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—REFEENOHRE TEREERE) IS 7 ICT MR 215 L7 B M ABRR L, EEL TW\5,
ARIHEFEICAR DY AR Y T LT UVFREAZ R GITEN LB ER TR — AR IBRL AT R
T OB 2 IR DBEREOTEREELETH D, SFEIL 2FABRELOINOHLEE 4
X e RGBT ERE LT,

<F—U— F>HERIE ICT #es  BE iRt o

1. HEDERLEM

R 29 FEED DAL 30 FEIZ RV TEEBE KPR P E P FRRECT BE 7 A~ 7
LTV, ERIER (BMEBRY) OfFE0 b & Hamier sz i TEEBERTE) Mg 7z
B ORI AT -T2,

ARk 29 4R B I HL D AL A C & oA ClE, FEBRAE R OB B C X 2 E I EEREE e L
Fhra L CHEEBEBROBGRAELIBEM AR L., @ik 1 HFEEZXIG L LT To R EFE KL L &I
RS L AREA EE LT, RISV T, E— 3 e (BB E) & 5 B IR FREE 2 L.
Bt L7z — # % PASCOairlink(5#:E (k) % T iPad & Bluetooth #fit % L. iPad ®7 7'V /r—
v = ¥ ISPARKvue] THfTZ1T - 72,

S HITFRL 30 LTI, [AR— AR IR LAY 285 2B L, ICT #ERATEH L T
7R BEDF A 7 NP E 125 KO B %, | O FHEL BRI L > THEOBEM L 21T o1, £D
D 1 DIZ2ONT, MUBREIKE 1 FHEENGE LI RERERICT TR RERGHE L VFELLAT
W, 11 A TON AR ERL D EEFAL Y VAR T AMIE N T, ABREAITORGET 52 LN T
Tzo FEERO R0 HMIATA, BENREEOY A 7 ANEDoTWIZEWVWR D,

BRUCAEEICIX, 2 CHREERIC, 6 H~10 HICEiE 2 A2 G L LiRERE21T-o 1,
11 A~12 AIZ 2 FFAERREEO TN O HLEELZZD | W) FE OB TREFRE LTV, REORR
IS E 2 THM OWEIEIZ OV THEEEIT T2,

2. BMERFERE

(1) JRBEH TR—ADBHVIRL AT R T LBRICET 2 R 125V T

Rk 29 EEOMTETIX, BEREBEME T —Fu N —2IENT 52 LT, EMICT —Z 2 IIEE
THZENTELZ L, TICAFMEL T ND D TE ROV B LAERH TRV IRLTE 5 Z &M
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Dhroto, Wpk 30 HER, AHHEINET =4 &7 4 VLV IICHIN L, EREEA S Lo
DT TOREZDY A 7 VidED K 5 2B OB % L,

AL R FEICES IR Y 2EE L, A= AR IRLAY Y RTAHLEZXK 1 O L 5 7 FER
WETCHAT AL, 20X )T —2nNE5R5,

BERERE Y

{2 (m)

Oxs% 12 +
O 13 >
O 14 -+
Ox% 15 =

[ﬂ%!&m

75 8.0

M2 EEBRTHLNZV ST

COEBREREBIETH LT TRV IRLBN D ZBEEIIHAENERD  TTHR OS2 5 &
ED X B2 D) T2 L ZLMEICHEL TV ARVWE I ICRZ 2018 TTERICBITS
B SDOWRHRRIOIT E D o T D) [T RIZKIEICEELS DA 90y Evo =ik 72 [
NAEF, BEEARIOS U FIETHRRT D2 LN TE D,

Rk 30 FEFEDOFEERITER 1 HEED 1 FHOFZOEREVIRY > OB L TEL L O, LY Vi
LB D 2 RBIEITFREL G [N ICRRE LT,

LARRE O FERRITHCA T THE LR k) 0%y B 158 | B et TEB% T RO RE

EWV o TER 2EADFVRERVIKY DOBRTEH LI, iEE VK LBND 2 REBEEDTE A
OEEMNEL ED XK 5 7B 1T E LT,

(2) F22Eatm

SFTHE 11 H~12 A, AKOFE 2 FHEBRAEEOFTNOFHLEEE T | 4 4 %R 4 K CTHRE
L7z, B, AL, 1ROV VR T ATOREEZITTAEN 34, T TWRWEREN 140
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D Enn, BEREREE Y OWNFTOEENSGEED -, SO CTIIVEREE L FRRICE—Y 3 v
YU (EEE L) &V ) BEE R L 2 L, B U727 — & 2 PASCOairlink (5 EEFR(L) 2 U
T iPad & Bluetooth #5i4 L. iPad @7 7V r—< 3 > [SPARKvue| CHithz1T->7-, (X 3)

AEE A Y

M3 HEERERt YL ERES

X1 EBEIHH
B SBDF—7 BBHE
1 T I MBEIAE A | IROT T 725X )IC8WTHL Y,
5 SNV N
2 SR VoW | BEWEEE Y 2EFAL, VoA VER2ERE TS T —
IZEN S | 2ETETH BoNTT 2L ENMEEL R ER

DREREERD D,

3~4 | HVIRLIIND 2 R | U RVREABE FSETHLNLT T 7 DR THR D LR
DIER ORI ED L S | & Excel IZF &, HNMHELKEFREBOMEZFIT L TE
TR BEE TMEEAT O, B kS ToREETOERLETT O,

4 REROEF
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3. DIEER

ARFERRIT, FEEEE 1A Z RIS NE L7z T ik LB 2 ZRBIEISFEEI G F2y) (RIT, 2019)
DBEETH DN, BICERRZ LI TERICHAEZ EOEB 2R, 1K B IR SRR
Y OEEFEETHER Lz, UBEORTIX, 2V —7TO0MZ ERiE8i & LT, SN U THEEN
IR EAT T, LU, 3 WM H . 4 FEE H ORERRICH - T, AHOFEITB O -2 0 L,
ERLT,

(1) FEEF—& % 5T Excel Z 7= gk

EBRFERO 777 (KM2) #/5Z LT, HAOHBNIOW T PESERZE Z A, O KEHKOMHEEE
@2 B D 3 Dz niiz,

F—4 u - YRR ORI T — ¥ 2 & RIGE R 2 R 570, THAS T 28 A TUrel
Mz 2R 52 LIETERY, £ T, iPad EoEF—FDFKEFRL (W 5), BoNEZT—FD
HPDIEHROERE (b LER) OFT =X OHhEHFEL, XY a2 TExcel AT LKRFETHZ L& Lz
(X16),

Run 1: BRJ (%) Run 1: i (m) Run 1: #E (m/s) Run 1: MHEE (m/s”2)
0.00 0.178 0.029 -0.262
0.05 0.179 0.019 -0.287
0.10 0.181 -0.005 -0.223
0.15 0.178 -0.012 -0.020
0.20 0.179 -0.002 0.080
0.25 0.178 0.002 0.055
0.30 0.179 0.007 0.004
0.35 0.180 -0.005 0.209
0.40 0.178 -0.002 1.273
0.45 0.179 0.059 3.808
0.50 0.179 0.276 8.142
0.55 0.185 0.905 11.686
0.60 0.265 1.634 11.594
0.65 0.362 2.133 9.560
0.70 0.479 2.591 6.131
0.75 0.620 2.934 -1.896
0.80 0.787 2.779 -16.486
0.85 0.965 1.297 -29.804
0.90 0.960 -0.959 -28.065
0.95 0.811 -2.157 -13.198
1.00 0.685 -2.145 0.587
1.05 0.587 -1.728 7.425
1.10 0.513 -1.222 9.585

M5 ERTH/LNT—4
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X 6

Bz [EAnEs|maossc
1.082

1 1.20 0.443 0.639
2 1.90 0613 0.469
3 2.45 0.732 0.350]
4 2.95 0.821 0.261
5 3.40 0.873 0.209
6 3.70 0.921 0.161
7 4.05 0.947 0.135
8 4.35 0.969 0113
9 4.65 0.990 0.092
10 4.90 1.008 0.074

EEDEEZE (bLEH) OT—4

KL T T REANL EAFTEHIIARETERZH LAWY, BHET D 2 THROVEH (LR EEHE LG
DT, BEOFEEAEOMENRENETNRRDEEZ LD Z LT b TTHROBB 1 IRE%Tiun) &
fam oI 7o, WIS, RBEBBEEZET D L@ SITREEIEIRD 5 Z &b TTHROBMBNI R
B2 5O TIEIRVn) & PRESLTREMTEFE 27272, Excel OFEIHI#RO X RHEREA AV S
72o Excel OITHIBROFTRHEREZ VD & RV EWEE T2 REEICT7 4 v T 4 7322 L

brot, (X7)

WAz
0.7
°
0.6 =
y =-0.1475x + 0.7455
05 3
-
0.4 v
o
0.3
o
0.2 e’
o
..
0.1 ® e
", ®
0
0 2 3 4 5 6
fEHLE L ZIRAEL(2R)
08 0.7
0.7 *
' 2 y = 1.4048e 0583 | 0° : y =0.0313x2 - 0.3417x + 1.0032
0.6 - :
05
L]
0.5 [
0.4
0.4 ' LS
K} 03 e
0.3 e "»,,
' 0.2 8 e
0.2 » 3 .__.
ek
0.1 4'."-..,. &L ."-o...
0 0
0 1 3 4 5 6 0 1 2 3 4 5
M7 ZET—2ZFEITLIELERR
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(2) BUFHINZET Wb LTk

FF— & TR Z R 5 & TESOEENT 2 RISV ITWBIRTH 5 Z Lo T,
RIZLTEIUTIELWOTEA 9y, BN RRETH D & RE L CTHHR OB 2 it AT L, Excel
TyvIalb—varxailHhsti,

EURCVENANT R D E T ORBEBBUCTER S, Hit Lz 2B O > ROBRRIK S &S Db
(hpyr + hy) ZRIESEDEIZE-TEIIRD I ENDIoT2, (X 8)

BErZl(FD) [TER O EE EaA0ESE®R) RRfE#n2®
1.082
1.20 0.443 0.639 0.7340
1.90 0.613 0.469 0.7463
245 0.732 0.350 0.7457
2.95 0.821 0.261 0.8008
3.40 0.873 0.209 0.7703
3.70 0.921 0.161 0.8385
4.05 0.947 0.135 0.8370
4.35 0.969 0.113 0.8142
4.65 0.990 0.092 0.8043
4.90 1.008 0.074

OO 0~ |O1 &[N |=—

a—ry

0.7879

K8 EfmLI-2BMDNYY FOBRIRSE SN
EDORmSITEBWTHIE UNBERE TR S S RET D & SR e 2RO FHEN S
e =0.7879 = 0.8876
LTS, RICIm DESHHE VR EAZE T SE7-3H % Excel TfTbHET-,
ZIT BVIDE S By, =18, nEINRNT U RLEEEOEAORE Sy, L+ DEINT L RLEZ
TS DE Sy ORERIL, BOEFRERe & W T
Yn+1 = €°Yn

ERTIENTESL, 72, M+ DEINRT Y RLEE ZDOEADR L x,  FnB"T > LI E X DA
MO x (2, B &y, OIED DR E & Sy T TR ENR DRI Z A7 DD T, RICELED
HELLTFD X YT/ oTz,

LED

sy

X Y

0 1
1.183447| 0.786769
2.233165| 0.619005
3.164265| 0.487014
3.990151| 0.383168
4.722711| 0.301465
5.372492| 0.237183
5.948848| 0.186608
6.460076| 0.146818
10] 6.913535| 0.115511

9 ETI/ILMELER
TR O FRE WD &, 2B —ET 5 Z Enbhro7-, (K 10)

000 |~ | || F= |22 [=—
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fERuE L
14 12
1.2 y= 1.1698e0-432x 1
R?=0.9779
1e
0.8 ‘o
08 ..
L 0.6 e,
.9 0.4
0.4 BT
on o‘ 0.2
v
0 0
()} 1 2 3 4 5 6 0 1 2

ZIRAAL(2R)

y=0.0178x2-0.2671x + 1
RZ=1

K10 LIal—Yarvickdalghiz
(3) T /ML L., EFE W=k (55)
wiz, BHEEzeT b L.

THR OIS 2 R E 725 Z L 2BFITIEHT 5 2 & &

RS HT,

HHEETFTOARy =5t2L, K¥EFEHe(0sSe<DZHWD E, BE hy=5 PHEUVRUVEEZEFIH

L& nE&HOEROEE(x, . yn)iE.
Xp=142e+2e%+ -+ 2e" 1 + e
=(Q+e+e’+-F+e" DN +(e+e?+ - +e e

_l—e"
T 1-—e

e(1—eM)
1—e

_(A+e)(1-em)
B 1—e

Yn = 5(e2)" = 52"
ThHDIzD,

_(Q+e)(1-eM)

n 1—e

11

BREEDHRF
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4. £

ARIEETIE, ICT HZR OTE 2 Hiife & L7z MR OB 2 BRFE L EFEDFE O E £ & DTz,
FEREICE o TEA—FLVOEN, BRHEDOEWEETH 7200, AfEOFEH TR T, Ml sk
LRI T—2 LMEAIEEN ST, ERTIIECYNOFHICEFICE PS03 L, #
B TR LN T — ZITITRAEIMVIER R AE L2 b 00, EBRICK L CEABICELY TP EARRN T
BHotz, Excel ZIEH L7-Z & T, FEHECTIIREMN 05 X9 RSN EZHTLEI LH 7%
FEARERICHEETE, HAREOY I 2 L—y g VEARN IR L o TT L2 LN TE =, A
T, BoN=T—2hbliinT 5 2 & TRENRBEZEDY A 7 A NEbo TN EWVWE D, Fi-, B
OB WA F A TWDLEK 2FAIZ L > TUE, ERTHEOLNT YT 7&K TTHROYER ED X 9
BB/ D) LD EIIARRIETHY . ELETENZERICR D Z L0 HLIREDEYINE A FE
A A P/ R G-

5. SRDRE

BifE, [BEEERIE) ° TRERIRIRIEDRERH]] 72 SITRE SN DRI, IRIEMR PO ICT Mg OTE
MOFEEEHRO DN TND, A%, IROWIRIEZ O Zhf. ICT KR 24 5 X 5 ks, BB OB L%
P TRET DL RBEMEERL TS Z L & fx OFEOKRE &9 FHIiT 20035 % ORET
b5,

Btz
AW O—EBIE, SFTEERSEBEEESEYE (19H00116) OBk E 1T TW\5,

SE 5| XA

KPIFE (2018) : THCEFRE T ICT M 295 M L7 B TEEIRZE] (2B 2 5 36 FE e —i i I B
T EAVEEE 2 PO —) . AARREE R RE RIS, Vol.32 No.2. 17-22

RKPIFE (2018) : TE U ARUERRDIRLAY » BT 5BROEFRRIEICHOVWT] . BARFLHE Y
S FE TR . Vol.32 No.10. 65-70

RPIFE (2019) : [HERARRICICI T D BE DY A 7 V2 [0 HM B L 2 ERE - A — AR L
WU R HBREEMIC— ] . WITEACEEE 46 7. 37-56

SCEENFA (2016) ¢ TR O - BRHI D7 2R H OTE D HICBET R F — A2 B0
DHEHEORY L DITONT ) ) .
http://[www.mext.go.jp/b_menu/shingi/chukyo/chukyo3/070/sonota/1376995.htm

SCERR R (2016) ¢ [RIPEFREEHE ST I ETORHEOE LD BB2H) ) .
http://[www.mext.go.jp/component/b_menu/shingi/toushin/__icsFiles/afieldfile/2016/09/09/137
7021_1_4.pdf

SRR (2018) @ TS A s B RS S sE AR

http://www.mext.go.jp/a_menu/shotou/new-cs/1407074.htm

60



T RNEE KT = 5 R A B 47 5
pp.61~69 (March, 2020)

H¥E a7 A [A-lympiad]l ZFIAH U 7= FERRR O EE;

—FHO=ZBERONT U AORWERKZBIEL T—

R W

BUE, AAROREKEE TIL, Fho 3 FHk ik - Hiag) TEET, ), K3 TEEMEE
Fro TR A2 LB L CESRE] ONNT U AORWERK, HEEMENDOIRENHE KD S
NTHEY, REARGEOHMLE R SN FEEEEENO O EZNLORAMURA v —V %
D ZENTED, RIFETIE, ZhODORDLNDIFTLWENZFRT H7-DD—BE LT
BT A NEFH L,

AFTIE, MEE2FEDOFEEALNSM LTI 2 7 2~ T8 1 Bl A AEF A-lympiad] T
DEBEOFIREEREE L DD, "B, ZOFHa T AN, A7 080704 TF 02— L5
s 4T 5 [Math A-lympiad AR KE ) OENFERLKERATEY, EERSICHSGT5F— A4
ZEETHHMLE S, ZOEDROTTIEa T A MPRHEKT AT U XOBEHBFICHONT
L s,

<F—U— K> A-lympiad MEMRRTE X7 XOHFHE HLWFET

1. [FC®HIC

BAE, BARORKEETIL, FHo38FE ik - Bmg) [JEET, W, £3) TE=EMEL R
STEERAL L BB L THEEEE] ONRT U AORWER, SEEENENIOTRERBI KD LN T
BV, REARYEOHILERINHFEREEENO O ENOLORARA v —VE2Z TS
ZEMTED, bHAA, TNHITEEFR T 3FERORAENRBBIEHOH TERIND XEFT] -
BEETHLHDOD, BRI E D X5 IZHBELAFEMEI 2P BRI O THL &), £z,
FERDOLNTWD THLWFET | OBEIZHITE#MOZOERRBOBFERITELELERAEL T
Zays

—J, =a—V =7V FOEEFREBLEESHE COSEOREE - I7EE & DIF WMt %
WUT, WATIET ey =7 bAR—ZORERRFEDPREL, £ O KRFPEARITE TEH
ENDHBRE ST, WS, THET, KTV ERWHRESS 7 eyl b _X— 2O R EMRR %
THE A Da T A MIAEEESML B, 2018), FOBRICAEN RS AEXAE LiRET
LEEFEND, ZOEEZBOYTVICT LI, AT, INHRDODLENIFLWENEERT H7-
DO—BhE LTHMLEHEHE a7 A N [ 1 [E HAEKY A-lympiad] TOFEEOTERE BLEL £ &
W, WET L,

2. EF#%IED T X b [Math A-lympiad] & (&

FI oD M MRFET AT A — VR FEMET 5 [Math A-lympiad) 1%, %85
BORFPERBE BT D HFA BEZOE 11 - 12 FEOEE (B 2EEND 3E4E) 255
LLTzarTARNThD, 7040 THF Al OFLNEE, BERET, MR- e, BT O/
7T, BFOEH, BTG, mkOEE, BERRO 7o ANEEAINATEY, A - e .
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RERDORKFPHE LT DA BERIFORMN TH D, 0k, 7 XOHBEHEIZHOWTITIRE
IZFE EDDLN, KFETLY, BRBRYREFZS50DbD 5RO AMET 155 Bl #EET 5, TH5 Al
TR - IR L0 b ERS OB OIS HCMERRE T n e A2 BE L LTWAH A, BLIEITIEEFE
ETITHEYRRERIRRELTBY, A—F o RARMERRORE L M2 K-> TITo 2 & %
HA L LT, 1989 4 Math A-lympiad] (Z#8F -7=, 9 52, [Math A-lympiad] 1% % A] ©
HREEY Mo TV RBEETH D (KA, 2005),

AT AMITRERBENORY, TIEITES 1L A T, 708 FA4Y - X — . F
Y=V EDOEEFL TRUEDSINT 5, FFRTEFT —L2HEL, FELEB LT —LN0
SHIATON DB CHZICHE X DL MEICI Y HTe Z &2 b, ZoB (EHERS) <, %
EOHEE SN2 F — A0 2 2T CRREICEY #A, 2 B B OF#%I2 558 CRIBEMR ORE %2 7
LB T —va 3T 507N, Math A-lympiad ZE XL, ZHZPENTTEEL, EEZREERT
Ay

ZOary7AMDOERREIL, ROBY TH D,

OF CERIZEET L3 AL 4 ANDOF—LHTHD Z L,

Q@UFECTHEIND Z &, B, TERTOMBITHREIZRES N TR,

@1 H (FATIORNDL KR ARFET) THEICHERY A RFEET2 B, LAR— N&RHT5 2 &,

@DEHZTEZY 5 2MEEZHAAME, BFEZFHA LTIV RWFRZROLIATTHD Z L,

QOHENEIL, BREY - 8B RIAS KW, 3R - BROEFZMDRWT &,

DFEY, BHFEONIHL LRIV e — NVEEARRT D), FRERIERR I 2= —v g D
KO B, VAR— P EWRBENICHEERT 5, KEWERAE L TREND2a T A MNZLEWR D,
Fo, RONBHOPTLY RWREREZ ESERT 50, F—L— A— ANOEESLHESELZ ED
EIENTH, REDEIEPL~Y R A NN B METH D,

3. T UHDHEHRE
(1) #5FDERHIE
EpEE = 7 2~ [Math A-lympiad| OBELZIED 5728, L TWDLA T X OHEFHEIC
DONTHNTEBEZ,
EFT, AT FOFELTEBLIL, MEHEOKR THETH D 120, RELET T A N TH D CITO
(Centraal Instituut Voor Toestsonwikkeling) 7 A N &89 2%, Z OfEE & EEORGRE 2 Nk L
T, BRERET D, Figl DY, ZOHFEXFHEITEHRETHY, #ERKIL3 DT,
OVWO (RZEHEFHE 2 —R 1 64) THEHBFEZT DEMED 20%REN Z O a—2 e,
SWO (K%) ~OHEFARIT KD 10%FE
@HAVO ( Lk FEE 2 — X 548) PEEF 22T 2E/ED 20%FREN Z 0 a—2~tEl,
=>HBO (m5WEHMPE : 449) EI/NPREAEN, FEM, BINEREZERT 5,
@VMBO (HERZEINMBE = — A« 44F)
SMBO (FEREEE 2L 44F) FICBRE, HEEM, ERMREELERT 5, izt LBO
(MEEBPEFL) F, 1996 FITHEAS NI - BEZERFIEIC LY, BN RBSEA TR
DRI TW 5,
EIIWVWR, BFEAEDOHEZKNR, Z05b0 2B L2t L Tkh, A2 ~3FENTT,
ROBERZIRET HE I THL, WTHOFR S EEARBRIIRELBOEFRERBR TH Y, FER
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%%/Qxﬁ‘i’bﬂi, E EEI L:J:@'_%A*Q%@?RT% 50 (BEGE : https://sekai—ju. com/life/nld/culture/4271/)

INHDZEND, THEH AT A ENT I'Math A-lympiad] ([ZSIMMBAEE STV D xS A RE
%, XDV EITWZ, BFEZEOTEROFED R, N REMRBZHFRIZLTWD
ZERDbND,

KPR ] -mmm
= | wrme [wmsns
Pl xem KPR -]
24 #tmr | etee 2
21 <
204 k%
19 - (wo)
i emsesE |
%
#5174 )|
-
27 avernm T K
154 (vWo) vazs (2 =
# | 14 (VWMBO) fed - |- B
5 | 1 | — RSO I -
5 5 BGOSR BEFOSR BEOSR g_
: )
T NERE | 3
4 et (8AO) - -

Figure 1 ATV DERHIE
(2) HADHELREOXEDHEDLLEMNS

=3k WEE PEICEE JI57ICEE #E-ME O EH =6
IR 10% 6% 17% 48% 1% 9%
BA 20% 1% 22% 48% 2% 8%
T35 16% 5% 8% 63% 0% 4%
JILor—  15% 11% 10% 57% 0% 4%
ANA 19% 17% 5% 23% 0% 30%
AAR 9% 2% 5% 74% 3% 6%
TAH 12% 2% 8% 65% 2% 10%

Figure 2 HROPE 2 FOHFHHELLR

Fig 2 1%, H¥24ECHNORTND 7 PEOREOHMEONEE, SELTHELELOT
o (R, 2008), KDY, 47240 THE AL TR - RHCE LY b EHROBEOR
ORI T 0 2 EZBBLE LTS, LLARRS, BEICIEIFig 20EY, #B#itsnTun a8
ETITHB LT 2EMEDOEFERBRTHICSID LWEYZAE - ERARE LTS, bHAA
%5 Al ZBET DR 2FEDD SELOHMELZEZNICHE L TV EIDT TIERNI L2+
I EZ TRRDIZLTH, ZhE 0 BIEFEOHBEICENT, ARLY THE - M oFa2
%<, WHREGOFALRNC L b, ([Math Alympiad] O %ML, [ Al 23 L 2 LT,
F T OBFHEOHB LB EOR Yy v T E DL DD 1 OOFEFE -7 (KA, 2005) = L
WD, ZHWTHARDEEEAHATIZL > THIHFEFITTRNTH D,
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4. F1EIBAEHZE [A-lympiad] DER
(1) BRERUVERE
AARTEZZ2bid TA-lympiad) 13, @RKENEMET D, FEEENS [HAES A-lympiad]
LLT, ENOEBEOBRTOSIMN IR 5T, H1EOARETROEY TH D,
Bif AIRF : 2018 4F 11 H 18 H (H) “FRT9 : 00~/ 4 : 00
BT « ®@IRKRFB L SN TF—LHERY
JIEFEERS - a7 A MBMERFICE UERICEFT 2R 1« 2484, F703R CHEHEFRICTE
YT DA - SHELEDHE 3~ AL THR ST — 4
HEFEE  Eiichiz>TiE, EBE- M ¥— Z/FT@%ﬁﬁﬁ RoOLNTWDEHLO0 (514
BELEE LTHRT D Z L IT0HE), B ~OEMBS IO by, 7ok, MEX
AR C& & ICEAT S LD,

(2) FFfEDER =

P OBLAIZERIZS G ORI TN D,
OHEHEE TR LET LN TND D,
®ﬁ$%%wé@,F%Eﬁ?ﬁ<L&%%LTwé#o
@K - &« /7 7%, BFHERBRZMEYNITIEH L TV 250,
@ﬁLLﬁT5%%W@WWO
OB DOTFEN S HH T, RERFEDOHIELZBRIR L), TOHBEZIBRTND D,
@M OAENHHETH Y, REIT2 VD,
DA T X, FwOMANT, 5IH - BELWMOYPR, 2L,

5. EEREZFDOHM
MBRBELETHOWME
AR ENTZEONK (EFR) Fko@EY THh D, FUTEREEC

WE, PRERMIL, ZORITEB ST ORBNRRFETT, VI F 28T 2L, 9Kk
LB D A LV AREAS I, ZORKUTKH T HHEPNER SN TRELFOOT, UA /L RITHEE
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Vaccinating
meaningfully

Preliminary round Alympiad November 16,
2018

Guide for the preliminary round assignment for the 2018/2019 Mathematics
Alympiad

This Mathematics Alympiad assignment consists of five (exploratory) assignments
and two final assignments. The first five assignments are a run-up to the final
assignments: all the knowledge and insights from these assignments can be applied
in the final assignments.

| advice for on this

- First read the full text of the assignment so you will know what you have to do.

- Keep an eye on the time you spend on the first five assignments; take plenty of
time for the final assignments, at least three hours.

- If you divide up tasks within your team, discuss the results with each other after

every assignment.

Several questions use the word ‘research’. Always indicate clearly for these

questions what you research, possibly research simpler problems, go further than

‘just answering the question’, research alternatives. These will be criteria that the

quality of your elaboration will be judged on.

- If you adapt certain approaches, methods or procedures while working on the

assignments, describe your adaptations in your report and include why you made

them.

It may be a good idea to use Excel or another spreadsheet program for this

assignment.

Handing in:
* The two final assignments
- Assignments 1 to 5 as appendices

When you hand in your work, the jury will receive a digital copy. If you have any
appendices with your work, hand in everything in a zipped folder. Include the name of
your school and your own names in the file name.

Judging:

These are some of the points that may be considered by the jury:

- Legibility and clarity of the final assignment;

- How complete the work is;

- The use of maths;

- The argumentation used and justifications of choices that have been made;

- The depth to which the various assignments have been answered;

- Presentation: form, legibility, structure, use and function of illustrations;

- (Mathematical) ivity in your ion of the assit s,

Have fun and good luck!

Colophon

The ics Alympiad ( iade) is an initiative of the Freudenthal
Institute, Utrecht Uni ity. The Alympi i is ible for the isati
of the Alympiad and for p: ing the assi The ittee consists of:

Tom Goris

Fontys Lerarenopleiding, Tilburg

Dédé de Haan

Freudenthal Instituut, Utrecht University

Senta Haas

Stadtisches Gymnasium Hennef, Hennef, Duitsland
Jacques Jansen

Strabrecht College, Geldrop

Kim Kaspers

Murmellius Gymnasium, Alkmaar

Johan van de Leur

Mathematisch Instituut, Utrecht University

Ruud Stolwijk

CITO, Amhem; Vrijeschool Zutphen VO, Zutphen
Monica Wijers

Freudenthal Instituut, Utrecht University

Secretariat:
Liesbeth Walther and Mariozee Wintermans
Freudenthal Institute, Utrecht University

Introduction

Throughout history infectious diseases have caused millions of deaths. An apparently
innocuous disease like the flu still claimed many victims in the twentieth century:
more people died from the Spanish flu epidemic in 1918-1919 than had died in the
First World War.

Over the last months infecti i like ingitis (caused by
measles and rubella have been in the news a lot. Usually vaccination (inoculation) is
the most effective way to prevent an epidemic.

When you are vaccinated, a strongly weakened form of the virus concemed is
injected, which causes your body to start producing antibodies against this disease.
When you next encounter the real, much stronger virus, you have become immune
because of the antibodies you produced, and you can no longer get ill from it.

A regularly occurring problem with vaccination is however that when there is an
unexpected outbreak of a disease there are not always enough vaccine doses
available to vaccinate the entire population. You must then consider which groups
(and in what can best be for the best (and safest) result. This
Alympiad assignment involves making these choices, i.e. allocating the available
vaccines.

First we will explore how a flu epidemic can develop, then we will investigate how

vaccinating only a part of the population can prevent an epidemic.

In this assignment it is important to distinguish between the following terms:

* Someone is susceptible (V) if he or she can be infected by the flu virus.

+ Someone is ill (Z) if he or she has the flu virus and can infect others.

« Someone is immune (1) if he or she is not or no longer susceptible to the fiu virus;
this is the case either if you have been vaccinated or if you have had the flu.

We assume that every person will always fall exactly into one of these categories.



Exploratory assignments - part A

Tom is a member of a club of 25 cycling lovers who go for a ride every Sunday (but
sometimes on other days), with as many of the club members as possible taking part. Tom
gets sick on Monday October 1: he has been hit by the flu. He did feel sick the previous day,
but he wanted to go cycling even so. He went on a ride with Monica, Senta and Matthias that
Sunday (September 30). On Thursday October 4, Matthias lets Tom know that he is also
down with the flu — after going for a training ride with Ruud and Jacques the previous night
when he was not feeling too well already.

Sunday October 7 Ruud, Jacques, Johan, Dédé and Kim go for a ride together. Tom, Senta and
Matthias are still sick, but the rest of the club is present and taking part in the ride. Two days
later Tom is almost completely well again, but now Ruud is in bed with the flu.

The day after, on Wednesday October 10, Tom is back te normal. Dédé and Kim decide to do
an extra training ride that evening with everybody who is interested. Tom and Marcel
arrange to go for a drink that evening. Two days later Marcel turns out to have been felled by
the flu — like the others who took part in the Wednesday ride...

Sunday October 14 Tom, Monica, Senta, Matthias and four more members of the club go for
a cycling ride. The rest of the club is still laid low by the flu. Another week later, finally, a
large group turns up to cycle again: apart frem Eric and Liesbeth everybody has recovered
from the flu and is taking part in the cycling ride.

Assignment 1

Indicate for the following statements whether or not they are correct based on the
story above, and explain why:

"In this club no one was immune on September 30."

"Even if you are sick, you do not necessarily feel sick."

Assignment 2

Looking back, you can state that if Tom had been vaccinated, the whole cycling club
would possibly not have caught the flu... but that is hindsight, reality turned out

differently! Indicate in a graphic representation the actual course of the flu wave
within the cycling club.

Exploratory assignments - part B

Next you will see three graphic representations of situations in a group of a hundred
people, two of whom have the flu. These have been indicated with ‘Z'". Vaccinated
people - who are therefore immune — have been indicated with ‘I'. The remaining
people (empty squares) are susceptible. We assume that everybody comes into
direct contact with his or her ‘direct neighbours’ every day, so a maximum of four
people per day.

Please note: these rep are also in the
triplicate).

(in

Middle part - assignment 5§

In the preliminary assignment you could see that it is unnecessary to vaccinate
everybody if you want that ‘not too many’ people catch the flu in the end. We will
leave aside how much ‘not too many’ is exactly. What is important is how many
people are vaccinated.

We assume here that vaccination against the flu means you will not catch the fiu, i.e.
that the vaccine makes you immune (1). This is what we call the direct effect of
vaccination. In addition, vaccination also has an indirect effect that relates to the
term herd immunity. Vaccination means that the non-vaccinated part of the
population is surrounded by vaccinated people who are immune. So, people who are
not vaccinated themselves will not get into contact with people who are infected, and
therefore have a lower chance of infection themselves. This mechanism is what we
call herd immunity.

Research shows that the indirect effect depends on the part of the population that
has been vaccinated (the vaccination fraction). This is represented in the following
graph (Please note: a larger version of this graph is available in the appendix):

:
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In the graph you can see for instance that if half the population has been vaccinated
(f=0,5), that the indirect effect is around 0,20 and that in total almost 70% of the
population is protected.

A statement from an expert (Roel Coutinho, virologist and director of the Centrum
Infectieziekten [Centre for Infectious diseases): “You do not just protect yourself with
vaccination, but also other people. If the coverage falls below a critical limit, the
whole population is put in danger. You can see that in England, where the coverage
against measles has fallen below 80%. The disease is surfacing again.”

Based on the graph above, you can make a graph showing the percentage of the
population that is protected in relation to the vaccination fraction.

Research for what vaccination fractions the coverage (that is the percentage of the
population that is protected) for flue comes below 80%.

Assignment 3
1 for every rep ion after how many days all people will be sick —in so
far as they can get sick.
z
z
situation 1
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situation 3
Assignment 4

Research for what minimum number of vaccinated people (1) the smallest possible
number of the 100 people will eventually get the flue. Of course, you will make use of
'one or more representations like the one above.

Also discuss the situation where people ‘move freely’ and will therefore also have
contact with others. For instance, consider that everybody may have four different
‘neighbours’ every day.

Final assignment

Part 1

There are respectively 1000, 2000 and 4000 pupils in three secondary schools in
Amberhavn. The board of these three schools wants to give the pupils optimal
protection against the flu. However, only a limited number of vaccines is available for
the schools: 3000 in total. The board wonders how to best allocate the vaccines
between the schools fo have as few pupils as possible catch the flu.

This question is put to you, in your role as advisory committee. Research what the
effects are of different allocations, and provide a well-founded advice based on this
research. You can for example illustrate your findings with graphs and tables.

You can assume that within every school all the pupils come into contact with each
other, but that there is no or negligible contact between pupils from different schools.

Part 2

In part 1 you researched how best to divide a limited number of vaccines among the
pupils of different schools for a specific situation. The assignment considered pupils
who have a lot of contact with other pupils in their own school and not a lot with
pupils in other schools. You can also consider this generally as groups of people
within a population who have a lot or very litlle contact with each other. In that case it
is not the school board, but the health council who have to allocate a limited number
of vaccines. Perhaps the number of vaccines will be smaller or larger (in relation)
than in part 1. Or more groups can be defined. The situation becomes more complex
and cannot be easily calculated any more.

In this last part of the assignment you will research the influence of this kind of factors
on the best possible allocation of the available vaccines. Include your results in an
advice for the health council for a general i p in i

vaccines to groups.

Tip: First vary only the number of i ilable. For inst: 3 h the
situation with 1000, 2000 and 4000 vaccines (keeping the size of the groups the
same as in part 1). Only then research what happens when you make other changes.
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1 Private Sub TextBox1_BeforeUpdate (ByVal Cancel As MSForms.ReturnBoolean)

Dim X As Long
nendo = Worksheets ("&E ") . Range ("A1")
Ndata = “"Ndata” & nendo

5 On Error GoTo 0

X = TextBox1.Value
If X = 99 Then "A—F P TIVELERTTD
Application.Quit
Elself X < 1 0r 36 < X Then
10 With TextBox1
. SetFocus
.Value =1
.SelStart =0
.SellLength = Len(TextBox1)
15 End With
MsgBox ("BEEFESF 1ML B ETOHFEANLTLESL, )
Label3. Caption = "t FEEZAHNLTFELY
Cancel = True
Else
20 Label3. Caption = Application. WorksheetFunction. VLookup (X, Worksheets (Ndata).Range (“name_data”), 2, False)
End If
End Sub
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+20 17 H : Application.WorksheetFunction.Vlookup (Fif 7 D = 7 & /L B4% Vlookup % VBA ETHZN
2L, BEF S OB KA ZEEm LI R LTS,

< R R >

1 Private Sub CommandButtonl_Click ()

Dim Hi£h85%| As String

Dim a As Integer ' AH{TES

Dim b As Long "ABOBfRT—4%2 (2 TILE)
5 Dim X As Long "ABT—45 BEES)

Dim Wb_T As Workbook

Dim Ws_T As Worksheet

Dim MyColor As Long

Dim rc As VbMsgBoxResult

10  MyColor = GommandButtonl.BackGolor
CommandButton1. BackColor = RGB (100, 100, 255)

On Error Resume Next
Application. ScreenUpdating = False

nendo = Worksheets ("&EE"). Range ("A1”)
15 Ddata = “Ddata” & nendo
kiroku_n = “kiroku” & nendo & “.xlsx”
HEEEZ] = Format$ (Time(), “hh:nn”)
X = TextBox1.Value
b = Worksheets (Ddata).Range ("D1”).Value2 'Value2 TH{TIFZ# I 7ILEIZEH:
20 a = Application. WorksheetFunction. VLookup (b, Worksheets (Ddata).Range (“A1:C4007), 3)
Mypath = ThisWorkbook. Path
Filepath = "YeFk% - ek FI ABEY” & nendo & "¥tool¥”
"Netpath = "WO O O O¥MtEE¥OO¥OO” & Filepath
Netpath = “C:¥Users¥Pub|ic¥Documents¥”

5 HENFZIESHKADI— K @E1+)
<10, 1117H : B2 27 U v 7 LEBIZAR X > Oaz2 B S w5,
< 134TH WK T 5 E CTHHR T~ Z kD D,
- 14~201TH : WP 4R, AfF, FTAIREHE, FAHY— M (K 7). (iHATRICEZ AL O E
AT Y — RITT 5,
*21~241TH MEET 7 ANDT A VWE L ERELTND, 2B, 2— FO—#ixtx=2U7 1 — LoD
HEICEVOOE L, £/, AT EATHEZIIITESZHRI—F (K6) 2R L TEH, BIIO AT
WXL TAZND U TV, CHIDITER FICRISSE TV D,

SOHBERI AN TA— h.xlsm - Excel 5 kiroku2018(backup).xisx - $93 - Excel
Jrdl Ak BA  A-SL{FIN BE 75 BE = BER AT O =AL IrL h-h WA A-SLFIN BX T BM Bx MR A QL #hry & o
Al - x # || 43556 B285  ~ % X
= u | v | w X Y |z | om AB | Az | AD [«]
= A ‘ B ! c ! D E [ F | G | H | 824 2030 802 1201 713 1128
1 43556 2018/4/1 1 2020/1/2 826 1735 840 1751 802 16:30 744 1533
2 | 43557 2019/4/2 2
3 | 43558 2019/4/3 3 AT YT L EE D,
4 | 43550 2019/4/4 4 BRIOIEAT, ITEEEALTLE, 756 1508 829 2054 752 1740 722 1736
5 43560 2019/4/5 5 827 1749 B4 17:03 827 2126 807 1832 721 19:46
5 | 23561 | 2019/4/6 5 827 1748 T4 1704 825 2037 738 1758 714 2012
7] 43562 20107477 7 825 1908 743 1716 828 2110 715 1858 713) 1944
8 | 43583 2019/4/8 ) 826 1758 728 1704 828 1913 BOT 1858 713 18:36 i
o | 43564 2019/4/9 3 [
10} 43585 2018/4/10 10 825 1916 744 1818 822 2027 758 1850 708| 1922
1 43566| 2019/4/11 " 824 1800 749 17:02 823 1204 739 1756 706/ 1802
12 ] 43567 2019/4/12 12 855 2012 756 1704 828 2023 BO9 1817 in 1847
13 | 43568 2015/4/13 13 824 1828 807 1817 826 2038 708 1816 711 1917
14 43568 201874414 14 QA 1479 2.0 4400 Qna. 1740 2-14. 1921 24080 4008 B b
15 | 43570 2018/4/15 15 gk \M‘ @ L | o
16 43571 2018/4/16 16 = B M -—————+ 100%
v 4= = S , = ~
6 TEESHEI—b 7T EZIORBEAKS— b
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25  Workbooks. Open Netpath & kiroku_n
Set Wb_T = Workbooks (kiroku_n)
Set Ws_T = Wb_T. Worksheets (“TimeRec”)
If Ws_T.Cells(a, 2 x X - 1).Value = “” Then
Ws_T.Cells(a, 2 x X - 1).Value = HEREZ
30 Wb_T.Close Savechanges:=True
Application. ScreenUpdating = True
MsgBox "H1EL S TEWET, ” & vbCrLf & "HEERIZEHELEL, ~
Else
rc = MsgBox ("9 TIZ [HEERI) MAASATUNET 7 & vblrlf & "T—2ZLEZFHHLETHN 2", vbYesNo +
vbDefaultButton2 + vbExclamation, “LZEZ=FEE ! 17)
35 If rc = 6 Then
Ws_T.Cells(a, 2 x X — 1).Value = HEnBZI
Wb_T.Close Savechanges:=True
Application. ScreenUpdating = True
MsgBox "&lF &S5 & WVET, ” & vbCrLf & "HERZIZEELEL,
40 Else
Wb_T. Close Savechanges:=False
Application. ScreenUpdating = True
End If
End If
45 With TextBox1
. SetFocus
.Value = 1
.SelStart = 0
.SellLength = Len(TextBox1)
50 End With
Label3.Caption = "t HEFZALLTFELY
CommandButton1. BackColor = MyGColor
End Sub
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1 MyDateS = DateSerial (Ys, Ms, Ds)
MyDateE = DateSerial (Ye, Md, De)
MyDateB = MyDateE - MyDateS + 1

Dim Wo_M As Workbook, Wb_S As Workbook
5 Dim Ws_M As Worksheet, Ws_S As Worksheet, Ws_C As Worksheet

Mypath = ThisWorkbook. Path
MyName = ThisWorkbook. Name

Netpath = "¥¥CSA27¥Users¥Pub| i c¥Documents¥”

Netpath_s = "WOO O O¥MIBEER¥O OYO OY@ R X - (R FIFHEEY” & nendo & “¥tool¥”
Ddata = “Ddata” & nendo

kiroku_n = “kiroku” & nendo & “. xIsx”

Kiroku_nb = “kiroku” & nendo & “ (backup).xlsx”

Set Wb_M = Workbooks (MyName)
Set Ws_M = Wb_M. Worksheets (" 7F—%4 &)
Set Ws_C = Wb_M. Worksheets (Ddata)
MyCol = Application. WorksheetFunction. Match (MyDateS, Ws_C.Range ("A:A”), 0)

Ws_M. Range ("A2:C400”) . ClearContents

10

15

On Error Resume Next
Application. ScreenUpdating = False
20 Workbooks. Open Netpath & kiroku_n
Set Wb_S = Workbooks (kiroku_n)
Set Ws_S = Wb_S. Worksheets ("TimeRec”)

For i =1 To MyDateB
Ws_C.Cells(MyCol + i — 1, 2).Value

Ws_S.Cells(MyCol + i — 1, 2 % a - 1).Value
Ws_S.Cells(MyCol + i — 1, 2 * a).Value

Ws M.Cells(i + 1, 1).Value =
Ws_M.Cells(i + 1, 2).Value =
Ws_M.Cells(i + 1, 3).Value =

25

Next i

Wb_S. Close Savechanges:=False

Wo_M. Worksheets ("7—4% &R"). Activate

Wo_M. Worksheets ("7 —%4 &7<") . Range ("A1”) . Select
Wb_M. Worksheets (“7—%4 %&7<") . Range ("B2”) . Select

30

Application. ScreenUpdating = True
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1 Sub AR%Z 21 Click(

a = Range (“AG3”).Value 'St E
y = Range("G3”).Value + 2018 'R E
m = Range ("K3”).Value ' xt& B
5 Dim Wo_M As Workbook, Wb_S As Workbook
Dim Ws_M As Worksheet, Ws_S As Worksheet, Ws_C As Worksheet
Dim MyCol As Integer ' AN RITES
Dim MyDate As Long '&A1BDY 7ILE
Mypath = ThisWorkbook. Path
10  MyName = ThisWorkbook. Name
MyDate = DateSerial (y, m, 1)
Netpath = "Y¥O OO O¥MEE YO O¥O O¥e ik % - IR FI A EEY¥2019¥%to0!”
Set Wo_M = Workbooks (MyName)
Set Ws_M = Wb_M. Worksheets (“Ha ")

15  On Error Resume Next

Application. ScreenUpdating = False

Workbooks. Open Netpath & “¥Ddata2019. x|sx”
Set Wb_S = Workbooks ("Ddata2019. xIsx”)
Set Ws_S = Wb_S. Worksheets (“Ddata2019”)

20 MyCol = Application. WorksheetFunction. Match (MyDate, Ws_S.Range (“A:A”), 0)

Wb_S. Close Savechanges:=False

Workbooks. Open Netpath & “¥kiroku2019. xIsx”
Set Wo_R = Workbooks (“kiroku2019. xIsx™)
Set Ws_R = Wb_R. Worksheets (“TimeRec”)

25 For i =1 To 31
If Ws_M.Cells(2 « i + 8, 3).Value <> “” Then
If Ws_M.Cells(2 x i + 8, 8).Value = " Then
Ws_M.Cells(2 x i +8, 8).Value = Ws_R.Cells(MyCol + i -1, 2 xa - 1).Value
End If
30 End If
If Ws_M.Cells(2 x i +8, 3).Value <> “” Then
If Ws_M.Cells(2 x i +9, 8).Value = “” Then
Ws_M.Cells(2 * i +9, 8).Value = Ws_R.Cells(MyCol + i = 1, 2 % a).Value
End If
35 End If
Next i

Wb_R. Close Savechanges:=False
Application. ScreenUpdating = True

End Sub

® 14 HRHFFZIDImERI—

1 Sub {RIZH O

Dim fileName As String
Folname = "“"WOOOO¥MBEEHRYERMEER 74 Y (HTELEE - HIffTEFET) ¥ (RREXE] ¥

fhame = "#BENEREE" & Range (“G3”).Value & Range ("K3”).Value & ” ”
5 bname = Range ("AG3”).Value

cnhame = Range ("AN3™).Value

sdate = Date & ” ” & Time

fileName = Folname & fname & bname & cname & . pdf”
"Range ("128”) . Value = fileName
10 ActiveSheet. ExportAsFixedFormat Type:=xITypePDF, fileName:=fileName
MsgBox (sdate & “ “ & Range ("K3”).Value & "A5 DEBHMBAHEZFRXE (RH) LFELF. )

End Sub
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I enjoyed this calligraphy experience. It was my first time trying Japanese calligraphy. I think it is
difficult to do it, but my pair helped me and it was very nice.
O EWHERE FA DK
I enjoyed sharing information about education system in my country and learned about the
education system in Japan. I think it would be much more interesting if it involved a larger number
of student in the group.
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