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BIK B BB Tl % E

R
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Mmoo B

—  BRYITAIMEEHTNEE

BEB AT ( Analysis of Variance » fijf§ ANOVA ) £ R.A.Fisher [ 1923 FEFFEIH » (F—F&
HPF 5 ( F-distributions ) MR EERRBYIESNME Hik - RERVIEARRERRERZS
7 » B ZHHERE ZHARERWIEEE 0 B B2 REEWR S ERA I — A EUREE R EHE
HIE o EITBREWETRE RNHEHRRS TF8HEE . > tRE (t test ) BFRMHATIIH
EREEMNER A  BEEERME EHNFSE » BEATTTRMRIILALE » 78T LB R EFEH
BmRE » B AEAERBRBREIE R CBEG KRB ETHERBEEKAE ( leve 1 of significance ) » i
RS EES  AFMESETYEZHNEZREREEE » TRK—XRINUFE » EFSREERN
B3R o RFFHBEME » BEFSITZERNEEREABRAOT :

OFF t BRED » FERBILERETIE » FERARERAEE U &R SE ( parameters

) TRREST R RFESET SN » ERIRBSEERANE R U SRR

s BHBERBRE

OBEECHETIE > Bh t RENER » £=+—@ ( ,C, ) Z& - FIEE —EZERIFEZKE -
BENEERELTYECNEEEEER  ERERBECH TR | MEBRBSTERERSE
BHAT BRI — R » BURHEHER LA

CBEEOWT AU BESMERF ( extraneous factors ) ZEE » THFHFIH - BRBEE TR
AT TS RAEL £ B8 ( independent variables ) IR E{ER ( interaction ) EHKEE (
dependent variable ) Frigi RRIEZEE o

ZBERPMMTRE

BERBSFNE SERT—ERBEEB R KR ISEBRSHERE TG » RIZTRZREFEN
BEE LA/ BENKFADBHAE : E—BEMFRRZEE » THRZPEREE | 5—5H
BEEREMRNERZEENELNER - FERTEEKIITT » sTERHERER » X THEFHFES
M ( between-group sum of squares » fifjff§ SSb ) KxZ | HERMEAER » UL THAFHHL (
within-group sum of squares » flifESSw ) KR : MEMHEINERMERE Y "THEFML ( total
sum of squares » fijff§ SSt ) FRZ o 7REN -

AR =R+ HEARR

.
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HART -
>'§1 'El X, — X = é n &K — X +§l %l Xy — X
r4ARIE AR ) B THRT AL A RIBRIAE EEE ( degrees of freedom ) » BI{G TAARITA 4
( the mean square between s fiif§f MSb ) 52 r#Hp9397 1 ( the mean square within s fijff MSw
) o VESHERTE RS ( between-group variance ) BdfH B8 ( within-group variance ) BIARR{&ET
{5 ( unbiased estimates ) » TGN MHAMESH 1 B THAIGS 1 0 RIS FHfE ( Foratio ) » K
HHESK-1» NK °
e TR —TE R B AT ( parametric statistical method ) » HHEBIE FHEARBE (
assumptions ) FEE LHIRE] « — 52 » BEETLEME THIZRBE » HATRIGHF HLfELE7T
S F 4 » NSRS RARERE » ETRABRRIRE
1. FTE R EB R R PR IR TS o
2. £ A VEI B ¥ B I A B REIRS AR o
3 AR TR o
£ FRMEED - RIS AN B R » SRR IIE T B A B R - RBRI LA
7 | BREREEESRRBEEHESHRBE » Het2EWRERBRBI TR BIFEEY - RETEK
EEREBE » B EIEEM o ( Ferguson, 1976 | Glass & Stanley, 1970 ; Guilford & Fruchter,
1978 ; Hays, 1973 ; Roscoe, 1969 ) o

= BERFEEMS RS

o PSS — 1 B B O — (B SR B B o FRER » B H TR EMIBE R ERRRET ( simple
randomized experimental design ) » JAEEEESEERE > S8k FUTRBEREEE ( e xperi-
mental treatments ) » SAEEREHREBEAIKBE EHRFIMMBE » MUETREREST

#—F7 B ERTREESTERIRSE o —34F k AR AHEHT BBy ~ nyeeeeeenyeeees
n o EEEN o X; RRE I MHAPHNE i BRE SX; RRE] HEABEZ @ X; XrE M
BATHE - = X.. {1 X SPIRFRESHEEFBREETIIH

*— ERTFRRYIMTEHOER

A 7l 1 R oy U ' -
% Xll }(12 ...... le Xlk
@ Kot Xog freeeee Kas o
""f'é- XH X:z """ Xu Xix
= 2 3 : e
Xn“ anz """ anj ( Xnkk
{@ & "']1 n2 ------ n"’ ...... Nx N
b %D Zi{'l ZX-z """ ZX.] """ ZX.k EX
T8 X. 1 X, gfeeeeee X s B2 X
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EHRATARKRNBHBITEEEL | > Lo L UL ZRFEZTFHHS 0 > BIE—E
SR TIEMREEARTZ

Xi =L +a+ey

A u B EFKEE - o BERMEFMEZEE » FEHPTRRREEMESLZZREE |
BB HERSHE AR AR AEZRE

At » ERFEEESVTAIEEM ( null hypothesis ) FIEIIT{RER ( alternative hypothesis ) AJ%l
ABBAATF - :

Ho : By = g S =y g —32 Ho = Q) =@y e =y = O %

H, ! EDERFHIETHEE - H : ZDH—o TFRE -

E LRI RS 0 A THR9Y 0 Z F HERIA/NESET o

BEX—HERREE TRUETAHBEAENGFERBBRREEAYE - TRz 5 X
BU/NEFERBE 48 & 0 WRERSIRGBIUMA » S 12 R84 > S HISRMAEARE - B8R - RSk
MBRABBEME BB FOHBHRE  URSRECNBEER KR AREERERE » £H2
ERRIBRS BUIRZATR ©

R MEHBEHBRRZILE

. [
A A . }l I " N . 2 &8
R | B AR REFHEE | BEXHEB
108 |3 12| ‘19 13 23 16
&l 7 9| 8 4| 12 10 | 14 17
E& 9 11 7T 7 16 19 16 19
2 8 9 5 6 14 9 18 14
15 5 6 5 7 15
2 12 16
3 17 | 10 15 8 14 13 17
nj 12 12 12 12 N=48
zX 111 88 156 . 195 550
rXs 1189 778 2202 3265 7434
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REER AN TRESANTFHBSRFEEEZNR=E

R= ﬁﬁ@iﬁﬂ@ﬁiﬁzmiﬂméﬂ%iﬁ%
[ I il \%
e 1 IR O R g Ol B
ERE | HRE | BFEEE | BEAEBE
s 9.25 754 13.00 16.25 11.46
s 3.84 3.47 3.98 2.96 - 4.91
BHBENETANBRBREHBHER » VARNHARENRRS B 9B E REENER IR
B » ARHERIT

Hy Dy =py=p3=py

H, ! EVARETFHBRTHEEFN -
ABRBR_ARENERHEER  ETBRREST  AFEETIICESR
1.3k SS;

SS, & 48 @ﬁ&ﬁﬂ%q:iﬁ&( grand mean ) 11.46 ZZHIF L R TERELARKE

ry T Y
SS, = g %(Xﬁ X.) _5 %xﬁ =
N 5507
= 7434 15— = 1131.92
SS, = (N — DS = (48 — (4.9 = 1133.08

2.3k SS,,
SSy E%%ﬂﬂ&?ﬂﬁzlifﬁ&z%&’ﬂ:’/‘iﬂ?bﬂﬂﬁ%*ﬂ A TEREARKE

ssw=Fzt l%(Xﬁ—id)’ %x’ (ZX)

a1n? 88 | (156 (195)*
=W — 5ttt — Hi—t)

= 565.17

k 2
SS,,=§(n‘-—1) 5

= (12 — 13.847 + (12 — DBAD? + 12 — 1B.98? + (12 — 1)(2.96)
= 565.27

3.SS,
SS, REHTHBERETIHBE ZNTHRUSHEABAEZROEN » TR TEARARS
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k k Ry 2
s, =3 o X, — X' =3 EX e G

nj N
_ooai? | @, ase’ , a9s) (550"
= O e - R . AU AT N IR hml

SS, = SS; — SS,, = 1133.08 — 565.27 = 567.81

ARBEHBE
SS, HIN = 8 ESHAER » UEFYE SRS » AKX —FEHBE » #Kd,=N—1=47 ; SS, iy
B 2 ESBAERER  SHEEURTFYESEE KX —EEHHEE » df, =kn,— D =N

— k=44 SS, Hk = A [AFHEAER » UIRFIIHBEE » XE—HEEE  Rdf,=k— 1=
3 o ZHZHMBAMRR : df = df, + df, ©
5.3k MSb X MSw

SS, _ 566.75

Ms, =—2b- =290 158,97
b
MS, = ifw o 552;17 = 12.84
6.3k F{#
F B2 RS R e R e b » JRED :
MS,  188.92 '
P TN A

T HERBREREERIL » fEREER ¢
EFFBECR (RKik Table A ) » 15 osFau = 2.82 » ooF34 = 4.26 » [ F = 14.71 > 4.26 » FLLH, :

1= b = py = py FESRHER] - BRI RIUTER R RSB R AT RIAE » TRENMEH B 2 R
ERET) .01 FHE kY o

U ERR R RE S TRIE ELRIE - EE MRS b o I H BRI REE » 2B T
R THEEES ) ( summary of analysis of variance ) | » #0350 :

RN MEHRLIRBERBEYSTHER

BRKRE  EHEFHM BHRE B A F

(Source) (SS) (df) (MS)
AR 566.75 3 | 188.92 14.71**
HA A © 565.17 44 12.84 —
1 1131.92 47 - OGN -

¥+ p <.01L
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F BEER

A E B SRS R F SRS KR - 8 T TR S E R R TRENERREDERAAT
WA EEEREE - RSHRABEEERESE Il i AR A B E B A R RIS
8 . (EESEEAEEASE  RIRLML ARREE DRSS AT BT HR GRS
W EATE o Al » MY EHESNERRRZE DETE%NSENE ( posteriori  multiple
comparisons ) * MEERR TSSO E C I REEE -

% | B A ENEF DB R 2EMFRTCHRMNE E SRS ERIRERER o Bl
O ST 5 E BN A ERR K » TR HREAIRE - ERREHTRYE EREROBETT

» % E RS T ERAER | EREEOTEREERRET » BE LS EHEREAT
BRI ERTEENRER FLIESER % B H B kR SO M R HARE /1 ( power of test ) R  Zkpk%
BIEMNSETREEFRALT -

Ot iREs% ( Dunnett Method ) '

C.W. Dunnett 1 1955 4SRN —MEHMAN EHRE—SHEMALEN S - B2 ¢ RN
#iES>EC ( the sampling distribution for a t statistic ) * DISE k-1 A EBANTHBERZHHENTE
B2 R R » BRIEIERHEE ( nonorthogonal comparison ) e AOUART R TR ER B R B B UIR
BRESTHEEEE » BEERAMEREREE (N5 TH) RAaHHE MUEA=ESEEE »

BETHARETSELR
tp = e # df = N-K
Ms_ L +-1
¥on n,
748 - 0.8 :
RS THEEK: tp= . . =—1.31
| 128855 + 35
13.00 — 9.25
M T B tp = A : = 2.56
| 12845 =
16.25 — 9.25
BIVHERE THEE : tp= " : = 4.78
Ez.s«-iz— S

2EH}8% Table B, k = 4, df, = 44, a = .05 B BEARRENEESIE ( critical value ) £52.13 » aJ B
SMERSEN RS 1 HEMBLEZ (o EE R A E WOATHEE TR E A R BRI RBR R B
fBYLy o
O& % ( Scheff'e Method )

H. Scheffe 2 1959 R —EEAEEMEERZNS ELBE SR A AR AR A (B BUHE S 2T E
% EuEA o lﬂ:—'75Eﬁﬁﬁ#%ﬁﬁﬁﬁ—ﬁﬁﬁﬁﬁiZiﬁﬁﬁﬁZ:@@ » BATEEE—EREER (
type 1 error ) RUBRZEEU/N o HAFKAT ©
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X, =X,
F= 1 2

- : Hdf=k—1s N—k
MS (— 4+—&k —D
Yom n, -
BPART ~ REMKROBEESITRIRR LB - LSS TR THENTF9%  MEMBEERAL
A T

9.25 — 7.33)

Bi= 5 3 = 0.57
1284 +-—35 04 — D
HR B T HESIHELE :
o (9.i5 - 131.0(»2 —_—
12.84¢5 +—5 04 — D
HERR R LB AVRSRAOT ¢

B ~NMEHE: F=1763 ;Z0 - MAALK: F=5.01;

B~ VKB : F= 1239 | I ~ VAEEKE : F=1.65 o

E ik Table A » TJ1F osFau = 2.82 1 ooF3y = 4.26 » FRUAS EF/5ME F ERR S » Hd={EzE
F .01 FEk#E» BEEEZEETEE - BASEHRWERITERMES ©

R BERZAISEHRER

R N Sl | - m W
I W57 é;19_ N 7.63 *
T ' 500 %  12.39**
m.. .} . 1 1.65"
* R p<SiL

WROTA  FRAMBEERERER R | RS RERN R - HASHERMNRM » 2815
TEE -
@ZEEIRFE ( Studentized Range Test )

ERARAEEEER » B « T BHE M ER » ATAZEMETE (| the  Studentized
Range Statistic ) JILMRE » HARMTF :

4 -Xmax 3 )_(-min
,’ MS,/ n
ETEIERER » WRARSHETOBN A/ NEAETIZSY] » 5 BIRTFHRENE LK » HbRA
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R B ER R N T BT 2R A » JRENQERA » MIEEE K » BRAREREL ° PR E
ZEWARARR » v TI=MEGE
1.%91: ( Tukey method )
I, 5= X 8 honestly significant difference ( hsd ) method > {# 1 R.A.Fisher FrZ % » B /H J.W.
Tukey ( 1949 ) BB BT o FEEFTFHOBEERER » TENFHEBRIZD > MURS
RERE S » ERFEHERE | ARPIEHEATRANESERA BETYBCHNERTSE
FIEEE A o 2N ERBRESTTIERBE » RIPRIESEHENTRMOT
g &2 LR 7SR H AN RFHEY ¢ X, = 16.25 » X, =13.00 » X; =9.25 » X, =7.33 © EREBEAE
BRE/INETIIA L - RA LFIAR - BIER1G QfE -
__16.25 — 7.3
{128¢ /12
B RAEES/INEIALLE
2 13.00 — 7.33

: {1284 /12
HBSATFSBOEE 2N QET——RAARRE » HERWERA - HEZFEFRIEFER

ZHft$% Table C TS :
Ber=4 > df, =40BF 1 Q=379 7 Q=470

RN ARUHESEHERER

= 8.62

= 5.48

b2zl Al [ ' I I\
|| : 1.86 5.48%*% R
5 3.63 3 i
i ' 3.14
e < 01

EELHBEANEERRF S - HREEZ MKE R TR
2.8 —Ef Y ( Newman-Keuls Method )

D.Newman ( 1939 ) F1M. Keuls ( 1952 ) RN EERERFEES N-K » HERFERKHE

ARSI Y AR » (BRSO E T BAEHTI R FHEZ A ERE ( the number of

steps between ordered mean ) ZEHFRIAIEEF QfE © BEAL ERBEESTHERSE » &%

OB AT B AN KR E RS » BIVERA » FIEKRE » 8 THENRZ » 8 TER/)  HHER

(S T EESTE) HENERES 2 » HEREQ RFZ | $HMER 1 ENHRE (NS

g 40 ) RHEENERES 3 - HEAMEN Q RRZ ¢ PRHIEN 2 HRE (205N HEE
I4) RHEEMEERS 4 - HEERIEL Q R o ZHi%h Table C » % df, = 40BF » s, = 2.86 »
05Qs = 3.44 5 05Q = 3.79 | Q= 3.82 » Q5 = 4.37 » Q= 4.70 o R 7 Fr% & &2 B0l
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BB RAZEREAAT RGN QE » £ BIKBRTIIBA/NRFHEENF RS - BEFIER
B - DEREEROEE N o

Rt HE—EREZIEHRER

4| bill [ Il v
B 5085, SG5A8%T 0 1L 8ERNT
[ 3.63% i e
i , 3.14*
® <505 G Y pim

RERTTTA : BRES T A A MM ZRTEE N » HASEMERBESHER » JRENSE
AHBENHBBRRIT » MFRBERS » BRRENNRERZE o
3.8fH 1 ( Duncan Method )

D.B. Duncan(1955 » 1957) ¢ @ —fEFHHIZIEAR ¥ » 85 Duncan new multiple-range test » Bff
B S —EEENFTIRERR - (B4EFERSINERESR ( B Table D ) » HHEZ
KREEEMBERRRR > THL — A — a7 ILIHEE o ERETHEIRANREHIIE » kR
RWEFTBAEHTIRFPHEZRERE - Fa = .01 » ¥k =255 » HEZEA#S1 —a —.op"!
=01 Ek=3F  HEZA#ES 1 - —.00""=.02 ; % k=48 HEZA#ES 1—a
—.0D"'=03 o
AR EABRRESTWER  BERBERAZEREAR » RESHFYEMEE 2R Q
f& » FBEEHIE% Table D » df = 40 ¥ » HEGFMEMT :

$a=.05Q =2858 » Q =23.006 » Q =3.102 ;

Fa=.015 Q=382 » Q =3.988 » Q = 4.098 o
RN\ BEETFIEHEEMEREEEREORESE

RN\ BEASEHRER

@ Wt ig W

e B4 1.86 548" % A g
28 gy R
I - SR

*p<.05; *fp<lol
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HeRN\TH  BREERENHBYRERE MEZTREEER | FRARBERE - BFH

BHERZ » HEMbHE R MR R R KE o

f& EATR > BRI E R - ZIEREREEARSARAEBHS0EN - RS
%37 R > 46 1E B M S — (RIS HIARAR LR AR & o MRS TE /T AT — RAUSERAVERAT 5 - LA
BRI BYERS  BE—EEXRZ  SEHERA  BHATESE SR (type Il error ) AUEKER
S QSR » UEME SRR/ ME—EEER  RIENKRZ  BRERK - At £RESEL
Bk B E 1 LR RAMERIAERE

2 Z B

gl LEBEREREE (BIER) - At REE - RE67 4 -

BRIESE  TEMRE (BITR) - i » BEREH - RE67F -

Blalock, H.M. Social statistics. (2nd ed.) New York : McGraw-Hill, 1972.

Bruning, J., & Kintz, B.L. Computational handbook of statistics. Glenview, [ . : Scott, Foresman and
Co., 1968.

Edwards, A.L. Statistical methods. (2nd ed.) New York : Holt, Rinehart and Winston, 1967.

Ferguson, G.A Statistical analysis in psychology & education. (4th ed.) New York : NcGraw-Hill,
1976.

Glass, G.V., & Stanley, J.C. Statistical methods in education and psychology. Englewood Cliffs, N.J. :
Prentice-Hall, 1978.

Guilford, J.P., & Fruchter, B. Fundamental statistics in psychology and education. (6th ed.) New York :
McGraw-Hill, 1978.

Hays, W.L. Statistics for the social sciences. (2nd ed.)New York :@ Holt, Rinehart and Winston, 1973.

Roscoe, J.T. Fundamental research statistics for the behavioral sciences. New York : Holt, Rinhart
and Winston, 1969.

Runyon, R.P., & Haber, A. Fundamentals of behavioral statistics. (3rd ed.)Reading, Mass. . Addison-
Wesley, 1976.

Snedecor, G.W., & Cochran, W.G. Statistical Methods. (6th ed.) Ames, lowa : The Iowa State Univer-
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Winer, B.J. Statistical Principles in experimental design. (2nd ed.) New York : NcGraw-Hill, 1971.
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TABLE B Distribution of ¢ Statistic inlComparing Treatment Means with a Control 3

at oo ) -;a k = number of means C including control )
h' ereer ° 2
S 2 3 4 ) 6 7 B4, 9 . 10
5 .95 2.02 2.44 2.68 2.85 2.98 3.08 3.16 3.24 3.03
.975 2257 3.03 3529 3.48 3.62 3.73 3.82 3.90 3.97
.99 3.36 3.90 4.21 4.43 4.6V 4.73 4.85 4.94 5.03
.995 4.03 4.63 4.98 5.22 5.41 5.56 5.69 5.80 5.89
6 '.95 1.94 2.34 2.71 2.83 2.92 3.00 3.07 3.12
.975 2.45  2.86 3.10 3.26 3.39 3.49 3.57 3.64 3.71
.99 3.14 3.61 3.88 4.07 4.21 4.33 4.43 4.51 4.59
.995 3.71 4.21 4.51 4.71 ©  4.87 5.00 5.10 5.20 5.28
i 7 95 1.89 2:27 2.48 2.62 2.73 2.82 2.89 2.95 3.01
.975 2.36 2.75 2.97 3.12 3.24 3,23 3.41 3.47 353
.99 3.00 - 3.42 3.66 3.83 3.96 4.07 4.15 4.23 4.30
.995 3.50 3.95 4.21 4.39 4.53 4.64 4.74 4.82 4.89
8 .95 1.86 2322 2.42 2+55 2.66 2574 2181, . 2.87 2.92.
975 2.31 2.67 2.88 3:02 3513 L 22 3529 3.35 3.41
.99 2.90 3.29 3.51 3.67 3.79 3.868 3.96 4.03 4.09
.995 3.36 3:.77 4.00 4.17 4529 4.40 4.48 4.55 4.62
9 .95 1.83 2.18 02837 2.50 2.60 2.68 2.75 2.81 2.88
.975 2.26 2.61 2:81 2.95 3.03 3.4 3.20 3.26 .32
.99 2.28 3.19 3.40 3.55 3.06 3,75 3.82 3.89 3.94
.995 3.25 3.63 3.85 4.01 4.12 4.22 4.30 4.37 4.43
10 299 1.81 2,15 2.34 2.47 2.56 2.64 2.70 2.76 2.81
.975 2.23 2.57 2.76 2.89 . 2.99 3.07 3.14 3.19! " 3.2
.99 2.76 3.11 3.31 3.45 3.56 3.64 3:71 3.78 3.33
.995 3.17 3453 3.74 3.88 3.99 4.08 4.16 4.22 4.28
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TABLE B . ( Continued )1}

; ’ k = number of means ( including control )
.df for L

DB coree-f - 2 W 4 5 6 7 8 9 10
16 .95 1.75 2.06 2.23 2.34 2.43 2.50 2.56 2.61 2.65
.975 2.12 2.42 % 2.59 2,71 2.80 2.87 2.92 2.97 3.02
.99 2.58 2.88 3.05 3.37 3.26 3.33 3.39 3.44 3.48
.995 2.92 3.22 3.39 3.51 3.60 3.67- 3.73 3.78 3.83
18 .95 1.73 2.04 2.21 .32 2.41 2.4 2.53 2.58 2.62
.975 2.10 2.40 2.56 2.68 2.76 2.83 2.89 2.94 2.98
99 2.55 2.84 3.01 3.12 3.21 3.27 3.33 3.38 3.42
3 .995 2.88 3537 3:33 3.44 3.53 3.60 3.66 3.7 3:75
20 .95 1.72 2.03 2.19 2.30 2 2.46 2.5 2.56 2.60
©.975 209, ' .2.38 2.54 2.65 2.73 2.80 2.86 2.90 2.95
.99 2°53 2.81 2.97 3.08 2.7 3.23 3.29 3.34 3.38
.995 2.85 3.13 .29 7 34D 3.48 3.55 3.60 3.65 3.69
24 .95 1.71 2.01 2:17 2.28 2.36 2.43 2.48 2.53 2.57
.975 2.06 2.35 2.51 2.61 2.70 2.76 2.81 2.86 2.9
.99 (1249 2.77 2.92 3.03 3.11 317 3.22 3.27 - 3.31
a0 885 2.80 3.07 3.22 3.32 3.40 3.47 3552 3,57 3.61
30 i B8 1.70 1.99 2.15 2.25 2.33 2.40 2.45 2.50 2.54
. .975- 2.04 2132 2.47 2.58 2.66 2.72 2.77 2.82 2.86
.99 2.46 2.72 2.87 297 3.05 3.11 3.16 3.21 3.24
I 2.7% 3.01 3,15 325 3233 3.39 3.44 3.49 3.52
40 .95 1.68 1.97 2.13 2.23 2.31 2.37 2.42 2.47 2.5
.975 2.02 2.29 2.44 2.54 2.62 2.68 2.73 2.77 2.81
99 2.42 2.68 2.82 2.92 2.99 3.05 3.10 3.14 3.18
.995 2.70 2.95 3.09 3.19 3.26 3532 3037 3.41 3.44
60 .95 1.67 1.95 2.10 2.21 2.28 2.35 2.29 2.44 2.48
975 2.00 227 2.41 251 2eub 2.64 2.69 2t 2,97
.99 200 2.64 2.78 2.87: ; 2.94 3.00 3.04 3.08 3.12
.995 2.66 2.90 3.03 3.12 3.19 3525 3.29 3:33 S.37
120 - «+25 1.66 1.93 2.08 2.18 2.26 2.32 237 2.41 2.45
* .975 1.98 2.24 2.38 2.47 2:55 2.€60 2.65 2.69 2.%3
.99 2.36 2.60 2.73 2.82 2.89 2.94 2.99 3.03 3.06
.995 2.62 2.85 2.97 3.06 3,12 3.18 3122 3.26 3.29
co 935 1.64 1.92 2.06 2.16 2.23 2.29 2.34 2.38 2.42
.975 1.96 2.21 2,35 2.44. 2.51 2.57 2.61 2.65 2.69
.99 2:33 2.56 2.68 2.27 2.84 2.89 2.93 2.97 3.00
.995 2.58 2.79 2.92 3.00 3.06 an 3.15 3.49 3.22

+ Entries in rows.975 and.995 are for two-sided simultzncous confidence intervals with @
= .05 and .01, restectively. Entries in rows.95 and.99 are for one-sided confidence simultane-
ous intervals with @ =..05 and. 0.1, respectively.

% This table is reproduced from : Amultible comparison procedure for comparing several
treatments with a control. Journal of the American Statistical Associgxion, 1955, 50,1096-]12.1.
and New tables for multiple comparisons with a control. Biometrics, 1964, 20, 452-491, with
the bermission of the author, C. W. Dunnett, hpd the editors.
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One-Factor Analysis of Variance
and Multiple Compariosons

Maw-fa Chien
( Abstract )

The analysis of variance is a method by which the sources of variation observed in experimental
data may be segregated and analyzed. In all problems where the samples are randomly drawn from
normal populations having the same variance, the analysis of variance provides an effective and power-
ful technique. The simplest type of analysis of variance model is the one in which observations are
classified into groups on the basis of a single property. The kn subjects are randomly assigned into
each of k treatments in such a way that for each treatment there is n subjects. In this article the
analysis of variance for a simple randomized, or completely randomized, design is illustrated. The
following steps are involved : .

1. Partition the total sum of squares into two components, a withingroups and a between-groups
sum of squares, using the appropriate computation formulas.

2. Divide these sums of squares by the associated number of degrees of freedom to obtain MS,
abd NS;, the within-and between-group variance estimates.

3. Calculate the F ratio, MSy/MS,,, and refer this to the table F(Table A of the Appendix).

4. If the probability of obtaining the observed F value is small, say, less than .05 or .01, under
the null hypothesis, reject that hypothesis.

There are a variety of statistical procedures available for multiple comparison between specific
means following analysis of variance if the null hhypothesis is rejected. Methods in common use,
using a t statistic, the F test, and studentized range, have been developed by Dunnett (1955), Scheffe
(1953), Tukey (1949), Newman (1939), Keuls(1952), and Duncan (1955,1957), In terms of percompari-
son Type I error, multiple-comparison procedures may be ordered from low to hign as follows: Scheffe,

Tukey, Newman-Keuls, and Duncan. In terms of Type [l error, the order of the procedure is the

reverse . Duncan, Newman-Keuls, Tukey, and Scheffe.







