FORMULAE FOR STAT 319
(Edited by Anwar Joarder)

A. Descriptive Statistics (for Samples)

. _ 1
A.1 Mean and variance are y =— z y and
n

& =I5 Ghere TSS=> (y-y)V =2 —l(Zy)2 .
n

n—1

A.2 Quartiles:R, =« HTn:Hd, a=1,2,3 0,=(0-d)y, +dy,,-

A.3 Mean and the variance for grouped data:
_ 1 7SS 1 2
v X, s= TSS=R - — (X))
A.4 Coefficient of Variation: CV=s/y.

A.5 Coefficient of Skewness : CS =2 ; ; .
S

B. Glossary of Probability of Set Events (Two Sets)

Verbal Description of Probability
Event

B.1 A but not B P(ANB)=P(A)— P(AN B)
(=Only A=A alone)

B.2 | B but not 4 P(A N B)=P(B)— P(AN B)

(=Only B =B alone)

B.3 None (=Neither A nor B) P(ANB)=P(AUB)=1-P(AU B)

B.4 | Exactly one P(ANB)+P(A N B)
B.5 |Both P(ANB)=1-P(ANB )=1-P(4UB)
(=Exactly two = Two) P(ANB)=P(B)P(A|B) = P(4)P(B| A)
P(ANB)=P(A)P(B) iff A and B are independent
B.6 | Not both P(ANB )=1-P(ANB)
B.7 A given B P(AlB)zP(AmB) if P(B) 0
P(B)
P(A|B)=P(A) iff 4 and B are independent
B.8 At least one of the two P(A v B) = P(exactly one) + P(exactly two)
(=4 or B)

=P(ANB)+P(ANB)+P(AN B)
= P(A)+ P(B)— P(AN B)
=1-P(AUB)=1-P(4NB)




Independence:

P(A|B)=P(A|B)=P(A)
P(B| A)=P(B|A)=P(B)

For intersection of three sets A,Band C, the following results are important:

B.9 P(none)+ P(atleastone) =1

B.10 P(none)=P(ANBNC)
= P(4)P(B)P(C) by independence

B.11 P(atleastone) = P(Aw BuUC)
= P(A)+ P(B)+ P(C)~[P(ANB) + P(ANC) + P(BNC)]+ P(AN BN C)
C. Discrete Probability Distributions

Cola wp=EQY)=> yp(y), (p89)
COb E(Y*)=3»"p(y). o’ =EY-u) =E(Y*)-s’, (p96)

PfObiIlIty Density fUﬂCtiOﬂ p(x ) Mean (Iu) and Variance (0'2)
C.1 The Binomial Distribution: B(n, p) (p119) u=EX)=np
2
n " o =V({¥)=np(-p).
S = (yj p’d-p)”, y=0,1, .., n,
n — —
where ( j _ n(n—1)..(n—y+1) '
y y!
C.2 The Hypergeometric Distribution (p128) u=EY)=n (K / N)

Sl
)=~ 2V 0,

o)

C.3 The Poisson Distribution (p136) u=EXY)=A
o’ =V(Y)=At

f(y)z%, y=0, 1, ..
y.




D. Continuous Probability Distributions

For a continuous random variable Y with pdf /()

DO Pa<Y<b)= j F(y)dy, P(Y <u)= j F(y)dy
DOa  p=EX)= [y ()dy, (p89)

DOb E(Y?)= Tyzf(y)dx, o* =E(Y-p) =E(Y?)- i, (p96)

Probability Density function Mean and Variance
D.1 | The Normal Distribution: N(u,c?) Mean =E(Y) = u
Variance =V (Y)=o"
D.2 | The Exponential Distribution Mean =E(Y)=p
f(y)= 1 e 0<y Variance = V(Y) = p*
B
D.3 | Waiting Time Distribution Mean =ET)=1/4
ft)y=2e™, 0<t Variance =V (T')=1/A*
D.4 | The Gamma Distribution Mean =E(Y)=af
= — ! Yl e 0<y, 0<a, 0<p | Variance =V (Y)= off’
pT(a)

E. Sampling Distributions

E.1 Suppose that Y has a distribution with mean u and variance o’ . Additionally if

Y — v _
the distribution is normal then Z e Y-p =7

Jno? N

E.2 Suppose that Y has a distribution with mean u and variance o> . However if the

Y- Y —

distribution is not normal but n>30, then Z e Y—u
JnS* \S?/n

known as Central Limit Theorem. Note that o> is estimated by s> (SLLN).

~ 7 (p210). Thisis

E.3 The Student t statistic is defined by T =§/;\//i , with v=n-1 (p220)
n
E.4 The Sampling Distribution of the Proportion (p258)
Y—nr Yin-n

\/l’lﬂ'(l—ﬂ') B \/72'(1—72')/7’[ -




F. Statistical Estimation (with Random Sample / Samples)

F.1 Confidence Interval Estimates of the Mean u

F.1.0 CI for u, (o known, any n, normal): y ¥ za/z(a/\/Z) for ( 235)

F.1.1 ACI for u, (o known, nonnormal, largen): y T za,z(a/\/;) (cf. p235).
F.1.1(a) sample size for estimating u : n=z.,0°/d* (p237).

F.1.1 ACI for u, (o unknown, large n, nonnormal): y F Za/z(s/\/;) (cf. p235).

F.1.3 Cl for u, (o unknown, n>2,normal): y ¥ tm(s/«/;) forany n>2 (p239).

F.2 Confidence Interval for u, — u, (Based on Random and Independent Samples)

2 2
F.2.0 Cl for u, —u,, (al:2 known, normal): (y,-y,) ¥z,, 9 4 % (cf. p247)

n n,

F.2.1 ACI for u, —u,, (al.2 known, large n; , nonnormal):
o O_2 (72
O —=0,) Fz,, |— + —= (cf. p247)

nl 7’l2

F.2.2 Cl for y, —/,12,(01.2 unknown, largen;, nonnormal): (y,-y,) ¥z, SIS
n

(p247)

F.2.3 Cl for u, - u,, (small n; , unknown o = o, but unknown, normal):

G -7,) T ¢ LI Szz(nl—l)slz+(l’l2—1)S§
1702 al2 )

noon, -+, 1) v=(n—-1)+(n,-1), (p249)

F.2.4 Cl for u,—u,, (small ny=ny, o} # o, , normal):

2 2
S4B o=+ (n—1) (p249)
n

n

()_’1_)_/2) + 1



F.2.5 ACI for u, —u,, (small ny #ny, o #oc;, normal):

_ s, s (st /n +s3/n,)’
_ - ¢ Sy y= e B B , 251
D2 3 e T Gy Ko -0+ Iy iy PPV

F.2.6 Clfor u —u, using matched pairs): d ¥t,,,+s;/n, (df =n—1), (p254)

F.3 Confidence Interval for Proportion p
F.3.1 CI for = whennlarge: p¥xz,/o p(1—-p)/n , (p258)
F.3.1 (a) Large sample size for estimating p: n= zé/z f)(l—f))/e?‘. (p 259)

F.3.2 Cl for n, -, with large sample sizes :

1151(1—131)+ pr(1-p2)
n ny

Pl—P2F2¢/2 \/

F.4 Confidence Interval for Variance °: [(n—1)s*/l, (n—1)s’/u]

where [=y., and u=y! _,

G. Testing of Hypotheses (with Random Sample/ Samples)
Reject H, for « = p-value; Don’treject H,for « < p-value.

G.1 Testing of a Mean .

G.1.0 o known, normal: z= y—zuo (p300)
o’/n

G.1.1 o known, large n, nonnormal: :z~

G.1.2 o unknown, large sample: z~2_*2 (p300)

\s*/n
H, H RR (for H ) p-value
H=H, H < Hy z2<-2, P(Z <z)
M= [y H > [y z>z, P(Z > z)
M= My M7 Hy Z<Zyp OT 222, 2P(Z>|z])




G.1.3 o unknown, normal population : r=2 "t , ((Ww=n-121) (p304)

s”/n
H, H RR( for H,) p-value
M= [y H< 1<, P(T <1)
M= H> g t>1, P(T >1)
M= My HF [y [ <y, Or 1>1,, 2P(T>t])

G.2 Testing . - u, =5 ( Random and Independent Samples)

G.2.0 known o;, any n;, normal: z= 2)/1 _yz_é;
\/(0'1 /n1)+(o-2 /”2)
G.2.1 known o;, large n;, nonnormal: :z~ W=V, =9
2 2
\/(01 /n1)+(0'2 /nz)
.)_/1 _)_}2_5

G.2.2 unknown o;, large n;, nonnormal: z ~
\/(82/n1)+(s2/n2)

~1)s; ~1s;
s2:(nl )Sl +(n2 )S2 , V:(}’ll—l)+(}’l2_1)
n +n,—2

Table for the above three tests are given below:

H, H, RR ( for H,) p-value
=i, =3 =, <O z< -z, P(Z <z)
=, =0 W=, >0 z>z, P(Z > z)
o~ =0 =i, %S z2<—z,, O 2>2Z,, 2 P(Z>|z])

G.2.3 Small »; , unknown o} =c. , normal)

- = -1 2 -1 2
oo N0 o st DS g2y p30s)

\/(sz/nl)+(s2/n2) no+ny, =2

G.2.4 Small nj=ny, o] #o,, normal)

e NTH0 (-]

\/(sl2 /n)+(s§ /n)




G.2.5 Small n; #ny, o] #o,, normal)

Y —V,—0 b (s] /n, +s3/n,)°
Jsiim)e(siim) G =D (s ) Ay =)

» (P309).

Tables for the above three tests are provided below:

H, H, RR(forH,) p-value
M=, =0 M=, <O t<—t, P(T <)
M=, =0 =, >0 t>t, P(T >1t)
U~ =6 W=, 06 t<—t,, or t>t,, 2 P(T>|t])

G.2.5 Testing y, — u, using matched pairs): t=d/ s>/n , (df =n-1), (p310)

G.3.1 Testing of a proportion

Large sample: PR o
Jp(=m)/n
H, H RR ( for H,) p-value
P =Dp0 P <Ppo z< -z, P(Z < 2)
P=Dp0 D> PO z>z, P(Z > z)
P=D0 P #Po Z2<=Zy;y OL 22> 2, 2 P(Z>|z))

G.3.2 Testing the difference of two proportions

Largen: z~v——u D17 P2 where p="1PLTM2P2 _V1+Y)
Jb(=p)/n + p(1=p)/m, mtmy  omem
H, H RR (for H ) p-value
pPL=p2 | PI<P2 z<-z, P(Z < z)
T =7 P1~> P2 z>2z, P(Z > z)
Ty =T, P1# D2 z2<—=Z,, O 2>2Z,, 2 P(Z>|z))

G.4.1 Testing a variance y’ =(n-1)s’/o,

Totest H,:0' =0,, H,:0" >0, use y’ > 4.
Totest H,:.c'=0,, H,:0° <o, use y’ <y’

Totest H,:0' =0,, H,:0" 20, use y’ <yl ,ory <y,



H. Linear Regression Analysis (Degrees of Freedom: v=n-2)
H.1 Line of Best Fit

H.1.0 Model : y=p,+pB,x+& foragiven x,Y ~N (u, o°)where u = B+ Bx
Fitted Model: 5 = i1 = 3, + B,x for a given x

H.1.1 ﬁlzz"y ) Sxy:ny —(Zx)(Zy)/n, Sxx:zxz—(Zx)z/n, Bo=V-PB X.

(p336)

H.1.2 Pearson product moment coefficient of correlation:n r = L (p392)

Sxe Sy

H.1.3 Standard error of the estimate: s =\/SSE /(n —2) = MSE

2
H.1.4 TSS= Z(y—y)zzz.yz_@, SSR= bsxy=b2S

>  SSE=TSS—SSR
H1.5 R>— Explained variation _ SSR
Total variation 7SS
H.2 Inference Regarding the Regression Coefficient
=2
H.2.1 100(1-2)% confidence interval for j3,: Bo T \/ {l +x—}MSE .
n S
H.2.2 100(1-a)% confidence interval for j, : B, Ft,,, |MSE/s_,
H.2.3 Testing the hypothesis H,: f =c: t:L (p364)
NMSE /s,

H.3 Confidence Interval

_=\2
H.3.1 Confidence Interval for Mean for a givenx: y t+¢,, \/{l+ (x = x)

}MSE )
n s

XX

H.3.2 Prediction Interval for an Individual Y Given x:

2
S, \/{1+1+M}MSE (p368)

n S

XX




Table for Estimation or Tests of Hypotheses on Mean or Difference in Means (In
this table sample is always drawn randomly, and two samples considered are
always independent)

ol | n Y Cl z/t TEST | page
Z Normal F.1.0 z G.1.0 | 235
ev Large nonnormal F.1.1 ~z G1.1 235
N Normal F2.0 |z |G2.0 |247
Large nonnormal F.2.1 ~z G.2.1 | 247
U Normal F.1.3 t G.1.3 | 239
N Large Nonnormal F.1.2 ~z G.1.2 | 239
K Normal (c? = o?) F.2.3 |¢ G.2.3 | 249
N Small(n, = n,) Normal F.2.4 | ~t G.2.4 | 251
Normal F.2.5 ~t G.2.5 | 251
0 Large Nonnormal F.2.2 ~z G.2.2 | 251
w
N
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Distribution Guide

n,p Binomial

N

(N oN
SWOR: Hypergeometric

SWR: Binomial

e First success in a trial: Geometric

e Second/ third/.. success in a trail:
Negative Binomial

e Mean & discrete variable: Poisson
(# accidents occurs in a given time interval)

e Time between accidents: Exponential

Lifetime : Exponential
mean = [3, parameter =A=1/f3



11



