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e 500 m¢ DY 1o

(B&) 1. 0.01 mol/¢ MgCl, IAWR: it~ 27 %> L 70KFW, 99.9% 7L —
R 0.2033 g ZIKICIAD L. &% 100 mt & F 5,10

2. EBBTadil: =V A0 L7 5 v 27 T(CyoH1aN3O7SNa) 0.5 ¢ BE U
WL Faxs Ly I > (NH,OH-HCl) 4.5 g % 90%(v/v) TR /) —
V100 me IZiED L, I AN TREEFTICIRTE S 2 (BRI
BW1sA).

3. 7R TR ELT VBT A 675 g2 28% 7 VBT IK
5Tmt Z#MATENP L, KEMZTEEZE 100ml £33, HWED
EHEpHIZ 10 £ 0.1 £ XD THVDT, ZOREERZ MR 245
EdH B8,

4. 0.01 mol/¢ EDTA {A#R: FIEAEHE 0.0IM MERZ WA T 5, JIffi F
BERENTVWBDTIEEAETH 3 B,

(FE) DIT. 1 BuKOBREFIER E5EFEE T3, SHKICOWT 3 EOH]
ExIT Do

BIKSOmt Z# XA Y R—T=f7 7 2aZ&D & 30,

0.01 mol/¢ MgCl, &% 0.5 m¢ IEREIZINZ 2,

7R TRREREZ 1 mE MR 5,

EBT it % 5~6 Mz %,

0.01 mol/¢ EDTA /A CarBiiA R Ot HE R B3 5 £ THE L.

ZZIWIELIZED (mb) KD %,

6. FRHEE (CaCO3; mg/l) % .

1000 x (b x F -0.5)
50

MEARBIE TR b~ 72 > L YIRS SER T 2 Z 21> TV B A, BRETIEEHM
ot~ 2> T ADEAFREROTHAT %,

SHIEATSE D B EEIE SR I 2 78 pH10.01 JCSS 335 M 037-16145 ZHEA L TH X,

CHERZWBARTHUTZ2EEER., 5L Y7 I VBB F U v A K
(EDTA2Na - 2H,0, MW=372.24 ; [F{=, ¥i#h) O# 38 g ZA R 75 23iTe b, KIZED
LT2E% 1000 mt ¥ 5%, EDTA % & - TKICIED» THEIXEHEL RS R 20, EE
WEDIHEF 2Rk %, FE L7z EDTA KA 10.0 mé Z=H7 5 222k H/KZHZ T 100
me &L, ZAUC LT Y E=7HEERE 2me. BEBT iiliE 7~8 TNz, AL MALE: 2
3% % T 0.01 mol/t MgCl, IR TIHE L. L7 mt Bl a KD, F=a/10 1T X > THHi F %
HET %,

"HARBRETIR. 2% toSEA A O RF U IHIE LT 10%S 7 LAY T A
(KCN) /KIBEMHRZETEMZ 5 Z 212 oTWE D, ERRDTEETIIE L, ZDDHERRK
MHPET AR 2 8300 % 220,

A e
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W& EHT 3,

44 FOMOAIE

NPT AMNERIE R Y 77 AN OMBEBEHAEF Y MIZED, FL— 1
E L FRRICERKIZOWT 3 B3 O DORIEZIT 5, AiEEFy Ot
HEEZ ST 2 Z &,

pHIZ pH X — &, BAGEE IR — X 7 VEKIEEERT (TwinCond) . i
HERRIER IV T4 Y AV LR YRS (H196701C) 12X D, &%
KE3IEFTOBET 5, HKIERTEOFHPELSRTZ 8, kB, i#
BEFR AR R I O VW TIZAEBRK D [ 2 2 DT, ZOREE L HI96701C OHIER
ROPFELREVWDLDF v 7 TBHI L,

F—RIIREEDDHHD 7 7 4 Vb, WHHREER, B5LE~E, pH
DIAHAD 7 7 4 M TRIFT %, MBEEOSHHAD 7 7 4 WE. 117H
WCEBA LT SAMPLE, METHOD, HARDNESS ¥ A/ L. 1%HIZI3M
IKOFEHE LTAFERIEB E/RECEANL, 2FBIEHIE T IEDTEERD
PRy 7T AN RDPEAT L., 3FIEIIREEREMEE AT %, 3ETD
HIESTZDT, ZRLEEDTI9T3FDRICHZIEZTTH2, 510D
7 7 A&, 1iTHICERE Y LTSAMPLE, RC,EC, pHE® AL, 1%H
WAIMOKEEEE, 2 Y BN R R EE, 3 P HICESIEEEHEME, 4
FIEW pHRIEME AN T 2, THHIREBELEEDTI0/T45|DRICKZ D
23 TH 3,

5 K& - RIERHRE

DUF 3HEOREZAT S DT, PHAZ 32D I N—FI1257F %,
L. LAR= MREFIZOWTEL DT, BOWELR > TWRWIT D
MATHBRZ S =755,

51 (A) ZB{eRFRAEIIN—T (4~5A)

1. BAZER (B501123 AAZE L, B% 2 BT 10 pE oz L7
BEfe, #IKEeE 330 0 BB L2%0 2 |, 20 2NEN 34 A
T) rEAER (MZAALL LB ED 27 P %, HEGHIS
TEHIS % L FFRFC30 Y v P LD RV IRITEINT %,

SIREED V> v A D53 FEIX 100.09 DT, #5100 t AL TZORIIIZTHRTWS,
bXF 255 0.5 & FHMAZ 5 0.01 mol/t MgCl, &M DE. 1000 ZHMNT % Did g 25 mg ~
DIE, TR 50 TEIZ DIIIKED SOme 12026 Th 5,
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2. 2LC OBFIE Z VT, KV RITHRI L 722850 LR RHE 217
5, FIEFZNZNDRYBZTOWT 3EBL T,

3. BAZEL L BA KR C R BREEICHERREDIRWLE S D% 2 7
DEEMEDZED t BEIC L D a5, MHEOHEMDIEL X% HE)
FHAIER D HIEE ¥ LEERET S 5, ES01 @ CO, EREEIXH 1 HENFHEIL T
W https://ambidata.1o0/bd/board.html?1d=25506 (236 X 41T
W5DT, BENEROHEMIZZENE T 5,

B IHFEMILA T @Y TH 5,
e 30 DRV X 3

o AT v ZIHIE 2LC 24 A X 3 ¥t

52 (B) ME-BEJIL—-T (2~3A)

EHINNT T Y RV ER e Bt CEfiIcARFIIEZ L, Bick D 1
NTEOZEBR G L. TS ORI RMHBEEGRER T2 L,
2B, NRRIZEBAOCTORHNTER WD, BRolFOVEI T 28 AR
TRRFIICZL T 2RI ERE L. BATHEST 22 T 5,

FEEHTHW S 7Y XU ERHCIHMERIEE L HIE T X205, PM2.5 %
PMI10 ORI IIFRIEE DX ENIREIN TV R XS ICHBEETED O
TEY., WxXXMIRINT WS X 5 IEBEE » E2IEE ORI EM TR
VWODT, ZOEFETOREMEOHN L L Z2FMiT2 Z 23 TRV, Ly
LHHIHMEY LT+ oz 2 EZ 62T, /-, KERIIMESLES D
LARIVICHE R 522 EZ6N5DT, 216 OHEBEERZ S 2 0,
ZOHEHOFEHENTH %,

9l’1tt1’): //WWW.env.go.lp/council/tormer2013/0/7a1r/y0/0-25/mat04-2.pdt
Onttps://www.jrias.or. jp/report/pdf/21J1.2.16.pdf %
http://www.jsae-net.orqg/Pro-study/H28ERCA_1/030/.pdf
NWE 7, BNELKDOBEME LT, small CRIfE 0.5um ML ED/ MK T 0.0116 272D
DEED) DfEH 0-75 T EXCELLENT. 75-150 C VERY GOOD. 150-300 T GOOD. 300-1050
T FAIR. 1050-3000 T POOR. 3000 2 T VERY POOR ¥ WS HEAREINTWED, HL
THZTH 5,
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TEHAEl
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QEEF iR
2:'1"_'*"57" E$5
{FiEEH
B B

EREEFRL

1. YRV (NN 7V —DFREI I TH2 L 2R T 5)

YEEHLAMTI ANy T — GEEBIFTHD L 2MERT 2) 2o
HIEBAT (ENBR) 12174, TORUMEFBESIRL k370,
3 X — MLOZEBWTHIEERT 2,

L FYURMERHEERA X YR AN L HEINC 1 5 LIS EEE O
ERAEIA NS, BEEHIAMTI ANy 7 U —% USB 7 — 7 LCok
FIZEEDAD (7272 L. POWER £X ¥ % B L L Clis ik 5
RIBIC LWL 29T — kv =4 7 LT L E 5), o TSLOW
YEPNTWEEX Y R EMLT 2 L B XS, [,
LAY YR —=%FoT 132 ICHDRTZE 2 HOEEA B E LT
2o 20 0. AL FERCHIERG L, ABCGKT T2 (FYXL
MEFHIEIRR X > 24 75 370 TRV, BEihs TRV ox
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RUEEMHLT S, B LT 0ICERENITINS AL NZND
THER),

. T I ZOVERHE ES01 AOD T A7 + v TR E D RS232C-USB
o — 7V TCHH#E L. Dylos Logger £\ 5 YV 7 s i3 %, COM K—
FEIELLSREL., ALERIED 7 7 4 L %EEE L. Download History D 7
Aark 7V 7 L ThoHTL %27 4> KT Download RZ > % 7
Vw7357 IXVMERHIEIREI N T —XBX Y — RENT
FTRENDZDT, TN 7 7 A NMRIET b0 TX A7 74 NVRBDT,
I7 4 X TCHOWTHRIID T1T2E L. IR T % csv ITE X THREFET UL
Excel TR} %, £/, =54 X ETRERTHEFERLCavr—1L,
DY) O T9F RV T7 7400 4 —F) TRUDXFELTa
UREFRELTH RV,

. BEETO T — Z1E microSD 1 — FIZ wsm & W S IRIRF MWz 4 F
V77 A0 LTEHBEINTWAEDT, E501 ALMOF R 2 v 7k
12 microSD 7 — K %7 LiAA&, SoundLink ¥ \"5 YV 7 b ZEEIL T, £
WD 7 4 2> (OpenFile) 22V v 2 LT microSD 1 — K2 67— &
EtAiAT, 1T D ARETORRSE L NVIEME Ly BFRREIN5,
ZIZTEPO2BEHDZ7 A% 7 ) v 752 X2T7XYD 77X MY
ATHRIFTEZDT (77 ANEREBEIRT 272 TRV, B, Excel
BRTHRETEIRZTEDNLS AR ETI2DTT F A MEREER
Y1 GT D Ly, CEMBEELNL) RRHET 2, fHERIMUT

TH2,
| &
Ly.q = 10log, (@ Z IOLA/IO)
i=1

. MDA T — & % Sheetl, f&E DAET — X% Sheet2 1T L 7z Excel JEX
DI 7ANET2TH AL M7y 70— R F3DT, FHEX Y >a—F
LTZDBROEEZT 5,

. Excel DCHNZ IR DHET —ZDBA->TWB T 3L, D2D+t
U

=104(C2/10)

AL Tavt—L. D325 DI201 T TORMAEED 1T 5, RIZE2
DIz

=10*LOG1® (AVERAGE(D2:D61))
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AN, FRRav¥— LT, E62, E122, E182, ... 2EiD I T\ <
Y. BEFNC1 0 OFMEFT L NALBXESLNS,

7. BN, 1 A E2ECERFEZ, 2 FIH A3 small (K% 0.5um DL_E D /MY
T 1, DF DY 2804720 DfEf, T4 AT VLA FRICHRS E
100 f5 XN TWBDTER). 35HD large (A% 2.5um DL DKMk T
DU, DFEHH 28U DEEL, ZH5HBT 1 AT LA FKRD 100
). 4% H1Z PM2.5 OIEEERE (0.01f8 247-0) OFHEfEYL LT small
DED & large DIEZ G W HER%Z 100 THI2 t WH X AhTar—
L. SHIB BRI 2 EDET 1 T2 D Ly, DEZMD 1 (B
ZEIRUTH DAY, THEHOAMD T 20, BiEZF—KR—FhrH A
713 %). 6 FHICHD@EBAEK (WRRHIAD@EBEAL) 2 ATIL7
#£% Excel FIZEoTTF A (RTXYID) /- 7F 2 (csv) B
RTRIFT %, ZD7 7 A% ffo THEBREMRET 3 2 M, B2 HT
IToTHEWV,

THFAEIE IR,

53 (C) HILWWIVEICEDARI[IP_RICERZAETSIINL—T
(D DA)

ZOEHTIE. L= bV =KX DIOEEZHEST 2 2 &, MEHRD
LREZRD 2 e WS EMMioBGZ2HNE T2, £, Aot
MACERBE 2L, b LFFENCERREVS DI, Z0HHZE
£

BB, BRBOY > 7V ¥ 7L JEIZDOWTIE, https://waw. jstage.
ijst.go.ip/article/jriet1972/17/4/17_4_236/_pdf<°https://www.env.
go.ip/earth/coop/coop/materials/02-apctmil/02-apctmil-0910.pdf 53
SEIIR 5D TEREI NIV,

1. TOHEBEIN: THEEFN)IDLBRER Z1mteh, £ UK
POKZIMZT100me & L, HiEEEF +V v ABRe 3850, TR

2 FETEE ALY~ R 0.84 2 LTV 2 O THAEEEF M U w7 4 (NaNO,) 2.59 g
250°C, 1 5KETONO, HAD 1L ITHYET 5, FEHERRE (0 °C. 1.03kPa) TXUAK 1 mol i
24 LKDT, ZE 161X 1/224mol 2725, ZOED NO, H A% NaNO, (MW=69) DEF
WHET 2123, Loy < U REBEEE LT (1/224) X 0.84 X 69 =259g £ 725,
2.59 g/t DIKIBIREANES 72, 0.259 g % 100 ml \ZIAHT DHFEHER 72 /717205, 0.5 M KTATR
Z275ml o TRARATZ A2 T 100 me ETHIKZIMZ 2D RFEZROT, AEETIEIZHLH
ZEoTHBWT THEFEEF MUY LBARER] L35, ¥V < U FRE0.84 DEBKIE,. 1 mol
D NO, HADKIBERH T NO, 44> % 0.84mol £EL. ¥y~ Vi KIGT % DA NO,;
AFEWNIZETH5,
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& 21005 RT 2, 2o HEEF Y L0800 1.0 mé = 0.01 mé
NO, (FEHEIRHE) TH 5,

. THRREEEF F VY ATATR) 20 (77> 27). 02, 04, 0.8, 1.2, 1.6 m¢
Lo THEBRE IV, ZNZRA A O REUKEMATEEZ 1I0ml & F
% (FEHERRRY)E,

706 DRVER SHEN, WAWARIGHT (R4 5 —0DiE. N 7%
HEEOZ YYD DL R EEIRICR 2 Z A%, YR H Rk vliEE
DEVWEEZLNBEDT, FOVo B aD3) TRAZHELT
{ %,

C10mE DR ARy k=L Ry R RV (BEYRy X—%1{S
CETH D), NDREESH VT ZERPE 10 me MATRLAR->THh S,
RWobHEPHEI (KEDDHD) YT (Zor FEXZ2EUIME
IVRBFHETZ 35, SENZ 100% EIRET ). DY > FIVIBIK
Y75,

B Y TR R IRRA 0 S 2 me TORBEICE D, FLryer
AEEE 3 ml AT 10~15 7iER. By b TvA4 707 L — MK
T, BWhitdb~vAr7u 7L — b ETIX) Triplicate 3 5%,

U= Y =X =2 & D 545 nm (BEOWRNEZHEE L. MEHRDIC X
D&Y TNIBRT O _BRLERR (ul) ZRD 2, HELLZAKY VT
NOFERE (FENXT0 € 2 RET 3) TEI-T 100 FEHFIUIE, ppm
BN DEERRD B LW TE 2,

L TF=R 7740 LTI, 1LAIHIRY Y > 2R 2 5H I ZEEL
EREEEZANL UITHEEHL LT, 15|H% SAMPLE, 2%|H
ZNO2 2 §3), XYY FHFar~XYhs* 2 MERTHRET

BIEHERIE T O “EMLEZ DAY LTI, 0,2,4,8,12, 16 ul IH4T 3, ZhERA L=
Sy WV DBFEREF > TH > 7Y Y ZTROAIE - [RITICEDLETHE L TH RV, Fundn
1% LDZEDL SR VD THEHRLTHRY (70 ¢ DELGHBEVBIEHINTETWARE S H,
BLEZD DL SWHREES VW AKIBIRICIAD LiIAD T, L WolED AR T - Lk
EARVAE))

YRNYVZR)—NT7IVD10%7 VBRI BEVH, REH V) 7 LBRT DA
BEe BEOLLIKTHEWIZ TN, RRARES V7 LIERD T DEINERS B WVIE T,

BTriplicate L7zHTHL2ICHIE I R BLAZNNEDN 1 2H B L X, ZOT—XD
BN ST, 3 ODBE WA TIANT RIGEXEIE (FEERTIEZW) 5%, BEZR 2ffio
TEET2HEIGRT 20, ERIFSTIEARKEME O, FL QEHREIE R0 hhEsR
%o HEDICHERBEIENESIIEER R 5,

Outlx € 100 T3 D 1 72008, MEEOMEZ ut B0 L EREIC L TBINE, B
$z 70 THEIB 2 TRWY,
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%, 161T25|D 7 7 A NI 2133 TH 5, —JCALE DT IH 2/ - T
B2 VRN LB RIBEICED WL E D RN S,

DB AR B L AR T 0@, Py~ Vi3 U REREEE °f
MU THET 2,

e 100mE DAXARAT7F7Aal1lD

e 50~300 m{ BREDREZID=M7 722> (HiHET Vv LG
Hevny < il FK)

e 100ut DRy b RFETELIAD Z KX DMBEZ I (RIKR, 224
SR E, AYIT LY < ViR RIGEE 5 Z ¢ B triplicate L7200
T 44 KR LW)

e P1000 ¥ P100 D ¥Ry F R UF v FEH

o 70 ¢ DR VIS5 KX 3

e 96 Xv A 7u L — b X3P

e 0.5M HifiHfEF Vv L/KIEK (HAE TS5 me 7203{E5)

o 1%REEH Y 7 LIKIBIE 10me X 5 X 3W=150mt (HF DR LEWV
DT 200 mé b HAUE+5)

o WY iRHE3Ime X 11 X 3W=99mt (272U BELREH DD
T. 1B 200 me FEEE[S)

o WY~ iEDOHHIMEY

6 EXRE

TR DR 2 EHEIRE T T 100 ~ AFHE R E O BAEE 21T, i i
I D ROEEMB L EHS DT (TR ML RO HREDHE
BB RFAND, iREERTY ZVRIEEENC X DIRE L IBE D EHAIL.
RECIREDEEN VA DEET 2 (REREELD D ED S RV
TEBIRXTHS),

WA 2 2 b L 2B HEICHIE T 2120, ERE Y e LTES ik
BV ORI TVWSE, AN LAY—Hh—2 L TEarsy—ii, 7n
BT ITZVA TIT—EREPDEHTHED, aLF Yy —ILer/uErs 7
= A ZHIE T %121 ELISA % RIA 3 ETH b @&ffizz DT, AEEF T
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=SB ENTVWAERY I 7 —¥YE=XU2HW3, ZOHTIEE
HLOTHEICERETE, WEMD T XIVLTRREINLIZDT, Fy 7EIEL
CETIRYTEZTHITNE I ROAREMHIZEVOLFETH 5,

B, RS 20102 XU, arF YV — UERH R L RISHE S SR
TE-THAR-BIBFRDR P VARIEE RS 2VETH 570, BORIRPAR
BEES AP Ly =G U TIEBEDS EFT 203, RHIEE AR E
IR LTI, R I 5 —ER 7 nEer 5 =0 A TREMTRE-
BIEBEROMIEE KT 27-0, A —F, v—7off¥, S30EKE
7. BBHIT 2 b, BERME IS L T—@EoEnze Ry s tn
50 LT o T, BREBONAAY—DH— LTREERY I 75— 0E
PS5 ADHERANFY L EHE LTS,

AEDHMEZ B 2F — N—WFED T A VTHEEBR L., ZOENTIEEZER
ZEeTH5,

. 7% =200/ —=bXVaryBReaHELTHD, Ten2Ten &5
100 R R EDY 7 T2 7B A->TW3S (1HORLESR 100[HF 3,
BAM2HNCRZGEE 1L DMDAANNTT 5, ERLRVWERICHEE
T, Do R L ERE ORI HEINCHE X NS, 5EIDETHIA
Ditdke LTHRETE ) 0T, ThzffErRes (V- xyay
MR WGEIFRTIEE LA by I 3y FTith, B EHLEDBDER
DOTCHED .

2. BV a Y ERX 24DHERE L 12D, RD D ADHIE - 5eikE & 7z
% (TOUERHMEIES ), #HBEEIE T Y X 2BITh N5
] : BE N e X &S5, BBIHICI~X2 LT, RODaryy—
VT4 Y RTIZ

Csample(l:x, as.integer(X/2), rep=FALSE) ]
&

ANLTHEATL, BRESNLBESZHLIAE T5), 5 1RHICICHES
. RTHASRIMFTIER T 2, B 2BHIZ DHIAICT %,

3. JRAIY UCHESREEE DRI Z (1) 3, BASRMHIEH R ORI Z (T %
Y TERT 2, BENOMBICE-oTHIEIRHENZEDbLRVWESIC
TRIT 2, 20Mth, MTDOty T4 7 REBRZ D, FEMITBNT,
HIE - FeSFE W IIREFHC X D IRER . 7Y OVRIBERHC X DIRE LB

TRAEFEESICOWTIE, #HARsE, (OB, HOmE, Bk—, KEFFRSC mR Y 27—
YU EFIH U 72 3RS EE = & L EE R b L X DR {52443, 2004-12: 35-40, 2004.
S,

BEPRINAE, KEFHOR, BFREmAmE, R, FHFBA BB L A~v—2—2 LT
DUEEEH 7 vE 7T = A OREFHE. FIRE T, 48(2): 207-212.
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E2HAE Lidixd 5, REROERIEFZ, 55 1A, 55 2 5, 55 1 8%
BH, SB2RFIEE 35 2 1Tk D, EROMEKIC X 5 carry-over )51 %
3,

4. BRMFITBWT, HBRENT LI TOEI TH S, TTHERT I
7—EEZRICED APV RZHET 5, RNT, 1E3%E%Z 3EFETT 2,
MTRICHBURA ML RAZET %5, HAE - Gl id. A bLRE, fE3%
FEERD 5 5 TR & AVE IR Z 2 2 NECER T %,

5. HI5E - ZRE X TR TOREEZ Excel AN L. 7 7 A L2 2EICHEAR
TBZY, FEROTHIEZ—ANFTDOEZR R EEHAWTITWV., KL RK—
MZEEET %,

RE TR B - HFESIILIT D@ D,
MR GT
IRiE R

F X —{+ZD Windows / — v ay (68)

o ORI —FE=X 28)
MR X5 —PHIEF vy 7 (12 X 4 X 3FF= 144 < 160 L= 8 &%)

7 WEHRERDTEE

ARYE T, BONLBRICOVWT, IFXERMENNALEL 25, BE
WHZBHEWEN2Y 7 b 2 7035hIUE, ZRTHEHILTH RV, &L
WCZEIWVWI Y7 by =27 RFIUR, BZR WS 2 2 BEIDT 5,

EZR X BIGERIRZE OMEHEMBIRIHFAE L. REERESEFTRAL
LN EZ X =2 — DB BATEITTEZ EICLET7Y—Y T
TH3, Mt BEEIEZR 2 WS 227 L2 %2F]H LTIV, EZR 1 R OFEEE
PR 2= 50T DO 70y Py FREDOT, B3R IZONE
M 2IcE L, R b RIER S FHTE 5,

RHEZRH 7V =Y 7 RDT, EFHHa Y2 —-X6BIZA YA b—
NLTH2P, HPDAYE2a—XIZA YA r—LT3IdHHICTE 3,
R B4# DY 7 b7 = 71X CRAN (The Comprehensive R Archive Network) %>
LR — R38N T&%, CRAND I F—H 4 OFEICIFEL.
Zyoa—REENDI 7=V b6 3 52 eRnERINATHWEDT, H
ARTIIETBOEM LT DY 4 + (http://cran.ism.ac.ip/) ZHIHT 5 &
B\, Windows T EZR ZH|H3 %725, HflH 5 BZR £ T—RIZR 5724
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VAL —F 774 NVEHIBREKD web A4 b (http://www.jichi.ac.ip/
saitama-sct/SaitamaHP.files/statmed.html) »5HX v > — KL, &
ITNIZV w7 LTA YA =L TE20OMRRDMHETH 2, REA VA b—
LTHHEZR DRy r—I% 4 YA b—=)LF 5121, REEELTERIN
%7ay7 MIRLT,

install.packages("Rcmdr", dep=TRUE)
install.packages("RcmdrPlugin.EZR\index{EZR}", dep=TRUE)

CHTIERW, 2225 EZR ZiEEE T 5121k, \Wo7zA library (Remdr)
CHloTRavwYyZ—%EHL, 2D [V—i)L] X=a2—55 Remdr 7Z
JA4rvou— K] 2EL, 774> LT RemdrPlugin.EZR %% A T OK
KRRV T3, VYIfgok, [ RavyX—Z2HEFH LWL TS5
AVEHNHATEEHA, BEEBILETN? ) L3R KXA4 700 BRREIN
DT, NIW(Y) #22V v 232 EZRDPEHT 2, ZOK VYL
DRemdr X =2 — R =2 —FiFD fEEX =2 — | 1ZHR->TW3,

7235, Windows BRIBECTHIBERDY A b Xy a— KLz VA b—
Z CEZRAAAFADR 2 A YA b= LIGEE. TAZ by AITTE
TW3 EZRonR (64 £y FRD OS Tld 64 ¥ v MY 32 By FRDM /553
AB0, BIET2IRERS 64 Ey MEBBEID) O7 L arhroiE#i s e,
R AAASEEE] L 72 THBINIC EZR DX = 2 —F CTEEX BTN S,
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N

triplicate DIEH AFEHD “RICERHETIE, TL—bY —Z—ZERILCH >

TN% 3EHOY 2 UIANT, 32T DDMEZRE Lz, ¥ = 1DFIZ
LBEMA>T LERGERYE, 2 0Ll TWi L T2 DDENHPT
BN TWa 2, EEONELWLRLLLRVWE, 30hHUE, 2028 ED
Y 2 NZZERDEA LT L X S AIREHRIME VDT, BZ 56 LW 2 DD
DIMIELWES S LHIETE %, duplicate T < triplicate 3% DI %
D=DTHb, bbAA. triplicate TH 96 XD T L — bR HIXV - RA
WKEHHINS K VLT Y TADLL, AR IPEDLLRVEWVS DD
RELRHHETH 5,

BTN A IDIUETHLSTIWITHRVERR HES MLRRRENE 2

12o0% I OWT 3 EBLEUEBZ. 2208 oY FARTFE
YEEHERBZEBONT Y FOEHEEEHET 2720 TH 5, 20 LED
e il &g OREMHEEED SHEAMITICENL SWANTWE 0 %EFE
i C &RV, RZEDMHEXHMEDEHERAE L —B L TLE S 72D, EREDA
ThA A5, REMEZHE T2 RKREVHED 60, /NXWTH 401275 T
L\i 50

RERZEODFEFRD 3 DULDBETHR S TIIWIAVER M/ &

R, TOMBEE 713 E b o T B HEHER 2 B D .
IS ER YR L o T, MEOMBREZERE L TERIL FEHFENIC
RS B AR ERD . BIE U 72 WARIHER QWG B & JEEE £ 72 134kt
BEWET 27-DI1ICHWS, 2 MEOEERE L rkwe, BEiZLS
2ODWPEREFE->TLESD DT, FEERBFHEICERL TV THED
LT THTERY, WIKRDIEDREDOHEHBMNERTHE2H—T 4 VL
& CESEUERT) 7Y T3, flikTE oS EBo 20— 7oHKICIE
0.1% & 5%DIEHERTKRIET 5, 3 BRIERIT S, EUERDRTEIRENE
STEEIESTLEo TR EREND FLTERWVWE, 2O LI
L[OKZENTEZDON I HAKRIEDA Y v b TH 2 (ZOHEEIT AR
DEEREZHEL TREZRHET), )

7.1 RERETENE

KERIFRL DX T A > TH B, 7H A UHEOIHEL» L RVWT —&Xik4E
Fhwv, EBEIHEZEX, RA. Fisher 282 % A X7 v R TIT o 2 B2EM5EIC
A% 20, IMEEERESET T, OO T AL E. HFFRICER L LY
oM, oA T. HERICERE 71T 2 72 DITHET
Hb, bbAA, b MEXMFICUMTNUE, EHATNHESEZES QX%
53, MHEREICIRH T 2FH L. BYIRY Y Iy A4 ZOREE ST, #H
Uiz 794 Ui e iR e &, EEETEFICIE. BIIZIG T THEA
BTFYA DD, AETIELTD 3202 OWTHHT %,

BB, EFETIEAARESE D, EBTY A o TlE. > 784 XDk
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ELIEFICEERMETH 2, Vo TP A4 X E2 KX T, E¥EYY
MRBERP B NMUNZZTH-TH, FEFFAMNCE e ThryWENH S| &
WORMERREZHETLES L, B TN Y A DN TELZ L, AY
BEHOHEREZIDENDH->TH, MEMBIIER LRV EDHDD
5% (50 RN %E, BEFFGETIE HBEHI2AA+4595) 2vwS), EZR T
F, A=a2—0 e > TRES Y A3 4 X0FHE ) 2»5THH % 5E
AT, AT R E 0 o5 HRiERE AT 5 2 ZT VN N
HETZZeNTE S, BYERLREZEHET 2581 KT ok
PHORNETDH 5,

o Hi—Hf, HA-HRTYA
o PATHERI LLBGARR (SERMIERLIE)
o JURF—N—FTH A

72 B8 F@-FRTYIY

ZDTHA ERMS v, WEEE. 4 OMREIN LU TH UHEETHIE X
Nz, MO DHTR CHIEMICELD R nWh Y S RG22 Z & 25T
X%, BHEMFELNZMEFEX. WNEDH 5 tHER, V41ary rOffs
BN AR E 1272 2 (HETPHEROWNE M 2 R EH 23581F. KIERED
A7) — RV OMEICKES), BB, WLDd 3 tHRER. BAZE

WHEHLZZLEDOFIENE R & W IR ERE T 2 — AR tRE L.
BAERNIEFETH %0 LUT D & 5 BRSes #IBIN fCTH 5 55, RFEHIC
F. ZHUCEAT A THA YOERHIEZE T TV,

o BYERAETY v < F (RA) BEDOFMATRDOME 2L F Y — L LV E
B 5 2T PR ZHE

o S OJEE DERBHEDOAIER T, HHICL 2 5 oBREzHKT 2 L
T, BRBHROMRZHE

omﬁ%%ﬁﬁﬁfiﬂﬁ%kﬂﬂéhﬁ%ﬁ%%%%@?%ZZT\W
Hee e & v D3Rt RRE I RN BT 2 0 2 HIE
7.3 FITEHRELEER (C2EFHILE)

CHUSIEEICHMTH 2, IESINCHEE LR RES NI LT, B2
FURNT ITEY=DIEo72DIC, TlERL). WO (B o
1o%E DNy, WHEETOHKEZT 22 WSHDTH 5,
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A AL (randomization) D FFIEICIE WL D22 %, Fleiss JL (1986)“The
design and analysis of clinical experiments” (&, HLZXZ (random number table)
DH D IZELEIESFE (random permutation table) Z{# 5 Z ¥ #HEFE L T\ %,
boltd, HTRIYL2—RY 7 IEZ20DT, MOELZMDRTH,
fHHIC T Y X LB D ITIHTE 2,

TR DT 2 BERH T O FHMED LI & Welch DJTIEIC X 5 tHUE. 3 #F
LU E DT OFEED Lk 7z & — TehL B 57 HL7HT (One-way ANOVA) 1272 5,

AEEHEHOHT, HKHiIROENZERDO HBILRBZRE DL, 27
D EBAZE R D T O ZIRLIRRIRE D LRI, 2 #E O FIED Rz 0T
(AR RE D A U7 D 272 2 2 BRI TR WA, KO % 721 3EH
2R E VWO TEH L TW R EEND Ny 7 750 v RERIZIZED RN EE
ZBN57D), TNEFEL Welch DFEIC L 2 (REZEA T 20, %72, 5
MRS T L ERBEICEDS RO Y S 0203 5 DIE—I il & 57 /o)
Mreis,

T LRFRBEED t 1E
TIEALRFRIRE T — XX, http://minato.sip2lc.org/pubhealthpractice/

aircoZx.csv DX I RBRIETANT %, ZE SAMPLE 134 > 7L OfE %R
L. BREATH 23FE5. ROOM 2ZEANZE5, OUTSIDE 23BN X BK S %,
CONDITION (&% > 7'V ¥ ZRED S %7~ L. BREATH IZDW TIEEK DR
WODTINRTIL & LTHBEH, BERNZERUTDOWTIE NOVENTI 231572 LI,
VENTI M55 b R x Bk L. B 22RO W TIX PLACEL & PLACE2 %
2 FRDHIE ST % Bk $ %, MEASURE 132020 llE i a[E % =
ez (BAEDHE, 1EHIEST 2L ITRAIEIZZDS L, JlEICX?
YU TINADHEDIZILAYEZOSNRONDT, L THRWEMTHS),
KENCHIKAN &\ 5 ZEDHE THIE U7 LR ZBEE (ppm HA7) |
MACHINE & W5 22 HEHIER (KKmoon K5UE 7 A X — CO2/TVOC
X — & — REAREREEE) CHIE L HLREEE (ppm HALD) 2R T,
Excel 2 TTF—2%2 AN, TERXREZFERLTREE 256 7%+ (v
~XIh) ] THRETIUETE S, T — X% EZR ICHAALIZIX. 7740
DIF—=EZDALVYR=b] 25 (774 N0F2EF 7Y v FAR—F, URL 55
THFRAMNTF—REFHAAL ] BIER, RENDZTV 4 Y FVOHFT, [F—%
ty MEAN 1 ICH LT, SARAALE T — R L TO 24012 AT L
(57 4L Fid Dataset 7225, Bl 21X CO212F3). [F—& 7 7 A4 LD
M= HNT 7 ANTRAT L] CHRoTWEOERMERL, 74 —1L FDK
YIhids 23 Tho~] o TW2DO2MRLT IOK) A&V 227U v 2
L. T—ZDBA>TWECSV 774 V%EAT TOK) T38. EZR DHIZ
CO2 L WO AR EMITTT —XEHAAL N TE 5,

SR H % T D HIEM D BN ISR 7R WO T 2 BRSO ESEOZEOBERTTI. 72
B, ENLEHNTIIE > TOTYRLEDOTHE LR W,
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FTVVINOBBEI O FEEL FERAELHEIE 22D, 757
YR DTy ILolRT—2oH~<) —KOH I BiER, THT 2%
B (0~1-23ER) ] £ LT CONDITION] ##Er, NEHZEH (ERD) )
¥ LT 'KENCHIKAN] ¥ TMACHINE %%, OK] #227Vv 2732
ROBFRESND,

CONDITION |

Factor 1 NOVENTI PLACE1 PLACE2 VENTI |p.value

|

|
e R N g
n | 3 | 3 | 3 | 3 I 3 |
.

KENCHIKAN | 40000.00 (2000.00) | 550.00 (50.00) [400.00 (50.00) | 450.00 (50.00) | 450.00 (50.00)| <0.001
MACHINE | NaN (NA) | 544.00 (54.51) [407.00 (16.09) | 416.33 (24.17) | 445.67 (38.08)| 0.006

BT AR A TH 2T, FEXDS 400002000 ppm, FEAHTD EA
2L DIRNE Tl 550450 ppm.  HENHIERS Tl 544455 ppm. #KRDOEN
22 DMRANE Tl 450450 ppm.  HENHIE 27 Tld 446+38 ppm. H 1 D =S}
ZEJDSHHIE Tl 400450 ppm,  HENHAIE 25Tl 407+16 ppm. Hf 2 D=5}
ZELRDIRAIE Tld 450450 ppm,  HENHIERR TIX 416424 ppm TH 2D, ZD
p.value IZ—JCALE TR H OMROBEEMERTH D, <0.001 &2 0.006 &
WO EIX, MR D &Y > IO OFREER T ELR BB ISR EICE
BKES W THEBERENDHDZ L WO ULDAIOZ L EZEKRL TWEZITITH
D, ®FDEHRIZEN,

YU INEHEI 2B T RELZ T 2I12E, LToL5125 %, TH
FHENT) O TEEZBOMNT) X =2 =220 M2 ERHOFEED R ((RE)]
ZIEATRREINDG Y 4 > FU T, THNZER & LT 'KENCHIKAN]| %7
¥ TMACHINE], #3528 ¥ LT [CONDITION] %ZE, MFo#y
EZEITHN?) & TOWZ (WelchBiE) | ZFEATHLS, TOHFD Tl —HD
J ¥ INEF BN RICT 2550508 ORI,

[SAMPLEZZ"ROOM" )

RS

(SAMPLE::"OUTSIDE" )

YFoT IOK) KRRV E IV I T3, TT7—N—(ZDHET T 7HPER
INBZDEFEKC, BT 4 > Foic, BlziX. TKENCHIKAN] T [SAM-
PLE=="ROOM"] D& L.

W& FTHRVE A, FEHERAEZ, @4 0HE» S FHETIWT R LEOMZ L
TH TN AL X5 1 Z5W-HHETEH - ETH 3 NRIMOFEHBETH D, HEMIC
BT —XDIEL2XDKREXDIEETH 3,

232021 11 H 2 HET, EFORERICE D, 220 EE > TWE L7z, EZR
DHIBIELWTT,

25



P BERE PIE
CONDITION=NOVENTI 550 50 0.0705
CONDITION=VENTI 450 50

L FIRENT, Welch D t BIE DFER DB ERERD p=0.07 TH D, BHALER
D LR R IS HIR TN B EREZRH S LIV nI b
ZJE\ZT—\A é h?::o

BEE ¢ BENRIE SR O AIEED X SR FR

Z DR BEERE TIE, BENES L BAERICOWT, MAIE L B
BHERE WS 2 0O HETIEIFRCY Y 7L 2HEL TV DT, HEE
DHETEZ N TE S, @, ZMTHEICTE2HEEERL S FAF
L7281, ZORIEENEETE 22D 0oRT 201, F—% > 7L
% BECEHETEDSHENL L TV B IR e RFRCHEIE L. () MR K CR/NER
EEHICTIHBTH L 2, LR EBRT 2). Q) HHEicEZs < (8
HIEIED D 3 tMETHANRZP), Q) HXHED KN 2 DDREIEDZE DR
W—EDMEAD N 2 DDEBDFEH . 2 DDOEHDEDMIHHBRE %D
BnhERZE) . LW 3 oD RiETHRENRD B,

BRI B X O CEARIY 2R OB R 5 5 & 2o, MHBERED
Ve tRETHREENZWE WS I TEAT2TH D, Bland-Altman
71 v b (Bland and Altman, 1999%) H#i3EXxhn 2,

EZR DX = 2 — 23 EFNTWVWARWA, MethComp /Sy 7 — % brandr
Ry r =V THRITTE S GEHNIKEE OB AHFLERS IV O 7 F R b
https://minato.sip21lc.org/ebhc/ebhc-text.pdf & Chapter 15 %S X
N7zWvw), Fieda—F%ZEZR®D 'RRAZV T b w4 Y RUiliTs, vv
A% fHi o THERLUZIRET 157 K& > %227V v 273 % ¥ Bland-Altman 7
2y METTE S,

~

if (require(blandr)==FALSE) {

install.packages("blandr", dep=TRUE)

library(blandr)

}

blandr.draw(CO2$KENCHIKAN, CO2$MACHINE, plotter="rplot")
blandr.method. comparison(CO2$KENCHIKAN, CO2$MACHINE)
blandr.output.text (CO2$KENCHIKAN, CO2$MACHINE)

—BACEREEO—TRESHA

RZDT—XDEGE. BELZMCERIZRVOT, ZRTROVDE S 2R3 HMIb7EH

BT =2DEE, BERMGERIZRVOT, ZRATROVDE S 23725

24Bland JM, Altman DG (1999) Measuring agreement in method comparison studies. Statistical
Methods in Medical Research, 8(2): 135-160https://do1.ora/10.1177/096228029900800204
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TEMUIREERE S — &%, http://minato.sip21lc.org/pubhealthpractice/

airnoZ.csv D XS R TANT 5, PLACE Y > 7V ¥ 7T, NO2 &=
FALERBEEZ RS, 1 20% > 7Y ¥ ZHFNIOWT NO2 DED 31TH %
DI, triplicate L7z 7L — b LD 3 DDNROWSEED HEHR X5 NO, BE
T, TNENANT270TH 5, @EIEY > T)VEKE triplicate L. &5
W27V — b+ ET9 triplicate L, 7—XE LTANTS2DIE, 712t d
EIME (ARG A AUED D AU Z BRI L7 FE) &b 05, RFEHT
E 7L — 1t ETOA triplicate 32 DT, ZD K5 ICUET 3,

7 % DFAAAIE “HLRFERED L F LA, (7740 > [7—

RZDAYR=b1 > 774 N0EREI Yy TR—=F, URLDSLTFRAX T —
REaiAiAte ] BEAT, [F—&Zty b EEAN ] ZNO2 L, [F—%
77 ANDEGF B Ta—hV7 7 ANV AT L], 74— FOXEDE
BB TH< ] o TWARDEMHERLT TOK| REX>%2 7w L, 7—
ZMA->TNVWSECSV 77 A NVEEAT IOKJ §5 %2, EZRDHFIZNO2 &\
IHETEMNIFITT —REFHAADL I ENTEX 5,

—ILELE DT FAT T 21, THaHitT) > DEGR O >

M3 EELL O DOFEIED LR (—ITELE 57853 HT one-way ANOVA) | % 3%E4R
L. THWZER (1 293FR) | ENO2 MBI NTWEZDTZDFE X, NS
ZEE (1 DLLEER) | 13 PLACE %35, —JthELE 28O 7210 TR IR,
FTENBEEZZT T2 Tz (Welch #7E) | ZIBINESLEN, ¥
BT E 0BT BLEREEICEN DD WD 2 ST oDNt T
BZH#ED IR T 79121, Holm =° Tukey 72 ¥ D TETHEDZEMEDRAE L
ZREND VB, ZOHEE A E DO D ETHERES 2 Ly
FEIWCTZ o TWVWAB,

Yo INF—&% oz (Welch E8) ) T T 22, v v R

T RRRE NS,

»Neyman-Pearson i DIRFBE T, T2V 20 RSO T T, EReH sk

BEDRERENEAEBONIERTHS PHEEHEL, 2O PHELP—EDHE JFHHFIL 5%
I35 20, AREKELIFING — KD /N ol HIRERGARE > TWE EEZ B0, BE
PEEDIRT L, RLIZEAZ VDI PEMERICEREKEL D /NX BT L E IR 5%
DT o KELRH-oTLES 2, PEEZFRE L RIFIER S (BEICIE P ETIERL.
RLIIENRVDICHEE>TEPHZ LHELTLE S B HOMEBEE 5B T 272012
BEKEZFET 200, BEKEERZ 3 ZD1ICTE2IL e PER 3IHFBICTEILIFRE
—R7 DT, KIEOHETY 7 VI PEEFABLI-ERERRTZIICK->TED, HE/KHE
ERINCRELEZEEEREEEZHETHERW), FABROHEN NSNS H D, Holm DFIER
FDR iED R b, FEHEDLKRDGE IR > Tk, HEWIZE  #HT & 72 Tukey
D HSD EDBWETHELITWVWS,
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R R A P {H

PLACE=A 3.333333 1.154701 0.00923
PLACE=B 4.333333 1.527525

PLACE=C 5.000000 1.000000
PLACE=D 3.000000 1.000000
PLACE=E 9.000000 1.000000

PE®D 0.00923 1% 0.05 X D /NX WD T, HEIKEE 5% T Welch D f77EIC X
—EM% YEUIT R BT LA R, AT OE WD B L E R IR
MICHERBICHEL TV RT3 TE S, bRACETHEDRE
k“)lﬂ“C N3] ZFEAT, Tukey DZEUBOA TS a v 2 F =2y 7 LTH
LETTEE, MU 4 Y FVIRMTIRE RIS, p adj I& Tukey D
THEDZENZFALL-HEOPHETHH. ZOHRETp adj 250.05 kD
/INEWVWDI, E-A, E-B, E-C, E-D7Z}72 DT, EHiAD L EREEIIM
DYOHISE I D BEREICE L, FOMOH SR TR ENICE B R 2133
@%hﬁ#okkmi%(kﬁb\%yfwﬁ4fﬁ¢ém®fﬁﬁﬁ#k
E Wiz, EDANOHIERIOZICOWTIEH S bRV EDBFIRVE
EZHERETHSB),

s . N

diff lwr upr p adj

B-A 1.0000000 -2.1028621 4.102862 0.8219440
C-A 1.6666667 -1.4361954 4.769529 0.4400298
D-A -0.3333333 -3.4361954 2.769529 0.9960810
E-A 5.6666667 2.5638046 8.769529 0.0009542
C-B 0.6666667 -2.4361954 3.769529 0.9501740
D-B -1.3333333 -4.4361954 1.769529 0.6330823
E-B 4.6666667 1.5638046 7.769529 0.0040788
D-C -2.0000000 -5.1028621 1.102862 0.2829865
E-C 4.0000000 ©0.8971379 7.102862 0.0115580
E-D 6.0000000 2.8971379 9.102862 0.0006061

\_ /
XOKDRE BT 2 BXUREER pH O, THE Mk (7272 LBUK
DM I2FETTL L,

7.4 VU ORXF—/\—ik (cross-over design)

7 BRAF—=N—IETE, ZNENDONREN 2HEEOUHE 22T 2, Dk
S EYRMER (Yay a7y MR IR, BB OPED X vV —
F—N—=%H T 27DITHTZ) 2B e, WHDIERIES 2 DD
N—TZREST 5 e PRETDH S,

Hilman BC et al. “Intracutaneous immune serum globulin therapy in allergic
children.”, JAMA. 1969; 207(5): 902-906. Z {1l U TaHL & 5,
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Z DO TIE, FEE LN 574 A6, F3THFEHINITN L TAGERE
A3 NZRRA L. 531 AB S v X A2 2BHC DT T2 20— 71 53266 AL
IN—T 2265 N Tsolz ZN0—TF 1ITHE A 21T, 34 A% L 7=,
FIRHC 7V — 7 2 I3 B 2170, B2 15 N Th o7 2Dk, 24 H
DU Ay a7y MIBEBX, ZJL—72D250 NI A 2, 71—
1 D232 NI B 2170722 25, ZHziL45 A, 29 AW L 7D T,
2 B DOMFEZET L=DIEEEH408 ANz o72,

AREYHOEEHEDERTIZ, 70 AF —N—ETEERBENZ ML X
WM 5 2 228 % MLz, ZOTYAL VD AEHETH 5, WHDIEE
PERICHEE LR FIUEZ 0 R F —N—1Z LR THRVDED, ShEDE
BT 4 Tl EERZRTOMEER 7 I 7 —BIREEMND, /FEREDIRE
W Ko THERZITI RO E D5, BESRMD, BTSN, BRICHESRMED .,
ZFOWPE W EFIC X DHER N S0, FRODR ARV
EID I NRTHRIBENDH 5, RICTROE ST —2n3B5onlzt§
5 o7 —21%, O X5 TRIABEY 7 MITA1T 5 (http://
minato.sip2lc.org/pubhealthpractice/crossovertest.csv), 24 PID
RS D RE S ER T 5, 2R Ord. LD I3IRELMFDIERE = EK L. LD
DTG HDRE, DL 3CICESEHORTH 5, B LD ITHRESAZ2 Bk
U. LSS, DAIESRIFTH 5, ZEUTOA & TIA IIEERTROMER 7 2
7 —ElHZEKT %),
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PID OrdLD LD TOA TIA

1 LD L 15 21
2 LD L 17 19
3 LD L 19 25
4 LD L 21 23
5 LD L 23 27
6 DL D 15 34
7 DL D 17 27
8 DL D 19 39
9 DL D 21 28
10 DL D 23 41
1 LD D 15 35
2 LD D 17 28
3 LD D 19 40
4 LD D 21 29
5 LD D 23 42
6 DL L 15 22
7 DL L 17 20
8 DL L 19 26
9 DL L 21 24
10 DL L 23 28

DRI DD 7 H 20, 2 TRERBHHELRTEOART)., (77
AN DITF—ZDAVR—F] R=a—D05IDF—REHAATEE.
et o NEGEZROBN ) o TRIEDd % 2 B EOM O FEED
beig (RAEBIE 7R | ZRA T, [RIEHE LT — 2 B2 RIER 22
LUEER) ) o6 TOA & TIA 23, THERIS 5 2 80% 5E IR (0~ BECEIR
A DTS LD & OrdLD Z3#ATHSH 0K 227V v 73 5, fERIX
TOMAD LS IESNS (220075 7BHABNICHIBEENS),

30



-~

Univariate Type III Repeated-Measures ANOVA Assuming Sphericity
SS num Df Error SS den Df
(Intercept) 22944.1 1 402.8 16 911.
Factorl.LD 291.6 1 402.8 16 11.
Factor2.0rd.LD 0.0 1 402.8 16 0.
Factorl.LD:Factor2.0rd.LD 2.5 1 402.8 16 0.
Time 980.1 1 154.8 16 101.
Factorl.LD:Time 291.6 1 154.8 16 30.
Factor2.0rd.LD:Time 0.0 1 154.8 16 0.
Factorl.LD:Factor2.0rd.LD:Time 2.5 1 154.8 16 0.
Signif. codes: 0 ’***’ §.001 ’'**’ 0.01 '*’ 0.05 .’ 0.1 " 1

HIRD Pr(>F) EWH R A3 2., Factorl.LD DITH 5% K H /N WD T
PHSAE  BESRETIEY 2 7 —BEPNERICER D, Time DITH 5% L H/hX W
DTIEXERME T 2 7 —VEIEEICEZL D, Factorl.LD:Time D1Td 5%
I DN VD TIERSGLG L RO X BEHMRBIEETH 5 (A1h, BBEM
WERED T, FEIRTOT7IS—CEEOEILDEAINERICESRD) Z
Ebb, ZOMRTIX, Factor2.0rd.LD X, ZHEETITIEPrGF) 2
REWERDT, Z7RAF—N=TH A I LT, BHBESEHDIE
FIIAERICHBE LR o728 WA 5,

2B, BRI e W ER. EREMEBUE ORSRAFRR SN, Z OFERI AR
HHCHERLE LGB CHVWO NS 2HEOMIEDRR DRI N LI,
D &S ITHAEREAEE L TR AR R 5 a I FR Sk,

31

Pr(>F)
1.554e-15 ***
0.003634 **

1.000000
0.756738
2.510e-08 ***
4.942e-05 ***
1.000000
0.618160



/'35A2Mi®E%é'%E'2%ﬁi ~

WEDIELZ%2EZ S E, PR LHIFHOBRRIELIDHFET S L
WWHERE L7z, Validity (Z251%). Accurary (IEL X « IER#EM:) . Precision (F5FE)
D3DTH 5,

Validity (Z%M) #b720wdDZELLHATWS Z 2, #l21X, ELISA THi
ORI, PENRTEVDBDETH>TLEI ZLIZHRZD
T, WEDZYMBEL 25, B EETFHOKEZFARZMEIIBN
T, 2B FMEANTH 2D F FHEEFNCHRE T, FRINEE
/22 WO D 572, 0D L E2OHIFAICLTT—V D
Tlkgiid DEIDH2HEDH D, XREZDOE EFTIIEENIEL L
HA TV,

Accuracy (IEFEE) N4 7R (RFEE) 2/hE Wz &, £/ ORI -
TWw3e (HERE M E->TwdrEd), ELIELDN S, HlZIE
I HHE > TORWIREET 1 kg L RRIN TV A IREGF CTHRELZAET %
Y. BOWRWEDP 60kg DAL -T2 EORRIE61kg 7257255, F
NTOANDKRED 1 kg BEL RRI N5, ELWVWT —XIEF SR,

Precision (¥5E) ERMWREZE (5 U X LREE) VNIV 2, [EHEXED
PNz e CV (ZHRE) hXnwzrd, BEOSXICHY T3, Hl
EEOAMETFONEOBELZ RITETH %, HlZIX. FOoRZTXZHZ
DT, BHEDOHDEL (FNFErBEHS Imm) THlZDr, /¥R (&
NFREE 0.1 mm) THIZDTIE. B/NEBED 1/10 TR 2 LTH,
FEEEDY 1 T2 5, CV I, ASRINICIZFE CAEIC 72 2135 o @5 o I E i
DOIEFHERZ (MREERZ TIERWV) 2 FIETEH - /B2 H7HERRT
RUTEE D, CV /NI WHIBIIEELR BV WZ 5,

EHEXEHEEICOWT, 5D L THEICEZTALS, EENFEOEICHE
LTWEIRTIE, ERYy T4 VIDBELLTETWS I L ZRIET 572012,
fikzE1mt~A4 270Xy bTH->T, ZOEIEZE T RKREFATHD
BHETZ52L3%) TERL2BFEZSHEE2 10E#EDIRT Z e Tb TV,
PR L =FEBETHIE, SEEBIFFL 7T LR BEAS, KI5 EOHIE
fEAS, 0.998, 0.997, 1.001, 1.002, 1.000 2" L7227 2 &, FEIZ 0.9996
T3 LTH3, CVERTHETZ 2, UTOLSIC02%KMTHH, ZDE
BEDVYRy T4 Y ZOBEEFTZICEVEWVWE S (S, 1%9KBTH2 I
W1 ODORMETH - 72),

> x <- ¢(0.998, 0.997, 1.001, 1.002, 1.000)
> mx <- mean(x)

> sqrt(sum((x-mx)+2)/5) /mx*100

[1] 0.1855466

FREXDFE. B2 SR FBNCTRATORWZ B KELZOT, 2R, 2o
5 DODOPEMEICONWT, BEEIH 1 2 WS IR Z 1 A MET 2 L X,
R T, t.test(x, mu=1) THEENEF S, p=0.688572D T, MaMNTHEER
ENHDLLIIVAT. TOEBEOLERy T4 Y FEHILENEWZ 5,

EBREBDZED ) DEREN Ry T4 72T D, BR2RPIKERES
1725720, Bl &5 BERFRE SFIVRNE Vo7 E BB LL Rro
720 BZIE. 0.950, 0.954, 0.952, 0.955, 0.953 27" 5 & &\ 5 HlEE % H L 7=224
X, CVIZEDFERFRE LR L 02%KmTH D, BEITEV, Uhed, fBF
51 2 WS IREREICOWT 1 AR tMER T 5 2. p=6.605e-07 ¥, 100 /7
FD1ED /NS pEPELN, BEfEX D BHMEHINCHEBIERWHIEME DTS
LRTLES>TVWEZ Db, ZOREDVYRY T4 ¥ 713, BEZEWT
NEBHEMHIPENE EZ 5, M2, 1.100, 0.950, 0.910, 1.150, 1.005 &\ #
HBEHU24E. CV D3 8.8%7 D THEEIMEWD, g2 1255 11K
HED ot 06361 ¥ 72 2D TELE Y BEDOEEN R ESE2E I ¢ . FrEX




7.5 T—2AH

R Ko TIEONLT —XZ2ara—&2 o THIANIIONT 270
Wi, 9. avEa— KT —XEANT2REND D, T —XDPIER
FHAT2Y 77271280 T. ¥V ANHESELED (ELLANT
X, POMENPRVD) FERZ-TL %,

TN B D 7 — ZIZOWTHMMBR 2T 556, EETEHEL
ThIWVL., PMT2FHZOFTEZELEEZ ANTLE->TDH LW, il
X, 60 kg, 66 kg, 75kg £\ 5 3 NDFEEREZ R 2o TRD 212iF, 7
> 7 MIZx LT mean(c(60,66,75)) T721% (60+66+75)/3 £F T\,

L LFEBIED o 2 A ZDOKRERT—RIZOWT, WAWARGH%
T2GBENZ VDT, T—=RAN TN L IZITO OBEBETH 5, ZD
7=D12iE, FILHABEZEDRLT S, EDHODOTRERT—RXRTHDED»
THIFHUX, Microsoft Excel D & 5 R EKEHEY 7 FTANT2D0FHTDH
59, TOOTHHMZAEAIE LT, 10 A\ONREFIIOVWTOHREEKED T —
RPRDED X HIBELNTVWDE LT B,

MREFID HE(m) FEH Kk

1 170 70
2 172 80
3 166 72
4 170 75
5 174 55
6 199 92
7 168 80
8 183 78
9 177 87
10 185 100

¥ 3 4% Microsoft Excel R EDERFHEY 7 M AT 5, —&HFLDITIC
BERESA T AN D, HAGEXMIGR 2 HEFR XA I, OB RBMZ 505,
PAEKT CPAY VA RBHZ2) KLTBLONEETH S, ASIHHKE
bolkb, —H, 20V 7+ OFEDEATHRIFEL TH L (Excel 72 513+ xls
JE. OpenOffice.org D calc 7% 51X*.0ds FEF) » ANZET L72IRREIZ, KD
HHOD X 512725,
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| F3 Microsoft Excel - desample.xls

ST

1 170 70
2 172 80
3 166 72
4 170 75
5 174 55
5 189 92
7 168 80
g 183 78
9 177 87
10 185 100

iz, ZORE2XTXYID 73 2 MEAXTRIFT 5. Microsoft Excel D%;
B AZa2—N=0D [ 774V (F)) 25 [HHTEMHTTHREF 2EU, BHhb
T4V RYD—HBTO 77 ANVDEE(T)) OTNEX T A =2—=hb [T
FAF (XTXYID) (kaxt)) B XL, HEWICZFDO LDITDOT7 7 L LED
JERFD xIs 226 xtIZED S DT, RFE (S)) KAV EZHHIEZOKTHS (F
DAZ )= ay beBlR), RO -1 2807y 7 DREEYR-1
LR TRV DWW EERFRINZDEMAL T NIV BEATIW,
ZOHERICExcel ZETLES T2, AIBZEELTLWARVLDIZ RFL
T3 CHCEEY 4 Y FUunBhay, BICRELTHZ2DT Iowz )
EEZTEY (NIvw) ZEATHR AR LEFEZINSZTTH D HEIZ
W), ZOHITIE. desample.txt 25T X %,

T 2%
B @QXCiE- Y-

5
L G 2L s

Raryvy—w%{fioT, ZDF—X%Dataset EWVWIHZHDT —X T L —
LDCHAADDIIHE T, RO 1172 ANT2720T0W (LT F A+
77 ANVPREINTVWAE T4 LT FUDBMEET 4 L7 bV TWiel
TRV W),

Dataset <- read.delim("desample.txt™)
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~
EZRTIX 1770 T5—=2DA>HR—F1 @ T771ILERIEI Uy
THR—E. URLHDS5TFAT—RZFHmAHAL) ZzRAE. [T—2Ev k
2%AN 1 ORICELHEBEBRBEEE DT (BB L THERIIXFIR
S5ATHIVDIEN. T74J)L FTld Dataset £ ->TWB), 71—

FORXYIDERS) % TEQ) A5 271 IZEXT (1271 0RICHS
Oz VvIThELWV). OKRE>Z IV I LTHET—RT 74
ILZEARIE XL
BH. T—R2Z 771 ILREFEE Y. Excel L TEHE%ZERLT NIOE—,
LEEERTHNE. T5F—2D1VR—F O T MT7 71K
DywFR—Fh61 ZRAVWTT—2ty bFaZ[IFE. TV y TFR—
RS TF—2%HmHAL) OBEDFIVvIRYIRIIFIVIZANTE
HE. (F=R2T7 70NN EFEIETIC) OKARRVEBLIEFEIFTT—428
FAHIAD B,

727041 T57—=20DA4 > R—Fk1 @ MExcel. Access. dBase DT —%4
ZAVR—k ZHE. T2ty  aZ AN 1 ORISELLBRBE%Z
DiF. Excel 771N ZERKEO— b E2ERDV VY RIODBHTLBDT.
T—=ADBA2>2TWVWBE L — FZEANIX. Excel D7 71 ILHFHRAAD B,

o

7.6 T—ROER

F—XDORBVEE TR T 212, KRET2008EMTH2, AEOH
HIVFRRAE X, R —VEBICE L T3aryPa—&X X h@hicEBhTun
BEEDODNTVENG, ZREENIRVFETRN, /20 AJISAEF =y
53 LETHYENTHD, 2F D, T—RANDPKD-7256, A&DBHIEIC
RRZITRIFL VR B,

ERNETREOHBEICL > T, SFXERKROFEND D, HEREL
DEEX. BEOHR, BALEIETZ 7, Wro 7, M7 7 083RENT
H3,

survey EWS T —R%ZE>THIRT S, EZR TIE N'V—JL1 @ Ty
T—2DFPHAHL D5 MASS ZEATOK L. 17711 TNyr—2
ICEENBZT—RZHMAL) S Ny =S LTHASS ZEATILY
DwoL. =2ty b LTsurveyZ47ILI Uy LTHS TOK)
REZEV)YIT B,

“survey” LW I T —RIE, 7T L — FRFEDEE 23T NORERRTH D,
BENTVBEZERZ, Sex (M HRA), wr.Hnd (FZ&HHEF ol
C/MEDRIBE, cm HAL D FUERD) . NW.Hnd (FIZFTRWHOHTEL /MED
fEIFE. cm BLAL © BUERY) . W.Hnd (F&F @ ERAY), Fold (BizMAL L &
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BN EEICKRZN?2. 60, B E. EB6THRwn, O3 KENS K
ZERA) | Pulse CLMHEL 7 @ BB . Clap (MF M= HbhE 2R,
EHELMEIC 207 A, £ EB5THRWV, D 37KUEEDN 57 25 FRAL)
Exer GEENSEME @ SEZIC. FF4. LW, O 3/KEN S 2 EKA) | Smoke
(BEEE . A —2F—h—, TS, RS, BRLUTHRDRW,
D 4 IKUEED 572 2 EKAY) . Height (B @ cm B OBERD) ., M.I (BED
[BEHRA > RY T (T 4=+ A4 0F) ThEN, X bV v (em/
m) TREINEPZRTERE), Age CFEH | FHAMAOBER) Th 3,
CDTF—ZRIL—L%FoT, WS OhDT I 72 NTALD,

ATFJVEBDEZS
EB#ESEH HZ e 0EZHtEE LT, BR2EI LI, JOMEZRICIEN

72X TH 3, BEREROLHETZ X £ 34UE. R Tld barplot (table(X))
THIE XN 5,

EZRTIX 1571 > THI357 (BBE) | 28U, BHLT
Smoke FERE ., BIEZES OAEBHIOY FENB,

BRAHLEITHBI ST [HZ L OHEOHtEZEA EIFXTH 5, R T

fx <- table(X)
barplot(matrix(£fx,NROW(£fx)) ,beside=F)
THiE X412, Remdr X° EZR Tl IFH L,

wJ 57 MEEREE 1002 L TEEOEGIZ L2 > TR > TED 7
F7-MTHS, R T

px <- table(X)/NROW(X)
barplot (matrix(pc,NROW(pc)) ,horiz=T,beside=F)

THiEEN 5%, TNH Remdr ¥ EZR TIXEIT ALY,

77 EHREHOES

EX TS L BEER LI XY > TERSFERD. DO FER2 S
DTH%, RTWEhistQ BAERHVWS, 7741 Tl @Y% X
YIh /e LT “Sturges” £\ 5 72 Y XLWEDNS A, BRI
Ubrh5Z22ZdTE5, ¥/, 774V FTIEXMD ~%2#Z T
~BF) ThHbh, HEATE@EICHHND [~DLE~FKl) Tldhnwe
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LIHEFEREIN V. T~DLE~Am) 12 L7zwnwe 213, right=FALSE
EWH LTy a v EMFIUIRW, R 2 Y Y —)LTHERE (Age) Dk Ak
7' KRR 51213, hist(survey$Age) 7225, 110 LA E 20 &R
i) 25 10T DRYID T AN T L% X5 WTHEET 5121,
hist(survey$Age, breaks=1:8%10, right=FALSE) ¥ 3 3%,

~
Remdr X EZR TlE 9571 @ TERX M T L1 ZFES, survey

T—RTlE. B LTAge ZEANIE, FEMOEX IS LDSET
3 (PTL—RRZDFZEDT—ADIZTEH. 70 RUEDAR
16.75 BB L. KEES LLBVERDADFTENTLS), Remdr
¥ EZR TlE T~ E~FKH) ICIFTETHL (BEEMICIE. T8 T~
BE~K#E OATITVT—RIEBRLTESE., EJS57 (BBE)]
THETAZLIEITES),

%

ERERTOY b EHREBDEHRDIHL TV E2E I %2 H5bDTHS
(IEMAHICE TIEZE > TOWAUTEDERR FI2IER) . R TiE ggnorm()
BBE W5, BIZIE, survey 7 — & 7 L — L DA (Pulse) I2DW
TIERMER 7o v b2 <12, qgnorm(survey$Pulse) &5 %,

EZR Tl QQ 7Ovw MMITEFH WA, THEEET NESREROM®E
1 TERMEDIRTE (Kolmogorov-Smirnov #&5E)] THEE L ERFICE
AN S LICERDHOHEZEREEZ LT NBZDT. ERSH
CRBEZIHDESHEIRED DL,

BPZERR (stem and leaf plot) KAKDEEL (BEEIXYID & 25 DEFELE 20 10 D
BT 2 e EW) ZRECUERTEYE L, ZRZ2ROBEICHY T 3
EDM N 2L U THICTERTIER T 52X, R Tl stem() B%E
W3, [T — 2 TIMAROBIERRE 3 51213, stem(survey$Pulse)
&9 %,

EZR T3 1957 NTRERT) ZFU. EH (1 0=FR)1 o
AD 5 Pulse Z3EA T TOK) RE>%Z 1) v FHUE Output 7+
YRUIKTERARMNEATND, TEIXBA T I OHIEEARET
HBo

# £ 4K (box and whisker plot) #MtIICZBIEZE ¥ - T, % 1WA % TIZ,
B3NN I LAz E S, PRECEICHIRZT VT, T oI
1SN 8 3N LDFAE (WUDNHEFH) Z 15F LMoz er L
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LCHE1IUSAD T & 3UTMDO XL, 7 D5k bini-(E
PAHEE LTO%2 vy bLEKITHE, 73V ICLoTEHIL
e FRE BN TR & KIRO D DORRT & AU DR 23 A
BT E 2 DTHEATH S, R Tld boxplot() BEZEHW3, filx
13, survey 7 — X TBUEEIRML (Smoke) BN/ OMHEL (Pulse) D b ¥ X%
i < 121X, boxplot(survey$Pulse ~ survey$Smoke) ¥ 3 %,

e A
EZR T3 9571 O TEOIFRL Z&F, survey 7 — 2 TEYE

WRAC BB OITREZ A E B ICIE. TERTI3EH (0~1
D3#IR) T Smoke ZRU. L TFTOUFDOMUEE LT MNE 1 MO
¥-1.5x O AEEHE. 55 3 @9 ME+1.5x A EFE) OEDSTF
REZFyv I LT IOKI Z0Uv 03 3EITTEV, UHEE
NDITZ7 LT, BROFHH IS —N—%RTLTIHNETESR
CeH U371 0 TEIS57 (FHEE)1 £7E Hrhigs 57
(FF5fE) 1 TTE 3, survey T—X TEUEFIEC I BB DT
BEIZ—N—ZRELTHNETHES=WES, TRHF LT
Smoke., TEBMIZH ¥ L TPulse ZEANIXELV, T5—/N—& L
K'Clét*%ﬁ?l—%% (FT7#4IE). EERE. EHERENSBEIRTE S,

846X (scatter plot) 2 D DHHGZDOEGRE 2 XOtDOFH EDEE LTRL
72MTH%, RTiEplotQ BBE VW2, BB LIChHl2D Ty
Fo L72WiGEIE plot() D pch A7 / a Y CEH 372D, points(Q)
B EH->TERIIB LD TE S, HILICERZIFEFRERLIZWY
A3 symbols QO BAEZ FHW5a Z tiﬁ’C“% % L. BB OEGAE R DRE%
IR D7D, BRiE LW EIEnatplot O B Y matpoints()
R E. BlaD 7o 72 LTIiRNTHERRHIIR L 72WEEIE pairs O B
ZHWSEZEDTE S, 7—XRICXFANZMNEL L2 WA textO
BBOEZ 2 L, vV ATEARL T — X RIE I XTI ML LW
Hlidentify Q BAEDMEZ %, survey 77— X T, Ra Yy Y —L%xffio
T. MENCF D (Age). MEENCH K Height) Z o TFay b LW
%X, plot(Height ~ Age, data=survey) ZFJTIZREW,

EZRTIZ 1937 o TewE) THIITS (TEHmERITIL X=Za—
TpairsQ OEEDREINTVS), BRICN—IZEZXBL
HTE 3,
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7.8 ECIbHEET « FTDIEMRIE - HAnfE

SURENE. () T X ORHAEER T 2HN. £/ Q) T —X AN I ADA]
REMEF =2y 7T 2HNTEIET 2, HFHICHWREAEPRIME K=
TELEEFEREDPF[ONLGEEZF. ANNIAER->T, L7 — RIS
RO TAHABIRETH D,

FLERT BT, KRHEHIC W o T, DM EZ RS THUMEA L & 751
DIEWY s NEoo%F ) H D, FOMEA e U TEEEME, R, &
SEEDS X < VWS, X6 0% 2 LTI R EEEREAE, PO, 1Yy
fifREN & < Hubsh b,

HUMERI DR ERI2 S DIZLLTD 3 OTH %,

FI39{E (mean) FHDOMNEBEZ/RTIEEL LT, do dHEBEICHVWONS,
FERREMGE D 7= DI T A I FzRoP T, SHEICHWSNS,
SR RIERED 1 D LT, FHEIE. WO DFHE RE%EDH T
W3, BHEEBOHRTHEEE L 2 2 WS EEZEEICITON S D 535
BHAE DD Ly, B TELC LU TOEY TH 3,

BEMOFEY (I 2—HETZ) &,

_2X

KH="N

ThHb, XIZZFDODHIBIT2MEADETHD, NIZMEDHREKTH 5,
S (TR EHET L) X, —HOEOMERD BT TH S, Thb
B, XX=X1+X+X3+...+ Xy TH 5,

BEARIZOWTOEGEEZRD 2R, BEMICOVWTOREF—TH
%o 72720, BATHESEESLPETER-TWS, EAEEHX (v 2
g ZX

n

TH2, nid. bHAABAY A XTH 2%,
BIRAIT, HAMNE VL, BLDEICHZ2EAZPITTEIT LD D
., HADHHTHloETH 2, XTEL &,

I’l](.)_(l) + I’lz()_(z) + ...+ I’ln(}_(n)
n +n+..+n,

X =

B ONVWTHFRR L THBLR b, EERTIE X IIES X OWESOEKRTHEDRL S,
BCIIMERER X OEARFIGHE X TRENBZ WS T TH D3, FL &S REENF DR
THELNZDTRE LRV E S ITEREINTV, fESIEXC 2 WO RIELREINIGEEDS
WEkS5TH3, EAFHIX L RTOBEETDH 3,
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PR{E (median) HHREIZ, REDFEIBZDEI DML, Eo03ZDE
IO REWV, LWOSEKT, 2fHOFRTHZ, SWIEZ S, Rl
&, BHED 2 WIHEOBUCE DN THTi % 2 DICEREIT 2ETH %,
HEZ KD 2123 IMEDL R RESLFHE=713) sk L
T, WA Z (sorting) 1TE) , fREGHMIVEDEEELZINIZ W (B
WiEZ B2, AAUEICH L CHEIETH 5), BATEDHICHT 2R E
%72 central tendency OFEIEDIFFIMETH 5, R THIMEZEFIHE T 512
E. median(Q) W OBKEM S, BB, T —XBMBUEOLEIX. &
HIEHFRIZH o 2 IV 2 ODEE G L fEZHIEE LTS 2
2o TWa,

RIE([E (Mode) RAMEILXD > BEBOZETH %, TXTOIED HBIHE
DPELWGER. BSEEITIFEE L2V, R Tld table(X) [which.max(table(X))]
THELNDE (L. BROBEELND 2581%,. hlZeimb/han
ELAFRRINEZVOTERR),

FEEEIE. () DHDTRTOEZERLIETH 5. 2) ACRERD»S
B TREDIBLIEGEICEDEE 5. (3) %L DHGIHESHET
b Tnd, LWVWIFREZD D, EARFEMED & LR O KRR % Him
L72WEEIZ, dodElicfibiid, LiL, (1) Wi lofgr
ZIFeTV, QB DD 2 HHETIERELEEZELSIGBELD 2P, LS
REDBHY, NNED B -T2 DITBEUID 3B - 72 D 3 2 5340 TIENE DL
ELTHIMEDO T BENR T WS, RHEHEIE. BEAZ L o7t ZOMARMEDF
BRZITRPTWVL, bo b HEENEWMELANDIERIZE - 72 b,
Lo L. iRBRD ST D ADZ o 1% B2 WIGE I RBEEDSERICLD
L. ZBEREICOWTITREE L2 2720,

Z 2T LEIF7 3 ooftiic, RS (geometric mean) RRFAFI ] (harmonic
mean) b, DHDOMEDIEE LTEbLNEZe2H 5, RAEENIT—ZD
FORFER e L o CEIEZH L TLKE LD D). #ARENIT—
ZDOWDOEIEDHWETH D, ¥Eodb¥nzE8r —XIMFEI R0V, K
ERNEDHELZITIT VE WS HIELH D, RAPEEX, 2 IKT—
R DA BMBER AL WGEIC X AVWLRLS,

—J7. DX 5D EF (Variability) DL UTRENZRD DX, UT
DA4DTH 5,

943 {75 F (Inter-Quartile Range; IQR) VY53 v #i P 12 DWW C A 3 % B,
T OWTHAT 2, HZ/NZWHDLIEFICHEREFZ T, 42

KK TIRAD LB T T 5K & 20, FINE 2, FERICBIZ 2 KT 2 DI Iicidnh
WL, BITFREAYeTERIZEL - ¥4V DZRD X 5 ITHICEVED D 20 64T
FrRELBIWESICIR S, FHENEHLTWAHEIRZ R 2 L 23 FEELLRETH B, £
XD I KIEZFRETRREINIZIRNETH %,
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DELWEBOBIC DT 2D 1/4, 2/4, 3/4 12HT- 2{E%. UK
(quartile) W5, 1/4 DD 1 UTNL, 3/4 DEHE 3EPNTH %
(D% D 2RD 25%DEDH 1 WS L D/INE K BIRD 75%DIEDE
SPUGNMEE D/INEWN), 24 DEREVS DX, B & CIEENEF L WS
ZeEhe, B2 NMIEHFREICE LY, B roEZNUID» S X
T, BrIHICAERRETERWEGENROEAAH> T, LA
72 E e T oA G E TS NEBSTh 26NN H 205, Z0H;
BlRFNS BT 200888 TH 5, T2 m/IME, RAMEIC, 1
P9, 55 3 VU AL & FREZ N2 72 5 O D% AEREL FERZ &
HH 3 (R T fivenum() B CHIEWEZ KD B e B TE3),
B 1S NL, B 2PUhI. 5B 3. 2R e Ql, Q2, Q3 kH&ED
THIeDDHb, WURAHEFH LI, FH3WSM e 1N ORETH
%, L TofmnsEZPBRL T, 2FOFRAID 50% (0F Hh K
HERENEEZONEYH) PEEINI2HHAERTIENTE 2,

943 fRZ (Semi Inter-Quartile Range; SIQR) VU (i #ifH % 2 TH| - /-{E%
iRz & PR, & Lo EANR O IER P ThiuR, HRE
< A F AR ZE D & YUE 7 5 2P NiRZE F TOMRICE T — X D
EDDEEND VI EKRT, WAONRETEERIEETH %, IQR B
SIQR ® P DIm L AAUE D E ZZ T IT WL, AP EATVT
bz 26 TH %,

38X (variance) 7 — X DfEl & DAY FIEE DEZIRA L VI D, <4 F R
Rz 75 RAIOREZ RIS 2912, REZZFELT, 20
FEr e b, TEEWVWIHEICKR S, TELVIE.

Y (X —p)?
N

TEREINZE, EAK A THZRODYICHHE -1 TH > T, R
47X (unbiased variance) ¥ WO HIZ T 3 &, AT — &0 6 RHEM D5
BEHETZ2DIMHZ %, HIL, MR Ve &,

V=

2
V., = 2 (X -X)
n—1

TH5 (RTlEvarO THEHNB),

1Z#{RZE (standard deviation) 77E(DFEHIR%Z & 572 ODIEHERAETH 5,
EHYEERTERMZZERE DD, PMROHDFEHBREZ L o725 DI,

BEBICEHRE T2 L 2R 2RO 5D 22 51< & Lv
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TREERZ IR % (R TEsdQ THLNZ)TE, & LOHAER
53472 513, Mean+2SDE DHIPHIZ 7 — X D 95% D EF N5 &\ D Eik
T, BHERZIERRIEETH 5, BB, BANIM TV 20, [EHE
ZIFT—RDEL DX THL T, HEEOXL DX RRITERD TR
FLAEWE S ICHEREIAW, 23, FEEOEHERZEZ, 7L
DARFEAREFEZ Y T A4 ZOFEHIRTENIE SN 20, Bk
. T UEAMEZMAEDLEDIRL TToze L2, BN HEAR
FEHDIXH DXL, —EDOMRTREEMEZDOHPICBXES) tW0WH 2
ETH 5,

FEEDERRAEZHE T BICIE. EZR T, TR O HEREHK
DfE1 O NEGEBDOEN] Z2FZANREELV GFLLWAN—-23 0TI 1S
SR O HUTINOERT—E2DY I —ROEH1 OFHER
rb LBV,

SHOIERMEOMEIX, BZR TIX, THEH#EN © NEGEER O ©
MEBMEoRE) 2380, ZH e LTubc 2 BATOKARZ Y27V v 755
P TTE2, HPWICaLEIR 7=23I L/ JREL Sy r=" 41
IREDFERNFREINDG, TOFITIEERPER LD, s DBREIRSD
HOEBREAD 7 Ta—F 2R 2DT, MEI—HLEVWILdDH B, £
S OBMETFEDNT —RODHDIERMEZIEL TWBH, Z OBE TIERME
MEHIINZD 5 2 W0 o THEMINICERE S ) VI XA M) v JETHK
TRV RV IR & 70, AT 2 BERDSEEMED 2037 0 & Wn S RE %
MET 570D t EX, 27 DEBERFELROT, ERSEIIE-TVWE L
WXL TH, ZOFEFFITLTHVLEEDLZ W,

MAAUBEDREIX, EZR TlE, THEHENT) © TEBEZBROMNT O THn
HDOE ) ZFEAT, ZEE LTubc ZIEELTOK KRR Y22V v 73 572
FTWVW, AUEZ NA TE SR LWERZIER T v 047
Ya RENPOEABITTE S, LrL, BRCEW@ED, Z ORI T
PNIHAUEZ RN T2 Z L IXBEDTERYV, £/2. ZDHITIX “No outliers
were identified.” ¥ R E N2 DT, FMEFAINTHIUED D 2 L 13V R0,

PRI O RHEE RSP, NMitEERZ IR O RR D TR DS
e XAlS 2 B TMREERZE L IHEN 371 TH o> T, —RICHEERZONMREIHEERT
=A4AN

NEFEZ D L HIT2SD e EhNDZH, [ERDHAED 97.5 8—t > b HlE 1.959964... 72 DT,
ID2F, P02 5WVWEWHEKKRTH 3,

42



7.9 TR 2FADEDIRE

BRIC A 225 & B2 D “IRILIRRIRE DA DBIE DB 2R L 7205, FHALZ
2 BEE OMEHIREGRE DRI, UTD LS IcEedohd,

1. BVEROS G

(a) IEFRDISEWES (shapiro.test () C Shapiro-Wilk DMEDT
X 205, ZOFEEEMANERH U TR X Z TlERW) @ Welch
DOHE (R Tl t.test(x,y))E

(b) IEAR & 2 TEEN T W 3355 - Wilcoxon DEMHIFE (R TlE
wilcox.test(x,y))

2. AT AVERDGE | BHEHEERDOZDKRE (R Tld prop.test()), 7272
LI, BEAIERE H 73 ) BN E D 2 W RE L RO
T, 74y > % —DHEEMHERBE (R TlE fisher.test()) THHHT
%%O

ZHEREICOVWTO FRRE

F9. EARFECL > RN L2 00BNERX Y (7
N A ZWEAny £ ny 85 3) 1IZOWT, EHHEIZERD B0 502 BE
TEIEEEZ D,

2O00ENZERX L Y DRNEDTEL SX<-var(X) & SY<-var(Y) OKEWS
ZINEWHTT U TFOHRATIXSX>SY o728 5 3) Elo/z FO<-SX/SY 2355
1 HHE DFX<-length(X)-1. %5 2 HH/E DFY<-length(Y)-1 D F 73fICHE
ST EMoTHMET S, BEMEIX 1-pf(FO,DFX,DFY) TE5N 5, L
L. FOZTFEHE L2 T, var.test(X,Y) TEHELED Y 5 D OMENEST
TE2, ¥, 1DO0BNZHX L 1 20D ILEHCHDH > T, CD 2 BER
TXDTEDBEL VDL ESIDPBRETEIEVWIRZXANVNTT—REANLTH
2A35E1F. var.test (X~C) & THUT X\,

N2 > T2 BEDORBITHEICED W WS BRI T FARE L. HF D ICHHE
WITEZEEIE. PIEDOEDRERZT2F TR, 2HNIERZBEMALLOT I
ZZoN23DT, FHHEHOEDKHEICIZIERNLNE TI3EZ T DS, /-, »OTE %
3 FMELT 2 BMETOBUCEN R WE DB D + E. Z0XHIUL Welch DRE, & f#
W B2 RE LW EZFHBERRE 57205, HERFHRER AN EREMBETC=ERFR
MBEZIRDY I 2L —> a UIERICK D, FRIEDERICE ST, FHUEDEOHER LT
W ZXHIC Welch DREZ THUL I WZ 2 bh o T3,
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KEZR Tl THEHERMT) @ DEGZHOER 5 N2 ﬁ@%ﬁ%ﬁﬁ@*ﬁ\
E (F&RE)1 28U, BNEH (12:&R) ohrsSx%E, JIL—7 (1
DER) O¥HS5 CZED (EZR TIFERBICLAE LS THENRDS) ,0K
REAEDV) WD T B, survey T—H T, [BLETEROSICEDR
W EVWSIRERAZRET BICIF. BHEHE L THeight Z. JJL—
T LTSex TV OKRRAVZV)wITBRL. BRERENDDH

L CHREFERD Output V1 Y RUICRTEIN S,

Welch DHEICK B t 1RTE

to=|EX)—EX)/VSx/nx +Sy/ny PEHE ¢ Dt DARIHED T & &2 ffio
THET %, HL., ¢ 3 TRICX 3,

(Sx/nx + Sy/ny)*
{(Sx/nx)?/(nx — 1) + (Sy/ny)*/(ny — 1)}

¢:

R Tl. t.test(X,Y,var.equal=F) 7223, var.equal DI&E = &M L -FF
WEESECTR O EARE LT Welch DIEDN 2 X N5 DTAHIKEL T t.test (X, 1)
TV, BNERX LHEDIER C WS AN DA, t.test(X~C)
5%, survey 7 — & T [BLETEIHERIZEDI RV WS IREREZ
MELZWVWE 21X, t.test(Height ~ Sex, data=survey) £ 73 3%,

-

EZR OZEE TREHHENT DEGZB OB 5 12 ﬁFB'il@EFﬁJﬁEG)J:tﬁ\
(tH&RE)1 BBV, BHEH L L THeight &, LB TZBL L TSex %
BV, FoHEEZFEFIN?1 OTDS AR 2% No (Welch test)]
DEZFIvI LT, TOK1 RE>ZIVYITBHL. FERH Output U«
VRUILRTEINB. BLEFNENDOFY. FRIEBERECREBRD
pfEAREIN. TZ—N—DLTFICHVWFESEZEATIOY ML, £
K1’1."&I’E:’f-‘%'(“:‘ﬁ:éi/u7'-:“7‘57=E) BEIMICHEDI NS,

J

7B, BUFEE MRl REDFHE IR TV A HEORRIE, =7 —
N—{FEDHETZ 7N fFEbN 22 (R TlE. barplot() BATHES Z 7
ZRIE LT 5, arrowsQ) BT I —N—%13 %) . B 7 7%2Hi<
Mz Poic L TldWwWihnw e iciEEsnzw, EF—X0H
AU, stripchartQ) B#EEHAWT, £F—XDRA MY v 7F v — P EHE,
ZOMEEE =7 —N=Z2 TR T HDB IV, ZDDITiE. BENEK
EHNZRE WO TRIC LR TEWIIRVWD T, 2 21X, 2200&MNER
V <- rnorm(100,10,2) ¥ W <- rnorm(60,12,3) 3D o726, T
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X <- c(V, M)
C <- as.factor(c(rep("V", length(V)), rep("W", length(W))))
x <- data.frame(X, O

RS

X <- stack(1list(V=V, W=W))
names(x) <- c("X", "CM)

DESREBMLTELRENH 2P, Ty b TBIUIRD LI CAHTIUR

FWVE,

4 N
stripchart(X~C, data=x, method="jitter", vert=TRUE)
Mx <- tapply(x$X, x$C, mean)

Sx <- tapply(x$X, x$C, sd)

Ix <- c(1.1, 2.1)

points(Ix, Mx, pch=18, cex=2)

arrows(Ix, Mx-Sx, Ix, Mx+Sx, angle=90, code=3)

- /

FIED B 3 2 IEERDFIEDEDIRTE

BXNRIZOWT2DOFTODELDH 5 & ZlX, ZNO M 2R AT
EDd, MEDH 5 2R AT HBUINKDS L, KD EDN D
EHIBRNDTET 2 ABDTIERL, MAZEDEWE /2135 23EHRENK
LN VDIZEARTH 5,

MIED B 2 2 BEARDZDMEIX, paired-t BE & PRI, BEHREWVWE LTI
R7EDEDZEZFHE L THEDOEZDRFEEIN 0 TH I 08 S 0 Ei#iRs Z i
7%, RTHIGDH 2EEX & Y D paired-t UE%Z T 51213, t.test(X,Y,paired=T)
THEITTES L. ZHUT t.test(X-Y,mu=0) ¥ FliTH 3,

survey 7 — X T B L /IMEDORIEOF EZF L Z2 5 TROVWFOMTEDR
WV 2 W) R 2 MRE S 5121E, Ra > Y —I)L T, t.test(survey$iir.Hnd, survey$NW.Hnd, paired=T
TR KV, 77 71 38E,. AUADT =R TSRO T, flZIERD
EWIT TR, EN Tem LD NIZE, FIZFEL 1em U EIEFZF I DK
ZWVANIEAR, FZF2 1 em DLEIERIZF X D /M0 NIERT. AEGT DfI
DL S

R OEEIZ, EZR TS (72774 75 =&ty b @ [EHOEE 2o TEROZERE
MElcHEAERL T =&ty P RIERT 51 TENIXHBICFEITTE %,

BEZRTWE 17571 TRy bF v —b) Ty F 3L LTX, BOoUZER2 LT
CEERNZ LT, EF—XIZOoWT jitter TERWHEZ 7T 72 e W TE S, T-,
SEEY 5 — N—FIRTHEAL 7% 17797 Hiti2 o 7 (CEEffE) ) T e
T&%, 2720, WMEEEREDEZZLiE, 2013 F 8 ARFMND EZR DX =2 —M 53T
QRN
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~

Diff.Hnd <- survey$lWr.Hnd - survey$NW.Hnd

C.Hnd <- ifelse(abs(Diff.Hnd)<1l, 1, ifelse(Diff.Hnd>0, 2, 3))
matplot(rbind(survey$ir.Hnd, survey$NW.Hnd), type="1", 1lty=1, col=C(.Hnd, xaxt="n")
axis(1l, 1:2, c("Wr.Hnd", "NW.Hnd")) j

KEZR Tl& TRETEEN DERZROENR H5 THEDH S 2 E¥F‘sﬂd)3|1\
MEDIRTE (paired t FRE) ] &R F1OEHE L TCur.Hnd%. F
2DFHE LTNW.Hnd 2. [OK]RE>ET )W T3, Output
T4 Y RUICERNEEND, BEKES% TRERSISENIN, FIE
K%30)7573“% STRHRUVWFLDBHHABL/MEDOHEBHERICLVWEWVWR B,

Wilcoxon DJE(IFIRE

Wilcoxon DEMHIE X, 7 — X BN NUEEZ Z ATV S IGERIER S
MORKELANEZDHETHZGEITHLNS, BESHTH 2 WV DIt
T =R DOV TOREE BN (V2T X M) v 77k) BEEDR
RINBFHETH 5, T A MY v ZBRETHWRIX, tREZMS X 5 IR,
DF D, MW 2RO GHADMBIZED IRV E D D EFRDTDITHWS
L%, Mann-Whitney ® URE YL (205 2 D1ZEHHTIER WA, Kendall
DSHEL D) BWHEINCEFMTH 2, 7T —XBbDFEROH T, HFHLHUC
Xt UTHEEERDINERN 2 DT, ZHEffioTHREL &5 WS FHETH 2203,
AR CIEFE 2 FE O FAIT AR S 5,

il LT, survey 7 — X T, & (Height) DA DAED BRI TEDI RN
EWVI BN EZREL TA LI, Ra Y Y — L TIEHHE T, wilcox.test(Height ~ Sex, data=si
TRW,

EZR TlE THEEET O T/ N A MUY IKREL D5 N2 EFOLEE
(Mann-Whitney U #&7E) | Z:#U. BWE#H L L THeight Z. LT3
BEr L TSexZEAT IOK) REVZ V) WO T 3. REFERD Output
T4 Y RIICRREINBZFEITTERL, HOITRBRKRICHEI NS,

Wilcoxon DfF 51 FERIIRE
Wilcoxon DFF S ZNEMARE X, MEDH B tED /) T X M) v
MTHB, ZITEHHALRWD, 2L DHEHFEOARIFICH > T\,
EHFZIFHLTEL, survey 7—&XIZIE, FlEFoREX (Bliigr/ME
DIEIROFERE) 2B T 3 Wr.Hnd L WOHEH L., FMEFThWIOREX%
BT 2 NW.Hnd ¥ WO EHDEZNTWEDT, ZN5DNHDALEICZED
N YWD IR B EKE S THREL TA X I,
A ANZOWTHEF L FIEFTRNVGTDOFOM ST DT —XHBH % D THIG
DB HREMAREIC T2 %, R 2>V — /)L Tld, wilcox.test(survey$iir.Hnd, survey$NW.Hnd, pai
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U KW,
/

~
EZR T, THiet@Ef) T/ ONSAX MUY OREN D5 THRDH S 2
B LR (Wilcoxon DFF S EIRMMRE) 1 28V, £10EHL
LTERDY R +H5 Wr.Hnd 28V, £20EHLLTHEADOY X +H
5 NW.Hnd Z:2BA T [OK] RE>Z IV v I T BREITTH B, IRLMKRE
DEZTLRLKBREAEDA T a>ZIBETESN. BEIEZT I+
kTR,

710 3B LD

FKERGTHE O B ERBEE O OFITERCEH L@ b, 3B & s
57012, BHIC2EBOEDREZEDIRTCLIFERDTH S, BERS,
nEBERPS 2B T 20021 ,C B Ho T, 1EDZDDE 1 DB
AR (RBIEDRNDIZ, o TENID D LHELTLESMHR) & S%AH
WL LTH, 3B o2 LT MR ed 1HoZDD ZEN
Hb rwvwHre, 2R LTOE I EOBEMN S ED T o2 REL{ZH->TL
EIMBLTH 5,

COMEERET 51213, ZEBEOLEBREVWSIEAAZRH T, B#9ITE
BHEELTVWIEDERICSZB3MEDHBIDESHLEVWSRIAICTS
DP—DODHIETH Y, BAEINIIE—TTELB DO 7 F A= %1
Z (Kruskal-Wallis) DRED Z U K7z 5,

Z5TRIFNR, BREKESRD 2HEOMELHREDIET Z2IcXk-oTE
e LTEIEOBEMENIKELR>TLES Ze2lELZDOT, E1EDIB
MERABITZCICE > TE2B L LTOREDEEKELE 5DICMMR B 5L
bHb, ZORH X ZEEEE) IS,

— BBt

— LB RO TIE. T—ZDIEso% (BH) %, HEOENE WS
BEHEDE->EZD LTV RESo% (BHELE) . §7— X8I DY
PHENL HWVIELDNVTWVWED RE) ZIXRNTORHICOVWTAELELD
D GREZH) WAL T, BiEIERELD DN bVRZIVHILZMETT
52212 &oT, BOUIERDE T —RDEBICEZ 25BN H 205 h%E
AR D,

Bz, FEAREHED 3OO X, Y, Z TEZE - T, BMABEOEES
HEEHl-o2E LED, ZOLE, T—REFIZIRD L1242 (BZED
HDTH3)HE,

¥http://minato.sip2lc.org/grad/sampleZz.dat ¥ L T L TH Hh. R 2 5
read.delim() B¥{ CHAAARIRERETH %,
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http://minato.sip21c.org/grad/sample2.dat

ID &S K& (VG) B (cm)(HEIGHT)

1 X 161.5
2 X 167.0
(1)
22 z 166.0
(i)
37 Y 155.5

MEICE > THRBIZEND DI E D D2MHE LW 51X, HEIGHT & W\
S BINERBIZH LT, V6 2 WO ED I EROEDR D 2008 5 % —IthlE
BT 228123, RayY—ALTEUTOES AT 3,

> sp <- read.delim("http://minato.sip2lc.org/grad/sample2.dat")
> summary (aov(HEIGHT ~ VG, data=sp))

5. ROVMIIRT RN R) AR oh2,

Df Sum Sq Mean Sq F value Pr(>F)
VG 2 422.72 211.36 5.7777 0.006918 **
Residuals 34 1243.80 36.58

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.” 0.1 * ’ 1

HHO*ORIIEREMEZ R THRED, HRZOHDITEHLTASIES
BEWV, Sum Sq DA T LIMREE A EERKT %, VG D Sum Sq DFE 422.72
. NS OFEED ST EFINT R LEEN T DO N TEAN
FUZMTH D, HEZH F-I3NEEE & X, VGRITOIRXS DX
&% EBES %, Residuals @ Sum Sq DFE 1243.80 1ZFZEND HED & Z D1E
ADPBETANOFEEHEGEEZFINVTELEZDDODMBATH D, HELH LI
. Mickszwn (2RO ERD W E TIUIEAD) X650 =2DfE
[E%EKT %, Mean Sq X FIFEAM LI, RAEFHH% BHEE (Df) T
HoledbDTHE, FIEARNITHLD T, V6 D Mean Sq DFE 211.36 1%
BER D ELE 72 1R B e FEN 2 Z 2 3B D, Residuals D Mean Sq DfHE
36.58 IFFREDHE MHEINZ Z e DB B, F value I35 HUL MIEh, BERE %
BORRETRICT 2 TH 2, ZOHEOELLIEE 1 BEHE 2, B2 HH
34 D F IS ZebhroTWBDT, ZNEHioMEDRE,
Bt Z 0EBE X D EAKRE L 50X (PrF) KG6h3) HESN
%, ZOHITIZ0.006918 DT, VG DENRIZ SU/KETHETH D, IFER
BUIEA SN D, DF D, BRIEIMNEICI > THERICERS Z2ITRh S,
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/EZR Tsample2.dat Z sp EWST—R T L —LICEMADICIE. [77
AN D[T—EDAVER—=R DS [TFALT7AIL. )y THR—
RE7IE URL B 5] EEAT. [T—FIL—LBZEAT]IDEABIC
sp &6, [1 22—y F URLIDERIDO S FREZZF v L.
Z14—=ILREYIDZ [2T1LT[OK]Z27 )y LTRRENDE170
4/'|C http://minato.sip21c.org/grad/sampleZ.dat ¥ A}1L T [OK]
9%,

ANOVA ZR1TT 3 ICIE. [BiEHERIT] O [ERZ R O] T [=8U LD
RIDFIGEDLLE (—TThEiE S E53 4 one-way ANOVA)] Z:E . TEHH
T L UTHEIGHT Z. THERT 58 L LTVGZEU. [OK]IZV Uy
27UEE V. TZ—N—IEDETZT7HREEMICEIMN. 7O Ty
RO Y ROICIEDEORRICEVWT. HCCOFEECIZERED—
BERDPRTIINDG, BiRD p EIE—TEREDROFICE TS V6 DED
REBRZHBLLEDDICE>TWVWS, BH. HTHilc. TFEARCEX
FIH?21 VWSATPIYEBICOVT. TLWWXR (Welch #7E) 1 DF
ZFIvILTEL, EPHMZRET I2EED—TTRESEHIIT TR
<. Welch DILEIRIC & B2 —TTE BB DREETH S oneway. test )
ZRITLTI NS,
NG J
H LAY IR IR AT TR, BRED BT E LW Z & 2R L v & —Johid

B EU T DRITE & 72 2 IRED 7z TRV RETEDE LWV & W S IR

MEMET 5121, N—F L v b (Bartlett) DRUE & MIEN 2 FIEDRH 5, R

Tk, BWERZE Y. B UEB%E C 235 L, bartlett.test(Y~C) TH

7T%2% (3BAA, ZNOHNT—X 7L —2Ah dat KEENBEEEIZ 53,

bartlett.test(Y~C, data=dat) ¥ 3 5%), ZDERESNS plEIZ0.5785

RODT, BAEHDPEL VWS RERGEHIIEEKE S TERHIX IRV, Zh

ZHERTZ 2, WL LTI ESTED I FEITTE 5,

EZR Tl. X=a—/\—0 TEEHET D5 LEGEROMEMN O T=EU
L OESEMEDIRTE (Bartlett FR7E)) =18, TBNZEH £ L THEIGHT.
IJ)IL—71 £LTVGEEATI[OK] T 3,

LL, 2DX57%2BEOMEIX. MEDZELEDOMEL K Z 3 rRelE
DBH B, BEERYEDEAREMIAEZ R =E RO RNEEZEEZ O BEFERIC X
22, EFRWTHE0E I 0hrb 53, 2HOFIIEDED Welch DF5ik
B ZBRCIR L7 AEE W2 DD RIETH %, R Tl oneway.test() TH
f7c&%% (EZR THTE S Z IZBhciiR), Eid. NEDEGEADRE%E
A B HTlx. oneway.test(HEIGHT ~ VG, data=sp) 3T TiX. Welch D
RICK 2T BRI TE T, LUTORENESNS,
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> oneway.test(HEIGHT ~ VG, data=sp)

One-way analysis of means (not assuming equal variances)

data: HEIGHT and VG
F = 7.5163, num df = 2.00, denom df = 18.77, p-value = 0.004002

225 ZANIL="7#1) X (Kruskal-Wallis) D#&7E & Fligner-Killeen DI&E

ZHRDEZTAND 2D ) VTG X Ny I RAGEE LTI, 77 RH
=1 %V A (Kruskal-Wallis) DIMENHHTH 5, RTld. ENERZ Y. B
TIERZ C 35, kruskal.test(Y~C) THEITTZ=3, LUF. Kruskal-
Wallis DFE DA A % Ei5:FH = T3 %,

hied b e LIHOBB TANDEND 5| & WD SRS N
T2 TIRTOEDOBTRK/NDED N LW IREBRGZHRET 5,

T3 2O OGAEDIENAME LR L, TRXRTOTF—XEAAIZ
L TN D BIECNEN 22 % ([RENLDYH 235513 FNEN = 5
Z%)o
RIS, BEZ L WENZELEDE T, BN RG = 1,2, ...k k I3EED
B kD 3,
BHOA T —R—varvofizthrthn L. 8F 7 —R— 3
BENE L=, BEHZOWTHETE B; 2 B = ni{Ri/ni—(N+1)/2)?
YL TCETE L.

k

B:Zﬁi
i=1

YLTB%ZKD, H=12-B/ININ+1)} ¥ LTH &R 2, FENZE
T X, ITARTORENEN DEIZOWT, FDOMEEBIERD 2F#» 5 1
ZolWEEENI - OEETEL, 20KME A LT,

__H

1 - 5orn

WD HEMELEEHR ZRKD 5,

H =

o HEZIZH »oRE2Mo>T (F— XAV RFUIAARD ABEIC & -

T) BEHERERD Z2D0E BN, k>4 TEHEOF T —RX—2 3
VEBORIETH AL ED, £ k=3 TEHOA TH —R—> 3 V]
PRIKTH S ERS, HRPH DPEHBEE k-1 DH A4 ZF’OMHIHS
O LTHETE %,
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ORI THEDBEADREE A 31213, R 2> Y —)L T3, kruskal.test (HEIGHT ~ VG, data=sp)
CHTEERENFREIN D,

EZR Tld. THEEBTI. T/ NS A MY wIBEL. BEULOBDL
8 (Kruskal-Wallis DR7E)1 &EQ. [JIL—TF) L Tvc%. TEHNZE
#1 ¥ L THEIGHT &3&U. [OK] %22V v U $31ETTHSB.

Fligner-Killeen DREIL, 70— 7 Z L DIX S D ZITENTEN & W S IFHE(R
MERIEST B720D 7 T X MY w7 RJTIETH 5, Bartlett DFED J >3
AN IREVWR B, LORIT, BEDIZHDXITHEIZ X 2200 e n
S IR ZME S 51213, Ra > Y —LTld. fligner.test (HEIGHT ~ VG, data=sp)
i (V> A

EZR DA Za2—ICIZA>TWARWVLWD T, BRERBEIFIRIV I D1
RoICcav > REITE, BRLI-LT IR1T7 K429V vwIT 3,

BREDZEMOFAREZH S LR

ZEHEBOFTEIIZWANWAD 20, BAMEOLATVWEHDE LT, RV
7 = 1 — = (Bonferroni) M /5{%. KL A (Holm) DJjiE. & = 7 = (Scheffé) D
HiE, T2 —F— (Tukey) ® HSD, X% v b (Dunnett) DAE. 94 VT LZ
(Williams) D 51EN D %, ik, FDR(False Discovery Rate) 7 $ 2272 D fifih
NB LI oT Ry 70 —=DfEE Y 2 7 2 DFIREBRH I EN
DT, KRG EZROTIEHEDRVADRRV, 72 —F%—0 HSD %7137k
NEDFTEDPEDONL, BB, X3 v b OHEINBBENFEST 25512
WHHREE L b Bt DI DN 2 DT, EHBESREXNATHEE, 74
V7 L XD FIEIIHIEEED D o THIODERIZ D —E DHEMDMRE XN 2 HEIT
BREOMH N ERIET 20, X1y POFELD DS HIZBRoNLGEIC
U2 20,

7 2 —F%— O HSD I FIEDZDHBUC L MEZ IR0, Ry 7 zm—
ZOHE. RVLDFE, FDR BIIMNERED /) %7 X MY v 7 R HE
Wb, BEDEDKREICHHZ S, Ra>y Y —LTld, pairwise.t.test().
pairwise.wilcox.test(). pairwise.prop.test() EWH KT, K> 7=
0 —=0D k. RV LDJTE, FDRIEC X3 MEDZENOHFHENTE 5,
fmsb 74 75V & 212, pairwise.fisher.test() {2 & D, Fisher DE#E
ERETH R Z L5 8 OMEDZENOFEDRIRETDH %,

7%, Bonferroni ® X 5 R ZEHEIET p HZHE L TERT 2 DITER
LFOEETH > T, KRYIIFRFTEL XNV TOEEKEZZEZ TVWEDTE

B, WHBHSMOR Y OB O TR TOBEICBVTEND L L VW EE, £
EIET2DOTERL Tt MEEREVELTHES OPIELWOT, EEFPRETH S, d
B AHAZE I WVIGEIRFE IFRW,
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L. p.adjust.method="fdr""T®. p fHS HE/KUESFEL T, WD T T
R p A BUKERTGC IR > TEMINTLE S MR GIMHIER) 25HHE
L. Wi & & 1A BKEEICERR R 28N T p HE O RN B L TR
ETHLWVWI IR TVED, ZHUIITOWEE CIRERGIEL XL TO
AREKEDHBZERT 5, LEMICHEILNATVWLDT, ity 7 bd3p
EZFELMEEH L TL 20ER1E D R LOMAET, RYITAEEKEEL
FHFEL T3 (P4 : Benjamini Y, Hochberg Y: Controlling the false discovery
rate: A practical and powerful approach to multiple testing. J. Royal Stat. Soc. B,
57: 289-300, 1995.)

Bonferroni, Holm, FDR £\5 3 DDZ&EIEDHE 2 FiE> > T Thh
DRFTVOT, I THEICE LD TEL, kKEDRIERIUTDOWTHEL T
B oz p D p(1)<p)<...<pk) 72§ % &, AEKUE o TIRHERFUGEDMH
FE % 57912, Bonferroni & p(1) 2> HIHFIC a/k LB L. p() = a/k i
ol ZALBEHIEME. Holm X p() = afi & o7z & A LIREHIEHRE
¢35, AEAKEQTHdr 2351213, £3 pk) Z a &L, KIZ pk-1)
ZaxX k-Dk HEBEL, & pEXKEVWA2LEEKLTHWE, pi)<a X ik
ot ZALRE, i EDIFEREEEZ T 5, R D pairwise.*.test() Tl
Bonferroni 72 5 3 XT D p {HA k fF XL TR, Holm TN I WAL i &
Ho p A8 i S LTHRR, fdr TNV S i BHO p EA ki fEEhT
TRENDZZLITE-o T, ERENLplEZHED a ¥ DRNCTHEMEHE
BTEZDIILEH, IR EOTETH S, (FRREHS. FDREIFFH
72 Remdr ® EZR DX =2 —CIESFNTLAHL)

FOIETRE S, IR LI 3INEDHRT —XIZONWT, EOMELE D
HWEDHTHRIZEDND 2D 2Tz 0WHGE, Ra Y Y — LTI,

pairwise.t.test(sp$HEIGHT, sp$VG, p.adjust.method="bonferroni")

TR, 2HETODITRTOMAGDHLEICOVTRY 720 —=0DF

ETHBEKEZFERE LUz pENFRRENS ("bonferroni"id"bon"TH R\,
F /-, pairwise.* RO TlXdata= WO A T a VAFHZILVWDT, 7—
27— LANOERZEN T WHEIX., THT—X 7L —2L4% attachQ L
TBLAD, FRBIZTRLELI I, EBIEDRIC—4, “T—X 7L —
L2 BT BZRERD D),

%7/, pairwise.wilcox.test(sp$HEIGHT, sp$VG,p.adjust.method="bonferroni")
TR, Ry 7 20— OHETHREKEZTE L. IXTONERTOH
ROEZNEVAME LA REZ LT Nb, ThHDREET, p.adjust.method
ZHEE LRI UI TN L DFFiEICIR 205, BIFRLU 213 4UR, p.adjust.method="holm"
iU v, FDREZEM 51213, p.adjust.method="£fdr" & 34U L\,
RTHARY 7 20— SA[REAR DI, —H/EMALTETH S e 0S5 Hie, K
NV ADTEREREIAENR Y 7z —=0tREZ2 G062 e bh 3, 72
B. REFoTHMT 203D, 7—EMRENWRIEMDMZ LT
T, O TGIEDR L LD accept LARWHEESIIH LTE S LTHHRN
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L7z, 2 WIHEIX. TukeyHSD (aov(HEIGHT ~ VG, data=sp)) ¥ ¥ L
T, 72a—F—DHSD 2175 Z £ dA[RET H 5,

4 N
EZR Tl3. —tRESEOMAZ2—DA T3> e LTRITTES,

TRsHRiT) DESGZRORT U O EEDLE (—TitEDE

531 one-way ANOVA)| Z3EAT. THNZE#HI £ U THEIGHT Z. THEE

T3 LLTVGZEATH S, TOAD M 2489 DDLEE (post-hoc

RE) T T 2N L DDBEDAEHEENDI HORLWVWSELEBE

@EM@ﬁWOZE?IW?%AhTﬁBrOKJﬁ@?%?UWO?%{/

.

WD D % LTH, TukeyHSD DIFEE &, 2 BT O DX LER DfE
R LT, ZOHEEMEE 95%FREHEXHEICIMZ . Tukey DHETHREDZ
EYE T L pEA RO & S ICHRREI N, MEDHEKEN 5%/Z o7z
T2, Z8YDERLIDEETHDLZ b5,

~
> TukeyHSD(AnovaModel.3, "factor(VG)")

Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = HEIGHT ~ factor(VG), data = sp, na.action = na.aomit)

$‘factor(VG@)*

diff lwr upr p adj
Y-X -2.538889 -8.3843982 3.30662 0.5423397
Z-X 5.850000 -0.9598123 12.65981 0.1038094

\\Z—Y 8.388889 2.3382119 14.43957 0.0048525 )

Dunnett D% & HEEGE

Dunnett DZEHERZ., a2 Fao— L EROEBREDHE Y WS ¥4
YTHWsI S, MUTF, BHEZECRT, flZEX SATO3BICT VXA
S EIMEERE D NT, oSt (BFREE. EEFRERY) KEEZ DT
. FIeRE 1y AR L ZBEOIGERIT (mmHg H47) DK 235, 8,
3,10, 15 T, IRELMWARIEE 15 HIRH LD T X 20, 12, 30, 16,24 T, #r
2 1 AIRFALUZZBEOK T2 31,25,17,40,23 o722 L LS5, 2Dk %=,
772 REEENIR Y LT, REBEIRIETOIREN CHEETOREICHE B2
JERETERDENH 208 9 0% Bzw (EL 23500 LKW Tl
FET) EWVWHEHAIZ, Dunnett DEEEE 25, R TI D7 — X% bpdown
YWVWHTF—&X 7L —ALIWKAN LT Dunnett DZEIE Y T 572D . XD
a— NZ2FETT 5,
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bpdown <- data.frame(
medicine=factor(c(rep(1,5),rep(2,5),rep(3,5)), labels=c("7 7 &
R R ),
sbpchange=c(5, 8, 3, 10, 15, 20, 12, 30, 16, 24, 31, 25, 17, 40, 23))
summary (resl <- aov(sbpchange ~ medicine, data=bpdown))

library(multcomp)

res2 <- glht(resl, linfct = mcp(medicine = "Dunnett"))
confint(res2, level=0.95)

summary (res2)

J

DF D, EHAMWIZIE, multcomp 74 77V BHAAATHI S, T
DFER%Z glht O BIRICTE L. linfct 47> 3 > T, Dunnett DZE K Z 5
B2EVWHEEEEGZ DI THS, multcomp 74 77V D= 2 > 0.993
F T 272 simtest O BAEUZ. 0.994 0252 7L o 72D THE IR,

e \ A
EZR T3, &9 17701 > TF=80A>K—F1 > T771)LE R

g0y FR—R, URLDSTHFAMT—R2%ZHEHAL] LT, IF—
2ty ha%EAT ORAIDKR YU XIZbpdown EANL. [F—2T 7
1IDHFR] LT T2 —2%Yy FDURLI OFRIDOSSHARZ V%=
Uy oL, T74—ILFORXYIDES] &7 271 IZLT TOK1 R%
DEIVYITB, "mand URL AHT« > K http://minato.
sip2ic.org/bpdown.txt ¥$T>T TOK) RE>Z o)y o dhnId. Lt
BT —REHRARALECNTES,
Z CT Tt @ NEGEROBER b5 BEHEULOFHEDL
8B (—EEBESD DT one-way ANOVA)) #EAT. TEMZEH L
T sbpchange. MtE89 381 ¥ L Tmedicine &Y. N AT ODLER
(Dunnett DZELLE) OEDF v IRy I AZFIvI LTHS 0K
RE>ZI) v IFThIEV,
BHE. COT—FTUNIELZTTE M medicine DEY LT o.placebo.
l.usual. 2.newdrug D& SICHEEICHFHITEAIEZ. TNHBVL
KEDNTILT 7R MEIZES>TL FL\ Dunnett DFEITICE LV THEE
AarrO—J)LeLTHEHLNTLESH S5 TH S,
JVNFAMIYIOREDHZEIE. REHER O T/ ONF XMy
BEL H5 3B EDORBDLEE (Kruskal-Wallis #£7E€)1 ©#EU. TERW
Z# 1 % sbpchange. [J)IL—7) % medicine ICL. M T DODLLE
(post-hoc 1R7E. Steel DZELLE) ODEDF v IRy I RZFIvIL
K—C TOK1 RE>V%Z V) v ThiE. Steel DZELEHRITTE S,
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711 ZEEDEO

AR TIX, KOMBEEE DM T, 3FEHOM/KE 238D DHFIETHET 2D
T, MEEOEZ. M/KOFEELAEFELE VWD 2 DDOERIC X - T3
5ZeMWTED, HEWHEHIZX > THESIEDBEICEG X 208 3E DS
AIREMEDY D 2 DT, MoK & JIE T IED R BAEFH R & MEET 2 LB
H5,

B 77 —RiE, http://minato.sipZ2lc.orqg/pubhealthpractice/
waterhardness.csy 2HAFTE S, EZRTE, (7741 > [5F—%D
AVKR=b2 > T7740FRE7 )y TPKR—=—F, URLDSLTFAMT—X&
RitsiAte] ¥ LT, IF5—&ty v4%&2 AN OFHBIOKR Y 7 212 hardness
EANUL [F=RT7 74 VDG LT a—=AV T 7 ANV AT L] D
EHDOSZIFRRBF 2y 7ZNTWEI e Z2MERL. 74— FOXY)
DicB % Th>=) LT IOK) KRRV %E IV F 5, 774 MERY 4
Y RUNEHL DT, FHX Y — KL THBW= waterhardness.csv & 1EA T
OK ¥ %,

SHE. THEEHENT) > TEINBRZROMN ) > THEEORTTOFEIE
DLEE (ZITELE 5 B M multi-way ANOVA) | ZBATRREND Y 4 &~
FoC. THIZER (1 0i%#4R) | THARDNESS 2NEIRX AT W3 Z & B R
L. A+ (1 2L E#ER) ) TMETHOD ¥ SAMPLE %3#&R$ 2% (LDOHIZ
EHANTVBED, (CullF—Z LA 2 VU v 75T 2 DM LRI X
%) ' XEEHDBENHITS BENERD 3 LT OHE) ) OFEICF =y 7
MA->TWVWBZ e ZEERE L, TOK) 27V vy 723 5t, HEWEEREZD
I —N—FZOHETZ 7Mbb, 1Y 4 > R T ORI T2,

Anova Table (Type III tests) B
Response: HARDNESS
Sum Sq Df F value Pr(>F)

(Intercept) 484128 1 1097.5194 3.628e-13 ***
Factorl.METHOD 128 1 0.2902 0.6000
Factor2.SAMPLE 222629 2 252.3506 1.569e-10 ***
Factorl.METHOD:Factor2.SAMPLE 229 2 0.2599 0.7753
Residuals 5293 12
Signif. codes: @ ’***’ §.001 '**’ 0.01 '*’ 0.05 .’ 0.1 ' ' 1

\_ /

Factorl.METHOD ¥ Factorl.METHOD:Factor2.SAMPLE @ Pr(>F) OfElX
0.05 X D RZ2 VWO THREEE ORIEMIX, HIEAEDHETEE KD HIERH
HAERICITHEL THB 5, Factor2.SAMPLE @ Pr(>F) 13 1.569e-10 (e-**
332V a— XROFE/INIEFORT, 1077 2EBKRT %, DD, 1.569x10710)
. 005 DT o/NIVWDT, KB TIIERREND S ZBbh %,
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712 2 DODEMHEETHEDORER

2ODBENLZBEOBRZFANS 700D, RSHoNLTEN20H%, H

BEeEmTdd, WIHUIE L, FTHHHRIZH Z 2 3ETH %,
REFH TR, KA - BIEOMERE L BE L HO@EREH (WRKEIAD

EBALD 1IZOWT, BEVWORFRZHARZEIC, ZhoDiEEzHV 5,

M & ERDEW

KHEHCE 2R, HBEPEHHOH OB X 2R T DI LT, BIFEH
ZEHDEDIESDENE DREMOEBDEDIESLDEICL > THHIN
0% T, MiROBIC, XN 22 (WEEEEE =13 BEE. &t
S 2720 0E% (M EBE 213 HHEHE FER, 2 O00Z D
%% FHNES 720121, \liREHRW3,

iElEabariin

—fgiz, 2L EOZEED ) OREOHANEL X %23 - T, %L
HITT BM%R) O Z & ZMHBERER (correlation) & W5, HHESIZIZIEDMHEY
(positive correlation) ¥ E1 DHHES (negative correlation) 23% D, — 77538 2 1UX
B Z BEEEZIEOHBE,. — 2 % L5325 ADHEE L
ML, Bz, R AREOBRIXIEDHETS 5,

B CHEERGRDS D 2 X 5 ICR A TH, B ORI (apparent cor-
relation) TH - 7= DB FHLHHEE (spurious correlation) TH -7z hEF 2 Z L3
HBZDT, EEPRETDH 5,

BRI IIEERZ & I TNV D T, ERNZEBRTH 2 08137k
o ZRATHIEBEITH O VA FTH 0D, #E. BERNREGRE
W ZEeNEBW (FERIIE 7 Y v OFRMEERE) . iRz ERoSE. |
MRENCI2 B K DWICEB L=, 7 2 o%F X bY w7 e HE eI (IEAZAHRS
RE) ZEHET 5, EMHBEGREE LAY 7~ > DEN MR E %4
TH %,

V7V >~ OFEZRMBEREL (Pearson’s Product Moment Correlation Coefficient)
. r2VISEETRL, 2200F KX & Y OEGHEE X D55ELE Y D5EL
OEDFHFRTH 5 7METH D, HFHZ[-1,1]1 TH 3, mdDBOADHED
HorrEr=-1, ROMOIEOMHELRH 2 X r=1. o/ HEIZVE
E QODOEBIMIRLE), r=0 k2 BTN S, X DFEEE
X. YOG E Y e FEFIE, ROXTERIN S,

Y (X = X)(Y; = 1)

r =
i (= 02 S (Y - T

o) FEEOHBEEMOIT L Fiff, 55 b —MIIEct:-> THEINT %,

) B BEICHARTHEZZARDIHO K L A UERERECEIN-DEOEREE 15 £,
BELERl - 727 — X3 H 3 k5 I1I2AZ 30, BEENZERIZRL. 55 b R
WIS TREL R Z7-DIHHEND B2 XS ITHIATVWAEEITTH 3,
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HERBOAEEEOMEICB VW TIX, SRS e (=B H)
WS RGO T T EBRICE STV A HBIRE L b b Mo ED K= 7z
FBRBOMBAE SN 2R (e TEEER) 2w, @F, 5 p TR
TOT, Ipfl) BMIND) DEZFEAND, BATEDY ZRWVIFEEBRL
WIZ DRI 5722 E 2T, IR EE > Tz & Il 2 0 H Ehi
BN DT L X, EWOKEZHEKEL VO, BMEDRIZIEZTD

BAKUER (BIZIE5%L) RO TELIDENDH L, HlZIEp=0034Thh
3. BEKESGTERBMHEMBID 2 L WO BEERERTRS 2N TE 3,
p EIX, BUEMGT=

rvyn—2

R
DHHER -2 Dt 3MIiES T ZFHLTRD LN S,

ARSLECHEZ MG 2 DX, MELES g (WRKTRITIUIEHD
HRAE. BERNOEF IR 758581T75 2 A NE) OFRTH 2, MELER
HOY > )7 — KX, http://minato.sip21c.org/pubhealthpractice/
dusi=noise=cars-csu N HX O — FT 32N TE S, BICHhR=8E
b, Z# ¥ LTlX, TIME. small. large. PM2.5. noise. cars A>T\
%o BZR NDFiHARIE, (77400 > TF5=2DA YV R=b1 > TT7740L
F2E2Vy FR=FK, URLDSHTFRA T —XREHAAL] & LT, [F—
Rty v %A OAEBIORY 7 Z212dne E AN L, [5—K7 74 LD
Fil e LT Iia—n7 s AN AT L) OEMODZ A RRBF =y 7 X
NTWBZ 2GR L. 74—V FORYIDGEIE) % >~ 12T TOK]
REBI V90T 5, 77ANERY 4 VRO DT, PHXY > a—
KL THW/ dust-noise-cars.csv 3 ATOK 5,

%3 PM2.5 LB & A3 EE OEUR AT
i, 179 78R) > THAHNITTY) %% /Yi¥

ATHNS Y 4 RO T, ZEZER (32
PLE) oHC, cars. noise. PM2.5 %, (Ctrl) DRI
F—2WLENE2 )y 72 TERY - L] /e
%o BN2FEMRDLEMDOR Y 7 22F 2y L,

IMAoTWESHLTHS TOK) A&xy L & '
27V v r3HL. ARPRRESND, HW T '/Yifﬁ

WCIEOMBBE@RSH D Z251cH 25, | | o =

;;;;;

atigsT) o DEEEB OB 256 R Pl | R o
TR OME (Pearson DREEAHRIRED) | N A
PEN, ZFr LT, BIZIXPM2.5 & noise
RS, RURIcoWTIE DR o Fic Tl TEE< 0 AR

BCul]F— 2L RO BERAE 2 ) v 7 TISEERN DA, —FICE 2 02 LAKRE
TERMEBRICR > TV 3, LOMHABBRANL I, BB, 257 % L HEICIMEDLE
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O] D3DONHERBE EHICH->TWVWBR, @FEIX THElL TXwvw, OK %272
Vw7322, Y4y RTICRONELRRRINS,

4 N

Pearson’s product-moment correlation

data: dnc$noise and dnc$PM2.5

t = 1.4105, df = 28, p-value = 0.1694

alternative hypothesis: true correlation is not equal to ®
95 percent confidence interval:

-0.1132151 0.5653677

sample estimates:

cor

0.2575594

(i)

\*ﬁﬁé%%& = 0.258, 95%EHEHX -0.113-0.565, PfH = 0.169 )

B MTICELDHNTWS K512, MEDEBIRE & EEE DBERICOWT
KD 7Y v OMEBHBREZ. r = 026 (95%EFEX M2 [-0.11,0.57])
THDHHE p-value = 0.169 K H. THHEEHHE W) AIREM A ZEH T2 Z L 1X T
RV, BB, HEOM S IIHBEGRBOEHEO K E XX > THEL., &
N2 0.7 £ b RKRZFUE THWHEES ), 04~0.7 T THREEOHEEE, 02~
04T MFWHHEE) L AR TORHERD T, ZOFMBIZITHEDLD 20
LR WO ANICER TRV RIRXh 3,

B, ZOT— RIFRERY|THEAHHIE U/-(ER 0T, AEERHNTH
5 RIETES, RYIFRFRIINRZLDE & DB LR TEWiTi
W, ZZFETIEEZR DX =2 —ZI3EFENTVWRWD T, KEFTIIHD
AN

HOMEIEL 20T, AEKELZLIIARERLZABINETDH S,
P5%EHXE DN 2D TRIBE, HOXMEEL L SITF 57012, PHEHATIIZR
v FRIBEIDHET, ERIZYID EFICT 2 D0 EETH %,
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WA N

A7 < > DONENHHEIREL p 130, (EZNEN C'E 21X 7 (RINEALIC I EENERL
5 z27) ©7Y ORBEEHBEBREEFELCTH S, X; DIEN % R, Y; DIEN %
0; LR,

1 Sw_oy
Pl ;(R, )

b, A7 <Y DIENMAHEZRES Y L ELR W L RIRERG 5 A
fREX. o IAI A B0 ERBIEZY T Y v DGE L RIS,

\S)

pNn—
Ny

DEHEE-2D 03I Ze 2FHLTUTS 22BN TE S, 7 F—LdD
NERIAEBEGRER T 1.

T =

_ (A-B)
T -2
WE-oT/EBsNE, ZZTARENDOKRNERIE—ET 2HO. Bl FHF—K

BTHb,

R a2y — A TREY 7~ DIRMHBEREZ RS 5121, cor.test ) BIRD
T, method="spearman" ¥ 721 method="kendall" ¥ {&E T AUL R, EZR
Tl WM T > %5 X b Y v 78E ) THEREOME (Spearman DJIE
NAHEIRED | ZBATHRREINS Y 4~ R CHBEZBRE L2 WEREEU,
fEMTTIED & 2 AT Spearman DD 7 AR X V2 HEATOK KX %27V v
7 3 UTETHTZ %,

7Y OMHBRERORMHEBEGREE p b EFE, AT~ Y OIEMNEBREE r, & F
STBEL D 3,
NG J

ERETFTILOHETIEH

[, EBEBDIXS D EE MV EHOISDETHHET 2 VWS ET
NDETEDTH 2, TORMHANTEZET L THIUE, ZDETIVIH
VERDEEZRATZZI2E> T, MET2EBEBERDEITHIH 20
HETEZ L, WMEAHOMEEZNRAT S, LT 2HIERDMEIWE T
X2, 25 LAAREFLOERBIOR2DDIPBREBIETH 2, MERL
F. ERICBWTTOEBERDD > TV AEEYE Z2Hl- 7= ¥ 2 DIEED
WXHDOEMN, ZOREEICK - TRFTRIC GEE 8% L) FilHxh s & =
W (250G EIE, BRI ER 2. mADPEWEZWEREICES X512
Hz22), ZOBBREMALT, o Arzllofz EOUNEL LY T L
DEEZYET 27-DOMREMRTH 2 (HIEROBED H 2P, BEIXTS
POEHRIZY Z L, BRI L THAT %),

MEROFTEICX, ARIETF V7Tt u i E LGE DR A%
2 AIFERRZ AV AEE L. (B) Mk u bz L-5aoFob 3[H
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IRERRE AW 258035 %5, BlZIE. IBEOHRE - 1EHERRRY (0, 1, 2,5,
10 ug /) IZDWT, MUK TE v KGiEEZ L7z & X OUOEED, (0.24,0.33,0.54,
0.83,132) o7t L&, WNEOEK Ty, BEZ x eFE T, HFEET
NMEIy=bx+a B3, Bak b (@FYF. bIZEREEEFEENRS)
3. ROREFHERINCT 2 £ 512, R RETHEEINS,

5
fla,b) = Z(y,- — bx; - ay’

COREMIE, fla,b) Z a’2WL b TIRMD L7z DI LW
L EEREZUTNVVDT, ﬁ@Zo@f@ﬁ%hé

5

wf5— > us. Zyl/s
i=1

2 x5 - [Z x,'/SJZ

i i=1

i=1

5

5
Zyl/s /s
=1

i=1

:m%®a2b®@2\%ﬂ@%@@#/fwmome%éhtw%
B (zX0678LED) b, ZOV Y TNLDEEERDZ ZENTE S,
FEEITREE, H 2 I OWTHIE SN ED., EERRRSI D
EOHPFEHMIZZIFIZ RN 2 TH B, BIFETIAHIEETRRY O H
AT HEFREE R > TV B HRIEEA S WD TH 25,

Rz /‘/——JI/'C 2. Im(Q) (linear model DUE TR E T L DEMK) Zffio

CRDEIICT—RIZHTEDIARET AV EHRZ I ENTE D,

~

y <- c(0.24, 0.33, 0.54, 0.83, 1.32)
X <- c(®, 1, 2, 5, 10)

# MEERET LE S TED S

res <- Im(y ~ x)

# FFLWRIERER

summary (res)

# A MR ERZ RRT %

plot(y ~ x)

abline(res)

# WO 0.67 IS 2IREZEIRT 5
(0.67 - res$coef[1])/res$coef[2]

N /

OEFOFITED S, Y TAERMRLUIZDIBEMRLZD LTISEEEZHHE L, &
ERRRINOHPHICB XD Z L 2 BEDT 5,
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FRIIRD XS/ N5,

a I
Call:

Im(formula = y ~ x)

Residuals:
1 2 3 4 5
-0.02417 -0.04190 0.06037 0.02718 -0.02147

Coefficients:

Estimate Std. Error t value Pr(>|t]|)
(Intercept) 0.26417 0.03090 8.549 0.003363 **
X 0.10773 0.00606 17.776 0.000388 ***

g ? ¢ ’ )

Signif. codes: 0 ‘***’ §.001 0.01 ‘*’ 0.05 0.1

1

Residual standard error: 0.04894 on 3 degrees of freedom
Multiple R-squared: 0.9906, Adjusted R-squared: 0.9875
F-statistic: 316 on 1 and 3 DF, p-value: 0.0003882

HEE I NYIEa = 026417, [EIGEFREUE S = 0.10773 TH %, /20 2D
ETIMIT — R DITEID 98.75% (0.9875) Z &AL TW5 Z & A3, Adjusted R-squared
Pobhd, £, p-valueld, BOEEDDEHDBET ML > THHEN S
FREDVRZDEUC K o Tt SN 2 1R & 20 & W 5 IR D E D

BEERTH 5,
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0.2

0.67 £ \W IO WY T 21X, 3.767084 £ 725, L7zDoT, ZD
TBIRDIREX, 3.8ug/tTo7eibims 2N TX 5,

AREFTIE, ZREERBEOHE THEMO DR 25, LRt LS5 Xk
STEET 27201213, T—XANTTIRBPNETH 5, Excel R DRETAEY
7 T, £73 11THIZ SAMPLE. CONC. ABS ¥ A1 ¥ 2, 15EHDOHEFD
18171 XS E AL, XRWTA, B, C, D, EZ 3173 2ANT %, 25IHIX
BROID 18 fTIEHERRRY DBEEZ DT, 0, 2, 4, 8, 12, 16 2 347F >
AN %, 20LEEY TV THDREIFHZOTI 7V 7DFEETR
W, 3FIHIE L — M) — R THIFEEINBOEORIEMEE AT %, 72720
3 %HIH OREET triplicate DHIT 1 D2 ANTEL D % & Zik, 15IHZ X
3%, Excel CAHIL7HEE. TTEAZERLURE T 7% (a2
YRRXYID) | TTF—X%E 77 A NVIRET S, BTV T—X% http://
minato.sip2lc.org/pubhealthpractice/workingcurve.csv IC& { DT,
Xora—RLTEL,

EZR IZFAALIZIE, 77400 > [F—=RDAL VR—=+] > T7740L
F/2E2 Vv IR—=F, URLDSLTFA T —XREHAAL] & LT, [F—
2ty b AN] OERIORY 7 ZIZWC e AN L, [F—&27 74 1D
Fig LT Ia—AnTZ 7 AN AT L] OEBIODSSFRRYBF 2y 7 X
NTWBZ xR L, (74— L FORYIDEE] B (ho~) THEHZ L
PHEEELTH S TOK) RR>%2I7 Vw735, 77A40ERY 4 >~ RUdh
DT, FHX Y >u— KL TBW workingeurve.csv %3 A T OK 3 5,
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T3, BERIRIO T — 2 2fioT, MEMEHET 2, THWEHENT >
DEBTAR DT > THYERIG (HEE, BRI ) LER, TE718% A
J1JWCWCL ¥ AL, THIWZES (1 9o838R) ) TABS, #BAZR (128 F
) | T CONC Z3E, =T MNTRICINTRE R Z 7 7 74 7ETLE LT
B3 ODEDF 2w 7Ry ZJARZF 2w 7% AND, o2 T —Hoyv 7
VST 2 RN RIS 23858 DM, Bl age > 50 & Sex == 0 % age < 50 |
Sex==1] O TFDRvy 7 AT SAMPLE=="S"2 AJJLT[OK]| %22V v 73 3,

HAw 4 ¥ ROICHERIFRTREINDG (BB T 2Z2EMLNELF v 7T 57
DIZVIFZEEL XS L TEZJ—: model contains fewer than 2 terms
EFRREINDEDRUC LB TRW), TOHICHARFETE L DAERNTRE
N5H, HHEFREFEMHBEBRBO ZEIGSENLZ VDT, Lo O/EE
H2, HHEFREFEMEBERBO _FEDI0987 2D T, ZN2DIZHTUIED
RV, HRXOYVIAIZWC1$coef[1] 7° coef(WC1) [1] THIRT =, [HIF%
BT WC1$coef[2] 7> coef(WC1)[2] THETX 3,

\
Call:

Im(formula = ABS ~ CONC, data = WC, subset = SAMPLE == "S")

Residuals:
Min 1Q Median 3Q Max
-0.0239223 -0.0080413 -0.0002198 0.0107207 0.0221966

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) -0.0027207 0.0055576 -0.49 0.632
CONC 0.0209703 0.0006014 34.87 8.97e-16 ***

Signif. codes: 0 ’'***’ @.001 ’**’ .01 '*’ 0.05 .’ 0.1’ ' 1

Residual standard error: 0.01369 on 15 degrees of freedom
Multiple R-squared: 0.9878,Adjusted R-squared: 0.987

F-statistic: 1216 on 1 and 15 DF, p-value: 8.967e-16
\_ )

Kz, TOMBHEF ST, FY ILORNEISHEERZHET 2, [7
IT 47 T=2ty b > TEROBE > THEXZ AU THRERK
PN T %) LIBATEREINDIY 4 Y FUT, HHILWER$] % CONC2 &
L. FE5ER) 1T (ABS-coef(WC1)[1])/coef(WC1)[2] ¥ ASILT TOK,) K
RV 235, HILWER CONC2IC, BV > Lo BLERE
ERFONEDT, 2% — Tt B EASHTICHWS Z e N TE 5,

CDFEF A E SN R T 2120, TR > DEGEE O T
> B OB OFFED B (—ITHCE 77T HT one-way ANOVA) | T
TEINZEEL (10:%4R) | TCONC2, T3 28 (1 oL H5ER) ) TSAMPLE

63



ZESL, TOHD Tl =Y > Iz re-- 1 O TR,

(:SAMPLE %in% LETTERS[1:5] :}
&

ToT»5 TOKJ THUTEW,

MEFRLN DRI TDH, R HTHRERIFETALEZYTIIHZ I
T& 5%,

MR DS £ OER DM CTAEIN 2 L WO HERBIFET L EZE X K
9, BEZ dnc EWHHATTH ¥ TN T — REFHARAAFE LD T, B IaDF L
FDF—&REy b OFAHIZ 7Yy 27 L Tdnc ZF6EL Tdne 7 — Xt v
N7 T4 WL Th B, RN > DEGEROMNT > TP EF
(H[ej, ERFE) ) 2EFEC, HWEE Y LTPM2.5, FHHZE X LT noise
¥ cars ZEL, [OK) REX %27 Vv 7523217 4 ¥ ROICROMER,
Bohd, EEFETFTNVDFERIZOWTIIERAT %,

//Call: B

Im(formula = PM2.5 ~ cars + noise, data = dnc)

Residuals:
Min 1Q Median 3Q Max
-69.32 -35.50 -10.03 23.12 177.82

Coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept) 1101.9891 213.1748 5.169 1.93e-05 ***

cars 7.3197 3.1093 2.354 0.0261 *
noise 0.2062 4.2964 0.048 0.9621
Signif. codes: @O ’***’ 0.001 '**’ .01 '*’ 0.05 .’ 0.1 * ' 1

Residual standard error: 56.58 on 27 degrees of freedom
Multiple R-squared: 0.2253,Adjusted R-squared: 0.168
F-statistic: 3.927 on 2 and 27 DF, p-value: 0.03184

> vif(RegModel.7)
cars noise
1.386756 1.386756

J

HESNI-RBOREMZIRET S

EIFERD T X —& (AR b L YIH o) OHEEMEOZEN %2 73
Z7-D12iF. tlEIHONDE, WE, Y EXDBEEN Y =ap+boX +e WD
ETFNTREND L LT, EEHe B0, T o2 DIERDHEIHEDS D
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LA, VIR OHEEE e by P ap. D (0 /m)(1+ M?)V) (27U M &
ViZx D 580 DIEDHICHED, FRAFHQ ZiAENE o THl-
72 Qo BEME (n—2) DH A “RDINED 25,

Vn(n - 2)(a — ao)
V(L + M2 /V)Q

DHHEE n-2) Dt 5HIHED 28Ik b,

L L ZDfHEIZ ag DO HRVEFHETER W, ap 23 0IEFUXZD
RTay=0 BOME (DD 100, ZNEYIFICET S HEFER) 28
BT — &9 B EHE U TED to(ag) FF— L. BHHEE (n-2) Dt 51HIHE
INETRDT, ZDHHMEIX 95% DWEHRT t 53D 97.5% 5% (B> ¥4 X
MRETIUIN2THZ) Lhy/NE kb, 2Fh, T—EhoiHEIN
FrERZEFRE D KE TR, YA 0 ThRVWATREME S E W Z 2 ick B L, ¢
DI HZIE, YR 0TH S LW IFERGICN S 26 =k
BOFETE S,

EFREBUC O WT B [EFELC,

fo(ag) =

vVn(n —2)Vb
Vo

DHHE (n-2) Dt WIS Ze 2FHAL T, MHFRERED 01 THE 20
I IR 2 E BRI FHETE 2, AEMEEIT /N FUZ, Yl
FRBFREAE e TR WADLDEE L 22 WE 5D T, I OHEEHEI
TEL TV Z IRk, MERRE LIZEROFD, Pric|t]) EWVWIH T
LT, ZTNHDEEMERIRINTV S,

HEFEF LTI A DFBIZEICOWTHEE S 2 [EREEIE. o
FIAZER O BINEBANORE R L - LT, ZOZEHIRE O BEBAD
MR RY HRREIFREL TH 2, Lo LRERRBOMHIZ, SO
I RKEZITHKRIFL TV DT, FitlHZE O HIWEBA DD
B ERT DD RSN, 25 LkEE Lzgiud, EERREIRGR
BEHET 2, EZR DX = 2 — 1213 Z OEREIZ 0y, EEIFET L2 L
THBDT, FOA TV b effiolzca~v R2RAI VT 4 Y FDIC
o, GEICTEFL ) 2H2E DA, BREBIERIREZETL
IMFRREINT WS, TD RegModel.7 728 T 5 &,

csd <- sapply(RegModel.7$model, sd)
print(coef(RegModel.7)*csd/csd[1])

ATV T4 R B, ZO2TBBATHLL., [EfT) A&
Vv 25U BT 4 v P IEEURREIR RS FERE NS,

to(b) =

65



EHELRERRBE DD DI, REBEFREO 2T, £hzho
AHZE D HINZBANDZEDOHMNNLRZF G52 RT Z e N TE % (Residuals
DEZFRL ., TR TOHMAZHORMHEBEFREO 2 &5t 3 5 &, RECTHHA
T HEMABERED 772 LUARL S HHEFRR T 2R1DME—I2725),
BE D TIE, BERIFSHFTOGERDOE L LTCE, SItlHEEICH LT, RHE
IR, RMERRZE. 95%EHEX D TR e LR, RHREFREO —F®ERT I &
MW, (RHBRE D —FE KD 512iE. EEIFSH D E 715 RegModel . 7
3 b, TR AfTE2FETTIIEL,

SS <- anova(RegModel.7)["Sum Sq"]
SS/sum(SS)

ERETIZLTIIHIEDERS

BRYEED LT, ¥ELHEELEZATVAARENED D 2 HIEMETDH
L2HEEE. — SR, A HERE 3528 3RZE TRV DD
Ly (—fcid, RIS K o THREDRE 2 72 EHTENME T = U,
BEZHAZEICL T XV EIZR->TWDS), iz BN _FHEE DA
o AR X512, BEomdz AiUE 2 2 BERERIZ—H LRV, Eo
T, Y50 2HNERE AR L, 50 2HHERE AT, KEREFRD
FRAEICESWT G THRCERNAIRZSIBL) EHbALTRDEINET
Hb,

EFEZEFE->TTFHZ ST 2 &, AHITEREDIDETH 5, & ITHER
FAME L TEWiT v, EERICH-ZBRE X DEP 72D EP /2D T 59
YL T, FAUBERAERD IO WHIREHIE 22 BV rHTH S
(WEE y &3 25581F. BENEGLRDI LD TFOERDHIEZ 5O THIM
(saturate) L CL F W, BIECE DX LD /NS K BRoTWVWE, B
MOANNTNL ), BTN ERRLIZDIEM LD LT, MEROHHNT
Eam LR L TIEWnTRWn,

HOFET L TIX, SIAZEIE IR HBED D 5 & REFHEEDS L E
WCHBZDTIEL RV, I BARFITHZRIX, HIVEE Y 126 U CEtHE
BHEXL & X2 AN EL TV e ERZ 6N 56, In(Y ~ X1+X2) &
WHEMIFETAENL TR L LS, 22T, FiZX1 X2 LiRWEEZ D -
TW3 3 5e, b L X1 OFEREBFRE DOAEHMED K 2 AU, X212
X2RBZELTHHINTL E S5 DT, X2 OEELIRFRENIFRE DM NHME
WFNELBRB7255, oL DEART, ZOHOZ eI 20D LK
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