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How to Teach Statistical Thinking in Mathematics Education in
Elementary or Secondary School

Hiroe Tsubaki

National Statistics Center

The report will clarify the standardized roles of statistical thinking for general prob-
lem solving that should be introduced into elementary and mathematics secondary educa-
tion in Japan, with the goal of developing more effective active learning by utilizing both
pure mathematical knowledge and statistical thinking.

Key words: PPDAC cycle, QC story, problem finding, causal analysis, confirmatory analysis.
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WMEt 2o CHEZ RIS 572012, MEERLZ, T2 oML CmzE 3y 8o
T XA T a e X v, WL T Y X TR DR B HE & RS
500, 20 K2 E XD EZRICUHONTH Y, WRILETULELRITE LTZEOHE MR F
TEEHINTVWS., ZHE2MbLTHOW L IR RARAEFEOBHTULELRITH D, Wit
W7o Y 212, EBRM B AE LT PPDAC 4 7 VHd% 5. Problem (% & 5 2
%), Plan(GtHIZ3.T5), Data(7—% %% 5), Analysis(5H 3 %), Conclusion (i H %
HAMB)D 50D T 1 — AR B LGB SMERRRTEAT Y TR EHL-DDTH S,
%7 12— ZADFEL TR L > TPPDACH A Z VEIIEN TS, M3id=a—Y—F v FCfE
BE N OEEN 2 72 b IORTERAY—Th b, =2a—T—5 Y FTIE, UEEFD
PHIB R 5 B 2 FERL B O ) OBGUCE T 2 MR E % PPDAC ¥4 7 VIZi - T
W DIFEDHD B LITHILT W % (Education in New Zealand, 2017; Te Kete Ipurangi (TKI),
2017).

4. BEIBER ORI EBETFTH A
Gal and Garfield (1997) 1%, FFHBFOHEEZUTO 25 THLH L ERL TV 5.

o AHEFEN, EH6DFTOVWTHML, FOMDIZHLMEHEHRICIEL LT L2 &1
Lo THBRMROBAALZ IR L CSMTE 2HROF K

« FHVHEIET 2 X ) HEMWRRECHEEL T, 75 0RR - 3 - REICEBRB L U2
MmT&2LMHROFMK

EAEEOFERHBEIIBVTY, 3FIFLMEMIMERRO T ot A B L0 E0HAEE
ERDEFNRTATTRMR 2L CEHAL, S LREEEHBHULEALI%2#) 720
DOREMEYHPEEL 2D, HETEE 2170 2 HIEAN 2 BT T, SRz 5185
WIS TIRE 24T ) LENH L., EEROFEDHE - T2 - 30 - PRS2 T52 LICE
NB72DOFEMI 2T EEETIA VHAEETHAH.
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HAFRIRZZ T2 HWE T 50 TIE R, BE LM#EE # - TERN2 DI BE % #F
R DNEFINHTEH720121F, 77747 F7—=27DEARL MOOC (Massive Open Online
Courses) ¥ JMOOC (Japan Massive Open Online Courses) & W22 ToEE, iEsHE
LEFI AR UEL LS.

4.1 TI9TF4T73—=>7

TITATI—=r7iE, HEEFEMTOMERIEIC X 2 Mk REk & S - fFosh
OBEBZ B39 - W8 HETH A, COHEFBEREORTT A ¥ RS 5 il 20 Wy
M, 277 AOKEE, FEOWZELRE®ZB LT, FEOFEWNIIH - -BIERFHRE )
BEEBIRT2LENH L. BMAHBTIIBVW LTI F4 75— 720 AR, RS
Ot AZERBT LI LR ETHIEETHS. 77747 5— VTV 2EATHIIHID,
F—1lh 2 1 OOFMACKETHEE SN, R TERIEEE ST Twd (1L, 2014). £
DA A=V %K 4ITRT. ABRRHEOR, BENFLHMMESE, e RHBRIIAET %705
4 12BIFHIEHHPE LA S 2 & THRROERLHIR - BEOWmbE X5 2 LA FET
HY, —HAZFOEERRELI VT 754 THEARZEYAD L, BFROE XL o T,
M 4 DERRNOER R HLERH L. F2T, 7T AMMEDY 4 TR%4E, Sz
ERLIfay VA F4E®FIVERE L. AR A3HUBEIORTE) TH 5.

4.2 MOOC & JMOOC

F—T VA ITAVEHBEDT Ty N T+ —LTHDH MOOC I%, 2012 EEFLOEE W = —
Y AHEMGED S 2R RRZ G, IR T4 = AEIIHEOFEEICH b
TEHHL kR 3 —ADHEIN TS, HHRASH I L 72 UDACITY b H W 5 #ik % »
N—LTWw5 Coursera, BLUPMIT EN—N—FRFIZX o TERV.ENTZ edX I ZWTILH K
E o FEK 7% MOOC TH 5. F#lZ, 2017 4E 6 HBAET 2,500 J7 D%l % #5O Coursera 13,
149 O8— M F—HERB L EHE L, 2,000 2 BIEELRIEL T0E, Z0HIB4DODT—X
TlE, FMNOPENITEETH S, LiLOKREFEO MOOC Oz I —a v 327 V7 THH
O MOOC 2SEALTEBY, SHEOBZFEVBZ CTHOZE»LIMIEEI YT VY HE
ENTWD., MOOC TIMFIC, F—F I A TV ARE L% - WEANS L, F V54 vk
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Data Analysis TiE 100 DIZFENFHFE SN THB Y, Introduction to Data Science in Python %
Applied Machine Learning in Python % Python DB — A% 5O TV 5. Big Data d F—
7—RFTH5.
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FRLTWD. MOOC R IMOOC L& 54 ¥ I 4 VIREIIBWTIE, HHFEERE Y I1 ~
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BRI B O CTEBE 2512 2016 4E 10 B IS L 728 KRERIZEOR Y flA & /A3
L. THBIIERVELEDPS 3FEED 364, HLYBFEIHE1ALEFET VA V6K TH
5. BELRIBHREOMICR o TELT— ATV 2 W\, 9041 37T, MaTAIEsE
7ut A (PPDAC %4 7 V) #KER L, FEBICT— 5 % CRERR 2 KBRS LT 0V s
FUROEETH L. BREOHIEIX, F—FH ALY AZBIT 5B HE%%EH]% AV TI[PPDAC
ANV IOFEHOML T 2BHT L2 LTHY, EEZRET 2N EDOFI (Problem) —
A OEH (Plan) =7 — & N4 (Data) = 7T (Analysis) =7 (Conclusion) | % %5, ZFE DI
NERITRT.
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AXDRAT =T b, FETIRAF L ML, FV—FTOHRE RS, GBI 2 MBI+
b, B, FETIVRAF VML, TORENFICOVTEIEEZ L, FIEEHEEICI) A
TWh., £7—7N2E, 41 v —% v MERAWEER / — b PC & iPad # HIET 5.
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4.4 EEHFBF(XRB)IBUIIBEDTHF A (90 B +15 37)

FRUB A S THK 29 4F 6 HBUEEMEH OBREOI Y MAX BT 5. HEMEILTO
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R AR 3 AEAE RA T - AT IR, HANERT— 5 2k) MREOP T
BLORLD2¥IDER)E 184

Wy . FTuvr Mg
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BHE 2%

TN e TFEl & o[ YO 27 2T AHT, BIEED» S OHREE T
ENET = oMIC Lo THIST S, LI FA 7 V2T LTWA. 24D LA
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FEITHTH 5. FEOMGRIE, HBREIEETLRPE OBERS L EHELIZVA T ¥
THY, MAEmMLEEFREEOLA, BXY, Hil-2BoRmTHAL. INSEICIZ, Fefl
ENzFR LT — 5 2 H OB - 5 - T L TR A B AT A2 kTR Th 5.
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WA rrvasyryay: LFENZEIC X 2 EFROZR2
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B)T—2 DR E ZDFHH
(4)IRE L ZOFHli 7 — & O
GMEAB L7 V=TI & 57— 7 (BiRRREOTE EF— %)

(6) L5t (1) (5) DIRATIE R DOFEER
M ITN—=TT =72 X BMEFHTE T A Ay T ar
Q) MEOIEERLIRRBEOTFA A S v T a VEREDOFA 7 V2 KT
() HEFETD F & D

(10) FEAT RS R O ISR

(11 FERER O L JE %

12)FEDERAE

e & FEAM A -

5t b7 — Z oW TERIE R, WIS ELE L TERNT — 7N OE_ZHIEL, F07:

CICHEFHMEZEL ) AN, OBtz L Twb. Zo7ae2%ills 2 LT, TR
BT B IR BEZ TSN, ZOHMZERL LB NOMTTFERLEEO AR
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M, BLOF— LM TOF—7HGDOTEL, 72K EADBEMY 5 MR E Bt o LIS
{ZENTEL., FECHT LI E LTiE, BROFEBW ORI Z CTHEFHME % EEH
L, 4 Ay arkbblliH iRz S8 L oML, Z0/EEZFHU PPDCA 1 7V
WZDELRAZET LTS, RIFEIIMWETTH 2205, ZOBEERICOVWTIRBEEAT
RETHTETH 5.

5. fatBYERE 1 DOFFM

ETHBIIBT 2 EERFAEOBMBIE T2 2 &1, BEEBOAL L THEOWHIZ
BWTOREHEETH L., £/, WBORETIFA Y TORLAZLD &, FEEIC PPDAC ¥4
7 VIR o CTREZ RIS 22 ORE L U CREIIRIETT % 535 5 121d, — My 2 ks
REFRRLIEE] THW T8 THRE 1R E2HMiT 25 L WISV L 20 5. I T
X9 TITHETIIRIE T OFHIII D W T O EREBOERIDH ), 1 F) AJ/BEEEB T RER
(GCSE iRBgr), 72V % AP Bk, EE A 0L 7B EoRBMETH, BEHSE2M)
HERLREINTWS, F#HNEONR— =B CTIEEERNE S £ C BESh, 2o M)
IR RBHEHEEINT VS, EBHIE, 7774 77—V 7HMOHFICLMIGL, HitEE 7o
T R o 22 - RIS AR SN TW 5.

Davies & Marriott IZFEFHHE OFFHMICIEID T 7 20HENEETN TR Tdhbhnk
B LT 5 (Davies and Marriott, 2010) .

(1) R ER YLD 7 1 & 2 O B

(2) FEET DO HMT AR I 7 &SN O PLfF

B) IOV TOIRE(8F X — & OHER 72 &)
(WHFTY 7 e EDIEHN

(5) IS BE 2 )

(6) BLE R THHMICA LD
(NFEREIEZBD

INSDREIDFHMIT BT, Bl R REGEIRMEREVE 2 2RO 2 BiZ 24w,

AFXVR - TAYH - Z2a—I =TV FRE, 20FE LR S EZZ2FCHREEFIIEDL
TEENEDOH ) F 25 A TlE, Davies & Marriott DIEFET 5 7 DO EBEY AT
AT CICEmI N, R— =R L L R— FORBOM G Z2EMEETLERENLL D 5.
FERNAT L 7HRERTIE, 70V b EIFENS L FE— PREDOR B AWIETH 5 (Bedding
et al., 2007). AP #EROBPHETI, 52 5NAEIC L, RRICEL 7k 2 e&TIZD
WTC, ZOMmilERLEDLMEE B EES (Legacy, 2008). M TOHBNS L b5
X9, HEHIEE 7O 22 H WA EEBEOREZ T 5720121, TutAEZ0E
THEREF LD LE— M2 GO HEHRE L = —REBOW 2 & 3l 35 2 & 2304 &
W2 A, KEICAFIA, —a—TV—=FVF, TAVHIOFEFEZT LD 5.

51 4 XU XhEHRFICH T BBHAHRE OHE

5.1.1 BBE[#E|OO—X7— 7O

£ FY AT, 16 RO (HADE 1 12HY) I GCSE Rz &5 ENZHT 5. 20%
DFBERLME 2 Ped 5K R TH 5D, GCSE RBEETIE, R—1—FEBRIIMzTCa—x7—
2 (Coursework) & FHEN % LR — MK OBFERETRH D Z L, HFELIANTIERVL,. a—
AT — 7 ORFINIAREINTHERFFMEREL D L ICKEFRTITbA., I—AT—7 DM
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MV T 5. BFroa—2AT—21%, DVWMELHBRT ), DRFZIEHT 57, 3) HEW
WS, DA F 2T %8 L CRFEEZGEHT S, Y4 o0m% 51 &, (5
FONE] [TEMME], a7V Err—ya v oNE] [MEAOBEE |0 5 HHE % 5~6
BRTH®ETS., BFELZIELIENTAZI LI BAADI L, HEMBIOFNRHNE, Wi
REROWHP S SFHEIONRE 5. PIZITRFONEIJORMIIE 1 OFHiiy — &2 b &
frbhs. FFEOL XV (2 7R B SISHBE)ICK VEMIER LS. T2, AAOBEMEIC
DWW TR PN TEE AR &2 4T W HIBE3 % (University of Cambridge International Examinations,
2009) .

5.1.2 FE[#RET | OEZRBE O

4 ) ATIE, 2014 E2 S TR H bR S L, R— 33—k & #E I (Statistics
in Practice) TOFHliANIZ U -7z (AQA, 2012). HEHREOM L 25% T, T AERI N
TR HE 2 D L ICKFMTITo T b, HEREIL, £ 205K 5 [RTTIE & b,
[7— & OBRENE], [HEH7 T 7 O], [HEHEEOEH D 4 HE TS 5.

F72, AXFVATERBELTH ) F 27 20RBELIMTONTVAS, 2017 SFEEH 51X GCSE
AREROHELH & LTI MER (e, BRRE, BFENaIa=r—Tav)|ltwit
M OBHREEAZ L TV, GCE-A REE(7 %) TEIFEH BB L 2o 72, E5121%, GCSE R
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# 3. WHEEOFHM > — M7 — & OFBRE L] (1 FVU Z).

W27 — 4 BUETE b oz 0
WER T — A PEIZ OV TZDRBE L E b TEIZRRA S
Yo7 T ONTHEETOERRH o 1-2

FIRE, REOEMIIFZE TR

T X ERIRUEA L BB Y LI OV TEMRRTRRH Y, @k
T2 PREINT. FUT ) S RERTENTHY, BEREAERE 3-4
TOMMPVEERY 22 SNz, WRRYy U IV XeBRETER. E

TR FRE, RBEEFIES Z LN TEE.

4. HEPEOFHM > — MRS T 7 O] (¥ X).

77 7RRETERT 5 L3 TE ol 0

R TIXH LB EN RS T 7 EREERCTE
T TRRBEFERALEY, 77 70RICESNTa Ay MEERL | 1-2
VT BEZERZEAE, LIS LLOTE RN

AR Tl AR S T 7 L RMER TE
757 ERICES @R a A M EER L 3-4
MMzl EHIEDIELL 777 EMEERATE

TS EEEDDHEODIELVS 7 7RRERIRL, ERICIERTE
o, KVEERS T 7R EER L

(RO Z L B 2 MBI EDO T DICHER ATV, e H ST | 57
DL T F TR E B OHIETER L
FERIIRERE L TR Y, B RERI~ORB TV

# 5. WEAEORHl > — FEHREOWM] (f ) ).

BELRD TR 0

A Tiddh 2 P EN R BEL TS
FHARREERA LY, HEFRICESHTa A M EERLEDT | 12
DTEMEEAE, BLIEFDLLATERN-T

PV CIl SR IR DR R AMER T & e
FHRRERICE S EER I AV N BB LT 34
mr sl XM =ICE LS HHAERREFERATEE

FEEELODTOICELVEELRIRL, ERICAE T2, X
D EERBER LA L. (RROZ ST 2 BEBIRED L DIcHE 57
WETY, BREPEIHTEDILT T 7PRERFOFIETERL

To. R L TR Y, RERHIREN~DRB- TS,

BoFENEL, #RICEDETIDEMPYICFEE T 5 CCE-A LXIVEBROFEHENEDZEN
RE&h, ZomEIci@Es 58 H & L THRICHESL 20 AT OMEFEROBEFE 255
HENDRE, MEBBFOLEIIMEL TWD (W, 2016). B2 THRE2TEH L 72 HER
WA 7V EFETTLRRRE OB EDS ) F 27 JMHARAEINTHE ([ X)) AHF
4. 2015).
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2016 £E PO 1 (CollegeBoard,2016a)
TEVINERVA T U TERERERLo TS, ZITH, BENPLF v ELL5E
BTED. FTROELRA RN FAFREVH 1 BIZSbo/k 60 BIOF v 7DD ST %R L
bDTHS.

() F v 7OBEDHTIGRITOWTHIBIZH L2 SV,
b) FyFDILDO—o28 Fhb 18 FARENRT B &, UTOZoOKEHEEORES
WCEDX S RENH S, ERSEBAZMAMLTHB LIV,
R )
g fiE

5. AP Statistics 2016 &[] &.

52 Za—U—72 FREHBICH T 2REHREOM

—a—V =SV FOWMEHEFIRIZITSBRPOIET Y, HEED» O[S EMET | Mathematics
and Statistics] & V) AFROFLH O THE L 72HMEIEE P ITbN T A, 9 FENLHE
HEMNILEY, £ N FEHKOE 1ITHY) TREEEMET T4, 6H 11 FFEIHHE 13
AR T4 E %)) 38 NCEA (National Certificate of Educational Achievement) ® L X)L 1~
3EZEL, INSOWEERFANROBERICIRBT 5. [85 & HE | Mathematics and
Statistics | D BERIE, X — 73— B (FLIREFAM) & 30 FHE (WEEHE) TRa S, flzid
2017 SED LAV 1 (58 11 24E) OB E TR L Y 2QA 7 — VD 13 NGO TF— ¥ Zfiio
T, 11 FAELERICHET A Z72T, 2 NGO F—7 TEORHERIEL 8w, Ll
2200777 ERMERL, 777, MEEEL L LIz KL THEEL T LDR IV, |k
W) IEETIYERTE D 2 ) ALUEA M E X 7z (NCEA, 2017). PPDAC ¥4 72 V& HWT, 4%
7=y oy WA oL, AT RS2/ b NS, SRR OA R 5T
PPDAC D% 7 = — X220\, FHliORA ¥ AR S NZZFHIEHED A ShTw2 (K 6).

5.3 T XU HRhEREICSH T BHMEEE OFHE

7 A ) A TORMEEFMFEG & LT, AP Statistics & PLTW 21 FiF%. AP & Ad-
vanced Placement D& TH ), FEEFIFMA College Board N E T 5, EH THNR5LKE 1-2
FHEHTO T A THL. BREEANT ) K LFER-FRBRIC X Vil kE ), Z0FF
MAE I KFEANDOEL 2R ET LEZEDO—EE o> TWwWb, AP Statistics DFERERIITIFD
W5 AR B o AR R THRE SN Tw5. BlEEERER, arkEslaste M
AHMEES N, FEO 5 65 SAMREICTKTON TS, 6 MBIIRAMEL LTSEEE
GHERE A L Cimk 3 2 IRENE VIR SN, 25 FOMERMAE Y B THhTWE. Th
LEFREORBR ORI LT, IWEOMEZSWEIIR SN, —MT oM AR A
NI A U HBRFESIN TV 5D (AP Statistics 2016 Scoring Guidelines: College Board, 2016b). —
BlE LT 2016 FEFREOM 1(M 5) L ZDWETA FF74 >~ (K 6) 2R

T/, LH#FPH#EL LT PLTW (Project Lead The Way) & \» 9 W% - mik & MG L L7z
STEM (Science * Technology * Engineering * Mathematics) 2H 70 77 A DSFER) %2 7 L C
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AP Statistics 2016 DE R A K71 > (CollegeBoard,2016b)

Part(a) : B > DF v THEDOHANIEICEFT PR HCELBEESIKBRTH D, TRFL -F
HOBEDETRE L, RRKBIBIMEICHE T 5. PRIEE, 2.5 F~5 FAOichs. F
v T OHIL 0~2.5 FAMD 20~225 R EIRIKVBEAOME & 555, 78%1E 0~5 RZHIC
bb.

Part() : 8 F/L28 18 FAZie oo iBA, SEHIE, 450D 10 RAVZ#EF 60 TE|» /- l¢ 19
T5. (16 FAF0, Elid, 172 M) —J, PRIEE, BLev. hdfiig, 25
K~5 RADRBICH D DT, Z & REWVEOEICHES ARV,

Zar Yy ER)

Part(a) b Partb)b, EME), HOICEMRP), REMD CTRASNS.
Part(a) D ABHUILI TO LY ThHS.
ERENE, RENEBUTDS SOERELXEATVE I EBLETHS.
1. HAOBR Bz s < m-o7=ik)
2. ANEOER, EiL, LHEROX v v 7~DEFK
3. thaMbfEm (FH, i) OHH
4. BHIEY AA~DOERIZDWT, FHCRR»BR/NE TORBDEIR® 0~5 ICIFL AL
BEFLTVEZ L, HEVESEIC OV TEVE TR REEEZBRL TS &,
ERETOND.
5. F v THEORRCAEBEHRERFATE S
WAMICEREIE, RO S, 3~4dDEREZATVDHI LBLETHB.
Part®) DB ABILILL T O LB THB.
EMRENL, ENEPUTD40DEREEL TV LBLETHS.
1. EEEsEmy sz L
2. i, FHBIHEMTBOPICOVTHBATESZ L
3. PRERIEELRNZ &
4. (g, PREHBELLROPEOVWTHATE B L
WAMICERPIL, ERDY S, 2~3 DEREEATVEZ EPMETHS.
REMOIE, EEDd>s, S Eb 1ODBEH#EEATNDZEBUETHS.
FeHBHE, BARUTOLSICRS.
4 5 : Eff Part(a)® Part(b) % EfE
3 IS ERR LB b D% 2 SRR TEMMEIC KT B
27 HOEBEEMR K HIEMES—FBREM, /i, WihEbHoWNICIIER
1R B/NREDIEM FGAESHNCIERIZA, M5 I3 RIEM

6. AP Statistics 2016 DIRMEF A K54 ~.

W%, PLTW I, 2 Ea—FH4 A 0 2OHG - BROBRICHEZ ARTEY, T0EE))
W T I 2 BERID 2 B SIS D 5. AP+PLTW O 71 27 5 41, 1)College
(AP Courses), 2)Career (PLTW Courses) ® 2 2D 7 4 — )V FOMETTHE I, 1)ITKF
DHANFREIOBRDZIA—ATHY, 2EF vV 77y T2RETSHI—-ATH5S. HE AP
Statistics {&, 1) DFHIBIC A>T 4. 1) T AP Statistics B & U8 AP Computer Science B #E%}
H, 20 Tar¥a—% %xflio7:MEMFIEIERLH (B - Computer Integrated Manufacturing) %
BT IIET— A T ABEOMN %Y — VIl b, AP+PTLW OFAMICE L TiE, AP
DH, PLTW D&, IZIMZT, AP 7213 PLTW O#ERAH V45, AP F721L PLTW O I —
ATIE, AP RBROFH 3 DL 1B X O PLTW O IEKERliI2 81} % Proficient ML EZ5 Z & T
IS TE S (College Board, 2017).

6. 7OV 17 MUGHRERRASE DML

ZNFE TAWZE )V — 7 Tl Statistical Literacy, Statistical Reasoning, Statistical Thinking
D 3 DODOHFNFS LR ERR 7 — 7 ¥ — MNEO AN e % 8 LT, MEHEE O
DWTHEZ21T-o CT& 7. AT, Tudlcy MIOEEDL L b, ZOFHHICBWT
X, ZEEEZ BRI L TRl I IR LT b, bAETOHITOFEEIGETHDO L LT
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EF—5 RGN LTE LD, BRI L% EOHEEIED T 0t X (PPDAC ¥4 7 W) IZifE->
l7ud ey NRIEHEIITONTETWADY, ZOFGIIHEEMAs DBREITEEIN TS E
WL, 2T, KR V—FTIE, Fuvzy MUIZEOFND 72O ORI N
V—TY v 7 &ML

Tuy s MUKRIRIE ORIV — 7Y v 7 (SPART: Statistics Project-based Assess-
ment Rubric Table, LL'F SPART &\ )%, PPDAC %4 7 V& flio Tffo727ad 2 b
MR %Z PPDAC D7 = — AT L ZFHiT A2V —=7 ) v 2 TH D, K 1I2HlE LTHEK
IR SPART #/~3. OP (Problem : &), @P (Plan : i), @D (Date: 7—%), @A
(Analysis : 77#7), ®C (Conclusion : F&8), ®@FVE¥ryT— 3y, OREERED 7HH
5 BB CEMEIT 5. B ® SPART TiZ®D (Date: F— %) (LI L7V —=> 7], @A
(Analysis : 2747) & [FataE]) (#2777 7] 2 ZR BRI b L, O~®lk 7 v—TFF
fili B OV A GEA, DA EREFMIZMAGME Lz, SPART # Wb 2 L2k b, FHliE
FFEBEOIEEZAFICEHECE 5. T2, FEEAGLAV—TY v 7 & THCHE
L7220, ZV—7RCHEFM LD T 5 ERREENTHS. SPART #/Hn5 2 & T
BOFZEEEDSHEICRY, HOSOFEEZRYRLILHTES., £7 2 —AOWEATA FF
4 ¥ (BEFRI) % REG(E 8~F 1D ITRT. PRI, KEMIIOWTH, GIA v Rh
VF 2S5 2ONEZLEETHI LI ) E UBHASFIHTETH 5.

6.1 Problem : 387  — XDFH

M7 =2 — XA TlE, MRTREEZHZ L ZEBTELPDHEOREAL ~ b TH A, Kt
TR B RR D ENTELNIRDONE. WREWEICL T, TONROME
HRZ, EEFMT A -00BEEERP SRFHE L TEHILEE 2D, REEEITRS
DY TH 5.

RETIE, BTNV —TTHREVEICL72) A TEONROMEE ST 5720 DHH
DU %5, FiER, Choo@Emz 773U T — LW S TN —7F 7213 A O
BT EDBWNETH S,

6.2 Plan:EtE 71 —X

FHE 7 = — 2T, WE7 = — XA Tolm% b L ICE RN R 2y T2 EFIT 5. &
R —3#WMHICLT, Tyr— MREBROFEMZREL, WMICT—2AFL Y
V==V B 0% EDOBARNREHE Y. TS, SHMORELE-TshiRdDLNE. IF

# 8. M7 » — X DFF ML,

% BT 5 - LB TERho T 1
RS NIFIRERRED - LI TR 2
BRSNEMELH bORMEE LTS Z N TEE 3
BLT—vEREL, £ TOWEES X, RMEOCIERRIST |
LHRTERE
HbF—vhREL, 22 TOMEYE %, RANICHEOREE L
TRZBZ ENTEE 5

RRAESLTDHZ LR TER
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# 9. FE 7 £ — XD EILHE,

MBI & R T X e h o T 1
Fulzy FOFEEN TSI ENTERMPoT 2
FHEOMEELZ LA TE

T2 OAMRICELTERTE - 3
F—FDWE, 7 ) —=2 BT BEEESL TR

WY CIRILD 3 2 EHE 23 T 4
BYCIRILD & B 5HE %L Tl .

SR DORBLENTHZ LR TEE

# 10. 77— % O T = — XD IEHE.

NBERT — 8 R TE ot 1
MBI G o= T —# 2 INETERh ol 2
T BUETE RV, Rl & OBEEIZ & Y BEOMRRIC 27N 3
BIRWATLRES R Do

RREARR\C DR DT — B DD LB TE = 4
FREARIIC D72 3B T —F B HEDH D Z LR TE T, T—F ORFRR 5

B, K~OBBEICOWTHRBIICE LD I LN TEE

F1l. F—=FDr ) ==V 7 72— XD,

TR
7)== T OLENERRTE R ol 1
BRI G- 7eT — 2 DI Y —= 0 TETTE R P2 2
F=EDY ) =y I RREG R E OB & Y BEOMRIC SR 5
BoRWATREIBH -7
PRSI S72 3 2GR0 V— = TR FIT LI 4
FREFRRIC D2 3 D872 V—= TR FITL, T—F DR[HPR 5

H, RDBBOWTHRRBICEXD I ENTER

HIEEIZFR ODE) TH 5.

6.3 Data: F—Z2DINE T 1 — XDFH
WEBRD I DIZLBE T — 7 #EERL, ETEXEZLPRDLND. 77— F OAYE
RRBIZHUTE, F=FPNETELVEREFHE 7 2 - AR EORF L LELE R
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F 12, 97 = — X GRAHERD DR ZEdE,

R . 5

MEHOINB R R T Rdo T
OLOALE (TEHME, TR, B, EH & ORE (M, My | 1
¥, BHERZE, ) & EORBHER S TE ol

T, ok, @ER, Mok, RAERZE, U SAREY EET
BT LIETEES, REHREARIC L & E ) ARERBEWICES72 | 2
ot

T, hoRfl, fEEH, MofrEk, RERE, SRl P, BHE

DERTIREAREL, F—HAbETHOMT B LR TER | ©
B & 72 % BEHONES & Tk 25 %, EHTHIC b B HE oM 2
Il S i 4
BRI R T o 12

JEAGHR AR EE P RS I S 1, 2B B0 b0 b A &
iz

— A S ARV TR bRA T 5
FYUFYF 4 BRI

* 13. W7 ==X FEl 7o 7) oR LR,

‘ W ' e
HECIELL 220 1
WIo7, EANTTAREFGERT ST 7, MRkbRERTHS
ST REEMNTTF —# 2 HET 5 = L BRH B y
TITDEA v, TVUER, AN T ALY T 70N
ERERITE TV ANk
WENZ BT D720 757 WMo 7, e AT T L) 21E
KTE~ 3
BOFRBERCE
SEETRTIS5T7 (ER M A, NL— R) EEEEBEYICER %
L, ELW@RRZ-RLE
757 LEREEL AL, KEOWORI AT TOkE, 8|
DIEE BRI

b, FEILEIR 100EYTH 5.

6.4 Data:7—2NT7U—=12771—XDOH

TF=FDI )=V T T 2—=ATlE, Tv7r— b RERZEKL, T—Fty bEERIT S
HHELFEE LD, 11 La—FAMCELEICF—F %282, F—yONELHMTE
HTENLF LW, RERKBEIEL 11OBEYTDHA.

6.5 Analysis | 24F 7 T — X (#EEHEE - M5t Y 7 7) OFH

ST = XTI, MalHEER 7T 7 2 WYNEH T 5 125§ 4. #atEiEid, 1EL<
FHEL, TOBRLIEML VT hbkoons. FLOMNERIZLODEORELZRT
BEOMZIE L R L CTOMOFHRPEn sl TE 2 20K UITHhE. T2, 57L&
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Statistical Inquiry Process and Assessment

Hiromi Fukasawa!, Naoko Sakurai? and Shizue Izumi®

IFaculty of Healthcare, Tokyo Healthcare University
2Faculty of Informatics, Tokyo University of Information Sciences
3Faculty of Data Science, Shiga University

In the data-driven society using Cyber Physical System (CPS), decision-making pro-
cesses using large data sets, including so-called ‘big data,” are essential in all industrial
and social endeavors. Due to the expansion of the Internet and the evolution of the mobile
society, the Internet of things (IoT), and artificial intelligence (AI), the size of the available
data continues to grow without limit. People who had traditionally relied on intuition
or experience have shifted their decision-making to depend instead on the results of data
analysis. Consequently, the importance of the ability to explore problems in a statistical
manner, and to answer questions scientifically, has increased dramatically. In this paper,
we surveyed and studied various methods of statistical education, with the goal of nur-
turing both scientific exploratory power and judgment ability. We also have summarized
class design and performed evaluations including overseas cases, e.g., in the UK, USA,
and NZ. As a class design that will foster empirical scientific abilities such as exploration,
we propose a project-oriented practical lecture in which students can solve multiple kinds
of problems by statistical inquiry and analysis. For evaluation, we propose “Statistics
Project-based Assessment Rubric Tables: SPART” as a criterion for recognizing students’
abilities in each phase of the statistical inquiry process.

Key words: Statistical education, statistical problem solving, PPDAC cycle, inquiry, assessment.
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Development of Statistics Teaching Materials Presented in Textbook
Format at a Private Combined Junior and Senior High School

Akiyoshi Sudo

Department of Mathematics, Seikei Junior and Senior High School

According to the new curriculum guidelines announced by the Ministry of Education,
Culture, Sports, Science and Technology in February 2017, the field of statistics has be-
come more important than ever in elementary school arithmetic and junior high school
mathematics classes. Considering current worldwide trends, the importance of statistics
will also increase at the high school level.

However, most current teachers did not learn statistics in primary school, junior high,
or senior high, and even most mathematics teachers barely studied statistics in college. It
is also very likely that the new national statistics textbooks authorized by the government
are not sufficiently descriptive in terms of content.

Accordingly, this paper describes the contents of an originally developed statistics
textbook that was formulated to address this issue. In addition, we summarize the type
of educational effects that can be expected from this textbook.

Key words: Statistics textbook, private combined junior and senior high school, junior high school, senior
high school.
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EWMBEKFRFBEDGEE S N7z, F/z, 2017 B H ARG B AW F SRR R L e il B
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RZTIXZKITH 72 I THREFEDSH WL L TW 53, BEMEkE L CORIRO AME K
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D) OHEMLTBLARELDIIHROREEMEES S DOEFEFTH S, 2014 F I BHHER
FE S 2017 I —FRA A e SN FARHE - [RHFHRIG (e - RIS HE AR, 2017) T, H
RIEEOBENTZEER - EERRFLHREL, FELT L EPEMANERE LTI ATy
. TNFEFTHERDOKY - R CERMIDERBSTHbN, FEKELHEICTLRA 7 SR
mELT, 72 ¥ Vo T VR, NNV X< T (Burger et al., 2011), A ML L7F ¥ (fit
BE L, 2014), V)Y F <7 (lijima et al., 2014) 2 EDBDH 5. NSRRI L 2FHHITH
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5. 7, TNOOERERZHEERTET 2 HEMREIZE 5 TE, WINDIERWAD LB
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BRASEESE N - EFAELFSE OB O T TITHONTVWE Z L ZHR LTI AMEF CHLE
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WK AER DO EH %2179 Mt OE Mk %2, IR TS (clinical biostatistician), EWIFKETE
(biostatistician), AERFEIR (trials tatistician) & FEA. 2015 R T OYUEEHEETIX, EBK
HOFRIIFEE O LI E % 31 ) R % BRIFZER R L £OTB Y, BEREOMKRFEER
22 AN LEAT DI ERRATE O E o TS, 2017 4F 3 IS CHERBIZE PA% i b &
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X2k, EFHROBH D 80 DRFICE W THEHE LR Z 1T T b ARFHRAEWFS BT
80 ANTH Y, EHEN 1 AMULWDKEIT 39 KELEKLEHTH S (FRIA, 2017) . FEBE, K
ERRREDSIRMAT R E AL L TD, BHAEPAOPLTRA NI ES LI LB\, 2
DX BERID, 2016 FEICIZEE HARBETER S O DEESIC X 5 OARERIFEHH A%
% (AMED) AW#rI RE R TIRFENAE SN, FARF RS & R RSP RFEIRE S
7o. F e, 2017 EICIZ AARFHRAEW S DB R e R E E BMG L (AARGHEAEY &
2017).

ZDE)BRERFEZOBEOHRT, EOL)ICHKEKIREZBTR T TLIVDZS 5 0. K
FCCIZBE S B EINAL O Y fAZBREL L, ARE A KE2BE (School of Public Health; SPH)
B EHEETINVE LT AMED AWHFTRE B CEHESL LT 30 F RIS 2 5
KREERMFRERL I — A FWY LVF, BREFIRFTROEREICOWTHL 5.
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1992 4, HHEBRFIZHAY O SPH ATRE S N7z D13 2000 4 TH Y, 70 HEU O E 23D 5.
ZDH%D SPH OFREIRN 2 A TH D &, 2001 FIZIIHKRFRFBELE 7R PR EFEE - E R
FRIY, 2007 FITH R RFABEE SR EA AR R R 2 2, 2011 4RI R R B
DA AEIERE, £ LT 2017 RIS EEER N EIBOR 2R AA BE AR B AL A S8R 23, vt d B
WA E LTARINTYS., ThH0HEMERFREE LTo SPH UANZ, BEFOESN
FAHE LRI AREGET - A RET S I ETSPHAND = — XTHIE LTV RFD H 5.

1.3 HBRHESARODBEES

PR BE R IR B ICIFT A AR TN TL B EBEMICHRDON, LX) REMNZ G
FTLDRMRKIARE LTRHOLENENI T ETHL. HAFHEEWHS (2017) O RERGET
RAEWE T, THIRMHIEEOMFTI T A~ LT - BET R OFT B LRV AR Z A
L, EEBLTVWAE 2 ABRKEAREEHK LTS, T2, EBLEITH I ENTELEBERER
AR EREW - FEVAEOTEZ A D) 2 LD TE BZHEERBWRETR O BRI TRE
Piibh b, EBEABHETROEMFE, () KRERBEL2 5 AL Lo OHEMKE = 2\) 5
A, HREHRE 2 AL LL LR EET 5L, (2) BERERAEEE O B IR 2Bk O 255 % 5k (AT,
F—FIARIRA M)V EETHIE, 3)ICHEI WA K4 UTHERERD 720 O EHI
(I 3 i BLBI R B 2358, 1998b) |8 X ORI R o7 Bk (H ARGHEAW %4, 2013) /12
T ToRRRrEH LI L, WDFROEZBEN1FEDLEHLIETHL. T2, HERR
MR OBEME, oMz, (5)10 REFFEE D _E o R RER O 2585k GRERET R,
AT, WS - MR, T E=F ) VS REARAS)EATLI L, 6)FROIESRH
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1. BEAHRET AL 2.

~1920

1982 4

1984 £

1990 £

1991 4

1992 4
1993 £

1998 4
2000 4

2002 4

2003 4
2004 4
2007 4

2010 4
2011 4

2012 £

2013 4

2014 4
2015 £
2016 4

2017 £

London School of Hygiene and tropical Medicine X & (1899 #) , University

College London Department of Applied Statistics &% @& (1911 %) , Johns

Hopk

ins University {Z School of Hygiene and Public Health & (1916 %) ,

Department of Biometry and Vital Statistics a%i& (1918 4)

T A
Fred

—#&

Y H#E¥4S TEthical Guidelines for Statistical Practice]

Hutchinson A A BFZE & o # —|Z Southwest Oncology Group # ittt v #

B

BY DOFEF M National Surgical Adjuvant Breast and Bowel Project ® &
KRBT —Fho&ExRR
EXNAMREL Y —CRFERNTOEBRERFRLEICLY Japan Clinical
Oncology Group #igtt v % —&E

HRRZFIZEE - AORAZEERE (LAHER)
VIVTOVICEARMERBELARELE - bR - REMMKROREL
EXSLAHFEMEESHE (ICH) (E8XH A K714 VEBIKRRBRO—#&EE) - TE9

A

K74 VBIKARBRD - OHMEHRA

FHRFCARPNOLARBERER (HSBREEZRER) RE
AERFEREERABIT (RFABEEONETZHIR) , BEEBKRAR Jikel
Heart Study % & Bf 4

KEEYUE (EMEFERROERBAREIL) , EEFBHAE TREMFRLICET 2
fi B2 5 81 )

EXRMERBBROBEBRE

Lancet 312 Jikei Heart Study X AKX , EMETEERIZLEZ2 7=z =

a==

BRI O /N RGBS PER

HABRFHEZES RAFZOFORETREREA LOSHARE)
MR E 3 R
BATERZPEREERAET (RABMEONFLEMN , EMEERRICI LN

N

= 7 O Y8 B IS R K

Lancet 3 ® Jikei Heart Study # X #(El , BAFHEAEHTS HRIFAROITH
H#| | EMFTEBRICIDZA MLV FUOHBAEERKR
XRE - -EFE AE2NRETIEERMEICET > mEBRE) , EMEER

BRIz

X3V YXr=7o/NRERER T 0 — CEGRMEBEISIER

BRI PR D RRBEFICOWVT (FROEHKHF 2 AL L)
BARERPTEMERME (AMED) EMHARERIXBEFEICABRFERER - K
RRFRFRZBE

BRRAF ARSI, BAGHEAED S RBK S FEE G KRB

HER 3D LB 2 &, (DMETD) K, WRREBRICHED 2 %% - WER 2 A LIT7ESER
BHoH L, Q) HAFERAWFERIERR, BIUSINLEKRABROEEE & EEHERE
EHBEDPODHENDHHI L THA.

At E ko

2z

o JE

1, 7 XY BIEIFE D Accredited Professional Statistician % (& U & %[

ZHY, BAEREETREEIIHILTHL. FEZHEFL, HRIXY MTIE»51E, K
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BEAF20 b BRI R DREE ZT 5N L ETIZED L HVDERDB DD B DPHRIC 7%
5EZHTHAH. BERECHMKAN RIS EHRRZMEG %5 3~5 FRETH S ).
PAZEBFERR L LR BIE & V) R 2 WA T LR - MR AERED 1~2 412
Y, WELNXVOREOEMBFEZ KDL %5 6~8 FREDPLEICRD.

2. WEHEE

2.1 EFMICH T IHEIHBEORE

DL BREPSOEFIHET EOICLELREIHELIRZEDI I LD DEL )
WMEtEE 1, DFHE MER), PHEEE (TER~BHAR), BFEE RFE~KRER) 7 &
Fex REERECTITDIT WA, 2010 SELIFREICI, W5~ PS8 CIlIA B RS 25 CUEsRAA,
2015) IZHEETEE DAL B SN, BEHE CIEIMEAOETTICB 2 8FREHEK Lo
S HILHE RHE R A S, 201) BED Sz, ThUAHZD, HEMRESERT L% L,
CIBERFHBT R ERETHEND L. TTIIERARICBT 2MEHEFTICOWT, KITK
S CHEWRIFEOEMEEF LTI CH 2o T, W OLORENZIRHET 5.

HEMF O LSBT 2 HERERK LOSILETIE, 230 1~2 FA T O KFILEER
HR, AXHESEHISESEEFGT T T 11 0TI B0T, FEHERSHENS - $HEJ5 %
DOFIARENTV S GREMHEFIEERE S, 2014). EWEFAGHFICBVLTIE, 1) EEHTRH
R EORBRFHEEZFHANDEEN, (2 TEF Y AICED X BEY RGBT ULEARIRT X
LHeN, Q#EY 7 My 2 T OFHASCHIEROMBATE BN, WHEHREDII 2=
r—arEMLEEN, FEHEE SN TWAE. TS REBREHEEZ IR 5N A%
EHHELE VLD, FO—HT, BEEBTHRIBEBE2THIICH0 o0 05H 5. £
2, EMERRBHEREL SOV TH) F 25 22T 20 hELo00nwl e THS.
il E R AR AL ek, [ ANDOHET & PRERRT], ESFE 2ol e w9 KIEHE ICHKE
BEONBENEEINTWEA, HEHETY ) LTEERWIE VW) 1RHD 2~3% 2@ &%
V. BT, BREETRINTVD L) GEEFLIT) SV TELIHEZMRET S 2 &1,
HHIITITEE L vy, 1980 4EKA2 5 2014 4EI20FC, #7AF (1988, 1995), =% it (1993), M
il (2005), HARZAM&HE BAR 2R E SEMHRE0F4 (2008), = 1 (2011), #FH b
(2014), T4 filL (2016) 12 & D, MEHBFBOEEBREI W O2|ESN, WLONTE L.
Hr At (2005), 400 Ml (2014), A4 il (2016) DFAIZ & B &, E2EE - LI THEED
AMEHRZHY L TVBEDIE, HEFEEME LRVEE - BHRERIDEEDIEEE 5D T
Wz, TOX)BRERPS, FICHRIZ (1) ~ @) OEBHEEICh b b NESZETHLNLD
LWVNEVIDPEFETHL. FODD, INODEBHETIBICERN 2 ERERT 55,
BTHLAABRS SPH 2 L ORFHERBICEVCDSGEEZRDLILITR S,

2.2 KERICH I BEAHBOME

HARDOKRZEREHE &R E2 BT 5 &, GRS (2016) 12 & 5 R 28 SE AR IEARRA T
1, REBENOAEZEEIL, BERE 72380 A (BT 50785 A, &1 21595 N), HHEiREE 14972
AN (BT 10333 N, &T 4639 N), HMBREAIREE 6867 A (BT 4703 N, T 2164 N) &9
RRTHY, ZHFETRFBREDOAFBEICRE 2T v, HBFERIICOWTE, 72
#, AFXVA, PE, BE, HEAOHMTRRPAREL MK L-FAEICL L, HEHYS-)OKRE
Beid 1.9~4.4 N (BB 47- ) o4 05~1.6 A) TH Y, EN/CHEREWIZ LW
(B} =M BRI SERT, 2009). RSBS54 20 A 2188 T 20 THhIUE, BEHKIE5~10 A
BURBEEVWZ D, 72720, BEMEAFT LR LL, BEHGTAICR- TN T B %
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AR 5 Z LA Tl 2.

KERTOBEFHIARETEICEEL T, —2o0BRLA2BRENPHAREMSRKICEIVAESIN
TWab., —DEFEIREIHEPLD L DT, MR EER O RFRE ik L £ 2 TR
RRT—IVA L TAATOEMBEEZITINRETHD L VIHIRETH S (HARFAWN &
2014). MEAFHFHBORFZEOB & L TREMBERFRRFZDLH L. b ) —21387 ) v 7
NIV ARHEGFALER D H D DT, 2000 4FLUEICERE S 1T & 2 AR A RSB (SPH) IZB W
T, BEHHETT (biostatistics) & H O ARMMAEOHEMERLERT 5 L) K TH 5 (HESRE
Mk, 2011). RFFBELVNVOMEHER, EIZLosTOREIZI > TOHA BRI TITHN
TWwb., MEtAEHEOKRERE SPH O 2%, EWKHARBEROL L LTHENEET IV
LWz %, SPH &id, Biostatistics (E##EEIS:), Epidemiology (J8%), Environmental Health
Sciences (BRIEPRE), Social and Behavioral Sciences (#t& %% - FTEIRMF#A9)%:5), Health
Service Administration (FRMEEBRE ) 72 EDO4R (2 513 Council on Education for Public
Health (2016) D KRFPERFERECaTRHE L EN2) 2B LT, [AATIE L {HEOHFDOAN
FlE ) A 5 R - EREEICI) Ml A2 BT 5 K¥EETHS. SPH I, Bokz
HFULICKEICRESINTB Y, 12 F0HEMEE 2B & 2R3 EERMIZHRD 5Nz
& LT, Master of Public Health(MPH) 72 K DA 3% 5 LT 5.

METRD L ) P 2R WA B TEELZOIX, SHEE - HERBEBOBHTH L, =
MUZDOWTIE, 2008 SEICAT b7z 2 4D EOB T RG24 (&5 2531 #F, EIN 12 K%
Bo) Bl LicA vy =2y VT oo — FRERD D, 50 - FF» SELHRE~OM#YR
CHREH B 2 W L 727403 32.0%, mSEBCE BN 2 B8 L 7277413 19.8% (TR 14.7%~
BAE R 35.4%) & i ST 2 (BHEHATBCRATZERT, 2010). 24U, MR &S#E (FRICH
) DR R R 5O BRCRORFFRICH A, FEZENHAROFEEMHAEICLIT S
HETHLZEZRB LTS, BRELRL, WEFFELORFEER SPH 28T 5 & & 12
&, HeR, AR, RS, LB, B, AGR R EBEF ORI O AP REE RS T L
bbb Thb.

B DD 5 OFEFR D725 T, MIKREREERT 2 KFBEICETE—NVEAAL ~ b
WHbH., FNUIRATNPEEICHL L NI ETHS. HROKRERTIE, 1B THOBIKE (»
bW BHRA N2 HE)FHEHRINTWSE, RA P2 MBI, BHABWBOEIZERT (2014) % H
ARPE4 (2007) 7% & THEOF AN B K FABE € BHRO R T Lo T & 7225, I
RRFATRR T — A 207 4 A b (HAFM R, 2014) OAMBEE S E0 5KD 5 Tw
LHIRZEA L L, BMTHIIBIIFELPHRDOIAT Yy FEWIHIHHIH Y ZH) ThHB.
K 783 K, WRZRBFEEN 37 8B, E BRI SRk B 25 8B, ek elBRiisetkid 672 Mipr %
gL L72iiAIc L B L, 2012 FEDORA M 2 & =13 16170 A (D) LIS 355%, L
% 23.4%, PRI 14.7%, RF9.2%) LHEE STV D (RHEEEANBORITZERT, 2014). AL =0ER
EHREURSE, BULERZERT, BRRFETH ), WEIRY: - HIHRRFE T B DR 30% (2H 245
51000 ALLEDORZ b 7 7 —EDEHAEIN TS, REREZHHT LHEICE, F4E0Fy
)T SAR, AEH - TS ORNNT Y AIZOWTERLLENRD L L, FEHEETITE
BRI E W) BRI ROB N2 EZ 2 2 L KUITH 5.

3. WERFERAMETRER I - X

3.1 JI—XHFE
SR 30 RSB T S IRMRT R B 2 — 213, HARKFRKFBREEN R S E SR
WHIRE SN 2 EROHEMBAVEETH S (K 1), HASBEEFRERIL, 18 4% (8
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feam RAKSE RS
= ELHZEE
- HEMFES AL :
2 | _emware
B | AREEEMmAER
5

S EHHT A %25 ADIER,
G . BXEHELEDFS
. [EESHBRHBHRIBREDEDODH) X5 L ERTIE

1. BUERREAIZBT B YRR E SR FEE OB

E3E 24 A, MHnBHHAE - FEB%ELEK), SMMRAAERE - BERIERE, 485 ia—2
(1 4R MPH I — R, BRIEERE I—X, @EH 7 I —a— A, BEFKRIEREK I —
)BT HRFEBRTH S, BFEKRER T — A TR, EERi205 (#E 2 ) & AMED
AEVRETRE R EE TR SN R FE (R 2 N) 2@ e &+ 17T\,
TR AR e, E S AGBR R I g~ & — &l U CEMIE 2 EliT 5 (FENE
DML, MiEESHOZ L),

3.2 HAVX21TLEIIDNT

WA EEO A ) F 25 2T, #2815 AR JOBEICED 5 EE B - 5F
fili = 5387 - fRIRT B 72 DB R G, Hoil, BIEEM X7, E - B - B IC B 58
MEBICOLK SRR A Z R T A L2 HWE LT, 8, IDH, EE»S 228N REE
BiToTWwW5hb., BARIZIE, [HBEZHTE T, Council on Education for Public Health (2016)
PEE L7237 5 s (RHHataE, B, BRBEEs:, ek - ITERb e h didn, PRErR
P S O RFERILREOHE 2TV, THITMZ T, FEERFERHEZIIEFOELRM
R 7 OREREY:, BIREXOMGRNEELITH. o 0ERBHEUIMNS, [TRHEE
LT, BmBEREN O NSRBI D22 MR IRBEE AR L TS, [EEREFIT
&, BENTEE 2BICERL, oAl - MR - it - BELBERT 40T, Al ks
MICHM X2 L & HIC, AREEOEMFICLELRME Y, FL¥rF—va ViEh, i
Mg d 5. EMREVHEEIC 2D EESEL, 30 B L2 MBS L, KERPED LHE
MEERBET I 52 LR EFRESEL (EMR BEOBEGTH 5.

R RER 2 — A TiE, [ISHEE]E LTERKY:, Wil ofLeE, AfrREG
#r, BMateET NV E 2D, BIRRBROMETN LS, MEIROTHEEL, - A 05FH
ELTHRMTATFETH L. P20 FEOMMBRHDI B, I—AIHKFICHET L DL
LT, EHMalFIEY, My, KSEFEoik, BIEmEomatinid, RS,
EBM WFFeikim, BRRDIZET — 7 F S, #2110, BEEGORI LG, RIEBOR - 178,
- RO 2 EAH B, R 30 FEEICIE S NPT b W o0 FBBEERE A5
EINTWD, $72, ICH A F7 A4 ¥ (EEMBUHFRAAIERR 25, 1998a, 1998b) TRO LN D
LNV OEFBRREE S 2 BRI, FIRRFEATM IR - BN AGREE RIS > % —T? on
the job training 12 X % BRRWIFEIZ B 2 EHBEZ 1T .
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3.3 OA—XPEEEIZDVT

TSR T, BARHEZREM L TwE L, HARERERELIIZLER 2w ek
ED, IhE TERAE, FARKRZEEEIE, Mo oSA - IR ~NOEWREHEOEFIEE)
WCHEANTE, BRAEEZNGRE LWNEE LT, 2013~2016 12T - 25 BHE L T35
B FME DM AT B AR IREAEE S A 2V 2 - X= b F =y T - Fursa[45% 4k
ERL72DDY A TV A~ RFHR OB R JE2E - FRTFMICER T 2 ~ | R IR E K
HEY<— A7 —VW Db, FEEICIHNTTIX, 2013~2016 4E12id, Fd@EHIES:, B
WU TR ARBIRD 12O DMET £ 21T 572, F72, 2013~2017 42 H ARYWH AL RIHRSCER,
NPO IEAH VAL w7 A, KIRKZEEWHEIZEL Y ¥ — L T, T ) 7ZROLDD
R P Plas & 22 - O MRV E2 1T (2017 I KRR AW IR > ¥y —aa ¥
7 AR RIRRET O W), WEEOS A - FRE ICHIRRETE & v ) 25 %
R L7z, FRTIMAT, 2017 FEICIE R FZORREFHE, FrEREFHELFHM L.

FBRBRTR B R T — A Tld, BRI GE, FHREGRE, BEMAEMR L PO, 242
FEBEERNEZToTWA, F21220164E 10 AH 5 20174 5 H T TICEM L 72554 F
RRIEMTFEERT. HAREBEEERBERERDOLT —T ¥V F v VAR Lo A4 X b % B
T 513h, KRR iR, HH - HEOREILE, YT REMWAT4 Y 7IRE, T4 A7V
A 8%, Twitter Jhis), 7 = TIHEMAELE GREKRFEA — 7 Y I — AT = 72 X 5 i#REERLE
C‘??%Bj('_%l’, 2017), Twitter, Facebook) #1T - 72.

#31%, BEKHFEER I AR —2R=—VIZEDIILBRBETT 7 A LOIIZON
T, T7RABN LR R2 T L0230 THE. FREETHL ) AT 4 YIRS - T4 A
T VAR - Twitter A5 & o THRIKRFEIRER I — AR —2RXR=VIZT7 7 A L7z DA,
77 ABKNR— AT 90% UL ETho 7.

F—=T U Fx URAFF - AFHWHKIE 2017 B 3 H2 5 2017 4E 5 HITH T THAS, B
o0, GUBR, WIS TARBAMLTEY, BMEOAEIZ1IBE»SIEIZ 26 A, 25 A, 27 A, 7
ANTHo7z. 2~4 MHOHWAZTRASNIZBNERICL 2 L, BMEONFUTFEE 23 A (3
WoEAER3EALEIN TV, RMAeELE 17 A, ESEFES 15 A, Zofi1l A, &
FLA 3B ANTH o7z, FEOFREZ, BT, BHER, B, AafteEfro3ChiTs
B2z, D LD o DIFRFFRD 4 AT, ZOMIZ1~2 AT O THh o7z, KA
B1T Ao b, BIEMEEORKABICHET Z20EICEHETLIEIT4ANTH 2. BEHE
HE1BADI L, EHilZ9ANTHo7:. KRI—ZAFHo72& 5o DFIZOWTERIE Sz
DI 29 AT, Twitter * Facebook (10 A), AR KFZHED S ORA (9 N) 3% h o7z, [F
BN L T 0 T2 225 (R, 2005) 17 EOMFIEOEE 2 RAZE W) FH % LB
s,

R 30 EEEARTIE, 21 AL oWMENH Y, A 13 N(EFEEFHZE 1N, BLEA1
N, FEHETANTH o7z, FAEOMBIIHEE - T - BREFHLEMAT, RS 0o7
DIIRFHFED 3 NTh o 72,

4. ER KGR

XTI, R RREHEREME L L TCORMARBTRD 720D KFERIKD b T
W AR EHEOHIEAL), MEHEE 2Bl L2%12, SPHIZBU2HFET IV EHK
FHRBEARFTR I —ADA ) F 25 2 L FEZEEIRD) 204 L, BERRE RO KM E
IOV,
SPHIZBIFA2HEEBEETNVORREE LT, BRERBHEPTEL TS I L, EEMIRE L G
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% 3. BRBFHFEER I —AF— 2 R=VIZED L) BT, S 7 7 £ A L72D7% (Google
TFIT A7 RE520174E2H 1 H~5 H 31 HOT 7 & Xfifhr).

AT VS E
VAT 4T« T4 AT VARG 27194 64. 3%
Twitter JRE £ IXEHESR 12416 29. 4%
BM#ExL. Y (Yahoo £721% Google) 1726 4. 1%
Facebook {2 & 2 1E®FEREH L DOBR 579 1. 4%
Twitter (Z & DHERBENLDOER 346 0. 8%

T A ET, EFMEORER, MM, 2322/ —3a VBN G EBETIRHICOX
WK VEBHEEETAIENTELILPREITONS. JIOMETIE, EHFKEGEEERTS
2l BERRETEEE W2 5 2 LI2X 5T, SPHNOMD2EE - BE~OW RN REE
BMAbHAENS.

—HTHEEL L TEITONLDIE, HICHBEPBROLNTWEZ LT, BRKEE LTHD
LOREEY)V—ADOIAETH L. 2L 213, BEROMOKFERERLFEH itfls, 7—7%
AT VR, B, Bl LT, BIRKEEMA B U OFEEE MR AR (4
2T FE- T B\, flIRERE (2230) ORI EMEH 23Rt 28 E 2 oh
b, TODIHHATELHEE LT, BARRGE, JFE#MEE, oA 7RL V2
VIMNHEZEDVD S.

B0, R¥EBEEZVWDICHEET L) RY - REFEEROMETH 5. HHK
FOEERBTHRNZ 500 FF vy F 7L —X2T5L[0oR8%2 ), #HLLS, &
EHII e %D, BEHFOFEHE L TOBIRHERRERE V) F v ) TRANDH L L)
b E, FEHEICEREL L TFERIEIRONTVWEDY, KilH#0OATHERIIFOERELRATD
5. EHROMHRDING, BEMZHBER P AR MY TLEELRERRICRY 9 5. KERCMSE
DFRITIE, RA N7 8L EOMMBEICIET 5720, Fx Y 7HEHM T 5 Tw
LZENHY, MHILTEIHZAIENE V. RIETIEA VI —% vy M Lo#ERE V) FED
HAH. gacco (BEF&4E F I E gacco, 2014) Tld, WAt FRT—F A =¥ A 12T % Massive
Open Online Course (MOOC) 2SF#E I N TH Y, FEKFEH HIT B (UH, 2016) R#t
FHEAM (H9, 2017 % EDA 7 —% v MBS IE I TWw5A. R A NV FUAHS,
W IIMEICEES S5 (i1, 1980) ], [HEatE: & 3farh —@k % 455 (Rao, 2010) J, &I Tld
[FEEtFEPRBOFMTH L (N, 2013) [, [FHEAL £ TERR © 725 (K, 2005) ]
R EOMMA R SN TED, RFBREISB T 2MEHEHE I3 — AR RETHEMROBM T =0 5
ORBHEMO L) THD. T2, oL BILVHIPIICILHMTE 2 FBIE, R Y Twitter -
Facebook Z 3 U727 = TEWMEERH RO 2 TIRED LI TH A, 72721, BIKHKRIREK
T—ADF =T F v V%A« A—-AFAETIE, REEEME - BEERE 2 LI TE
EOBIMED DL, MFIBOFENDIERYE G021z,

WEOREE LT, BIMEHEICY o2 EOHEOLEY HITOWTEZ TEBLLEND
5. ARTHREFIROBFTEAGFICIY LIFON5 L 92072013, BESRERBRABO AR
HP @ o 72 2010 FARFFO 2 & 7228, EFMETFEOEE I 1990 EFRASfTbIRTE 72, #HE
NZEE, BRRRBRZZT TR <, BT, B, 7/ A%, RV Y a—, BRERFE
FHiliZe EEENTEB Y, EEOESRE & HITHIRFEINIEM L TE 72, 2010 FRICFE Y
77— RIS BT B HETRHAEE - TRAER S (BRSNS, 2014), RIS TR
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Ve 7 =%, FLA7F—%, BT —%, BRSHET— R EOFERO 2D, HEHE
FHEOWIEEESED SNTVE, TOLHITHEE & HICBbT A HEEMRL, ¥V 7T
ISAZRFWRICTEL TE 2 AMDRD 5N 5. RHRKRFH SRR SZRER T, R, B,
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The Japanese society demands cultivation of clinical biostatisticians. In 2016, grad-
uate schools at Kyoto University and University of Tokyo launched education projects
funded by the Japan Agency for Medical Research and Development (AMED). In 2017,
the Biometric Society of Japan also started certification of trial statisticians. This paper
describes recent activities and issues related to cultivation of clinical biostatisticians, in-
troducing Clinical Biostatistics Course at Kyoto University as a model course for schools
of public health (SPH). Educating clinical biostatisticians at a SPH is advantageous in
following aspects: (1) a variety of classes on medicine, (2) cultivation of abilities which
are difficult through classroom lectures, such as experience in medical research, ethics and
communication skills, and (3) spillover effects on students and teachers other than the
biostatistics course. On the other hand, concerns over education at a SPH are: (1) alim-
ited number of teachers of biostatistics, (2) difficulties of student-recruitment from other
fields, and (3) ideal education from a long-termperspective.

Key words: Clinical biostatistician, clinical trials, biostatistics education, school of public health, Japan
Agency for Medical Research and Development (AMED).
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LERLERN L THETH L. 2720, TNOLDAFNVEZFIIOT LT TERATSTHY,
N4 DITENERREBR L EOF—F I CHDX VR ARG L (FIASR MW7) $HIE O
EZ ALY, A TR EBIGOBEREIZENT 2010, LRNEHEER Y XD
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TiE, 3EHITHRRDLEAY F2 7282 F K- T 2FEHERIIOWTHNRS. 5HTld PBLIEH
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OB LR ENT: MOOC DF ¥ T4 ¥ REFEFHEHEIHEIF 1 7 — 7 MO 2 HEEL
TREDOFEZIT I M, 2016), HETOFREIMZ 5. Tk &, BHORES 5
TE, F—7OBEMELIS, FOF—0OERIZHHBENOMEZHACHINL LS &F
HIEMMET OB LRZBML, AR AL AZ 2 HEL TS, ZORETH, HA
WMET S L HARFERAEWZSOM IO b EIMER E N7z MOOC D F ¥ 5 4 ¥ KREEFERE
SO0 HENREET O FE ) R I L CIREOFE 4TV (A i, 2015; B i, 2015), #ET
DIFEMZA D, MAT, BERNTRERDOF— 21D CGREIZ IV —F TR A, RE
RO 7t 2 2 RKET 5 (FR, 2017). BRKONAL Ty K(TLYy T4 v F)ROT7 754
TI5— U RMLT, HEMNE I 27 I 2HYOSETRBTEL L HI12405 (FE i
2016; R 1, 2017). F— 74 = v AEBEH OFFHIICOW T, 3HIIC TN S,

2.4 AZEEEHROAE

AEFHEBRPAI BT, 3C - B ORI 7 2884 2 KA E ¥ & — BB f R I
Lo THERRL DD, RD3DDF A TOBPITEIZ LY, TRENHEMY 572 HH 2 5l
LCRIET 5.

(1) — Mgk - w2

Yil L B OB R R, - Hife 2 AT 2 HER & 5. BUROHRIBI, B BEA
[&#ipH], B%1L, B BLEYD & (X7 V)] EFCoMBETZEBIRLZbOET S, Lz
o T, BB, BF L B ALEH], B, BEEBLEEN) & (R M) ] ofip &
I 5. 7, FIREEIE, OI@EHEE R CHETGEHE, Q%% Bl (#3040 & et 2 3EH) 1,
Q21 ® 3 ODFEPHA S HET 5.

(2) MK - BN

YRk L, PEMAPLCIT 2 BE ) - RN A ERTLRE - ARHR LT 5. BAEMETI,
HARHEEGECTOREL L) DTN EEZELLEEZMI, R 7 720ANY, £
NOEZEHWTT =250 L, 50o722s 2T, ZOMBIIOWTHERT AEIEMH
(BIE A, 2011; AR A, 2012; ZRE M, 2015). BAMEICOWTIX, BFIL(F—% D5H)]
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D SRS < VET 5.

B T7FIvyar - F74ZA(A0) AR

WSS, - RS, FOIBEE 2 BET) - AW - FI), FRER, L CiiEALEN
D ERNLBEEZ GO [ EBEW 2% OB M2 BEHT 5. A0 AROYE, 3 BRO®
EX TR

2017 CPI% 29) 4EFE A FF R BREBII RO 2 H W72, 8 1 KEE T, HEEE GIA S,
YA, F— 750 LR — D) LR O REE T, RAWISEE L. B HEOR
AMEEFLL, ML TRT—7RREZECER 204, RN oMk EIT-7. &
FHRBMICIE, EXRER2ELI Db, B2 KEETIE, FT— oW LE— FONEIC
My 7LEYTF—varzatblAREICL ) EE L RIKEELETIE, REAREY Y-
RERCTZERZ BT DR - BHH (5 8B 7 B H UZ 6 2k 7 B H) OAFHE S X ) kA
Bz,

2018 CEK 30) 4E B AFE @R 513, [A0 ARI] F— ¥ ¥4 = v A#MZ#ER, [AO
AR * ¥ 54 VilZ#ER, [A0 AR IN] EIFND 3 ¥ 4 Fi2ahhs. [A0 AR
1] Tl&, BERFEERF v VXA THET AT — 74 TV ABEOZH#HLUHEE L, #EE
Zilth, WENBFICHETLIRELR— M2ERNT S, [A0 AR )] 1, #EK¥%TFT—H 1T
YABEMIE L Y =D L7 MOOC DF ¥ 54 Vil BRED DD F— 7% 4L T
AANMOBEEZ L E L, MRS, BHNECHET2EEL K- 2HMT 5. [A0 AR
1] (&, EEFECHBEINE F—7 5 7asr5I VIl T5a X5 4 ¥ a VEAD
BNRBE G e L, MERIC, 20RF4 Y3 VETOERBRELR— F2RBT . &
DI A FIZBWTDH, HEPE MRS M Bt G /ULE), HARBKHEI M WE
EIRE (3R DA L), AL S R R OB A TR (), AT e S S AR
KA THHALEARE SR (BB 1) OIUFERE 205 1 KBEZ OIS ED 5. 2017 CEIK
20) AR FE A2 ERIGRER & FRRIC, REBREZTIX, K¥EARE Y 7 —RBEOXEEF - BHHOEHE
BEICE ) REOEKE RO D, B, F#ilZ, 2018 CER 30) 4B A H BIEM P KF Y =
TR—VIZTRETA.

2017 CERE 29) 4R FE A 225 RIGRER O A5 58, Bl A TG E £ 202 % O W 91 Z A6,
B AR CIEE S 186 L DN 27 ZLHEHE, A0 AR TIZEHE R 17 L OWN 3 ZEGHT
Holz.

25 A2 42—y 7, ZEBOER
BE, ZROTF—I VA T4 A PDBBELEENTWETD, F—FH A4 T2 ZFBOEK
R, KDL REMAOEBIMHEINS.

o [EHGEAE, TEERBM R

o BT, M BEWRE

o A — B —TOMETHNT, BTN

o JUT, FEHSAL, RBRSHSEO S HAER

o MUME PDEHERRE, ERRMRATHRREY
cREEAVHFINT A VT, TOFaTY —

o K¥WHF(F—y A4 VA, ZOMDESE)

%, HIBERS LR E 2R, 2AEDL vy — 0y FREEROZT AN O &
DOTWV5,
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3. F=FIUvV=T YU IRBEOA ) F 2T AV ) — 1, 24K,
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Lz iR

3. T—RHYAILRAFEOH X154

AN F2ThRY) =T L7225 TEEKRE, 2017h), T—FHA LT 4 XA MNEFRL
T, 4 FER TR EERFOEMNMEEZ AL, T TA T4 A E LT
BN THEF—FANGH IR I I 2o — v a YRR 5.

g A DS OHE SR O W T OEBHA 2017 (V = — BB A1t 2017) T, IT
VIVZT Ty I BB TR EAEOEZ ZHBEOREL SNDL. ZOBERICIE Al(Artificial
Intelligence) X ToT (Internet of Things) IZAFE SN2 Kt OFEA, ABOTKRvy I+, AR(Aug-
mented Reality, JLIRIFE) &\ o72BDDH LEM~DOEH EWFFEH L. T—I A T4
A ML, AIZIELOELTIOT, 2y b —=2%F 2 T4 &vo RGBT 5
AFNEHFHOBMETHLEHZLZHIENTESL. ALBWNZIGIHT 572012 3RO
Wk, ATZHEHT A ML VORARRE Yy 7T — 7 OUBEE b RD LN L. F L THEMEHE,
Za=FNWRy VNI —=F, TA =TT Tl vz AlHEMEMWI RTHEDDLET
H5.

F=FITUIZT YV TRTIE, BARR - Ny 7 7anyryr—yay BEEARELE VWS
7o Al OBEFHMEZM W 2372012, X7 MVRITH), FryrvEnslrd— i, &
PR )R L E o 27 VT AL %%ESR, $72 A1 Y —VO U EDTHDH IBM Watson
(IBM, 2017) ZFIH L7z A VEE G E ALY — VI 284211t 5. —F%, ¥—%
TFY VARTIE, ARG HEHNERZF, 3, 44EXTIETVTY XA, [BEBRD<e
TRBEFERIE Vo7 AT THW SN S FiEZ 5.

31 F=RIIZTNVIRODA)F2T A

F=FHP AT T4 AN LTTF =75 %479 72D ER BRI, —2—5 Vx> b
T — 7 REWFEE L wo 2 ATHIRE, BMFEE R EORBENRHECZER, BAHFL L
T, 1AERIZ, FHEBOERWRIRIEE, 70753 v 7k EBEREOEBEEZER. £ T
EDPHGERO ) — XV a3 v &L, EHEPLEBICEHT52LT, IV EBRNLEELHE
45, K312, 1, 2ERDF =L V=T ) Y FRBHOAYF 2540 ) —%5RT. &
ROPRORHELBEEZ, KORFHIGERFIBEZRT. /2, [HIO—27020T0w5E
HiZiEAR OB T 52 L 2R,

3.1.1 1ERDHVF215L4L

1HERTIE, FHEROERN AR, 702753 V7R EERFORBEL22R. Furs
IVITOBEBRLEHE ALY TTY, ABOEETNS. U T3 Y7 FiEITEIC Python
RV,
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[EHAR A | IR 2 O AIC O W THRIIZER E LI, Y AT LAEERT
NIV AL, Tar73I7OEABERT). ARG LTay¥a— YR, N—F
T EVT NI 2TOREPE, KAy vT—2rbbxa) T4, NLARE, ==2—F)V%k v b
T =27 Lo 728 4 REEF R il 2 5.

[FIEA AR TR Y AT 25y VT — 27 ZREVHHT 5 720 O FEBER 2B
& HERE D, MY T YRR BRT 5. FH - IRICB T 2 FRER, TR
72®1Z Microsoft Office & W TN L ERMER T E LK. $72, Tur/I7I /5t
B O A,

[70a 27737 1)Tid Python DFEEZBELTTUT T IV FOREBELZFIIOTE. T
Ya—% ETOBHROMY) Wb, BMEDMMA, Turs I v FFiELidme, Lok
T 2000 LT 2 HBE FTHE. 20%, 7US T3 v FEHEOBAN R T
R, BERPMEL Vo BN AR E AR T, HE SR 2 VT, T R ERE
T 57877 AOER LR, HEETELTHIIDOT 5.

[F—=FREEE TNV T) XL TIEWL O2OHERWZ TV T) X4 EF— 7, fMREOR
FRBIICEHET 2 T2 3R A v 7RFa—L 07—y HEICNA T, 75Xz b
WV, W=t 7 ba rREREL VS 72BWEB CTUEE LT IVIT) AL ERHT L2008
WhE#E.

3.1.2 2FERDHVF215 L

2ERTIE, TursIvrsoRBErsEz, AR TSI I VIl RER i,
70y 53 v rEE Java BHR,. 510, FT—FR=ZAXL 70T T L OKHAM, &
WP UE LR 5.

[Turz g3y r7gEt | CldEEN L 7T ar s A3ETORE - k2 #ERZTENTEDL, 77—
FHEBICHT 2 EAMEEED, 7077 AEFRBAOPTRAFEDONIMERRP 70—
F ¥ — MR EOM#ERX— R, BARNLRRFTORI - SHAOEARN MR E SR, Fok
T, MW7 VI XAGHOBRRLEZEN AL, 7075 LORREZRZHMAEDLET,
TUT T L EMALTTIT HiEgk JIIolr 5.

(a7 I 7ITIETur Iy FoREEZLAEZ, IWHANRTC T I3 V7Bt %
RIENTESL., F27ur 533y 7FiEd Java 2 lVwa. [707 53 V7 I01TIE, Java
R Python ZFHLCTY I 2 b= a VEERT— 9T O00F— 5 €7 v I F kx4
RZENRTEL, PlELELTEHET VI X LREYTHVA Y I 2L—Yay, N—=k T}
T ¥, SVM (Support Vector Machine, HHR— b7 M= V)5t wo/z7a s s 0%
TERRT 5.

[F—=F R=A|TIZTF— I RN—ADHAHE TSIV I EME L TR Y 257 4% H
BITDAFNVERMNTSD. BHRUHI X T LAOMEZEL TAFVOEBFO[RL S DY
oW, BREHEE S, WmENEE L BET S, £72 A1 Y -V TH 5 IBM Watson (IBM
2017) P L7 B O#R 21T . FAFTV AT AMETREMEZ LWZL, 5 F
BEEIRL, =0 E1T).

3.1.3 3, A FERDELESTLEFLE

3, 44ERTIX, HHFEORBENGENELERI LN TEL (4. a3V E2—% - F v b
T—27 VAT AOHIHR X 2 ) T4, NLHIBERENA VT 7Y ORIREEE, REMmDIEHR
B - BB 2R H AR S .

F=F YA LY AHEMEL Y ¥ —ICRE SN EEREOF A — N2 L TEB AT
I. FEHTHWLTF— s bHESIN, BWFHOT7T TV r—2a VICEHTLZ L5 TE 5.
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| F—4TUS=FUL I REE (RBRMHE)

RPN (A THE)
RS (B

BHRARRNY 7 TR =2 g VR EREDTF A —T 55—V I T, 94759 OFH
%, REOF—7 oMM GETHLHIH] - GPU TU T T IV IR ENTE S,

(&SR N TS T AT AR R CHE IO LIS b/ 25 B2 MBI L, %1
DT VAT AN—% 76 L@zl R, B EMrBlRro58T &R TE
L. ARG T VT XL ERED - ABRAE O EFY, Tur 5 AL AWML D B
DANS.

M+ 2 7 4 [T AT BT, BYICTEIT 57201213, &) o lfling
VEMRT, EDOLHITIIHRPHEFIREIHHATELNE V) L EFERILNTE
B, Ay NT—2 OHMARE D AHFEN - 72 ECIEER AR B2 572012, Fv N7 —
7 DOIBENPSEF ) T4 OFEKRWLRFEIHE THEFBNEICTINS.

32 F—A2T7FVIAZRBEBOA) X214

F=FT7F) Y ARBATIE, ZHeHEEZDIOTF—F %, B4 RO EMIZE U TONT
%7200, WBIEWKETHGTFEICHET2#EZNH L. No0#HREZEL T, KilFEoH
WPZFTRL, INSHEEOYMT, EOLHICHEATNEILI VAR TLIZLZHNET
5. 22T, ZLOF=%7F) Y ARBHIL, BIZIZTELEEMIAM]ESERMEN ] &
I &9, AEOFHICH L TAMGORH»MES 5. AP T, SHiFFEIED LD
GHMTHEDNTWS D, T, ZIhOHEONLHEOEREZHML, L0 L) IR
EhEFR 2T, BHENLEARTICELL, FHOBEBEIOWTESOTHL., —F, B
T, HHMEITFEOMBNE R, EHE2FEY, KA Vvom L2 X5, 72, ikkid, K
P ThE, FHABETHOCTERICT - 527 b0bH 5. HETET 550720
DY =N T T2 TWREELLHBENTWSD, EHEFH TIHEIC Microsoft Excel, R,
SAS, SPSS, JMP Z EDY — VOV E 2S£, 7— 7 SO A F V2.

Mz T, THEARRAE | RHAWEEI R I o AR EROEMEHEDH S, 20
ke arde s LT 1AEM O SIRAESE 2 [ SAEEREE I TTH. ZoHSREICE TS
HMEHE, HERFHHOWS O OHMEZIIGFT S 2L T, HEWNELOEREESZ L8
TX5.

321 1FERODAVF15L4L

1ERDF—F7F) Y ARBBRIL, [EBEF— 7002 ERIT, =70k
RHMETNEZORBEZER(X 5). T3, [REfEF— 700 T, BT — 7 RidfirT—5 &
Wo 72T —F DR 75 T ORFIZOWTER, T2, 7o AEF0ER, FEHHEPLHE
¥l o RRBHFTEIZOWTIHIEET L. X512, HRSTRPHRERY T — 71220V TH
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RIS, THEEMFEH TR, HEMWERZORE 2 2 BEMEERDE R FIZonTHER, T/,
MERERHER A OME L A, BTN ERPREL IR T 27200 T EEE 5. et
M E R EIT DOV TIE, HEER XS, FFHOEDMERTHEDOLBOBEL L,
AR RBIZBIT B TFEICDVWTEA,

E5IZ, F— 7R H O LEEHIEREYE A% @ U T, Microsoft Excel 2 ffio> 727 — %
AT ORFER D FETe. Excel ICHE SN TV AN T — 5 02479 72007 — VR Off
WHIZDOWTEDY, BN S 7= 5 E1r). EBEO®RMEL LTIE, FHild Ll
FrEOFEN ST D, MEMYHEERHE, MGG R0 0 72 &% Excel LTiTw, Th
LOFFEOHREIRD S .

AT ORI UL 7 5 B [T = 1R MR T# R, FRicZhooft e
1, B, BUTEMENTTHEL, CROFETHLFIIDFAIENTEL ) F 25 L
o TWh, [ TIE, ERHTUEE RLWBRR T4 T — B, BEFEo—fTH
bhoa—FUERYE, HEFRICEDANFEIC OV TEBINICES., MORETIco2wTd, ¥
FHAHER 2479 BT 2 % 2 BHBABICT T A RS, ERES T THR. [HERE]T
i, WURSATICBT A ROEBEHR, SZERMITIIES L F—F I BWTLEE R 517
FlECEHAMEOR S, N7 MVERZ EOMSSR EICOWTHEET 5.

3.22 2FRODAVF15 L

2AERTIE, 1ERICEAZNEDOMGRNERICOWTERIIL, it T — 7 o FEEico
WTHER, X5, J0ERLEY VR TarS5I v r2HWT, F—¥OooRBzET.
[WEaTE2E T, 1TAERICEE LB o €, BEREIE R K & iR
T AHRICOVWTEDFELLER, 512, HWHHTRIAELZEZD—DOTH AL
DR B RO BN D W T 2R, BEHNHEERHEIZ D2V T, BENTFRIIOVWT
FHT 5.
[ZERFHTAMITIE, ZERT—F 20N T 57200FETH 5 BUEHTRHNGH, F
WM R W54, 729 A5 v 7 EOFEORFELFED, ENEFNOFHEoOKER, %
LNIFERPERT LD DIZOWTEET L. INODOTHEOHANZEFMIZOWTIE, Kl
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K6 F=7FIVIARBAOA) X256 V) =3, 4R

[ZEBANTCTHEET LI LN TESL, T, [RRVIAHT AT, WRHTF— 5 %589
57:DDOFETH L BEIFHR L, HOCHBERESLHCHFET VR EDE 2 FITDWT
FRZEDNTESL., ZORBIZOWTD, HEFAMNR L) EEZ2NEICOWTIE, 3ERDIHR
TR ] THRZ ENTE 5.

F72, HEOHOY— LV E LTS ENZY 7 b 27 R ORI % [ R EHE HEEE B
THHEL, MELRT—F 0P R TITAS L9185, 2618, WMelWT—afrolzdo
V=RV T ry 7 e LT, JMP X SPSS OFIFH: % [MEHIER#EE AT, SAS OFIfEL
[MEHIEHEE BITHAZ ENTESL., WTFho#RD, FHEREHOTEBRICEIEL RS
F =GO EIZOWTHFZRD 5.

3.23 3, 4aFRDODHVFa2T L

SAERTI, L DMALZKIHEERITRONFELE BT 57005 HH#S
N5 (3e6). BAMICIE, THEOEWMEE CERLMHZH- TWAHIANA PG, B3k
BOWTLERIRZ[WEEH], B¥ET— 5 % EOFN THV O L [ A FRBET 1RE K
T — 7 AT ], BERIEED S ZIKNESTITEN 2T 285 X M) v 7], T4
DANTHREHM B CTHLNREETH L[ RWEE % CORGTFHREERI LB TE S,
F72, BMAMFICBT 2 MmN 2R E X DR FERMERR]R, Ml E217H) L TREE
A RBALERIICOVWTHHERIENTEL., ChAHORETHRARTERE 2 %, 348
RO HAREICHIEE 5 PBL EE I2TE0 T

ZLT4ERTIE, SOIEALZRIERZ I FRW A, B, C, DJTHEAI LN TE 5.
WEE L LCid, #etmdfEsn, HHRSME, HHhasi, sHERICED CRETIHEN O B,
IR EDEE NS, A FEROBHIIBERBEOTFTETH 5.

4. TAYAILAHEEY K- T 3FEBRE

INFTIHH L CELAVF 2T %2 R— b T572DI, DST—= V7 - TV EH
BHREYBEEHEL VA, 7, DST—=Vv 7 - IEV AR T =AUV AEHOH
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BXBOTETHY, BEDOLDOZPOREZRMEL TS, Tudc s ¥ -k 74 bR—

FA2HTRESN, I—FT414 VIRATEICFEHTAZ EFHERL. Zofiicy, ¥—%
T AT AREEEORE, v arhEfhosl, FLTHEEGEESTR-ITLF2—
=L T 5 (2017 FRIATIEEIC 1 90 4). EHIIDST—=r 7 - IV ADF
PSS NITIZABI TR Y M Pepper)] (V7 MY 270X T4 27 2HR))DFEEHLTEBY, Fur
TIIVIHEBEHIN TV A,

KIS, FEAELRZRIWBERFERIF Y V520 ETH Y, BEFWELFL TS,
COMiFIE, FEICHTHEE L, BEICHTIHELRTERL Twb. FAEICHLT,
FBILELRYROBLBLOM, FBAR—ZANOI—F4 V7R IO T—ADTH,
MEGFESEEM P HEOBR LB L E2ToTWwA. HEICK LT, REEHMM O,
~—27 = FRBOHEANY, FDIHHOXELR EXIToTWA.

VLED X ) B L SRBEXBANOL LT, F—F I ATV AHEFE2ToT05.
TFRMITIE, TAR SADTEHLME L TEBY, FEHIWZ 210- T, HEXEE S HI
FELITITETH 5.

(1) BEARHUTH & F BT & DR

BHRPEERPFERBEFELRETLIILIL ST, FHOEFR—Ya v EEDLTE
ZfToTwa, Bz, BHIZOWTIE, #athog, MEEHRE, 7T N—ZAAXY ¥
Z bRER, TOEIC, BiMLRAE, ARKsrLEAE, Hi8ERBERE, 75U A MRBRZ
IR LT, ~ZOREERGFHLZ LD L THENSZ 5N, FEEICOWTIE, 4
EBOREPET 2 5 B FEBREFE & L TEERIIREETAERT L L L HIT, Kk
- A E ORI ER I B ES R R | L AT 5.

(2) 78V a3 > OB

SHEMBE Y 7T =Y &M 1TH72), BODOYV T T =T R FHHMRIEETTA
YA E L TWD, T A T AT, A — v arofledEREL
TBY, BEWZ) =XV avEIATLZODEF2) T4 V7 bR, LA LRERERD
728 @ Microsoft Office 2t L T3, T2, F—FWEiicBIT 57— OMEDILIEZ
BH T 5H Bl Y —)VTdH b Tableau X° QlikSense Z FIH TX 2 BEA2RMA L T 5. 2L,
T=80Hy 7 LT, 7V=V 7 FTHERDALLT, IMP, SPSS, SAS OFIHER
BriZTns, SORLEELRITDIZD, ArcGISR 7 97 FEREORMEHIT-TWn5S.

(3) JINSE L ORI JINSE & DBH D)

JINSE 13, 2012 GV 24) 4 BE R A% B 5 L M BUE HEAE S5 [ 7 — & 12360 < MR I A
BRICET M BRI E DO TER SN Ay T =0 TH B, Ly P T =T %K
LNE, WEOREE, KBOKZE, BAWMRERZEREKZE, FIlERKRY, SEBERE, VHKRE, B
MHEKZE, FEMKZED 8 KFIZI VB INTW 22, 2016 FFE L D #HEREDMb 5 72,
2016 AEPEITHEERE, A7) ¥ 27 ARERH, HRAERRE L TEML, A4y FT7—27 DK
EL7A) F 2T KDL TFRAPOREIL b 72 CaIF - IEF, 2017; #atHE K5 M
HWEER Y N T — 2 2017).

2017 HEPSLARL Y b =213, MEIFHEEE R v 7 — 2 (Japanese Inter-organizational
Network for Statistics Education) & ZHi 2 & 2 CTWA REIEE#EEEA Y b T —27, 2017). #
BRFFFIEHREZOL Y VT —=ZI2BMT 5 2 & T, WA JINSE OAL3 % Hbr o FIH
RO, #atioE 2 FIH L7255t 0 228 @B 3l O 547 2 47 - T < (A il 2015).
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5. PBL&E%

7 — & BREh I PBLEE R H 2 1 SERH 5 4 SERF THAEEKET 5. IS O TIIER
OF =5 EZFMAL, M4 REEEZRARY, REBREEWRET 5. 1, 2ER(FT—F AT
YAANFEE, T YA T AT 4=V FT— 2B TIE, FORTVHEICERE L, W%k
B 7 M 24T, MHEAIE OB ZREAER S, 3, 4HERDT— ¥ A T 2 2 FBAMMER] 35
BIROCI, =734 2 X FRERMEAEFEHRZ I RO T I IBRTERBINS.
HHAKE YT 5 Y I TlE, BREER Tt —TF95—=V7, 2y FT—2, Web 70
I VB TbNS, W REEIHEYT 5B I TR, A8—2HEE, KRR, Wi
Wk EOMETERBRME LoD, F— ¥ oHEEMTbI .

F—FHP AL LVRATIX, F—FITyI=7IVY7, F=¥T7F) Y ARIMA, MiHEAEDRE
BAMAERLZENEEL LD, INHOHEY T, HICT— 5 BITORBEBAERS 7
FTIERL, UTOBRB2EGIET, F—¥H 42 AW HHE, BEREED, 7—7%
OB RIEMOBEMNEZMY, Z0 9 2 CifEALEOREZEAQ T L.

kA B THIIBIT BT IV A TV ADOFHFEFL LT, T—FH A TV ZANOHK -
Moz 5.

s EBOBMBGIIBNWT, T—FNEDLH) RIBTIESK, EOL) LBEO-OIZHH S
NTWEREHY, B0 F—y 025,

s EBRO T — & H W 0W 247\, MifEAIE O % fite.

FNOBIEZITTIIINLZLTER/TAILIZTE LW D, Ke e, BE, K¥%
DI BAV R TH D, FDi2d, T—FH A T AFEFTIEZINFE TIZOXR100 2L Eo 4
¥Eroarvy s bERY, MARKELCEL, 2095, ERICGHEEICES72HDF 1~2
HMETHL. MENICTOLRBBEREZ B 5720103, R¥EEEELMEEZRITI TV
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Shiga University Model of Data Science Education

Akimichi Takemura, Shizue Izumi, Kunihiko Saito,
Tetsuto Himeno, Hidetoshi Matsui and Heiwa Date

Faculty of Data Science, Shiga University

One method for extracting value from big data is data science. The technical founda-
tions of data science are data engineering (information science) and data analysis (statis-
tics). Shiga University established a faculty of data science in April 2017, in order to
cultivate data scientists with liberal arts educations along with skill in the physical sci-
ences. In this article, we explain the content of data science education at Shiga University.
First, we summarize the Shiga University Model. Then, we describe the curriculum for
information science and the statistics of data science, respectively, and we describe a
learning environment to support these curricula. Furthermore, we introduce examples of
cooperation with domestic organizations for Project-Based Learning (PBL) practices. We
anticipate that many universities in Japan will strengthen education in the field of data
science using the Shiga University model as a reference.

Key words: Big data, project-based learning, active learning, MOOC.
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A Large-scale Testing System for Learning Assistance and
Its Learning Analytics

Hideo Hirose

Faculty of Environmental Studies, Hiroshima Institute of Technology

One of the most crucial issues in universities, where a variety of enrolled studentsare
educated to the level of universities’ diploma policies, is to identify students at risk for
failing courses and/or dropping out early, to take care of these students, and to reduce
their risk. For this purpose, in April 2016, Hiroshima Institute of Technology implemented
a newly developed online testing system to evaluate students’ abilities into the follow-up
program for fundamental undergraduate education; the system is based on item response
theory. Since then, the system has been operating well. The subjects are basic analysis
(calculus) and linear algebra. The accumulated learning data are sufficient for assessment
of primary learning analytics. In this paper, we describe our case as a large-scale testing
system for steadily accumulating learning data, and then explore whether we can iden-
tify students at risk by analyzing such data in the early stages. It is worth mentioning
that risk factors that were originally ambiguous have revealed by statistical analysis of
the data. Although the academic subject examined in this study was mathematics, this
kind of system could easily be applied to other subjects, including statistics, statistics
education, and STEM (science, technology, engineering, and mathematics).

Key words: Learning analytics, dropout, follow-up program, item response theory, learning check testing,
adaptive testing.
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Consideration of Realization of Lessons with Statistical Problem Solving

—Focusing on the Differences between Processes Using Existing Data—

Kazuhiro Aoyama

Department of Mathematics Education, Aichi University of Education

Statistical education has been fulfilled in next national course of study for elementary
and junior high schools, especially focused on statistical problem solving. Although in the
guidebook of course of study “PPDAC Cycle” has been presented, it is very difficult for
teachers to realize that in their lessons. On the other hand, it is easier for them to do
lessons with existing data. But it is different with PPDAC process between lessons using
existing data and not using those, because there is not the process of gathering data with
lessons using existing data. The aim of this article is to analyze the differences of PPDAC
Cycle through lesson examples, and derive suggestions for realization of statistical lessons
with problem solving.

Key words: Statistics education, strand of the “Making use of Data”, statistical inquiry, PPDAC Cycle.
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i, FRELELRIELSNTEST, HEORE TOFAZEZZCH, ThHDIOLE
WERIEADBEFLEIKEONZ. BBINLORIOKRETOEREY AL LKL T
Moz, TNHIEHTE il (20100 21X LD ETLHREOFHENSATHRBOKMETDH - 7.
INHDOZ LI - mH (2007) 2SR RTW S XS IR RHEHE ORNS S AT HHKEF
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2, =LA LHMREROFAEL, HizMilzals, Fo7—5 I haoRkER
BEIENTELAMZEERALTVAIEEZATY, TRODBDIPVETHL I L EERD
HEEIVETH S.

COX)BIRWT, SHICIoTIIEAERLEEZITIEZADHLH, HEMLRFEHIC
o720, BIZEBLTOW R o 0 BURTH 5720, KRELETOME - 7— 7 0WICET
LEENOBERIIEELEDbNSE. COZLIIHLT, RFHETROOLNSLDIL, HFEOIEE
LR BRETIIRL, HEERZ, HAFAERLERL L L-FHEINE o T b RERIZE
RO SNz, —J, WESEAT HEBAA SN S IEED R WBSE O RE P % AP Ik
POHRELTLHV, TSI MG BRTEIERRL T — 7 21 M3 5 0%l EMT 5 2
YRT AT a VEIBML, TRLICRYMEBRETESERID T ) E TR o7,

HOFMER L EEICB L Cid, HsERERERDH T RN Rh o 72h, BRERLIHFFEI
TERRENAONDEZ NS, BEFIEDLLIBIEICBNT, HEHFOLITHE LT, #
WAERPEREZIIODWTDLESE, EFENLI L TFICEZONS.

SEOEREBE LT, S TORE - 77— 7 S OWEHITOWT, BAEINMEWER DKL
SNz FRISHEHENT Y 7+ 2 TIZOW T, Excel DFANE L, REEDHM 7Y —
VI MOIERBREREZER L TRV EHRERESNZ. F5MOFETIEREEIICE
Do 72h, gacco (FIE gacco, 2017) R EDF ¥ T4 V THMEFERT— 7 4T 5
WEVPFROBEIMEONTVWAEZELDH Y, elearning DFHIZOVWTHMIETRETH S
EEDLND. ICT DRBIZLY, LVHEICHLTF— OIS EICRLEDEZONDLT:
W, SROKREEZHTZ, LT LVWTF— VAV AHFONEOTREL D, KRNEHY
FaTAOREXESHOPELE LTV ML TFETH 5.
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Status of Basic Statistics Education from Survey Results on Data Science
Education

Akinobu Takeuchi' and Katsuyuki Suenaga?

1Faculty of Humanities and Social Sciences, Jissen Women’s University
2Kagoshima Immaculate Heart College

Since 2010, business journals, the media, and other entities have begun to focus to
statistics and data science. In education as well, there is a similar movement in elemen-
tary school, junior high school, senior high school, as reflected by the courses of study
presented in February 2017. Although statistics departments are widely established over-
seas, they are not commonplace in Japan. However, in April 2017, the Faculty of Data
Science was established at Shiga University. In these cases, education in statistics and
data science is important, but based on research studies published by related academic
societies, it is difficult to say whether its significance has been sufficiently recognized by
teachers and students. Under these circumstances, we aim to advise everyone of the im-
portance of statistics literacy and basic data science. To this end, we conducted a web
survey. Based on the results of this study, we found that many people have not studied
statistics and data analysis at university, but many of those who have not still want to
learn these subjects in the future. In particular, they wanted to learn how to collect
data and materials, read numerical values of graphs and tables, quantitatively recognize
problems, and analyze data using PCs and statistics software. However, many of these
abilities (e.g., planning experiments and data collection, analysis of data to explore factors
and prediction, and problem solving based on analytical results) are not realized at a high
level at university. These findings are consistent with the results of past surveys. Some
companies conduct collective training. However, many companies are expected on volun-
tary learning, or not being implemented. Therefore, students expect to learn statistics
and data analysis at university. Over the course of this education, they require not only
lessons that communicate knowledge, but also hands-on lessons such as exercises, social
surveys, and experiments.

Key words: Active learning, data literacy, data science education, higher education, teaching methods.
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Bt 11 7 — 7 O 53H N2o» TEB IR EHEL CUREHEE, 2009) TN HARM 2 I3k
DV ET LI ENRYIE LTWE, 3L A EOEFEIREM, 58, MHEREZ
E%RD BEHERMEDHLIZHD T D (A - ]I, 2016) . MEHEERBFETIEILO TR
BALENZ2E 8D, HYOBEIHEBFRBPITLAELVOTERELHYIZT LI LD
v, ZO L) pBREITWT 5 720 2R THREEDN TV 25 2 /AL, FRHICH
FETHEH LZNEZHE TS AT LOOHEMIZIER L2 EE 2 T 7z (R b, 2015).

B, SRR L7280 3H < £ THRKRABRZ 1T ) P TmetsfibhTwa 2 L2 AL,
ZORBRIMREM, T, MEl7 7 7R EINETHALRILEZEBETHILEHWTHY, K
IRABRZ DD DZHR 5 T EVFHMTIE R,
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2. ¥MBEARICIOVWT

2.1 LHEBERIARLOH,

AHFFE (BRI BT DETEB OBHMBI) 2 A % — b L7z 2015 EE IR RERICET 5
S 2 — AN H (2014, 2015) FE TR LiFshTB Y, BRABRIEENICEE LTS
CLEERETO Db Tz, F72, BEROHUBOEANFGEOLHEF v ) T/RAICD
WTHSTLSIEENDHNITIVEEZ TV, Lo L, HElMFEEFOBMEIZOWTER
HTOWPNIZIEFEEAELZVLDOD, HE—HDBH - 7R E ’z‘oHZoﬁﬂﬁiiLlT@ﬁV)Tﬁﬂ)
(X 1, =18 fb, 2016), M EERT 52 & TEL DAEREIZEZIZOWTH>TD S ) 720D
KoMNFIZhbEEZT.

BRI Z AN L 72 CHER R CHEAZHE RN SN B EB N TE 28 2 ER L
FEETHILEZHIBL:. FFIIZETIIER L 28M 2 W CTROFIETERE L 7-.

(1) AIFEDFE & BIRRBIZOW T O MR %217 .
Q) EEWREEZAA—VTELL) RIEELB ORI T — 5 O 2 EEIERREE 5.

VERL L 72 B DSBS BRI 2 T EEMIC R ) 350w &) ICHFHEE @j%#%
MR % AT 72, Z D7D E C72MEIZOWTIE 5 BT, 1R L 72800 o BARI 2 NEIC
WTIERFEIZB W TRIEEDRH & & b IZih~%.

2.2 BMERICEATIEESRICONVT

[EHA BEEFEAN]E W) NP THRETPHEDLNTH 212 MY, WEHFHEHAGH TS 2
L THat oA Z EEICHEE S S 5720, S OFERIESER OBMIEBIZE LA 3 JIZH
L7z (834, 2006, 2013).

cBIOFEDPHSIRT Y, FEAEGICHED LY THREDMELITVAE Z L 2 EEDPEE TS
L2TRETS.

e Ty LB SED. 12L, HEITHRFADORETHHIL2EEL T, WK
AERICB S 2R EMIC R 5 2 WIRkE T 5.

BONLT— S - M THIZH72Y, BLOFRBGTHRESNTHET 7 7 4
T Tyl AR,

—= Column 7—5«L§'J< EBRE —
BB &) - SRR 00 AR sl ik 4 8 2
LoF—2 kT E, FERISH L TRRORBOR
LR RET B RFITHEE O HRAET
— ¥R INFTOHMOFE L7 — 5 I TH
BOBRTFWET) o BERNE, BMRLHE
DRFEF— 5 ITHETERERTER SRV,
By H—RBREEDT T K-y ORI T, )
RO OREEEE O & 7 — 5 1SN T i
Twd, COLHKRRHATIE, B - BiEk - REAXELL0H 5954
BTHERICTb L BRRER, FBNHE (F—5) L Z20EW 2
B (Eh cRDwTifbhTwa, chig 772 b - arro—n (F#
HEIZHEDLER), tvbhd, EROETA IR Y FORKESHTH D,

1. HRED I T L (—FHE).
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3. HFRIREICONVWT

FTIRUDICERDHEFZOLERZEUONE L) ICARICHET 2#BEE[F— 5 Doy
WIDEBEBTE LR FOEMEH I REE LY Ve LREETT v 2REL (R 1,
2015). LAF, HFHEICBWTER L 728 OME 2 RERBONAICHN T 5.

3.1 HRHREOHE
MHEBZ 5> TORPHREL VIR TOE/TIED - 722%, ERFREAHLDOEFEZT T
37 <, MRICRETORIRD72DIZSIM L 72 & v ) EGED 27.3% iz,

FERERL ¢ FH R B A 2 B s S (R TAR)
FEftiH : 2015411 A 14 H (1)

1HEMH 13 Er~14 8

2 BRI H 14 B 10 40~15 ¢ 10 4
XK ERL 2, 3EAEOHLEL 2%
WL LIEMA W, N

2BEHIE BRI, FEN
BlEsE  LRERE R, SR,

QWEIE I, IR, A

BEEYbEM U282 ERICEM Lz, 2B, HERBRFTITo7. 1, 244E1Z
FICHFDOEE DD EE 2, SEERFICEFDLOEEZ 7. 3ELEDOFITITRH AT
WOHE AR E VI AED Wz, 22 THREMAICHKEYR D 202 B L CThze 2 A[H DL
Bz T AR 41.0% 7o

3.2 ERRHEBROBN (1 EREB)

WEOHEMEPHEYL, KDOL) BEFE»SE L.

DL L DONIIRFETU S SNZZHERL KT v 7 A b7 ETHEAMICHZRL T b7
EERDITHRARLIERIZELARY, Tol WAtz eid3hw]tBoTwad, LALBE
IS AD WRIIEEI D WA D WA, FERIZIZIEOBREIZAICL BTS2 EDEFICKE W
ZEFHOENT WS, FOX) P TIZORIIZIDE I B ANICERZA) L) HEET 5
e DIIIHET O MBS L TH 5.

3.21 ERFENLSICDHNBD

FEUOIZ, FIEBTELETORNETOLILATA F(X2) 2 TR L.

AR AT 2 BOFERE RO 55T LEohe) Yy Tl wo 2Bk b DI
LT HLIE, BETIEA—S—a v Ca— 2RI NTVLRY, 20Ok 7%
BEAPEENLE /D LN TELVEELREZE Z LICK YRR & & QIR 2 44
DEBE - DA F > T BT 272, FFIERICREEZENTH 5o 728, Hats2
FC% ARSI B8 27.3% H o 7.

3.2.2 bHULBKRAKELLEL-EH?

RIZ= 2 —AETIIA > T BEORKRABICOWTIE LWHEREZ MR 720, FRRERBL
Lidolzb ) bl onToi%E L2 (K 3).

ERREE Lah o725 P TOERRZEMlbr L. LT, PHTEZ2WE
TERDAE U AGEMRIEDNH 5 Z & 2B L 7.
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BEEDLSIZHKDND? L. BRRARRE LA 015 ?
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FRATEG
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BOCLH DS
HHORBERE
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BROPH @ N 201067188 EHEEBEBIHE: £LBMER !
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Otson H ot . Rogut Toxicol Promaco!. 2000:32.56-67.

2. FHHATA P L [ 3. #HEIAF 4 F 2(Olson et al., 2000).
EREREERZ E D KSITIT5H FRREAEBROA]: £T ILRBRIERE[DET
EFCHERERA S =ERRRE T EANBLEEQBENMEICRIFTHE
=178 > =148 = 48 = 1V 1 AR BEFEOETOERBMNLEFENNENEMFOEEI0E
LHO ) LD R BE40%
RELERE BEE BEE i StA =%

A& HRIZ

I
ZERERREXR |
l AL Bt
H’E [@ BBRRD FRORAE MERRE .
E ‘P IE A

'/‘ ' ' [ 7’5tﬂ<tﬁizAz§ttz<g, |

4. HBHA I 4 F 3(Chow et al., 2017). 5. #HAF A4 K 4(Chow et al., 2017).

‘ T54R HEA | 18R

17 A8
HRARETS5ERE
i)

[ HFRAOHAHNIENED=ERELLCARTHEIREE ! |

3.2.3 BRABEZEDLSICTOD

CCTRTEHERERPEIEAL L Vo ZHIRRABRO Lo AL 53 (I, 2016; FH%, 2003),
HER B AT B IZ D N T D 2 E R RICDITbNTwD I e 2 H 272 (K 4).
MU EHEEDRH S o 72O THIIZHKEC B X A>T,

324 bL, BHELLEDL LD

FEBL L A= A= N2 D8 H e o 722 2 T Bl 4 DIREIZ DD 5 DEEDOR)
WE TlEb D574\ (Beecher, 1955). 2T, =9 2 E£OTHKTLLENDH L L 2#E
&, BN BFEORETFE L CELIF =y OGN PRI D Z & ZEE ST (K 5).

COLHICTMBRBFTICBITAHEIORELIIRLY, E0 LX) LB TR LE
WChbhr, BIROFEZHME VPO AES TR LMA I LAITE /-2 LT, ROKEHA~DE
FR—=T g vk ot.

3.3 BUERSEBROERE ZOT— 200 (2 BEHE)

3.3.1 BLEERRBROAZE

2ODFENELTENEN 20 ANTDTF—% 2HE W —F2 ANTBL. £RFETELSD
2R SNEBEOT—7 (UTHEEL V)) pREZRS IR EBEDOF— % (DL
TFIEREN)) RO RVIRETH — FE25IhE7/. EBROEEREL 3RL 57,
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BrCTHEERZFEH LB LIE =0T, PHORZLVH=RAIEIE VI ERENDH LD
T, FOREOBREZHH L TERILOA A=V REZL LD ER-AT. KIFETIZZOROM
BEMBIHED L0 2 0DFICAE Z 2T 72, ZFOR, KKix AR, BEEERONERT
H5HI)N, EEPYHART VL I I AR, BREEERZLICLE, 20X ) ICEED
BETHERTEDLIICTELLITHMLZ L2 DY, BERIAEREISIIRD LD
LYW H o7z,

WG LBROMEORIE?Z T TEEORRIHAM TELDTL £ ) 2. KEFD
BHEIZBR 2 VOTL & 9 2

COEMIZH LT, 4ENdE 5RO ML D&M 2 DO THi> TWa LW ) FifE Tl 72
CEEBHLZ. MAT, EBRORBTREGHOMOMWEL, BELR/NRIIHZ2Z L0
TEBLIBHEARET S L OB L.

B, AIZIETITIRIE A (dietary sodium reduction) ASMAF I AT T RBUI DO W T DR
(Pimenta et al., 2009) ([2dH o 7= E % b L 12 2 DOFHEDO A AB DM O CEMHE + R
DL E SRR UFEAE S S BUELE) 2 B3, 77 R HEOMEICHTTH — FEE
L7-.

332 7T—32%EWA

BOEIRREEZIT o 728, T FRELBWTTF— 2D IBICTF— RO VI H
T 570123 EDL ) RIEEVNLENIEEZ SE, RO4DOFBEHREAEE,ISEIHRLE
235 MEELAIH 2D WTHE L.

e F—F B EEIZIFHED LI VIR EZEL O TN RIS WL ) IESE
T 5.

o FALBIERPUEZEINNIBEREDE D 572 W2 L5004 EOFMEHZ Lon D &k
5. FHMEEHE 2ZBINICHBITE L L) b DO TRV EFHMEICTEBINASL 720 M T —
FHREF L\,

s M AMROGIEE T LR EMEH RIS IO D, 728 21F, Tl L v WEe

DEIERZBL DD TN —THF o WwEIIITE0TH5L.

i E O EBIRHERE OB VAR IFERIEA LAV L ) CRF L BAWM A ICEDL S 2K

AEDPBOLILHRVEIITT 5.

3.3.3 FT—REMBHLLD

RN HETH HDS, F—F &2 25T, TTIEHHERCEAERSEZ RO HHE 2 — 7%
EOETIiol. HwT, YEROBETHOHMHL TR LADD L EL, HERLE2EX
ARDDLAAIF, CAMNTTA(H6) EHOTHEEERADL TS 7RO R DRERT— 2
¥ — b (RS HR) % #efi L 72,

FTRMEAMATT —27 ¥ — MY HFER. BEDFRTIZIMA - X7 = ZV—F
S BERIEVIFENTEBT LA ANERNS Z ENEV., RTLUBOFEBEREIZ[Z O]
EVbNLFERFET, % - hEHEFORLE TR 77747 - 55—V 7YY RATHL
—EDOUNAARITH B EEZ LN TS (R, 2016).

ZIT, BRTHZ TS MNTENIEE IS EHRHICIBR L T 2 H ONFINC#ENRL L C
HNEDLOPELEALTH AL EIEESINV. AERBEFHE LTRALTWEH
BEEIH2D00, FHAWICIFKEL 2 TIVWEHETH 57-0, LD HMFRB SN
%% 2§ RAME - /Ml Z > TMMFOERS 2 T Wn 5 (K7).
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Development of Teaching Materials for Statistical Education: Practice in a
High School Mathematics Class
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As of 2018, data analysis has been included in high school mathematics education
for 7 years. In this research note, we explain how we introduced a class practice using
teaching materials developed to promote the learning of data analysis. Following lectures
by experts on drug development and clinical trials, we explainedanalysis to the students
the relationship between these topics and data in a special lecture in which these mate-
rials were used. Students also participated in a workshop that enabled them to review
the contents of the data analysis in the same class. We also introduced another class
practice in which the materials were used without the experts. The class was taught by
a conventional high school mathematics teacher. Depending on the impressions of the
students after the class, our materials may be useful in mathematics education.

Key words: Teaching material development, improvement of class, statistical education, mathematical edu-

cation.
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A High School Case Study of Statistical Education Practice after
Completion of a Unit on “Data Analysis”
—From the Viewpoint of Fostering the Ability to Utilize Data—

Junpei Sakai and Yoshinari Inaba

Ritsumeikan Uji Junior and Senior High School

2016 marked the fifth year since “Data Analysis” became a unit of study (i.e., part
of the content) of “Mathematics I” in upper secondary schools. However, based on the
analysis of the University Entrance Examination Center, few high school students enroll
for the course on “Probability Distribution and Statistical Inference,” a statistics course in
the “Mathematics B” program. However, to enhance problem-solving statistical education
in elementary and secondary school, it is indispensable to further cultivate each student’s
statistical literacy. Therefore, we considered it important that students routinely deal
with actual data from the elementary/secondary stage of education and are trained in
the concept of uncertainty. In this paper, we report on the practical teaching of inference
statistics at a high school. At the beginning of the practice, there was insufficient estab-
lishment of the understanding of “data analysis,” and high school students were unfamiliar
with actually using the data. However, by exposing the students to lessons, exercises, and
cooperation with others, we were able to see how high school students utilized data as a
learning task.

Key words: Data analysis, inferential statistics.
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A Practical Report on Statistical Education for Undergraduates
—Active Learning Connecting Deduction and Induction—

Gen Ishiwata®?

1Department of Statistical Science, School of Multidisciplinary Sciences, Graduate University for
Advanced Studies
2Faculty of Engineering, Shibaura Institute of Technology

This letter is a practical report about a lecture introducing active learning in un-
dergraduate statistics education at a general science university. The education method
introduced as the development of active learning is to impose a report preparation on each
student according to their interests. The purpose of this method is for students to under-
stand through experience the way of thinking of the statistics by connecting deduction
and induction when they will integrate, without being conscious, a thorough explanation
about deductive content in classroom and an inductive thorough by the voluntary activity
at the time of making the report. This method promotes positive activity of students,
enables them to obtain a deeper understanding of statistics by analyzing familiar data
about themselves, and improves their satisfaction level.

Key words: University statistics education, active learning, deduction and induction.



FAET L (2018) BEETRFTEE OF B
%66 % 8515 167-176 [ffge / — 1]
©2018 AT EFITZERT

hOKRFEEBED 7 1) » 5 — 12 & B R EE A
SR TH B 72D B 7 5 234 XD

BT =Rt
(ZAF 201746 H 30 H ; kgl 11 H 23 H ; %R 11 A 27 H)

= =

HENOEFEDEE L EHE IR, EHLTERTIEETHL 7V v -2
W, BHETHFHENH SR 21T CHOBREE % £l d 2 ¥\ RET S, =
DIEHTIE, FEEPHBICEE L7 — 7 2N THFREOB.O 2 208, K82 E
MTHEHNE)PRBESNEERDY A4 ZIMEAFTSH. OV A4 ZFHMMREGEIE 7 IR
YA ZEFEBER) L —8T 5. FEHIRRNERDLDCLELRY A X%, GREHAEZ TV
HHIGEBGTH UCEMIE L7z, BRKIE, Z2HOeA N 7rSa%2mRL, ERGMHEPTH
LEELDENEIDERRDLLDTH D, TORE, ZEBLIZEEDY 4 TOHBEERIZON
T, 80D T AIBWT, FUMEREHNOBEI T T L2FHEORTIT 12 2Bz 20
BETHLIEND 7. THIETHIEEVERLIIZZLZVWOT, ERNGERY (4 X%
2 GAFAZLYKELTHTRPLETH .

U=y =, REEE, ORGSR, T A

1. 1FU®IC

FErF0FBHIZB W T, PPDAC 374 b5 Problem, Plan, Data, Analysis, Conclusion &
W) HEODFEZANOKFNT 7O —FOFINEIH - NG ESAEEL ShTwb, EL
(2013)iF, O F—2 L LT, OFFHFELE->THLOHLETF—%, QHLF—FEKIC
MhbolrF—%, QENEERBEBEEINRTVWETF—%, O3 b0 12 OB, 3 57—
FREMELTHRHTAZEDNLET LWVE LTS,

Wk, FBREOEDbLF—yBRICEbNTE L FEOOEDE LT, 1 HHDIRETHEE
HIT B2 EMMAETT— s 2 AR L, #EREEFT—F 2 EH - JEEL 2 MHDRORET
BIE L CTHAT 2S5, ZONETHEDLZFEEZOBET— 712, 0 (2013) DIgs
1), @BV, EHEPELERESZ IR TE 5.

70 v A —EREANOFEZTRE L72IERZ AIREICPUE, UL TERILIEBETH S
(BAK, 2009). 7V v A —1ZEIEOHEROXE L ERNPTRETH 5720, WitFEOEFITH
57— OEFIZH WL, PPDAC % 1 HORENTEMT LI LN TE S,

T, HETOBENIZARBRICHET L LD TH S0, BENTEIENHLIT) 2 LA
TEXLEBRPLLERINTVA. Galton (1894) IFHOB IR B 2 FAE$ 5 HFLEE TH
% Galton Board % L7z, f# (2008) ZFERIG GO % 5t L T8I L 5 0w

THAKRS BT 0 T 520-2194 #558 BRKET M HARTLHITE A 1-5



168 MEMEFL HeeB H1Hm 2018

EERHPT DD OREDETEDOY AL 20alH 4 F7 12 H2EZBE2RIEL TV,

20y A—%HNT, BRBARHEREFVIZESVTERINEF—F 2E/HLT, F—
Y ENEHOERTAIELWRTHS. TOLH)RHBE LT, FEAPMII L TER
MW 2TV RE O BRI % BEES % Rogers (2003) DE % Bruff (2009) 25N LCTWwW5b. F72,
Gunderson and McGowan (2011) 1%, 7' )V — 7%#E T PPDAC T XRTCHDAT v T ESLTL, Data
OBRBETIEZZ ) v I —Tr 7 AEERP SBERMMZ4T9 EEHE L T 5. H8 (2014) 13,
7y A= HT, BHEFEER, BARMM, #ELvoMErFoMezdiHly 2 £z
MELTWAS.

D/ —FTIE, HEFRMOEELEHTH L OMREHZ IG5 7 — e ZHH L
WEEEB R IRET B, TNARENTH 57D LB F B ER (7 5 A% 4 X) %, BRIHK
FAEORERZHANEHRTHNMT 52 LI2X ) FHEiT 5.

2. RETIFEEH

2.1 FREHOMREFBEE

COWEE, FEEBEDVZ ) v A—THSLBR L7727 — % & v TG RE BN 8L § 5 61
ERORL, FEEFEHICMHHL, TOEHEEBNICERETS I LABHLTTYS v Sh
TV,

BOLRSATNHE) ERER X, (¢ =1,2..) KHLT, MFELEEY, 2V, = X, TED
5. Y, ZBREEALL 72 Z, DOGAED t — oo ORERR TERHE LB 1L < &) DAL E
HOFHRTH 5.

DUFIZaB N2 BB O 48 HERE,  RAZIE 7345 \2HE ) MERAE DN D 5347 % v Lo R B
FEMALTTRTEDLI L THAH. MBI, MEREROTHESHERETE 225, POmR
EHOFEEMBL TRV RVAEDIZ, EOX) L PENTERVERFTH 5.

2.2 71 yhH—DOEEEDRIR
ZZTI, ROWELZFEOZ7) v I —%EZ 5.

(D npuston TOR T V2 ZTBY, FEHX, HFHOHRE L -REREF IS, B
0,1,2,...,nbutton — 1 DHFPL =% FIRL T ) v I —TERFRLTHEET L Z LT
T&5.

QHEIZEEL, IRXTOFHEORGBOMRIE, 3 =V 7 2T 2HWT, &E
DOEFIHEBT T 7L LTEBHEIIRT LI LN TE S,

2.3 FHIBRRIEIE D EER

FRENRT FATHAL a0Ra, V2o TTF— Y 2R TELMRER X, %2 5. U
TCIE, MERER X, IV —A 54 B(l,p) CL72D)b0ET 5. HENIZIE, m AD
FREPCDLLDET 5.

HVIABTRCOY, DfE%RZ7 ) v I —TEFBTES72DITIF0<LY: < nbutton — 1 TH B A
BEhDH D, ZO7D, WEEK X, O5AL Y, OEHRID 0<SY, <t PRV T ST LIHER
LT, 0<t< noutton — 1 DEPHIZ t ZRATHL.

(DZEBEN, Y, ORS 5% FHL, BIEEOIR LIRS RATY U v 5 — Tl
=45 (K 1).
(2) ZEBHEDRL (X1, Xa,..., X)) FHKL, Y 27T 5.



BB EEDEIETD B 720N ER 7 5 AY A XD 169

ES
EEEERE |X®1EX}EE$I
12 X=ol 3
3,4,...6 X=1| %

1:]“
i

L.?’L%Et—g@&% Yt X1+X2+ +Xt DRFIE?

l
i it ‘ \1 \, i
e '---‘ ] A-I-n " s I -

t=1,4,9 TOHRDIER
(=X [Vu=Xi+ +X4 [Yo=X1+ - +Xp |

| l | |
R1 Y, D5 % 1) SRR E# (m — co TOWAUENIZ/EN S 4 FH.

& ) ) iﬁ .45%)

17 3 9.68%

& 5 (16.13%)

€ 6 (19.35%)
) e 4 (12.9%)
R 3 ‘9 .68%)

@ 4 (12.9%)

@  0(0%

© 0(0%

@ 1(3.23%)

2. Yo DERDCA NI FADIZ ) vh—ay =LY 7 bz TICEBFER. 72750
BN 10 13 Yo = 0 1§ 5.

(@77ZW@H@%#n%7u/ﬁ THEETS.
XD, Y, OEBRER DS 4 X m OFEA y = (y1,...,ym) PSS,

:@? FyDLANTTLAREEEIIRRTS (K 2).

(4)”’"%# F—=F yDL AT T A h(y) &, a‘%‘:;%ménfw&wilziﬁﬁ#ﬁ N(tp, tp(1—p))
DOFERBE-BEDBTUTH ST & MRS

(5)u><07r®t IZoWTZIhE#YEL, v, @?%kﬁ%ﬁzﬁb%@&ﬂﬂfv%{wéca%
MDD 5.

(6) Hgz B D%, NP OHBRERORETH L 2 L 2T 5.

LB BRE LD FERIIBIR t — 0o IZPVTDHDTHY, HRD ¢, HROHA X m o 118
DEARDE R NT T 5 h(y) IZOWTHREF>TWAbIFTIERW. 72, [HTwalze
DIEHED FHRZFIMLELE TN D

Lo L, Mat#o#FEICE, ZheBbmgk, $abb Yy, 2L 72 Z, DRz HD
GLEEHWTHIHL, TOCRA N ITADt LEBITEDIHIICEAT 202 MTRT I LI
L0, POBREHEOEREFHFEL TVEL00% . 20X ) REBIZSEHIIHEEE I
BUWT—EOIFEMRTVDELDLEEZ LN,

3. BREHAZ L

3.1 EErEED L
DFTE, =22 ERT A, THbbEA NI A h(y) ZHERy OF A4 X m &,



170 MEMEFL HeeB H1Hm 2018

FOTF—=hofMPNIce A NI L ERTRINT AHBEDE N &0 RICITR 5L L
THMT 5.

COWEEDHIRENTH 0L 9 2, HOBREH OB L EA IOV TOHE - FET A
FCHETE S, LAL, B THE7-0121%, FHED, y DL A 7T L EERGAN
PTnB EEL T, FOBRREENDBENETE S Z ENLESMNE R 5.

Fl—De A NI axbz o607z 212, PUOBREEANOFENEE 250 L9 2L, &’
50D ) A ZRF B EOEIMM R NIIRBICHAE L, MRMICETLEEZONS. 72, 2O
MR FEEOMUERPFEEREICL VR EEZONL. ZOX) BEHE i (i=1,...,N)
DREE BT LERE ¢ L L2 &, CA N SA hy) ZRBEZEICX > THERE i o
BB E BN ORBIADE E DHERE fresponse (1|1(y), ¢i) £ T 5.

AR T y 2B 2HEZ fampe(y) T 5L, 1 ORI, HERE i OFuLRRR
IO T LRI,

fsuccess(¢i) == Z fresponse(l‘h(y)v ¢z) : fsample(y)
Yy

b,

R foample(y) &, BRFEFISHAE 2 A2 BOEBIC L D #i< & SEMEICE S5 2w, #HE
FEBROBAICIIMEE 25, BRI EZHE L5002, ER L hy) 57272 F1IE8 5
HEREL BB (RE 2R, ERyIZ ¢+ 1) BEOMEIABE TS, 1HZTE
N5, RO y #HDME faompe d 0 TRRV), ZOF—% 2 8HBCTTHEARL TE
KshiZdwv, LaLl, 753 ANTEREZT>TTF— 7 2HRT A2, FEREZZLD
EE L D 2T LERHoOMK2rORWEETH Y, T2, EFHHHORMELICT S5 W HEM:
Wb, £ZT, BEIETAIWEHREDOIEZ D SA LD L TB L LEND 5.

KEOBNS, V, DBERFA A 5hbb yOF—7OMBIRKREVITIE2DDLA NS
T UIFERSEL BBHDT, mABIKREIVE XD foccess(¢i) IREVETFHETE S, R
Fouccess(@i) DEERFA X m IZHLTEDL LVOREENEAD I ENRLUTTHH MET
5.

3.2 EHENEE3ZBENLE

TR fresponse 1 ZHEERE DLBIZHD . FEF fresponse DVEE Z A B 72012, RFEOWEFZ
W2 L CROEMEALEE 1T o 72, T OBATIE, nbuwon = 10, t =9, p=2/3 LEE L 7.
F A X m = 40,60,80,100,200 DEEAR ¢y %, p=2/3 O _IHGA B, p) 7 SHEWEEE Hv
TH npiee = 20 AR L, ZRZNE A NT T A h(y) VG =1,2,..). BRI 3)
T, ERSMAOCA NIk, CANTSLEEy;) R0, % h(y;) S L TROEM
(312, Fv, WWZo2R_THET D L) ITRD 7.

HHAND, [ZOEBRIIMERNZDDEOT, BHEREILELLITE, HiHAICIR
X, EBOMERIIZVIZWZARBU(ERSHAOLA NS L)D L IR DT
LEVWE L

FEBrAEIBZTLAEZA, TOX)BHER (My)Ilh) T L7

B

COMBEZRT, HAR-OBHAICHTLIEHIIWELAZTLLI YD, HShho72T
Lxod EfEVIBDEHY THA. AHOELFIZOWTORETT.

FIEG A WSS BB L2 &1F, o 2D TL 28,

B, WENREGDIERDHOE A N7 F 2813, P LETHO—BT D HERE B2 R



BB EEDEIETD B 720N ER 7 5 AY A XD 171

B =B 2013-01-09
FEABHHCOREAZREOIHOBECHBABENLET. BAMEBVNTWLLERT
#Y, EIERBERBICERERLEEA.

FEES HHHE

2012 E5KD ¥ 10% 9 BliR-> THEREY Vv h—CEDBRER | Ui LBh T
cB8mUL % Lz (O Th)

RiRERE
HBAN, TZORBRBIHRNZEOBROT, BERKREEDLD I E, Bifi A K LniF, RO
BERIEBEWEWZABREL (TOR) DL3ILBBIET) EEVWERLE.

KBREIBELILLETS, TOLSBBERCAD XU,
REBR

Bl

COWRERT, BRI OER A CRNT BEBEELILTLLSD, WS ofTLLSH. E
BEWSHDRBDEEA. ABOBUFILOVWTORETY.
BEEIMUIEER, o ETABRRKUTOFTI AL

E@RA T IEEMEE R Sl LR x ' ZABRUTOFTIREW.

|
i

%, BO 4 EOBRINRTICH L TT> T REW. R 64 BEVTHDEITHN, chdz
BT ZOTREL, T2 1 BT RIEKHEICA> T 64 BRDEL T AW,

3. B, LEGEEM. TE AN FLABOT VT AREEE 4 X—IJ/ERL, |
BHEZOWITN» 1 R=TV % T /FACEY LT Lo 1 E[#E], To 64
==

QN = DA ARV A
£ 10 3MHOEHREEB (AL N IZHL, TNENLm OBRLL7F—%+Xy F AED) b
B EIRL T, FNOICEINELA NS SLADELS, T V¥ ALIAFET 1 DOGRMICHE



172 MEMEFL HeeB H1Hm 2018

# 1. HRMEHEONREMEHLT—F £ b,

BERE LN (ER-AE) BBERN TSy P EEATA Am
A B ClL C2 D E
40 60 80 80 100 200

1(2012-1) 65 o o o
2(2013-1) 8 o o o
3(2014-3) 52 o o o

FRLTHE %KD, BIRLETFT—5 by POKE ng £ T5L, ERTHLANSTLOD
AE0E ng X nuist THD. GHEng =38 L7220, 2x60fHO A NS0 ERD. &5
2, MERROIERDD, — GOy T, ERSHOY Y TV R EDL A NT T A
4%z Ceafll& L7z (K 3).

STOWEREEFIZTNT NG 4 EFIRFEDS 2505, FERHMA LS. M 113 2012
R, 213 2013 EE D, BLRRFZEM G 25 % p#atF R HOFIC 1 EEDOZH AP S 2
5. £/ 313 2014 SFEOIREHORAFIRRI B O FIC 3 FLEOZHELO LD, —H, T—
ZEv bCl, C2IEEDITMm=8077%%, BLbHLANFLAHTHA.

3.3 BRICEERICLSETFIULE

ZREER I 2 BRI L D, N X (na X nuist) D 2 EORUE/ 87 — VB35
5. COREE, 7A MNEROEBISEHG (S, 2014) ZHWTET VLT S, LA MTT
AhETATLANE, HEEE T A NZBREICHESE, BEIAEE 2w NEEIE
fREEZD. 289 A OTATA v 7 EFVERHBL, FRELTRTHEST XY 0(4),
CANST ARG D985 25 a(h), b(h) THEE fresponse DRD L) ITHEHIF 5 T & 2 E
T 5.

(3.1) Fresponse (1 60) = 1o
IRT A QIIBEREDNC A ST T ANRIERSAII P T2 ] E 2 260 %2 R TR R, b
ERSEDOP TR ERZET AT T A R OBEE, o 3WBREIZL > THB OS2 NS
BEXRTLA NI 2O MBELMNTX 5.

3.4 INTXEDOHERE

WEREHER 1, 2, 3ORIS/NY —=VIZH LT, itV 7 b7 27 R D irtoys, Itm 78y 7r—3
ZRHLTOoM & rolz. Theh, BROEERKILIZE D285 X ¥ 0;, a(h;), b(h;) ZHEEL
72G=1,...,N,j=1,...,...,n4 X nnist) . BEEHEHLEFM 1, 21 37—ty M A, B, #HEBREE
2, 3137 =%ty b C2&IMIH & LCTRo720, %12 258k E LTH e, i
DREEZE S 0;, a(hy), blhy) 25272, ke LTI3EIHE %0 mean-sigma #: % fl 7.

35 7—RMAPMTYTEILLBEEISEILERDOHTE
INT A Y 0, HREHEIEBATIZ L7228 ) EOE SN B WERFEM 212, /3T X5 a(h), b(h) &
FHOLA ML hERIRLIE &, BENET 208 OIS
Y ! “1g? 1
r(h) —[m Nz T e—am@ s

THAONE, F=5 1y MIBT S npe MO A D755 h O r(h) ZEEREARLT,




BB EEDEIETD B 720N ER 7 5 AY A XD 173

T—=bAMT Y TEICLY, COREr OBEXEZRD 7 (AL X m =80 D 2HDFT—
v b Cl, C2IEPFELT nus =40 & LTH-72).

3.6 &R

HEFBR () &, BAYA A m TLITbh) DRESTY—MLTj 2HMAFL, 70y
PLZZRERZR 4 1R, 727210, B p(j) = j/nuise TH D, 73T AT b(h) DRE ST,
m = 60, 80, 100 TIXZEDIILAEL VDS, m =40, m =200 TR L, m H»HEMT 5 & b(h)
VWY T BEEDH D Z bbb,

ETFTNVOHRNTIE, bh)=0THbL A MTT AT LTIE, FSboskiE s 2 2 #rE £
2 OHIHE 0 = 0 OWERE DR 1/2 TIMEHEPEE 1L EZXS. XD/ vph) TIEZD
RIFEYVKRELS LD, COREP 12U EERDEA N T APEGONLHERIL, bh)=0¢L
%5 p(j) THZ BN, m=40TO0.1, m =280 TO0.4, m=200 TO0.7FEELFEAINS.

T—=FAMT Y BRI r O m KAEEZK 5 1TRT. 22TH m23Ns 5%
E AT 2B ABRETE L. FHEP m AD Y 7 A TEBIEH 2 FEITT L0 L)
NI, HROGBEHXHOTHROMELZHET 20 L)%, LW RFRVYTIT) 2 &Ik 5.

(0]
4. WEEEEREL b(h) OHEE O,

038
06 |
N
04 I | {
02 I
0
0 50 100 150 200

m
5. 7=t ATy FHETHME L, Nuote TEO, BRI ZFEFOLR. FERE
0.95 DX .



174 MEMEFL HeeB H1Hm 2018

4. EREIESR

M4, 510, mHPRKELARBE L LI, FOHBREENOBIFHIHETEEEOLFEINEH
WA EARNS., ZhiE, E31HTHERLZEBY, m PKREVE, BILAMFTALIE
HOMGPOSDEARDC A T L EMPEL bl EZLNE. O ADZ S5 AT1 A1 HIE
AT 5 m=NOBGE, [MBEFEEZ IFEEFEREBI2VWEVW)I I LEZRLTEBY,
REPOWHE & LTIE, #B25 25N FEHBFOLEMO., RELGHPEATETD
57290121, m BREL L HZLEND L. BAENRMER, ERTAEEIEEZIERERIT LIS
X 4, 5 5HANNS.

INETR 7 G ATIDEHZRNEMICTEHBEELT, 75 2A0EFHEBIVL m 2 RKEL
LB L) REBHOURIEZONS, BT, 1 NOEFEHEPEEMEOY TV 2L
RETS, D7 5 ARBEDEED Y FATEREINF—7 LHET5, hEohikzL
L, FEEEOPERICEb 727 =5 TH Y P57 5 ZAOBBICHIR SN FITm 2K
ELTHIENTESL. T2, DO ULOEUEERETERLTBW LT —% L6 T
HZEbEZOLNS.

—7, K4, 5 251, m=60,80,100 THREAMWMTFHZOUFENKRELEDLT, m 1M
THLHEFAUEDEHHE20E)PLEITIE LW, TORLIFEVOHBIZHS 2 TIEZWAS, 2.3
HiTHRARZEY, A M7 FADPTWAE|Z &ML FHEIERE-Z L ICRERT 20
Lhew., FEHEOL AN T L0 SORKMEZ, REOFROBHEME: & xS 3 5 #4105
KCORMBOEEEZ TR, BIROFE, B2 MBI HIED LD, R — b OB
D7 D HEINR TV LRSS S, ZDEE, m AVNILLHMBBEOL A 75 A0
IV TVE IR AR ETE S, ThA, REOFEMCX 2o %Z, HED
m OHPFTHEHELTWw202d Lhizwv., COWLEHECOBHEHEL LT AHI2E, L
MR EBPLEEEZ NS,

ZOENEITIX, BRO m OEAREZ 120D, ZOLAN STl m=coDLA LT T
AL EAMRTRELCT, BT 2EHE2RHDS 2 E2HFL TWA. Galton Board Dl
HTbID LI RHFENRELNED, HIFICBOTEROFBEHI~NOBE %35 HiETIlih
V., I HEAZEFERETHNTE, AN AN FAICH LTINETRT-AINI T
MER Y Y ¥a-7 4 V7 MEEITV, F—F2NEANCHE ) &) RS2 AT 5089
PHMTST 57259, K DEFIEALZEEXIZE, TOLIRRAFTIEHZEI RS LT
L,

S TR ELR m OBARWEEZ, t,p, AN TLAOMEH L EIEET S RS
PYUBTHIET, BEFPEIAILTLEDLI LN TEL WML H S, K/ — P TN
7o, BRETHR EPES T HWTIRRT AEARZ AR L, BERKHRE L HE DS TR
LI, BhdtpRe, MOBRETCOREEBRICHLLSEHTETH .

CITRMENTHLOICLER m ORESEFEXRLD, EBRICFHHELZERT L0
WCRIERMICIE 26K 2 2RI, ¥ EEICET 52208 - HHET A M CTHRIEZ 1T
CEDBRETHY, TNIIFROBETHS.



BB EEDEIETD B 720N ER 7 5 AY A XD 175

2 £ X M

Bruff, D. (2009). Teaching with Classroom Response System, Wiley, San Francisco.

Galton, F. (1894). Natural Inheritance, Macmillan, London.

Gunderson, B. K. and McGowan, H. M. (2011). Using clickers in a statistics classroom, Teaching
Mathematics with Classroom Voting with and without Clickers (eds. K. Cline and H. Zullo),
MAA Notes 79, 53-60, The Mathematical Association of America, Washington, DC.

FECT=08 (2014). BMAHHETO 7 ) v I — - WEIRE T AT 2 OFH, METHE LB F 6 &, wat
BIMFZERT LR ZE Y R — b, No.313, 17-18, #at SImT7E8T.

fif#% 1= (2008). ¥4 K%, FZ F%& | —F% 5 X20FEMEHL 720128k TRo TIRY $< 5 |, #2#
& 39—, 47(12), 51-55.

Rogers, R. (2003). Using personal response system to engage students and enhance learning, Making
Statistics More Effective in Schools and Business Conference, Georgetown University, Washing-
ton, DC.

BARAT (2009). 7 4 A TEEZRLL ), [FAELEZLREEE] GEKSE, BARE, MAES M),
166-183, F # = ¥ ¥ I, HLHE.

BB (2014). [THH BSOS HE A ], S35, T

FEAER T (2013). ARREBA R ICB T 2HATETE OB L WHSLA - BHArEge - MR - SR UuE
ICE B HRHEE D), HARME 248, J42(2), 253-271.



176 Proceedings of the Institute of Statistical Mathematics Vol. 66, No. 1, 167-176 (2018)

An Estimation of Minimum Class Size for an Effective Classroom
Experiment on the Central Limit Theorem Using Clickers

Saburo Higuchi

Faculty of Science and Technology, Ryukoku University

We examined a classroom activity in which learners perform sampling and validate
the central limit theorem using clickers or a classroom response system. In this activity,
learners are motivated by a dataset that they generate themselves. The effectiveness of
the activity, however, depends on the sample size, which is equal to the number of learners
in the class. The required size is estimated from questionnaire data by making use of item
response theory. It turns out that in classes that consist of 80 learners, no more than half
could convince themselves that the theorem is reliable. Therefore, it is important to seek
an activity design for which a larger sample is available.

Key words: Clicker, classroom response system, classroom experiment, central limit theorem, statistics edu-
cation, item response theory.
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