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Statistical Formulae

Hypothesis testing

Sam. mean & variance

Accept region & CI

Hy:op>po

Hy:op < po

Hy: p# po
Rejection region

Hy:op> o

Hy:op <o

Hy o op# po
Note:

Type I error
Type II error
Power

Note:

n

2

i=1

2
1 1 (<&
P |7 ()

(all area in « refer to lower area)

T € (—o0, g + tn_l,l_a\/iﬁ) or € (T — tn11-a s, 00)

T € (g — tn—l,l—a\/iﬁa o0) or fup € (00,7 +ty 11 a)

T € (po—tn 1-8 T Mo 11— %T) or po € (T —tp11-a=, T+t 11-a)
T2 o+ th-1,1-a77

T < po— tnfl,lfa\/iﬁ

T < o — tnfl,lf%\/iﬁ or T 2 fio + tp- 1177\f

Above applies if 02 is unknown. If o2 is known, replace s by ¢ and t,,_; by z.
a = Pr(reject Hy| Hy is true.)

6a(U1)
Power (1)

= Pr(z0 = za| 1 = po)
= Pr(accept Hy| Hy is false and p = p1) = Pr(z0 < zo| = p1 > o)
= Pr(reject Hy| Hy is false and p = p1) = Pr(z0 > zo| 0 = 11 > po)

Above applies only if 02 is known and H; : p > po.

Random variable

Binomial rv:

Normal rv:

Central limit t.:

If X ~ B(n,p), P(X

x)

If X; ~N(pi,o0?), P(X; < z)

( Z )p“‘(l —p)"7%, E(X) =np & Var(X) = np(1 — p).

:P(Z< )&aX1+bX2~N(au1+bu2,a o? +b%03).

oF)

2 n
w,—) & ZXi ~ N(np,no?) if n > 25.

i=1

If X; ~ any D(u,0?) indept., X ~ N

Assumptions

Confidence Interval for one sample (for two-, upper- and lower-sided H; resp.)

normal; o2 known

For p: (Z—21-¢ % T+2-27%), (T— 21075, 00); (-00, T+ 210 7%)

normal; o2 unknown  |For p: (Z — tl_%,n_l\/iﬁ, T+ tl_%’n_l\/iﬁ), (z — tl—a,n—l\/iﬁ7 0); (—o0, T + tl—a,n—l\/iﬁ)
-1 2 —1 2 —1 2 —1 2
normal For o*: <X£f1,1)78a/2’ ;571,18/2)’ <X(72:L—1,zia’ OO), (0’ (:721—1)2)
Assumptions Confidence Interval for two samples (for two-, upper- and lower-sided H; resp.)

normal; 0%, 03 known

normal; 07,03 unknown

normal

B} P 2 2
C ot (Fy — T — [OL 4 %2 7 g a4 22
For py — po: (T — T Zieg\ S T — Tt ag m—l-m)a
2

— — 0'2 g — — o
(T1 — T2 — 2120/ 7 + 32, 00); (=00, T1 — T2 + 210/ 7 +

1 1
For p1y — po: (1 — T2 — tyy4ny—2 1725’;;\/ T n—27 T — To+lny4ns—2,1—
(.Tl - x2 tnﬁ—ng 21— ozsp\/ + n_2 7 —0Q, 1’1 - -TZ + t’l’L1+’rL2 1— asp
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2 o

D b

)

|

+

);
)

§31

,_n

+

L
no
1
n2

9

2
91
Fora_g n1—1ny—1,1-2> anl 1,na— 1,%)7( ni—1lmna—1,1-a’ OO)




One and two sample parametric test

’ H, \ Test statistics \RR \p-value \Assumption
One sample: Hy: p=pg or Hy: 0 =03
1> o 20 > Z1—a P(Z > z) normality, 02 known;
< o 20 = ¥y~ o or =520 < —2z1—a P(Z < zp) or large n, o unknown
o/vn
1 # Ko |20l > 2102 2(Z > |z0l)
> fg to > ti—an—1 P(tp—1 > to) n small; normality
Y— Ko
i< fo to = NG to < —ti—an-1 P(t,_1 <tp) o2 unknown
B 7 fho ltol > t1—a/2,n—1 2P(tp—1 > [to])
o2 > 0(2) X(Q) > Xffoz,nfl P(th1 > x%) n large or normality;
(n—1)s?
o < af Xo="— X0 < Xan—1 P(xn-1 < x3) o? unknown
0
o? # ag X8> Xi_ajam1 0t |2min[P(x;_1 > Xp),
X0 < X2 jam 1 P(xi-1 < x3)]
Two samples: Hy: p1 — po = dg or Hy: 02 = 03
1 — e > dy 20 > Zl—a P(Z > 2p) normality
Yy —TYog) — d
1 — e < dg| zo = (71— 5s) 20 < —21—q P(Z < 2p) 0%, 03 known;
91 4 a5
ni na
p1 — p2 # do 20| = 21-a/2 2(1 — ©(|z0])) independence
—5,) —d
p1— 2 >do| to = @ 23/2) = 0 1t > t1—a,df P(tg > to) n1, ng large; normality,
S S
4.4
w1 — o < dy to < —ti1_q P(tdf <) 0%, 0‘% unknown;
82 /n1+s2/n 2 .
w1 — pe # do| df = (S[%/lm); (QS%/iL)Q [to] > t1—a/2 2P (tgr > |tol) independence
ny—1 ng—1
—7%,) — do .
p1— pe >do| to= @ ?2) - 1o > t1—a,ni4no—2 P(tp,+nys—2 > to) n1, ng small; normality;
SpA/nr T s
p1 — p2 < do . . to < —t1—ani+n.—2 P(tn,4n.—2 < to) independence; 0%, 03
1 _
p1 — po # do|sp = (1 n)f_ﬁ:iizg Lz ltol > t1—g nytn,—2 2P (tn, 4no—2 > |tol) unknown but equal
ta > do to > ti—an—1 P(typ—1 > to) n small; n pairs and
Y, —TYog) — d
e < do to = w to < —ti—an—1 P(t,—1 <tp) dependence; normality
Sd/\/ﬁ
ta # do ltol > t1—a/2,n—1 2P(tn—1 > [to]) for d;; o2 unknown
0?2 > o3 fo= 2 fo>2 Fi_amn—1ns—1 P(Fu,—1ms-1 > fo) normality
2
ot # o3 Jo> Fi_an—1ny,—1 or|2min[P(Fy, _1n,—1 > fo), |07, 05 unknown
(S% 2 8%) fO < F%,nl—l,ng—l) ie. P(an—l,nl—l > #)]
f(;l > Fi_gnp—1,nm-1




Nonparametric test

[ H, | Test statistics [RR [ p-value [ Assumption
One sample or match-pair sample: Hy: p=poor Hy: p=po
p>po |Binomial test: NA P(B, py> xo);Z(?)pg(l —po)" "t |29 ~ B(n,po)
1=
Zo . .
p<po |xo= #success P(Bpo< x0)=)_(})p6(1 = po)* ™" | o ~ N(npo, npo(1 — po))
i=0
D # Do 2min[P(B,, p, > %0), if n large
P(Byp, < 20)]
> po | Sign test: NA P(B,, 1= o) =5 > (1) Symmetric dist. for y;
i:IO
)
w < o xro = #(dl > 0) P(Bn)%g .170) :% (:L) xTo ~ B(TL7 %)
=0
p#Fpo | di =y — o 2min[P(B,, 1 = xo), P(B,, 1 < x9)] |z~ N(3, %) if n large
Discard d; = 0 & revise n
> o | Wilcoxon sign rank test NA P(W, < % —wg ) or Symmetric dist. for y;
wo = min(w, wr P(Z >R =By e + ~ N(E(w* +
0 in(wg ,wy) (Z > S ) if ties | w (E(w™),V(w™))
_ w—E(wt) + n(n+1)
p<po | wi= Y i, wo= Y 7 P(anwar)orP(ZS‘)ﬁ) BE(w™) = =7
i i (w)
e o i — E(w™h))| . s
i # po | Discard d; =0 & revise n 2P(W,,<wyg) or 2P(22ﬁ) V(wt) =1 > rZif ties
w i,d; #0
Two samples: Hy: pp = po
i1 > po | Wilcoxon rank-sum test NA P(Wpym, <ni(N+1)—wp) or Same dist. for each group
ni
wo =Y Ty i P(Z zwo—%f)) if ties w ~ N(E(w),V(w))
=1 w
p1 < po | Ty, i rank for yig, P(Wpy ny, < wo) or P(Z g%) E(w)=%(N+1)
. nin
o # s | ng <o 2P(Wa,ns S wo) ifwo S B(w) | Viw) = 5oz
N
or 2P(Wyy my <ni(N +1) —wyp) [Z r? — W}
i=1
or 2P(Z z%) if ny,ny > 10 or with ties
Three or more samples: Hy: p1=---=
At least 1 | Kruskal-Wallis test ko > X7 a1 | P(X2_1 > ko) Same dist. for each group
. 12
equahty ko = (N — 1)>< ko = m anr?j
j=1
> nyT% — N72
not hold = —3(N +1)
> ‘ rfj — N72
j=li=1
r;;: rank over all samples if no ties
Two way data: Ho: 1 = = Bc
12r <
At least 1 | Friedman test 90 > X3 _ae1 | PX21 > q) qo = ( _:1) Zfzj—
c(c =
equality |qo = (rc —71)x =3r(c+1)
ry. FQJ- — rcr?
not hold - J:cl if no ties
Yok - rcr?
i=1j=1
r;5: rank over row 4




One way ANOVA table for completely randomized design

Source df SS MS F
Groups c—1 SST = Zlnj@?—nyz MST = 251 F = %—gg
‘7:
Residuals n —c SSR =3 (n; —1)s? = SST, — SST MSR =28 = ¢
j=1
Total n—1 SST, = > ZJ Yy — ny°
j=1i=1
m c c.
EJ-:?%Zyij,n:anand@:%Z Yij-
i=1 j=1 j=1i=1
Two way ANOVA table for randomized block design
Source df SS MS F
Treatments ¢ — 1 SST =r Zlg% — ny? MST = if{ F, = %—gﬁ
]:
Blocks r—1 SSB:c;yf,—nf MSB = 258 F, =228
Residuals  (r—1)(c—1) SSR=SST,— SST — SSB MSR = (7,_%9%
Total n—1 SST, =35 y% — ny?
i=1j=1
Yi. :%Zyijayj:%Zyij”n:rcandy: %ZZ%J
j=1 i=1 i=1j=1
Two way ANOVA table for factorial design
Source df SS MS F
Treatments ¢ — 1 SST =rm Zly‘j — ny? MST = 251 F, = %—gg
J:
Blocks r—1 SSB = cm ;@? — ny? MSB =558 F, =258
Interactions (r —1)(c—1) SSI = SST,—SST —SSB—-SSR MSI = % F, = M5L
Residuals  re(m — 1) SSR=(m—1) 2:1 21 s3; MSR = ch:;}_%l)
i=1j=
Total n—1 SST, =33 Y Yo — 1

_ 1 C m _ 1 T m
Yio = om > 2 Yijks Y5 = D Yijks M=
j=lk=1 j=1k=1

ANOVA table for regression

Source df SS MS F

: S
Regression 1 SST = Sgy/Sm MST = SST F %
Residuals n —2 SSR =Sy, — Sgy/Sm MSR = % = g°
Total n—1 SST, = Sy,




H, Test statistic RR p-value Assumptions
One-way ANOVA table: Hy: pp=-=pe
MST
At least 1 = 350D —a,c—1,n—c P(faec—1n—c = i~ N 5 2
eas Jo VSH Jo> ficae, (fae—tn—ec = fo) |¥ij (kiy o°)

equality not hold

Pairwise comparison:

Ho: = g

H 7

Ui — U
MSR,/+ + L

ny Nk

by =

|tl,k| > tl—a/Q,n—c

2P(tn—c Z |tl,k:|)

Yij ~ N (i, 0?)

Multiple comparison (Bonferroni):

Ho: m © = He

At least 1

to = max Y1 — Yg

Lk \/M—SR,/nilJré

|t0‘ > tl—a/r,n—c

2P(tn—c > |tol)

Yij ~ N(pi, 0°)

equality not hold r=clc—1)/2

Regression: Hy: =08y or Hy: p=0
B = By

> to = to > ti—an_ P(t,_ o>t e; ~ N(0, o2
B> B 0= Ve 0> ti—an—2 (tn—2 > to) (0,07)
= vn — 28,
B < BO Pp=0 n Y to < _tl—a n—=2 P(tn_g S to) Cov(ez-, ej) =0
SaaSyy S:%y 7

B 7& BO §% = i‘i]; |t0| > tl*&/?,n72 2P(tn—2 > |t0|)

p > 0 to > z51701,7172 P(tn72 Z Z50) €; ~ N(Oa 02)
rvn —2

p < 0 to = ﬁ ty < —tl_am_Q P(tn_g < to) COV(ei, ej) =0

p#0 lto] > ti—a/2n—2 2P(t,—2 > |to])

Chi-square goodness-of-fit test:

Hy: p1=pio,---

yPe = Pco

where p;p may be calculated from normal or other dist.

At least 1

equality not hold

(?/z‘ - npi0)2
R

; npPio

2 2
Xo > Xl—a,c—k—l

= no. of par.

P(X2 11 > X0)

E; > 5 for all ¢

Chi-square test

for dependency:

Hy : Factor i & factor j are independent

Dependent

L YirY4N2
2 (yZ] n )
Xo = Uiy
/[:7]. n

Xo > X%—a,(c—l)(r—l)

P(X?c_1)(7~_1) > Xo)

E;; > 5 for all 7, j




Linear Regression

Regression line y = a+pfx
x’L (3
3 Sy Z:l Y 5 o?
Slope ﬁ:S P , BN ﬁyS
T Z z2? — ni2 T
=1
. 5 1z
y-intercept a =y—pBr, a~Nlao®|—+
n S
S Z TilYi — n:cy
Correlation coeff. T
Sz * Syy \/ T3 —nxQ[Zy —ny]
SSR R
. . 2 _ .. — _
Residual variance s = Y SSR = Zz;(yZ yz) = yy ﬁSxy
SST
Coeff. of determination| R? = S9T, =72 SST = Z /Bsxy; SST, = Z = Syy
. ~ = N ~ = 2 1 (33'0 — .f')
Estimated mean E(Yy) | E(Yy) = & + Bxg, FE(Yy) ~ N |a+ Bxg, 0 |—+ g
n xxr
~ - A A~ 1 —_— 7 2
Predicted point Yy Yo=a+ Bxyg, Yy ~ N(a—f—ﬁmm o? {1%——%—(%05—1.)])
n xx
. ( A S ~ S
Conf. interval for 3 b — tn,271,% Sxm, b+t, 2,1-2 TM
Conf. interval f ( 1+f2 v+t 1+$2)
. thoi_a — L Gty _oq_a s/ —
onit. mterval 10r & 2,1— 5 n Sx$ 2,1 5 n Szx
1 — )2 a 1 _ 72
Est. interval for E(Yy) ( ﬁxo —th_a, 1-g S\ — + M, &+ Brg+thoi_o s —+ M)
n Sx:r Tz n Szm
1 —I)? " 1 _ 72
Pred. interval for Y (OAé + ﬁxo — tp_2, 1-¢ S\/1 + -+ (3305—37)’ a+ Prg + tn,Q,l,% S\/l +—+ @OS—J:)>
n T n xrx




