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,mJ1~Cl~fiff thn~~~~m1L 1.1; ~UI fi ~u,h 
d ... "" atIIlCl ~ ~~~ ~Cln 1~"'JCl~~lll ~'IICl ~m11 1m1::11 'J111J 

U.1..htl111-l (Analysis of Variance) 1'J~1'Il' 

F-test ffl;~n11 A Posteriori multiple 

comparisons 'IIi~ Post Hoc Comparisons 

Mm d~~Clm1""Cl~m1IJjjilmhn~ m ~Cl~;n1-l1::nu 

1m::nU'IIi1~~~';mi1'll1-l'" 'i «(:/..) m1"M~u11-l 
i'1-lif~i;-ulI'~'lJm 1Uu\i~'J 11jj fi1L\l~ ~ ~1'JD1~ ff jj 
ft111Ju."n~1~n1-l~cl1~jj~~~lfi~;~i~~jjn11"11' 

Cl~uh11~Cl::L~~'J~~'tIlJ~jj'llCl1 ~'i1l U.~Cl::'illjj1"t) 

1.11:: Cl ~fi u. Cl:: f'l tIIClIJ U~I \l'Yn~ 11-lm111.1'5 ~ ULfi uu 

u."n,]wl1-l~~n' 1.1 lli;~;~i~~L!l~n 1,n'.1L 'II~l::ClIJ 

nUif~'II1~r1n';1 L~~1'.1~Clm1"'JCl~UftCl1'Jlftg~1-l 
1t~ ~~~'Ju. Cl::,,~uif~'II1'M'JL,1-lrj~" 

'illm1It1i~uL fi~Um1lJu.l'In~1~~~~f\lL\lg~ 

III ~'II &'~ n11""Clem 1lJ~ jj,:r~ ~1 fi~m ~ Clli;lMu.Ii 

1. LSD (Least Significance Dif­

ference Test) 

2. FLSD (Fisher Least Signifi­

cance Difference Test) 

3. DMRT '11~8 DC <Duncan's New 

MUltiple Range Test) 
.. I 

.... S-N-K '11'8 Newman-Keals 

MRT (Student - Newman - Keuls Test 

or Newman-Keuls Multiple Range Test).. , .. 
5. TUKEY A '11'8 Takeys '11'8 

HSD <Tukey's Honestly Significance Dif­

ference Test: T )
A

6. TUKEY B (Tukey's Alternate 

Test: TB) 

7. SCHEFFE (Scheffe' Test: S) 

8. DUNNETT <Dunnett's Test: 

DN) 

9. SMC (Stepwise Multiple Com­

parison Test) .. .. 
10. BSD '11'8 Bayes LSD '11'8 

k-ratio LSD (Bayes Significance Dif­

ference Test 

11. BE.T (Bayes Exact Test) 

12. Bonferroni t Statistic 

13. Williams'Method 

m11!l~n'i1l~L'IIlJ1::CllJti1 'IIi'UL 1.1; ~UL fi~u 
, .J -., '." .or '" .J. • • d'mLIlM ~1'~'::l'I~~n'11t111u',~"Cl1ft~'J~1-l 

... ~ ""A1. Cln,;tII::m1lJftCl1"LftM1-lfll~Clt1l'1 

2. &'n';tII::m1L t1'l~UI fi~U~~~U.,]Cl::'ill 

3. ~'Il l'JM~ mllJ,j1~cl1~1'Ilu. ~ Cl::nCl'lJ\1j' 

* . Ad'""1~~ rt1Clm1'11 ~ lllft 1lfl'W'Il"1'll~~~m1nn';1 fttll::nn';lrtlCll'l7 lJ'II1'i"~1 &'~m'llft'i1-l m'i 11'l1 
1J'II1Cl11mlJ 

1 
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u .. . .....
1. Qnllf.1l::,rllSJfli.11fllflQO,"T1H\TQn 

f11llJf1~lf1Lf1~~\.l'Yll~"i1;1'l \.l'Yll~'iLml~-.11i~'lj~ i1 3 l.h~LflYlii~ 
d d 

1.' f11llJf1~lf1Lf1~~\.l1.h~LflYI~1 (Type I error Vl1~ ex error) VllJl~t1~f11llJf1~lf1Lf1~~\.l 

~Lfif1'lnm71.I~L"1i null hypothesis lf1~~f11llJ'1~~tf1 null hypothesis ~\.lCJmi~~ (Probability 
of rejecting a true null hypothesis) 
d Q " ~ ~ d ~.~.r 
'1~L 11 ~\.l L\.l~nl;t\I~1I ~~~ mlf11llJ f1~l f1L f1~~\.l ~f1 f1~\.l
 

1.'.1 fi'mlf11llJf1~lf1Lf1~~\.l';~m7Lt1'i~lJLf1~lJ ( ext)
 
(per-comparison or Comparison wise error rate) 

il\.l1\.lm7L tI'l~lJLf1~lJ~cil~i1ii~~lfi'IlI~~f1 

;l\.l1\.lJ~VllJf111~~m7L tI'l~lJL f1~lJ 

1.1. 2 fi'mlf11llJf1~lf1Lf1~~\.lfi~m7 Ylf1~ ~~ il~ \.lm U\.l
 

n, iimlf11llJf1~lf1Lf1~~\.lfi~m7Y1f1~~~ (cr.)
 
e

(per-experiment error rate) 

il\.l1\.lm7L t1'l~lJLf1~lJ~cil~i1ii~~lf1Il1~~f1 

il\.l1\.l~~VllJf111~~m1Y1f1~~~ 

11. iimlf11llJf1~lf1Lf1~~\.l';~m7Y1f1~~~ ( O<ew) 

(experimentwise error rate) 

;l \.l1\.l1l~~m7Y1f1~ ~~~ i1 ~ cil~l1"~ ~ 1 ~~f1nfi l~ r'i\.l~ cil~i1ii~ ~lf11l1 ~ ~f1 
il\.l1\.l~~ VllJ f111~~ m7Y1f1~~~ 

Yo &00" ' ''' 0l:Il.1 d ... .1 ...
f11llJ~lJ~\.l1i7~Vl1l~~mlf11llJf1~lf1Lf1~~\.l unLflYIYI 1,'.1 nu 1.1. 2 u7lnDf1~"lJm1 

0< = 1 - (1-0< )
ew c 

d • I' _I~.~' d , ,
LlJ~ C u YI\.l 'l\.l1\.lf17~1I~~m7L u, ~lJL TI ~lJf1lL'l~~~f1~~fJ
 

(c - K (K-,) L~~ K ~YI\.l il\.l1\.lfhL'l~~~~VllJf111~~n~lJYlf1~~~~~lJlnn1l 2 n~lJ;I'\.l'ltl)
 
2 

~~~L ~~ ~1'milVl\.lf11~fi'lJiim.lf1Il1~~l '1 f11llJ'>il,:a U\.l'~Lrhr'ilJ';ltl7::lJlt\l C()(C '::~lJ1l 
'" d d.,..d" CIl , I.., ... _0f!I. " .. ~.... 0 ~ 
~mlmllJf1~lf1Lf1~~\.l YlLnf111\.l '~lJf1l~~ml~f17lmllJf1~lf1Lf1~~\.lYlmVl\.lf1 ~ 1\.l\.lf1~ 'l\.l1\.lm~1I~~m7 

L1.1'1 ~lJL Yi ~lJi1~~';l'l-';ffmlf11llJf1~lf1Lf1~~\.l';~m7Y1f1~~~L YllJ~~;I'\.l'l';lJlnn'il7~fi'lJii~~lf1ll1~rilVl\.lf1 'l 'i 

'.2 f11llJf1~lf1Lf1~~\.ltl7~LflYI~ 2 (Type II error or P error) f11llJf1~lf1Lf1~~\.l~Lfif1 
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'lnm1qmJ1'U null hypolhesis LflOfl1llJ"~Il~l 

null hypolhesis \lJlJnfi~~ (prlbabilily of 

failing to rejecl a false null hypothesis) 

1.3 f\lllJ/1~lf1I/15muh::II1'Y1yj3 (Type 
A dmerror or If error) ~lJlmH/11llJfl~lf1~/1~~'\.l 

~liifl'lnm1tJ~11l1i null hypolhesis ll~:: ~~ 

m10~lJ1U alternative hypolhesis ..f'\.liiflllti~ 

ri'\.lb~~\'\.I&'n~~::f11~'!illJriUfI1llJbU'\.l"~ (pr oba­

bilily of declaring one lrealmenl superior 

lo another when lhe reverse is actually 

true) 

.IA - d.1 dL'\.lm ~lJDUf1fllllJ /1~lfl b/1 ~~'\.llJ1:: bl1'Y1'Y1 3 
.K •• A.f • ~ dInfl1J '\.l"~O lJln II ~::ml1~ f11l::Yl1J~ll ~lJm:: In01 

'Ii~~riU/11llJ/1~lf1b/15~'\.ll..i1::111'Y1~ 1 ll~:: 2 'lln 
Iltlfi,:: ril~'\.lm::,ru 'llmilt'i'~ bi4 ~U ~~n'\.l/11llJfl~ l fl 

bfl5~'\.l1.h::lm1~ 1 ( ec ) lJlnn"hu~~n'\.lfl1llJ 
/1~lflbfl5~'\.ll..i-l::II1'Y1~ 2 (p ) 

'llnlliifi\f1"lMmll'\.l~ll '\.l::lltil ~"itofi~~m1 

bl..i'ioud'louf'1lb'il~ mU'\.l1Jl~~ L~ril~'\.lfl/11llJ 

fl~lf1bfl5~'\.llltIU Comparisenwise error rale 

( CX:c ) llthrhl1\lllbll~nH'llii;j;r~i!f1~ 'i~ LSD, 

FLSD, DMRHDuncan). S-N-K ll~:: Tukey B 

til rj'i;o"~~n l1b l..i'i OU~ Yl OUfil b'il~ 0l1n~ 

~~~n~lJl'i 10cil3~~~lJf1L ~ril~'\.lf1f11llJ/1~lf1b /150'\.l 
uuu experimenlwise error rale lltl'l 

"'hl1\lllbll~nLofIlM;r~;ff1~ 'i~ FLSD, S-N-K. 

Tukey A Scheffe ll~:: Dunnell 

... t!" I .... 
2. on'YQI::01111J1t1UlTltlU"tl.:lllfla:rll1 

~"i'O;ll U'\.l"O~1 '!ilL' fl\lllllJufib'ilYn::~M 

llri~::'i~ Ii4~'::\"bil~n'in~lJn"~~b ~lJl::lllJnU 

b~N~~n~l 111J~~~n\" 2 n~lJL~qj f1~ 

2.1 The Fixed Range Test H'f'1T;;«Of'1l 

bf101~l~1U~ l..i'i OUb Yl OU~~~lJ/1 lliifi\'\.ln~lJ-d\"ll r\ 
/ 

LSD. FLSD TUKEY A (HSD). SCHEFFE ll~:: 

DUNNETT LflOyj'i~ LSD ll~:: FLSD ril~'\.l/1 

/11llJ/1~lflb/150'\.lIlUU Comparisonwise error _ 

rale 1l~::H l - distribulion Ih'\.l'i~~~~ Tukey 

Scheffe ll~:: Dunnell ril~'\.lf1f11llJ/1~l/1 

l/1aO'\.lIlUU experimenlwise error rale tfloLif'1l 

Sludenlized range. F ll~:: Dunnell's dislri­

bulion f1llJ~l;rU 

'i~ LSD ril~'\.lf11::;ru'llmht'i'~\'\.Im1 

bl..i'iOUb Yloullri~::~ (D'c) brhn1J1::;ru'llmht'i'~ 

~0~m1'ibf11l::Y; ANOYA LflOH F-lesl L'\.l 

f10'\.l1l1n~m'hnu D' bll'\.l cx\'\.l F-lesl ril~'\.lf1H 

- .05 b~0~~'YIf1lloujji(mh,r~ih::H1::,rUOC-.05 

bU'\.lf'1lOCccll~1Ub mOUbYloUllri~::~l1n~ 

'iil FLSD ril~'\.lm::,ru'llocllt'i'~L'\.lm1 

bl..i'iOUb Ylou llri~::~b rhn1J1::,ru'llocll,r~~Nm1 

'ibf11l::Y; ANOYA tflOHF-lesl ~m\'lo;l'\.ll'\.l 

~~'i~;l'\.l1'\.l/1f~yj1ofb l..i'iOUb Ylou~~~lJf1 b'll''\.l DC \'\.I 

F-lesl ril~'\.lf1H - .05 "~~m1bl..i'ioubYlou 5 ~ 

(~'i~ 5 /1f~) 1~~~~'YIf1Il~ujj'llohi'QJih::H1::;rtJ 

D' -.02.. -.01 bU'\.lf'1l D'c.cll~1Ub1.l'iOUbYlOtJlb~~::~ 

5 'ih~~ Tukey ~'i~ HSD ~'iv TUKEY 

A bU'\.l'i~tt/1t1l0nu'i~ LSD bbritl'lfh D'ewllhfil 
l;jolnu (Xc - .05 bl~:: K ) 2 11M Tukey 
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A ,::ilflltl"~n11 LSD .~,::nl1";-;111111fj'lllm~j 

~ u'l~lJL fi~lJ~il14~dlfiQJ1J~~ TUKEY 1t~~n111J~;j 

LSD 

'l1l1J~~ Scheffe LUll'lll~iLu'lmJLfi~lJ' 
fl1L'~ uL'J~~1Jlll'J1J~~il1~ cil~hLLri~ ::nqlJ't,j~ rh i1~1 

L~VLU'l~lJLfi~lJLLlJ1J Pairwise multiple Como. 
parisons ~1::;r1J14~dlfiQJ1J~~ F (ex) LL~::;1111~1 

fl1L'il~~ (K) lJlnn11 2 fll S '::tS~n11fllT~, 
<Tukey A) LL~:: LSD .~nl1";-;111111~hm~i 

Lm~lJLfi~lJ~iliivt;,fiQJ1J~~ Scheffe ..z~~n1-1 

1J~~ Tukey LLt'l:: LSD 
'l1l1J~~ Dunnett Lull'l\l;t!.iLu'lmJ~ fi~lJ 

fllL"~ ~1JMnqlJf11lJ"llJ u,~:: nqlJ f1PlM~"'1 nnqlJ • ~ii 

1Jlll'Jihecil~ Lrhnll L'J ~ilm11~ dlV111JVnfll 'In'lii 
LM;('JLLuM'ln Studentized rang Statistic: 

LL~::f1'JI:l~lJ't')~~LL 1.11.1 One- tailed VI'j~ two-­

tailed test 

2.2 The Multiple Range Tesls lifll~a-!J 

Vlt'll ~fllmlJ'h1l111flf~11~~m1L m~1JL t1~1.1 VI'j~'h 

111 llofll1J e~1::~:: ~1 ~1:: '\·d l~fl lL"~ ~1J ~~ ~ ~ LU'j uu 
Lfi~lJ 1:l!i~hnqlJrt'lfiLLri S-N-K. DMRT. LLt'l:~ 

TUKEY B 
'lll S-N-K LUll'lll~u-rlJU\~lJl'ln'lll1J~l 

Student (1927) Newman (1 939) LL~:: Keuls 
(1952) L'J~lifll~«~~L U~~llLL u~~'t UPlllJ;11111. 

1J~~fllL"~ ~hm1L u'lmJL fi ~1.1 (il;111111lJln~~I~ 
K-l fll) 'lll S-N-K, rilV111Pl1::;rlJii~dli1\QJ1J~J 

rrra U'l~lJL fi ~lJfllL"~ tnUll~ '1 Lflm'l~~~l;rlJfll 
d

L~ ~, ln1t~~'t ihnn ilfmrilV111flf111lJfl~lflLfl~e'. 

PI~m1f1'J~~~ (CX ) IJ.~::li1::;rlJiimh~'QJ~1::;rUew
L;i u1tilV111J f1flL'WlJfI ~'llJ LLP! mi 1~1llLLPI~:: ~1-l1J~ J 

m1Lu'l~lJLfi~1J L~~ p - 2 fll S-N-K '::Lrh 
2 

nUfll LSD LL~::L~~ p- Kfll S-N-Kk ':~Lrhn'u 

TA LL~::L~~ p ilfll~~1::Vl11~ 2 LL~:: K fll 

S-N~Kp ,::ilfll~~1::Vl11~fll1J~~ LSD LL~:: TA 

'lll DMRT 1J~~ Duncan 'Jil~i1lJ'lll 

S-N-K L'J~til K lJln,::nl1V11h~~ Duncan 

il61111,m1f1'JI:l~1JtS~ (fll'in'lPl1Je~ Duncan 

,::..z~~n11fll1J~~ S-N-K LL~::'::LL"nril~L ~lJlJln 
;I'll L~~;111111 P lJln;l'll) 'l\l\l',::1";-61111' 
m1f1'J1:l~1J~tS~n11'i1l1J~~ S-N-K ~~~il P srm 
11-1m& ~ p-2 fll'ln'l~1J~~ Duncan '::Lrh 
rilJfll'ln'li11J~~ S-N-K LLt'l:: LSD L~~ p-f( fll1J~~ 

DMRT '::~~1::VI'jl~fll1J~~ LSD LL~:: ~;-N-Kk 

Duncan 'tfifi'JLL Ut'l~m1li Studentized range 
s tatistic 1";-LVllJl ::l:llJLL~::I:l-il~m11~lhVl'ilJfll'ln'l~ 

LLlJlJ One- tailed Test 
'lh~~ Tukey B LUll'lll~ Tukey 

'tfiU11Ju\~LLn'1J'ln'l1l Tukey A L'J~~fll~a-~ 
h'lmflfi'lnm1~"g~fll~«~;t!. flll'l\l S- N-I< LL~::'ill 

Tukey A L~~ P-2 fll'ln'l~1J~~ Tukey B 
'::~Q"t"ll1::Vl11~fll1J~~ S-N-K LL~:: Tukey A 

U~::L~~ p-K fll'ln'li11J~~ Tukey B ( TB i . 
S-N-K LL~:: Tukey A (TA) '::LrhnllVllJ'J 

•
I""~ , rod 

S. 'U'UUI'U8.:1flqUfIl801.:1I'UUflQ:::flqUTI 

ItA01JliiOU 

'lllril~ '1 ~n~11lJl uru 111'l1l1J~~ Scheffe 

1idlV111Jm1LU1 ~lJL 'YI ~1.1 fllL"~ ~1J~~ nq lJ 'YIfl~ ~~f1lJ 
A .Q ,d , d.ol:ll 

1Jlll'J~1~cil~L rhnll LL'J"t 1-lrJ1~UliU~rrl'~;111111 

mnH'1J"ll1'J1J~~nqlJ'YIfl~~~'t,jL rhnll rf~\I'L il~~'ln 
LVlI'J ~~hL~~~'l1l1J~~m1qlJ~1~cil~ VI'j~h1::Vl11~ 

d
nl1rJ'J~e~nqlJ;r1ecil~il;111111~p!~~VI'jeLVlI'J~~~1l 

lflnmlJ m1V11fll Critical Values 1Je~L'l!ii1 

LLri ~::;r1nm-l L~lJ 1VI"liVlt1'nm1 Lii ~1nllnu m&nqlJ 
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~1vd1~~lui~uln~U~~~1~ln1n~~~q~1~1~1~ 

fl1 S- "ua~~"tu;r~ifx 

'iE LSD. FLSD ~II~ Dunnett 

KS \~ +!..)
error n n , . 

'iE Tukey A • Tukey B. S-N-K ~II~ Duncan 

S;; = ~2 ( !:. + !:. ) 
2 \ n, n. 

) KS 
errorS-x 

K 

n1"l,rllfi~~ Ui~UI n~Ud1...,rU~~1~~V~milJ~1Vd1~YI\lJL n1ri~1T~1ln11""1~1~Vufiv"tU11 'in~,~ 

10J1-111 'JnfiV~lJ-ln~I'f~~II~~~lfl~V~ milJ~ 1vd1~1~~fill~nqlJ~LUi~U\n~m~~ I'Infi1~r'i'~lJ1n~~ 11'1Lfl '4~,~ 

rh1oJl-llln11~ Ui~UI ti~U1T~fl~1 i1viiv"tfi 

'i:(n'i;~"tfi~ll~v~ ~'iElavn1i"iEIUi~UIn~Ufl11~~1fl~V1'11~1'ln;1~1~nqlJ'YIflIlV~ 1fl~Li\nai;r~if 

"ltv~" ""lJ1~ii~ ;1~1~nqlJ'YIflllV~~V~'I,~1~""11~ 2-5 nqlJ 

""U1~nIl1~" ""lJ1~!l~ ;1~1~nqlJ'YIflIlV~~V~'I,~1~""11~ 6-10 nqlJ 

""lJ1n"' ""lJ1~ii~ ;1~1~nqlJ'YIflIlV~~V~'I,~1~""11~ 11-20 nqlJ 
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~'1U'llUn~II~".lIl1 
I 

-. \Ii _.... .. 
~UIII&U:':Ian'lll~ 'IltJ~~lItJ'IIn'lVU""':I'III".'1"~".IIUI&UU 

Comparisonwlse ""or 'al" Expe,imenlwioe ",ro, ,al" 

\l~~ LSD FLSD 

l.Jl\ln~l~ DMRT (Duncan) 

S-N-K 

Tukey B 

l1'~ FLSD 

(61\ll'nl7I1"~~1.J'iil DMRT 

(Duncan) LntjL;i~~rll.J'iil S-N-K 

LL,]lJ61\ll ,m711 "~~l.J ~~fll1 'iil 

Tukey B LL~:: FLSD) 

S-N-K 

l1'~ Tukey A 

('iil S-N-K lJ61\ll'nl7 

l1"t'Wl.Jt3~n';h'iil Tukey A 

LL~'iil Tukey A ~::mnL\lnl7 

fil\l1\llJlnn';h'iil S-N-K m71:: 

fil\l1Cllt'h 'inl];;L'i'l ~~t'hL;i~ 1) 

lJln DMRT (Duncan) 

S-N-K 

(DMRT lJ61\ll'nl7I1"~1~1.Jt!~ 

nl1 S-N-K) 

S-N-K 

Tukey A 

(L l1lJ~\lmtill.Jl\ln~l~) 

ll~mlni!iin~iiMdtfiL~Il~LLll::l1 'ih~~ Scheffe 11l'~1l111.JL 1.J'iVl.JL ti~l.JfhL'ilaV1m~n~lJl1f1~~~ 
l1~lV '1 filLIl«n1jCll:: Linear Contrast l11~HLl.J'i~l.JLti~l.JfhL'ila~~1.J'll.JfI11lJLL1.J71.J71\l~1lJ(means 

adjusted by Covariance) LL~::'1,l.iL~\l~Ll1"l1l'iil~~~ Scheffe Ll.J'i~l.JLti~l.JLIl«m,Cll:: Pairwise 

comparisons LVi71Ml\ll,m7'Y1M~1.J~lnl1'iil~1l '1 ci11l'ih~~ Dunnett Htlll1'll.JL l.J'i~l.JL ti~ufh 

L~ ~~~~nli lJf11l.J t)lJrll.Jn~lJ 'nl'1~ ~~L rll,xll 

tlll1'lmlu~:: L~ ~" Lf1 ulrll.J 'iilfil'IllClI* ~ ~ Il~~ t~'Iie~lJ lJ;; l1q61 ll!jfll1lJ1~Il' 1ilL'ilL~ ~~ ;r~ nci11LL ci'1 

l1in\li'~~m7 ~n1;i L\'llJ L;;lJ~l,~n1jl '1,fi, lnl'i171 ~ii;;'i, ~ 
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