzg

17T —OWBUESRIZOWTIE, 71 v
¥y —OIEEZHREER T, IR TA MO
FIHH L ZHFOFEE & I 1L, JS-STAR_XR
EHWTATA T UVBREEY VAR, vy b=—DU
MEZ AT o 7. MBI, WANRE L N0
ExRITo 7z, AEAKEX, 5% RiHEELE.

2-4. REMERE

KIFEIE, EFRFCBIUIDLANEZRNRET LT
JifmE AR B A OKRE (595202218%) %453 TAT
bz, TNTNEERETLIHELZERB LU
REIZK LT, W7oy, Fikds X CREON
FANOZN, HiE, FEEOFHEEIIOWTHPIL,
FE S22 ETEBL. NRE R IBEE(f#
FI2IE, ABNMOEEIZEH 5P LOR LIS+
Th7 o bERERAL, BT 5 50 & LB
LAEWEZEORHETH L &, BLUHROSM
IZFAEAE SN WHEDO T & LIRS
LHIEIZH 2o THREORFIRII 2N L &R
272 MIREEORFICH 2> TIE, FEBLD
TADHEEINDZEDNHBVEIICTITA Ny —

K2 BELHRCLZIFHEHENTZ MO

N2E (n=14) fE% (n=13)
M SD M SD ¢ FiE
BR 145.61 8.69 146.69 11.43 0.110 0.706
1RE 41.90 10.05 40.88 6.82 0.038 1.000
PR E 9.01 21.95 5.79 15.11 0.038 1.000
1B &H 7= OIFHEHEH 7105.44 1950.73 8917.09 3690.35 0.555 0.007 **

FEE 18.86 4.82 18.62 4.88 0.432 0.046 *
BN 20.86 4.56 21.46 5.97 0.038 1.000
Rz L 42.21 11.06 39.23 7.57 0.110 0.706
REARIE 44.57 7.34 4454 11.32 0.116 0.704
RiEREE 50.71 13.56 54.23 19.48 0.258 0.257
20m>¥ v bILZ > 9.70 0.50 9.97 1.27 0.110 0.706
50mzE 148.29 13.62 152.31 20.10 0.196 0.440
Ubiges 18.14 8.18 18.31 10.03 0.182 0.450
V7 bR— RS 59.29 5.85 57.15 13.68 0.033 1.000
EHEFES 2.67 0.38 2.44 0.29 0.110 0.706

(*: p <.05:%*: p <.01)
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WZHCRE L 7. 3. R
BE - KE EmE 1HDZ)OFEEK
100% T AN (B, BRI L, REARIE,
80% .
FEME D, 20m> v VT v, 50mE, VHIE
60%
Jo Yy LV, VT MR-V OWERE &R T A
00 10 N =1.4 =I1.4 N
. 10 BN NAEHES (DUF, BIAFHE) B X OHEER
. O7HR (HFE LA, HH BB, B% KL
NRE fe BH) FFE L EFETIE Z EE OB NI LY
£1 HREOEM (n=27) R L7 (R2). BEBEFEICHEERENRLD
N, ZNLDHOEE TSI L 22134 T
Zpo 7z IR O R o MEIZ DWW TRz
(kg) (=) (cm) (=)
30 35 70 70
30 60 T 60
25
v . ‘[ ) 7 1 . @
20 % 40 4 40
15
15 30 30
10 10 20 20
5 5 10 10
0 0 0 0
B A iz S ShalB RIERRE gL
(&) ) (cm) (m)
100 12 200 35
90 = 180 30
10 X
: | D s g .
. : o ! o] | B
40 - 80 s o (11:1/3)
30 ¢ 60 0 J.
20 2 40 5
10 20
0 0 0 0
20myr b7y 50miE DAY =FeN YINE gL

X2 #HBEHTXMOBIEE

£33 BEHEOEWVICEZTE
NZE (n=14) 4% (n=13)

Ui
v SD v SD =

== 271 059 238 049 585 ns
#2 28 035 254 05 62 ns

B 2.5 0.63 2.23 0.42 65 ns
R 2.5 0.63 2.23 0.42 65 ns
S 2.71 0.45 2.62 0.45 82 ns
XT 2.64 0.48 2.46 0.5 745 ns
*®5 2.5 0.5 2.38 0.49 80.5 ns
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x4 HEBTS

N2E (n=14)

Sk HE  ERE FHSH ED ik RE RiE 20m  50mzxE i@ A
BR 1
AE 0.568 1
labrpa -0.071  0.775 1
95 -0.160 -0.326 -0.306 1
EAH 0.309 0.598 0.491 -0.468 1
fatz 0.049 0.030 -0.042 -0.009 0.408 1
RE -0.146 0.179 0.274 -0.148 0.393 0.357 1
RiE 0.247 -0.152 -0.409 0.507 -0.066 0.258 0.263 1
20m -0.159 -0.428 -0.446 0.692 -0.179 0.333 -0.061 0.421 1
50m -0.080 0.212 0.368 -0.294 -0.151 -0.520 -0.022 -0.056 -0.691 1
hvil -0.004 -0.298 -0.403 0.303 0.075 0.642 0.206 0.457 0.621 -0.753 1
v 7k 0319 0.118 -0.123 0.235 0.301 0.307 0.017 0.501 0.415 -0.439 0.655 1
At 0.159 0.079 -0.067 -0.047 0.548 0.780 0.617 0.459 0.333 -0.523 0.732 0.600 1
E 0.174 -0.242 -0.496 0.213 0.013 0.440 0.553 0.494 0.436 -0.580 0.649 0.2569 0.642 1
% (n=13)

Sk HE  ERE FHSH ED ik RE RiE 20m  50mzxE i@ V7L Aits FTE
BR 1
AE 0.747 1
ilabrga -0.663 -0.014 1
95 0.270 0.513 0.211 1
EAH 0.665 0.632 -0.369 -0.158 1
fatz 0.770  0.340 -0.804 -0.156 0.704 1
RE 0.624 0.489 -0.422 -0.289 0.709 0.689 1
RiE 0.517 0.075 -0.741 -0.319 0.656 0.830 0.496 1
20m 0.662 0.212 -0.771 -0.323 0.582 0.813 0.701 0.629 1
50m -0.558 -0.170 0.746 0329 -0.735 -0.792 -0.504 -0.819 -0.721 1
hvil 0.696 0.286 -0.788 -0.354 0.775 0.846 0.639 0.819 0.862 -0.928 1
v 7k 0.620 0.627 -0.300 0.147 0.855 0.692 0.643 0.604 0.492 -0.634 0.604 1
At 0.699 0.291 -0.792 -0.357 0.788 0.929 0.762 0.842 0.837 -0.919 0.942 0.698 1
E 0.387 0.141 -0.453 -0.387 0.594 0.561 0.523 0.639 0.482 -0.537 0591 0.577 0.648 1

bR EREI L, REREFEE,

EZAH, NZREFETIONE 4 N fERTETION
SATH Y, WBFETTHEOENZL LY (p=.546,
o =.022) ERSNEro7 (M1). 1HB
D OFIHEEE LB B LN AR TIE7,105.43
A, BREETIZ8I17.084 & 4 D), AT /N RS

FHT 22 E12& 5T, 1,811.65% 30 U7z,

&, fkE, JUEEE, FFE, #rik)iT A MSIEE

O EZ B TIE, WEMICAEBERZIEL R
3.5
3 HE EHE
aE D [e]
W oo
25 ° .OOO
) ° HEO [e]
- WNNRE
15 ot
1
r=.562
0.5 p=.002
0
0 20 40 60 80 100
3 HHAHTXANEEEREFTFEDER

RIE:REBEBY, 20m:20myrbiyy, STIEIZHIBBRC, Y7hY7M -1(F,

100
90
80
70
60
50
40
30
20
10

0

Bt RHNEEHER, FEFETSE

Morz (H2). LaL, FHERIIBWTI,
ATA T VHEDRER, IWNAEOPRAELT &
BOFRAEL ) KABEEIZL HIBL, WA%H
TIRHREDTORENS C, [ERRETHIME X
DL CIRENSL CHBL: (p=.021).
BZEEHNC B DFFEM T, @I L 5E
WAL ho7 (K3).

W FEOEN L DI, 1K), F O

[
[
o 0 .% °
. ] o
u .'o mARE
[
© ofEH
° [
r=-.310
p=.115
0 5000 10000 15000 20000
X4 HREFHAFEHTXNEEHEEOBR



70 WK

35
3 [ ]
.Y &
25 | [59)
oo
O
om [ ] o
2 o o
- BNRE
15 ofESH
1
r=-.203
0.5 p=.310
0
0 5000 10000 15000 20000
X5 HHEFFETFEHEOREE
35
3 am ||
O mom | . |
m o
25 oo "
o
mo o [ |
2 00
- | PAVE&3
15 o fEH
1 r=-.209
p=.163
0.5
0
-30 -10 10 30 50 70
K7 REHEEFFEFHEOBEG
%5 {mtEE1TS
NRE (n=14)
RS E BEt R FE
B R 1
BEtR 0.379 1
FE -0.593 0.703 1
£ (n=13)
BB EE Bt R HE
B L 1
ARt -0.734 1
FEE 0.130 0.532 1

SHAANOIHER, FEFETE

BIZoWTlE, F4DLBHYTHA.
RIERHT EFEE DR T, WA TIT,

r=.642, fEAHETIX, r=.648, &1L Tr=.562
(p=.002) 7%V, IEOMEPES N HHE
DWREZRAT- 728 2 A, NAERIE, 1=2903,
p=.013, fEA&BEIL t=2224 p=017 72 0,
WENLEETH o7z, Lo TED EEI2I3H

BIBtRA R S 7z (K3). 72721, )Tk
L HMBREB DAL BEIRO N 2o 7.
BB EEDERHE I 2 <, @0

¥
90
80 o
| ]
70 O.Olza -
60 [
mOg ® = -
50 ] C 7 L
o o BNRE
40 . ofts
30 o
r=-311
20 =035
10
0
-40 20 0 20 40 60 80
X6 HMEREEEHFEDTZXMEGEHIEOMARE
70
60 -
50
40
30 - °
om R
20 ° r=-.179 WA2F
| —.234 ;
0 om  © o= ot
0 . = % -
-10 H °
-20 ° -
30
0 5000 10000 15000 20000
X8 REHEESHSHOREFR
INREE
r=-0.067
FEHNTZ b
5

r=-0.792*

AT Z b 12 0.648%

X9 REmE - 45 - ZHOREX

EWICE B EBIR N o7 (K4). [k
VR B L R ISR % <, RO E
WIZEBEEIR LN o 72 (M5). Lizdis
T, HEWMZGEEOLEIHET) T A » Tl 5
N BRI R~ DOEE L o 7.
HELCAEOBEBRTIE N AT,
r=0568, EHRBETIZr=T477%0, IEOHED
o, @ EOENIC X L HBREOZET
L, WEBRE»oT.

FEGGEE & R ORI O WTIE, AT
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r=—.792 (t=4.302, p=.001) &%V, HE~%
EOMBERRSND, NAEHETRIAEEL L
Shhol EHEEICBVLTIE, MEMENE L
B ERNEFTESEL R RSN (™K

6), MHBIREOZEDOKETIIRFEENEL:
(z=2311, p=.020). X o CEFHEDENIZ L

DS B AT REMEATR STz,

BEGG R & O BERTIE, NAEFETIE
r=—A49THOMENR S N/-25, HEHE O
ETIEHEBETIERC, @EFEORNL S
o7 (K7).

P FE & AR D BRI AR E e 20 72 (K 8 ).

JEwEE &R T), ) ORAHBIATAI T, fRAHRES
BB LRV Ddn L (E5), s
77, FINZ/ZT EOMHBEERTHERTIE 2w E
Zzibhs (M9).

4. EE

B - RE, EWEICEEHEOEVIC L DE
BREIE LR o 72hs, WAL L LlEEN
ZibisiE, JEWmESE R A EAzH Y, T
TNH A ZBRRETNE, HEEVPRVWE SIS
WHEMEDSH B (7K, 2024).
AFZECIIAET 2000 B2 figi & L7z, /N A&
BET29%, (ERBET23% OHBERTH Y, FRIE
fERETA (2025) 12 X 2 &EFEOI~118 O
Bl e E (3 F11.3~13%, 2¢7-9.08~10.02%)
ERRTEOVWHBIETH - /2. NWAE@EEDL W
HWIF T, ORI T & 7% B WEAT AT B B A
B2 &b do THNEDED BRI 7% { 7
D, WBFEOTEIZhHb S FHREEIE A% <
HLTwbIENEZLNL., ZORENS, R
WFZEIC BT 57— & OFHONL 7 A & L CHILH
WOFKTHH I L E2EET LULENH L. ER
T - HEFEOMKETIE, FERERLELELD
D05, HHHBAVNE B B IO TR A 7
e BMEMAH Y GEEIZ A, 2016), ABFZED
F—= & 75 b FEEOMEmAS RS N7

BATIE, BRI AEZLEEET, BETHHE
ANOEIS DTz, EAESEE O FE R SR

TICBWTOHRHEMESLHDL I L AT 0 — )b
DR ERE STV S, B TIISREE %
EORHIEZSRALMICAFTEL EH12%h, 1
Hd 7 ) O5Hx &R O 285 & L CTHRH
THILTEFETHRT A EDWERIZZR > T
W EERTED 1 Hd 72 ) OBREFE11,27445
&, HEEHEEZRES (2011) |2 & 2 FR234EE
FOEHREE - AfE o H R ERHE I3 2 3AE0
INEE 4 ~ 6 AEDBIE O FIEL1,9548 R A ER O
INFREE AR R A R & L 72 I E10,106
HFIEBLTBY (EK, 2024), #BERICE:
T WREEFEOLID L o TR E b —HL T
Wh . BFEHEOBENCE AREYRET A2
LT TRL, R=AFA »eEZOENLBET
YL DEZBENETHIEDEETH), N—A
TA G DFEEELRIET B I L RESTEIT
LCOREBIICT 70 —F L CREE MRS S
ENFRINHMIIIBEE SN T EPRBEN
720 INFRE A ~ 6 AT E12,20441F, Sk
H1FA (2007) 12X IUL, FEIEITT HIZON
THEEDBAT L EvbTEBY, 44E4E0FH
1 H OS99 718,333, % F13,9574 Th -
7o OFEE (EEILE A, 2009) b0, Mt
B FE 2 CTHET T 20D H 5. DO EOEREIH
OO HHBEE L CHIROBREZ ZE L 548
12, EOMEOEBESLHBITVZL L DONITON
T, SBROMEEEZ SN

AELDWE T FNARILT BT ANA T AZOn
T, BT VT X ARMEDOREED HE Sk
HEINTETWD., AEEHIE, ZH#EE L >~
PRI, Ry TR R, ZaEhhnsE e
CAREERA, — R e o RIS D)
HBERBRIC B\ THRTHE R EF T OE Y, A
BHIZHBAT) AL 810X o TRYSMDH B Hl%E
PATZ % AWM RSN TS (HIZ
A, 2008 5 KIE A, 2016). BATO MU O
% < |1, Micro Electro Mechanical Systems (MEMS)
FAilz & AHEE Y % W TR ERIE L T
Wi BAREEIERE, Ty bEEESNS
B, HEZRTEHONLEHR ot sz
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K6 BEBFFEDEWVICEZTEAT A ESH - IBHE - FFEDHEE

B HiE RE RiE 20m 50m i ] V7 b B R

NRE r=-468 r=-009 r=-148 r=.507 r=.692 r=-294 r=.303 r=.235 r=-.047

S &% r=-158 r=-156 r=-289 r=-319 r=-323 r=.329 r=-354 r=.147 r=-357
=425 p=.734 p=733 p=.042* p=.007** p=.140 p=.118 p=.835 p— 455

NZRE r=013 =440 r=0553 =494 r=.436 r=-580 r=.649 r=.259 r=.642

FE % r=0594 r=0561 r=0523 r=.639 r=.48 r=-537 r=2591 =577 r=.648
p=.125 p=.709 p=.923 p=.622 p=.893 p=.885 p=.830 p=.368 p=.982

NRE =391 r=-042 r=274 r=-409 r=-446 r=.368 r=-403 r=-123 r=-.067

fEmE €% r=-751 r=-804 r=-422 r=-741 r=-771 r=.746 r=-788 r=-300 r=-792
p<.001** p=.015* p=.095 p=.236 p=214 p=.186 p=.144 p=.671 p=.021*%

HEEFREI L, REREAHE REREERKDY, 20m:20myrtiy, IEIHEHRG, 77070 -1k, it NastEs, FTEEEFsE

M L 72 IR R G S N B 1EW]D 3 21257
FSN, BBITEME R LS LI WIERE S
TV 5 (I, 2016). AFGEEHTHIE S N5 &),
e DRI BRI AR B A B
TIERRDLTORENRE LR DD, KFHAT
EHFOEEICR SRV EDHL IR > TW
5. RERSEENE, ZhZho7 i 3) XLR
FEARENEDOE NI L D 10~20% OFRENEL S Z
R ENTBY, AY— MY IV AR 2
=T A kR Tl [REFEICH S NS B HET
DOHEFEILAE | ZHRE L, HIREGET2EL T
L. BB O I 2 B IR BRERAN O R R A R
NS OHEFOEEET O & & 0 72RO &
179 WBNd B 05, AWETIE, RAEHOSREGE
AR L-ESEOMSNellEE Big L7z, €
O HREB R & L CllE & L2 FI9MELL,274
BE, MORELZFLIRLZLLOTIEZRL, B
HOHFEWRIGEHREZRIEO 1 DL DL EER
L7z,

DT A MIBIT 218, HMEEZ L, R
RRTIE, M E Y, 20m Y ¥ MIVT v, 50miE,
THIEE D, V7 MR VRITONERB L Ok

GEtm e, IEWEE, SRR OMBIRE E N A
R L ERRE T EN IR O O E 21T
W, BB o 2TEH O BB R L CEERER
FAHEEITo72 L 2, @EEHEE, SECHE
JEWEOWFIIZ S BEEZ G2 T iewnweEZ S
N7z (£6). W¥EHPFE, HEI7 A FCTllE
ENDMAET), ThbLEBRENICEELY S22

(*:p <.05;**: p <.01)

DTIE BV ET BiEKITD (2015) DFEATHIZE %
TFRT AR E kol BEEO FRIGEE) R &
I35 A S OEE, FBROBERCHEKE - S
Bz & o> CHBE s TWwAD (FHEIEA, 2007).
KWFZeD T — ¥ TlE, NAEBLFEREOZFZNE
NOMPEMEIX, WTFNIF> TV D DI Ttk
<, 8 (), REERE GREkE), AEmk
EO (FEME), 50miE (AE—F) O4HHIZ
BOWTNRERNE L, MERZ L (B - fiF
AN, 20m¥ v MVvSr (EHEEAT), TbHiE
s (BR%S), V7 PRV (TR - B
7)) O 4HA THBFESE 2o 72 HBED
LI, WFEHFEORCPEELY G2 LEZ LN
LYoz, LaL, EAHEIENLIEE
DRI EFRE, HEANB L OEGFHAT), B
NTHY, WAERIHEHTH 5 BITEOWA D
B X 2T RN EY 52T
WREMEDRIEZ S 7z
ZHHOHTHEHMTH 7201, EFEAEH
JETHY, WAEFIZBWCERKEDTEHN T &8
IRENT —EBICETEAS T X 2 WEREIIZIE,
LA N VR CRBEHERS - e - e
k), BEmE OKNE - HER - NVER), W
T CRIER, - /NP - W i) SO EA3H 1T
LTS, WEEIH»TOIX, KRB LT
HOmEETH Y, BEREOHITIZL>TINED
FHEEAME DI, FERMEA R DI Z LA S L
5.

T T AN TIE, FEROLET/NT v 9534
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Czolzxt L, SHEOFEETIX, & T/YRER
DOFFENMEZRLTBY, @ HEISEHE O
FINER 52 TR W ERH LN o7

FET) T A N ERFEFIMETIE, B & iRk
CUSNOEH THEPEE L 2D, 55 R
LIz, FHEERINITHBEP R N2 i, #r
BT AIBEE L GEEIRENZRLTnALZ L
CEREDS B L EEZ NS, BT (199) 1%, &
NETHIEBC L > THNRICSEE T 208 & L
B d 72 ) O TE 5 22 ) F— THili5 %
LEFL, E (2008) 12 XU EERE X, —
W BENRE ) T 1571 & FEEkEENRE)I CTd % Bk
ko TR SNE L wbTwa, FitkliF &
FAST A F—EFES 21 T R R IE L T
WhETIUL, FERERERT L 000 &
BIEANE <, PRI L ) EE I N BB &7
TICHBED H 5 Z L2 2L E0H ), I E R
TIREORFMETH 5% L HBEE N L b
HSITREE B 2 bz,

PR 7 A b &R ClE, RAEREBEDS - 20m
X MVT Y, VIRBEICE WS R S 7.
e B & AR - SEEDRE ) O BILRIC O WL, R
WOy A THEEL (4135,1992), KRELD D
PRRRG BB RE ) L BT 2 L bl Tw b
(Riendeau et al., 1958). A= BBz LIHH &
IEOHBEND ), BEIZLEL L 2Wililehss
T EOHMEEH L EEZHNTEY, IGHE
L0 bR L OB A MG 2 LEEATRE N
7z, 72, MY O ZEEIENI I IER AR X B
BRI ER A S L CBY), ADL OERIZIE b
V== 7 &) bR EOEEE I RIE S
T2 (BRIEA, 2009). — /eI, &
FEFF O EFIEFEIREZ R L, AT ERERALE
MHEEE SND. HHIZBWTIE, R TRET
REZRBRREICK L CH b N2 EAH Y, #B
TORBEI/NEL % B3 8 HREEEIIET 5
(HEW (22, 2011 5 KEELZ A, 2013). ARBFZEICE
AR B R, BEEEISR NS S & fkn e HE
2 GEEE O T CTH D 2 L AHER S 7z,

B EE & 2 OBIRIZ BV T, NAEREICA

OB RS N7z25, M, BBORFHEE
EHZ25EEZONTEBY (4130, 1992), A
R B DR ATENC X 95 05K % AL S
¥, BEOFFIIEELGZTWLIEDNEZD
iz WA X BsE, BEOLEL Y L
RSB OWEINC X > TRBZ MR T 250
ETEBEL, —J CHIEMICIE S 2 EREE
TR 2 I3 H F ) L 52 T
RSB 5. Lo L, BIRIEEINTLEICE 2 55
BIE, B LRSS ORH - KFR, 2018;
JEH, 2018), ZOMBDI-HIZIX, NWAEDOFE
BFI A CREPEIT D202 RIET HLEND
5. fEFEREEAT) L F T OEIZOW T, &)
R BITT ARNIZT TR, HEAGEZHRET 5
REI R LB A HIH T 2 e % &0 TGN 2 W%
HEATRIE S 7z,

Bl & AR BUIHBNIE R oY, S mEDS R
WPl L Cn5d 2 EIREN e h o7z, fEAE
BT EDE < 7 5 LRSI A FHR ML
B T EDRR LN, NAEHETIXZ DM@ A
IRENL Do T2 THRO T - FAED GG
BIC BT 1552022 ) Tid, bAENE, EEIZ
BEITFES L - AIBETHL I LI2LY,
A-%fFTw5. UL, 4 - Bl id
F2 P LT D, RIUFFEIC BT BHEATEDDT %
ThbILrfATH, SHRFPHE OREAIN
AEAFHTAZ L FHEN, 29 hudiE
DAEEEEL, K17 A M ARETH - 7219854
EEIANTRELET DT LR D, FRABE
BlE, FFICHFICB O CGEETEMNMERTH IR
WAERELSZALSELURREDLD D, ZO/EFE
DFEBENZOWTIE, FHORBEX») TR, B
B DR R B F 2 CRINCEHN 2 L8 5 2
EATRIB S Nz,

bRE KT IOV T oA, TR L
Fif iRz s (FEf, 1969), 1TEIMAIIIE,
AR =Y EAE 2 ER LR D EICE S BN
TE&lbvbhlTwg, —FTRR2LIMEE L
T, DBREATT, WD - BREATD, FEERME, R
A D RERL S U2 R AR BE 3 2 f HEBY A
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N5 (RIE - 1A, 2001). ABFZETIE, #Hr
KNTANDOT =5 % L7270, LK
LB FEOMEE, FEICRE T A2 813 T
Xhador. LizhoT, @EHEIMEITIZE
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