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Appendix J
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Formulas for hypothesis testing

o

Null Alternative
hypothesis hypothesis Test
Test Assumptions H, Hy, statistics Decision rules
. o X — o ) .
1. Test concerning a Parent population is w= o I F 1o Z = Reject Hy, if Z > zqj2 O Z < =242
population mean /& normal and standard n =< o > 1o o/n Reject Hy, it Z > z4
deviation o is known = o n < Ko Reject Hy, if Z < —z4
Parent population is not n= o o # Lo Z = X;/_\/I%O Reject Hy, if Z > zgp or Z < =242
necessarily normal and n <o > 1o Reject Hy, if Z > z4
standard deviation o is > o n < [o Reject Hy, if Z < —z4
unknown (n > 30)
Parent population is = o I # o t= X~ to Reject Hy, if t > 142, (n—1) OF t < —lg/2,(n—1)
normal and standard n =< o > o S/</n Reject Hy, if t > 1ty (a—1)
deviation o is unknown > o n < o Reject Hy, if t < —ty, (n—1)
. . . 2 2 2 2 2 (l’l - I)SZ . . 2 2
2. Test concerning a Parent population is o° =0 o # o0 xX°= 2 Reject Hy, if x° > Xay2,(n-1)
population variance o2 Tlormal and the mean p 2 < 5 o2 > o& 0 or x2 < Xlzfa/Z.(n—l)
is unknown 2> 002 o? < 002 Reject Hyp, if x> XO%,(n—l)
Reject H, if x2 < X12_a,(n_1)
3. Test concerning a Parent population is P =Dpo P # po Z = S — Reject Hy, if Z > zqjp or Z < —24)2
population proportion p  Bernoulli (n > 30) P < po P> po Vol = po)/n Reject Hy, if Z > z4
P = Po P < Do Reject Hy, if Z < —2z4
4. Test concerning a Parent population is A= A F# Ao zZ= X~ 2o Reject Hy, if Z > zqp 0r Z < —z4)2
population mean A Poisson (n > 30) A <Xio A > *o/n Reject Hy, it Z > z4
A > Ao A <X Reject Hy, if Z < —z,4

(Continued)

€ 9bed WY 6Z:TT T10/2/0T Pxb T p xde €69T5yes



(433

o

Null Alternative
hypothesis  hypothesis Test
Test Assumptions H, Hy statistics Decision rules
. ) X1 — X, ) )
Test concerning the Parent populations are n1 = 12 1 # 1 = —""— Reject Hy, if Z > zqp 0r Z < —z4)2
difference between normal and standard n1 < u2 L > o (U 12 / "1) + (022 / nz) Reject Hy, if Z > z4
two population means deviations (o7 and 02) =% < 2 Reject Hy, if Z < —z4
(ny — pm2) are known
) X —-X . 4
Parent populations are n1 = [ n1 # o = ———— Reject Hy, if t > ty2, o1t < —tg/2,y
Sp/(1/n1) + (1/n2) . .
normal and standard n1 < u2 1 > o Reject Hy, if t > 14,0
deviations (o7 and 02) n1 = u2 n < 12 where Reject Hy, if t < —t4,,
are unknown but where v =n| +np, —2
(n — 1S+ (ny — DS3
assumed equal Sy =
ny+ny—2
) X —-X . 4
Parent populations are n1 = 2 n1 # o = — Reject Hy, if t > tq2, o1t < —tg/2,y
normal and standard w1 < po w1 > o (82/n1) + (S3/n2) Reject Hy, if t > 14,
deviations (o7 and 07) n1 = u2 n < 12 Reject Hy, if t < —t4,,
are unknown and where
unequal [(s3/m1) + (s%/nz)]2
V=
2 2
(st/m)7/ (i = 1)+ (s3/n2) /(n2 = 1)
) X - X . 4
Parent populations are n1 = 2 n1 # o = — Reject Hy, it Z > 242 0 Z < —Zap2
not necessarily normal w1 < po w1 > o (82/n1) + (S3/m2) Reject Hy, if Z > z,
and standard deviations n1 = u2 n < 12 Reject Hy, if Z < —z4

(o1 and 07) are
unknown
(n1 > 30,ny > 30)
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6. Test concerning the

difference between
population means of

paired observations (j4)

Test concerning the ratio

between two population
variances (012 /022)

Test concerning the
difference between two
population proportions
(p1—p2)

Test concerning the
difference between two
population means

(A1 —22)

Parent population is
bivariate normal and
standard deviation oy
is known

Parent population is
bivariate normal and
standard deviation oy
is unknown

Parent populations are
normal and their means

(p1 and po) are
unknown

Parent populations are
Bernoulli (n; > 30,
ny > 30)

Parent populations are
Poisson (n > 30,
ny > 30)

Hd = [Ad,
Hd = Idy
Hd = [dy

Hd = Hdy
Hd = Mdy
Hd = Hdy

pP1=p2
P =p2
P1 = p2

Al = A2
AL < A2
Al = A2

Hd 7 Hdy
Hd > Hdy
Hd < Hdy

Hd F Idy
2 A
Hd < [dy

Pl # p2
p1>p2
P1 < D2

Al F A2
Al > A
)»1 <)»2

_ d— Mdy

NG

_d=n

Sa/N/n
where d is the mean of the
difference between sample

paired observations and Sy
is its standard deviation

s
F = =
S5
. p1— D2
VP = p)(A/n1 +1/n2)
where » ”1[71 +n2]§2
P=——"""
ny+ny
X —-X
g _ 21742
S/ (/ny +1/n2)
X X
where § = | MX1 X
ny +np

Reject Hy, if Z > zqp Or Z < —z4)2
Reject Hy, if Z > z4
Reject Hy, if Z < —z4

Reject Hy, ift > la/z,(nfl) ort < —la/z_(,lfl)
Reject Hy, if t > g (1—1)
Reject Hy, if t < =ty (n—1)

Reject Hy, if F > F‘,IYVZ_Q/Z

or F' < Fvl,vz,lfot/Z
Reject Ho, if F > Fy 1y«
Reject Hy, if FF < Fy; 1y,1-«
where vy =ny —land vy =np — 1

Reject Hy, if Z > zqp Or Z < —z4)2
Reject Hy, if Z > z4

Reject Ho,if Z < —z4

Reject Hy, if Z > zqpp 0r Z < —z4)2
Reject Hy, if Z > z4
Reject Hy, if Z < —z4
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Appendix K

Formulas for confidence intervals

Confidence Interval for a Population Mean 1

When parent population is normal and o2 is known X+z,4 2 7
When parent population is normal, o2 is unknown, ) {f
and sample is small Xtt-102—F
When parent population is not necessarily normal, o2 ) Vi
is unknown, and sample is large X £ 2402 ﬁ
Sample siz.e for Fhe Cionﬁdence interval of a population (Za/z)zﬂz
mean g with estimation error e n=—5—

2
e
Confidence Interval of a Population Proportion p

~1— 3
When parent population is Bernoulli and sample is large D % 2a/24/ u
n

Sample size for the confidence interval of a population

) - _
. . A 25 P(1 —Pp)
proportion p with estimation error e =27 7

2
e
Confidence Interval for a Population Variance o>
‘When parent population is normal and the mean p - 1)8? . n —1)8?

is unknown 5 <o
Xn—1.a/2

- ,2
Xn—l,l—a/Z

Confidence Interval for the Difference of Two
Population Means (¢, — 7)

When parent populations are normal and 012 and 022
are known

When parent populations are not necessarily normal,
012 and 022 are unknown, and samples are large

When parent populations are normal, 012 and (722
are unknown, 012 = 022, and samples are small

—1DS? 4 (np —1)S2
Wheresz\/(n] n)lj—nz(rizl )2

andv =n; +ny —2

o
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When parent populations are normal, 012 and 022
are unknown, 012 #* 022 and samples are small

Confidence intervals for the difference 1, between
Two Population Means of a Paired Sample of

Size n (g = 1 — p2)

04

When parent population is bivariate normal and d+ Zaj2——=

standard deviation oy is known \/ﬁ
L - S,

When parent population is bivariate normal and d £ 14)2,m-1) 7‘1_

n

standard deviation oy is unknown

Confidence Interval for the Difference between Two
Population Proportions (p; — p»)

When parent populations are Bernoulli (P1 — P2) £ Zap2 \/

pil—py) . p2(l = p2)
and samples are large ni

na
Confidence Interval for the Ratio of Two Population
Variances (07 /0})
2,62 2 2,62
When parent populations are normal and their ﬁ <9 51/53

— 2 = =~
means (w1 and pp) are unknown Fo a2 [e5) Foyvyii—ay2
where vy =ny —landvy =ny — 1



sah51693 apx J L.gxd 10/2/01 11:29 AM Page 3$

Appendix L

Relations between moments and cumulants”

Expressions for Moments about Origin in Terms of Cumulants

The following expressions give the first 10 moments about the origin in terms of
cumulants of a probability distribution:

’
wy =K1
wh = Ky + ki
Wy = K3 + 3Kk +/<13

Wy = k4 + 4K3Kk1 + 3/(22 + 6/(2/(12 + Kf
ks + Skaky + 10k367 + 10K3K12 + 15K22K1 + 10K2/<13 + KIS
ke + 6KsKk] + 15Kk4K7 + 151{41{12 + 10K32 + 60k3K2K1 + 20:(31{? + 15/(%

15
!
e

+ 45/(22[{12 + 151(21(? + I(16,
u/7 = k7 + Tkek + 21ks5Kk2 + 21:(51(]2 + 35k4k3 + 105k4Kk2K1 + 351(4/(? + 7O/<32K|
+ 105k343 + 21036267 + 35kc3ic] + 105k3kc; + 105k3 k1 + 21k + k]
ué = kg + 8k7Kk1 + 28keky + 28K5K12 + 56k5K3 + 168k5K0K1 + 56/(5/(13 + 35/@%
+ 280K4kc361 4 2106415 + 420kaic2ic] + TO0kaict -+ 280ic3icr + 2803 i}
+ 840k33 K1 + S60K3 K267 + 56K367 + 105k5 + 420137 + 21063 k7
+ 28iak® + i}
Mé) = k9 + 9xgk| + 36k7K2 + 36/(71(12 + 84xekz + 252kekoKk] + 841(6/{13 + 126k5K4
+ 504ics k3t + 378ksk3 + T56Kskaicd 4+ 126icskt + 315k3k1 + 1260k4K3602
+ 1260kak3icf + 1890kaicFicr 4 1260kakaic + 126k4ic] -+ 280ic3 + 252063 ko1
+ 840213 + 1260k315 + 37801315 k7 + 1260k 6267 + 8dicsicd + 94513 iy
+ 1260k3 7 + 378317 + 36K21] + K]

*The results given in this appendix are adapted from Kendall’s Advanced Theory of Statistics, 6th ed., Vol. 1
(Chap. 3) by A. Stuart and K. Ord (Arnold, London, 1994).

o
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who = K10 + 10kok| + 45kskr + 451(8/(12 + 120k7k3 + 360k7K2K1 + 1201(71(13 + 210kgK4
+ 840kgk3K1 + 630k6i3 + 1260k6K2ic] 4 210k6kT -+ 126K2 + 126051411
+ 2520ksk3K2 + 2520K5k347 + 3780ks5k3 k1 + 2520K5k047 + 2521547
+ 1575212 4+ 1575kc2 1 + 21006413 + 12,600k4ic3k26c1 + 4200k 4K317
+ 3150kc413 4 9450kq13 17 + 3150kaicaictt + 21014k ® + 280013 k1 + 6300715
4 12,600i7 c2kF + 21003 7 + 12,600k363 k1 + 12,600363 13 + 2520K3 162167
+ 120k36] + 94513 + 472515k} + 315013 k7 + 6303k + 45k26 + 1 ]©

Expressions for Central Moments in Terms of Cumulants

The following expressions give the first 10 central moments in terms of cumulants of a
probability distribution:
M2 = K2
M3 = K3
e = k4 + 3/(22
s = k5 + 10k362
e = ke + 15k4K2 + 101(32 + 15/(;
w7 = k7 + 2lksk + 35k4K3 + 105/(31(22
s = ks + 28kgka + S6ksk3 + 35kF + 210k4ic3 + 280k 3k + 105k5
o = ko + 36k7k2 + 8dkghs + 126ksk4 + 378ksk3 + 1260k4k3k2 + 280k3 + 1260k365
[0 = K10 + 45kgic2 + 120kc7i3 + 210kk4 + 630ki6ic7 + 126K2 + 2520k5K362
+ 1575k2 k2 4 2100k4k3 + 3150k4k3 + 6300k313 + 94515

Expressions for Cumulants in Terms of Moments about Origin

The following expressions give the first 10 cumulants in terms of moments about the origin
of a probability distribution:
K1 = W)
Ky = iy — uf
K3 =y = 3uhp 42}
g = ) — 4y = 3u5 + 12p507 — 6uf
s = s — Spypy — 10p5p + 20051 + 305 ) — 60py e + 24uf
Ko = Mg — 65y — 15uyuy + 30;1,2‘;/12 - 10,u§2 + 120p5 1y — 120;1,’3;/13
+30u5 — 270pF pu? + 3605 1t — 12018
K7 = ph — Ty — 2 ph + 42ul ' — 350 1l + 2100 1y )
—210p)uf + 140u2 ) +210ps ey — 1260p; uh /P + 8401 )t
—630u5’ ) +2520uu — 2520, + 7201
iy = Jug — 8y — 28pugph + 56T — SOusIy + 33615 uh 1,
—336u5uP — 3517 + 560 s + 420u, uE — 2520u] b P
+ 16804 11t + 56002 11y — 168012 11/2 — 504045 11211
+ 13,4401,y — 6720p 7 — 6305t + 10,0805 12
—25,200p2 pft + 20,1605 8 — 504078

o



sah51693 apx J L.gxd 10/2/01 11:29 AM Page 3%

338 Pocket Dictionary of Statistics

Ko = [ — It — 365 s + 725w — 84y + S04ppph )
—504upu — 1265 ) + 100805 sy + 75657 — 45365 ph i/
+ 30245t + 630pZ ) + 2520 pwh b — 75601y 1
— 11,340, 7 1) + 30,240y — 15,1200, 17 + 56015
— 15,120u ph iy + 20,1600 P — 75605 115 + 90,720 17 117
— 151,20005 py 't + 60,4805 10 + 22,6805 14 — 151,200
+272,160p 2117 — 181,440 11 + 40,3207

K10 = o — 10phu) — 45uguh + 90ug /P — 1201y + 72005 pwh i
— 720 1P — 210pf )y + 1680pg ph i) + 1260147
— 7560115 1P + 504005t — 12612 + 25205 1))
+ 50405yl — 15,120l ph /P — 22,6805 17 11y + 60,4805 1
— 30,2405 1 + 315002 py — 94502 2 + 42004 pu?
— 75,6000 15 1ty 1y + 100,800 pt5 11> — 18,9004, 15
+226,8004 12 11/> — 378,00014], i + 151,200 10 — 16,80015
— 37,8002 w2 + 302,400p 2 1ty 11 P — 252,000 2 i + 302,4000 15 11
— 1,512,000 5 + 1,814,4000% ph P — 604,8004; 11y
+22,680u5 — 567,000u5 n? + 2,268,000 )t — 3,175,200 148
+1,814,40045 118 — 362,8804/1°

Expressions for Cumulants in Terms of Central Moments

The following expressions give the first 10 cumulants in terms of central moments of a
probability distribution:

K2 = |2
K3 = |13
K4 = g — 3u3

ks = ps — 1032

K6 = 6 — 15042 — 1013 + 3013

K7 = 7 — 21 pspn — 35uaps + 210033

kg = jug — 281ueha — 565 i3 — 3513 + 4201413 + 560u3pu — 63013

Ko = o — 36712 — 84peps — 12640510, + 7561513 + 252070, 45 102
+ 560;/.% — 7560#3#3

K10 = (1o — 45pspa — 120u7 103 — 21068, + 1260603 — 12602
+ 50404543142 + 315063 10 + 4200404143 — 18,9004 13
—37,800p3 143 + 22,68013



