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FORMULAE  FOR  STAT  319  

  (Edited by Anwar Joarder) 

A. Descriptive Statistics (for Samples) 
 
A.1   Mean and variance are 

1   y y
n

= ∑   and 

( )22 2 2 1 where  ( )
1

TSSs TSS y y y y
n n

= = − = −
− ∑ ∑ ∑ . 

 

A.2   Quartiles: ( ) ( 1)
1  ,     1,  2,  3;   (1 )

4 i i
nR i d Q d y dyα αα α +

+
= = + = = − + .  

 
A.3  Mean and the variance for grouped data:   

1  y yf
n

= ∑  ,  ( )22 2 1,           
1

TSSs TSS y f yf
n n

= = −
− ∑ ∑ . 

A.4  Coefficient of Variation :    /CV s y= .  
 

A.5  Coefficient of Skewness :  
/ 3

y yCS
s
−

=
�

.  

 

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

Event 
Probability 
 

B.1 A  but not B  
(=Only A = A  alone) 

)()()( BAPAPBAP ∩−=∩  

B.2 B  but not A  
(=Only B =B  alone) 

)()()( BAPBPBAP ∩−=∩  

B.3 None (=Neither A  nor )B  )(1)()( BAPBAPBAP ∪−=∪=∩  
B.4 Exactly one )()( BAPBAP ∩+∩  
B.5 Both  

(=Exactly two = Two)  
)(1)  (1)( BAPBAPBAP ∪−=∩−=∩  

( ) ( ) ( | ) ( ) ( | )
( ) ( ) ( )  iff  and  are independent
P A B P B P A B P A P B A
P A B P A P B A B

∩ = =
∩ =

 

B.6 Not both )(1)  ( BAPBAP ∩−=∩  
B.7 BA given   ( )( | )   if  ( ) 0

( )
( | ) ( )   iff  and  are independent

P A BP A B P B
P B

P A B P A A B

∩
= ≠

=
 

B.8 At least one of the two 
(= BA or    ) 

)(1  ) (1

)()()(
)()()(

)oexactly tw()oneexactly ( )(

BAPBAP

BAPBPAP
BAPBAPBAP

PPBAP

∩−=∪−=

∩−+=
∩+∩+∩=

+=∪
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Independence:  
 

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

= =

= =
 

 
For intersection of three sets CBA  and , , the following results are important:  
 

1one)least at ((none)    B.9 =+ PP  
 

ceindependenby   )()()(                          
 )(none)(     B.10
CPBPAP
CBAPP

=

∩∩=
 

 

)()]()()([)()()(           
)()oneleast at (     B.11

CBAPCBPCAPBAPCPBPAP
CBAPP

∩∩+∩+∩+∩−++=
∪∪=

 

 
 

C. Discrete Probability Distributions  
 

( ) ( )2 2 2 2 2 2

C.0a    ( ) ( ),       ( 89)

C.0b    ( ),   ( ) ,  ( 96)

E Y yp y p

E Y y p y E Y E Y p

µ

σ µ µ

= =

= = − = −

∑
∑

 

 
 
 Probability Density  function ( )p x  

 
Mean ( )µ and Variance 2( )σ   

C.1 The Binomial Distribution: ( , )B n p  (p119) 

( ) (1 ) ,   0, 1, ...,y n yn
f y p p y n

y
− 

= − = 
 

,  

where 
( 1)...( 1)

!
n n n n y
y y

  − − +
= 

 
. 

( )E Y npµ = =  
2 ( ) (1 ).V Y np pσ = = −  

C.2 The Hypergeometric Distribution (p128) 
 

( ) ,   0, 1, ...,

K N K
y n y

f y y
N
n

−  
  −  = =

 
 
 

 

 

( )( )  /  E Y n K Nµ = =  

 

C.3 The Poisson Distribution  (p136) 

( )( ) , 0, 1, ...
!

yte t
f y y

y

λ λ−

= =  

( )E Y tµ λ= =  
2 ( )V Y tσ λ= =  
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D. Continuous Probability Distributions  
 
 

( ) ( )2 2 2 2 2 2

For a continuous random variable  with pdf ( )  

.0   ( ) ( ) ,   ( ) ( )     

.0     ( ) ( ) ,   ( 89)

.0      ( ) ,   ( ) ,   ( 96)

b u

a

Y f y

D P a Y b f y dy P Y u f y dy

D a E Y yf y dy p

D b E Y y f y dx E Y E Y p

µ

σ µ µ

−∞

∞

−∞

∞

−∞

< < = ≤ =

= =

= = − = −

∫ ∫

∫

∫

 

 
 

 Probability Density  function  Mean and Variance  
D.1  The Normal Distribution:  ),( 2σµN  

 
Mean = ( )E Y µ=  
Variance = 2( )V Y σ=  

D.2 The Exponential Distribution 
/1( )  ,   0yf y e yβ

β
−= <

 

Mean = ( )E Y β=  
Variance = 2( )V Y β=  

D.3 Waiting Time Distribution 
( ) ,   0tf t e tλλ −= <

 

Mean = ( ) 1/E T λ=  
Variance = 2( ) 1/V T λ=  

D.4 The Gamma Distribution 
1 /1( )   ,   0 ,  0 ,  0

( )
yf y y e yα β

α α β
β α

− −= < < <
Γ

 

Mean = ( )E Y αβ=  
Variance = 2( )V Y αβ=  

 
 

E. Sampling Distributions 
 

E.1 Suppose that Y has a distribution with mean µ  and variance 2σ . Additionally if 

the distribution is normal  then   
2 2 /

Y n Y Z
n n

µ µ

σ σ

− −
= =∑ .    

 
E.2 Suppose that Y has a distribution with mean µ  and variance 2σ . However if the 

distribution is not normal but 30≥n , then   
2 2 /

Y n Y Z
nS S n

µ µ− −
= ≈∑  (p210).   This is 

known as Central Limit Theorem. Note that 2σ  is  estimated by 2s (SLLN). 
 

E.3 The Student t statistic is defined by 
/
YT
S n

µ−
= , with  1nν = −  (p220) 

E.4 The Sampling Distribution of the Proportion (p258) 
 

/
(1 ) (1 ) /

Y n Y n Z
n n

π π
π π π π
− −

= ≈
− −
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F. Statistical Estimation (with Random Sample / Samples) 
 
F.1  Confidence Interval Estimates of the Mean µ  
 

F.1.0  CI  for µ , (σ  known, any n ,  normal): ( )/ 2 /y z nα σ∓   for ( 235) 

 
F.1.1 ACI  for µ , (σ  known, nonnormal, large n):   ( )/ 2 /y z nα σ∓   (cf. p235). 

 
F.1.1(a)  sample size for estimating µ  :  222

2/ / dzn σα=  (p237). 
 

F.1.1 ACI  for µ , (σ  unknown,  large n, nonnormal):   ( )/ 2 /y z s nα∓   (cf. p235). 

 

F.1.3 CI for µ , (σ  unknown,  2n ≥ , normal):  ( )/ 2 /y t s nα∓  for any 2≥n  (p239). 

 
 
F.2  Confidence Interval for 21 µµ − (Based on Random and Independent Samples) 
 

F.2.0  CI for 21 µµ − , ( 2  iσ  known,  normal): 
2 2
1 2

1 2 / 2
1 2

( )  y y z
n nα
σ σ

− +∓  (cf. p247) 

 

F.2.1  ACI for 21 µµ − , ( 2  iσ  known, large ni , nonnormal): 
2 2
1 2

1 2 / 2
1 2

( )  y y z
n nα
σ σ

− +∓  (cf. p247) 

F.2.2 CI for 21 µµ − ,( 2  iσ  unknown,  large ni , nonnormal): 
2 2
1 2

1 2 / 2
1 2

( )  s sy y z
n nα− +∓  

(p247) 
 
F.2.3 CI for 21 µµ − , (small ni , unknown 2

2
2
1 σσ = but unknown, normal):   

 
2 2

1 2 / 2
1 2

( )  s sy y t
n nα− +∓ ,   

)1()1(
)1()1(

21

2
22

2
112

−+−
−+−

=
nn

snsns ,   )1()1( 21 −+−= nnν , (p249) 

 
F.2.4 CI for 21 µµ − , (small 1 2n n= , 2

2
2
1 σσ ≠  , normal):  

 
2 2
1 2

1 2 / 2( )  s sy y t
n nα− +∓ ,   )1()1( −+−= nnν  (p249) 

 
 
 
 



 5
F.2.5  ACI for 21 µµ − , (small 1 2n n≠ , 2

2
2
1 σσ ≠ , normal):  

 
2 2 2 2 2
1 2 1 1 2 2

1 2 / 2 2 2 2 2
1 2 1 1 1 2 2 2

( / / )( )  ,   
( / ) /( 1) ( / ) /( 1)

s s s n s ny y t
n n s n n s n nα ν +

− + =
− + −

∓ ,     (p251) 

 

F.2.6  CI for 1 2µ µ−  using matched pairs): nstd d /2
2/α∓ ,      ( 1df n= − ), (p254) 

 
F.3 Confidence Interval for Proportion p  
 
F.3.1  CI  for π  when n large:  ˆ ˆ ˆ (1 ) // 2p z p p nα −∓  , (p258) 
 

F.3.1 (a)  Large sample size for estimating p : 2 2ˆ ˆ(1 ) // 2n z p p eα= − . (p 259) 

 
F.3.2   CI  for 21 ππ −  with large sample sizes :  
 

ˆ ˆ ˆ ˆ(1 ) (1 )1 1 2 2ˆ ˆ      1 2 / 2
1 2

p p p pp p z
n nα
− −

− +∓  

 
F.4  Confidence Interval for Variance 2σ :      ]/)1(     ,/)1[( 22 usnlsn −−  
where 2

2/αχ=l  and 2
2/1 αχ −=u  

 
 

G. Testing of Hypotheses (with Random Sample/ Samples) 
 
Reject 0H   for   -p valueα ≥ ;   Don’t reject 0H for    -p valueα < . 
 

G.1  Testing of  a Mean µ   

G.1.0 σ known, normal:  0
2

 
/

yz
n

µ

σ

−
= (p300) 

G.1.1 σ known, large n , nonnormal:  0
2

 
/

yz
n

µ

σ

−
≈  

 

G.1.2 σ unknown, large sample: 0
2

    
/

yz
s n
µ−

≈  (p300) 

 

0H  aH  0( for )RR H  -valuep  

0µµ =  0µµ <  αzz −<  )( zZP <  
0µµ =  0µµ >  αzz >  )( zZP >  
0µµ =  0µµ ≠  2/2/ or    αα zzzz >−<  ) || ( 2 zZP >  
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G.1.3 σ unknown, normal population : 0
2

       
/

yt
s n
µ−

=  ,     ( 1 1)nν = − ≥  (p304) 

 

0H  aH  0( for )RR H  -valuep  

0µµ =  0µµ <  αtt −<  )( tTP <  
0µµ =  0µµ >  αtt >  )( tTP >  
0µµ =  0µµ ≠  2/2/ or    αα tttt >−<  ) || ( 2 tTP >  

 
G.2  Testing 1 2µ µ δ− = ( Random and Independent Samples) 

G.2.0 known iσ , any ni ,  normal:  
( ) ( )

1 2

2 2
1 1 2 2/ /

y yz
n n

δ

σ σ

− −
=

+
  

 

G.2.1 known iσ , large  ni ,  nonnormal:  
( ) ( )

1 2

2 2
1 1 2 2/ /

y yz
n n

δ

σ σ

− −
≈

+
  

 

G.2.2 unknown iσ , large ni ,  nonnormal: 
( ) ( )

1 2

2 2
1 2/ /

y yz
s n s n

δ− −
≈

+
  ,  

2
)1()1(

21

2
22

2
112

−+
−+−

=
nn

snsns  , )1()1( 21 −+−= nnν  

 
Table for the above three tests are given  below: 
 
 

0H  aH  0( for )RR H  -valuep  

1 2µ µ δ− =  1 2µ µ δ− <  αzz −<  )( zZP <  
1 2µ µ δ− =  1 2µ µ δ− >  αzz >  )( zZP >  
1 2µ µ δ− =  1 2µ µ δ− ≠  2/2/ or    αα zzzz >−<  |)| (  2 zZP >  

 

G.2.3 Small  ni  , unknown 2
2

2
1 σσ =  , normal) 

 

( ) ( )
1 2

2 2
1 2/ /

y yt
s n s n

δ− −
=

+
  ,  

2
)1()1(

21

2
22

2
112

−+
−+−

=
nn

snsns  , )1()1( 21 −+−= nnν , (p308) 

 
G.2.4 Small 1 2n n= , 2

2
2
1 σσ ≠ , normal) 

 

( ) ( )
1 2

2 2
1 2/ /

y yt
s n s n

δ− −
=

+
 ,   )1()1( −+−= nnν  
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G.2.5 Small 1 2n n≠ , 2

2
2
1 σσ ≠ , normal) 

 

( ) ( )
1 2

2 2
1 1 2 2/ /

y yt
s n s n

δ− −
≈

+
 ,  

)1/()/()1/()/(
)//(

2
2

2
2
21

2
1

2
1

2
2

2
21

2
1

−+−
+

=
nnsnns

nsns
ν , (p309). 

 
Tables for the above three tests are provided below:  
 

0H  aH  0( for )RR H  -valuep  

1 2µ µ δ− =  1 2µ µ δ− <  αtt −<  )( tTP <  
1 2µ µ δ− =  1 2µ µ δ− >  αtt >  )( tTP >  
1 2µ µ δ− =  1 2µ µ δ− ≠  2/2/ or    αα tttt >−<  ) || (  2 tTP >  

 

G.2.5  Testing 1 2µ µ−  using matched pairs): nsdt d // 2=   , ( 1)df n= − , (p310) 
 

G.3.1   Testing of a proportion  
 

 Large sample:   
ˆ

(1 ) /
p pz
p nπ

−
≈

−
. 

 

0H  aH  0( for )RR H  -valuep  

0p p=  0p p<  αzz −<  )( zZP <  
0p p=  0p p>  αzz >  )( zZP >  
0p p=  0p p≠  2/2/ or    αα zzzz >−<  |)| (  2 zZP >  

 
 

G.3.2   Testing the difference of two proportions 
 

 Large in :   1 2

1 2

ˆ ˆ
ˆ ˆ ˆ ˆ(1 ) / (1 ) /

p pz
p p n p p n

−
≈

− + −
 where 

ˆ ˆ1 1 2 2 1 2ˆ
1 2 1 2

n p n p y yp
n n n n
+ +

= =
+ +

 

 

0H  aH  0( for )RR H  -valuep  

1 2p p=  1 2p p<  αzz −<  )( zZP <  
21 ππ =  1 2p p>  αzz >  )( zZP >  
21 ππ =  1 2p p≠  2/2/ or    αα zzzz >−<  |)| (  2 zZP >  

 
G.4.1  Testing a variance  2 2 2

0( 1) /n sχ σ= −  
 
To test 2 2 2 2

0 0 0 0: ,  :H Hσ σ σ σ= >  use 2 2
αχ χ>  

To test 2 2 2 2
0 0 0 0: ,  :H Hσ σ σ σ= <  use 2 2

αχ χ<  

To test 2 2 2 2
0 0 0 0: ,  :H Hσ σ σ σ= ≠  use 2 2 2 2

1 / 2 / 2 or α αχ χ χ χ−< <  
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H. Linear Regression Analysis  (Degrees of  Freedom: )2−= nν  
 
H.1 Line of Best Fit 
 

H.1.0     Model : εββ ++= xy 10  for a given x , 2( ,  )Y N µ σ∼ where 0 1xµ β β= +  

              Fitted Model: xy 10
ˆˆˆˆ ββµ +==  for a given x  

H.1.1 
xx

xy

s
s

=1β̂  ,  ( )( ) ( )22/ ,   /xy xxs xy x y n s x x n= − = −∑ ∑ ∑ ∑ ∑ ,  xy 10
ˆˆ ββ −= . 

(p536) 

H.1.2 Pearson product moment coefficient of correlation:n 
yyxx

xy

ss

s
r

 
=  (p392) 

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

H.1.4 TSS = 
( )
n
y

yyy
2

22)( ∑∑∑ −=− ,     SSR = xxxy sbbs  2= ,       SSE = SSRTSS −  

  

H.1.5  
TSS
SSR

iationTotal
iationExplainedR ==

var
var2   

 
 

H.2  Inference Regarding the Regression Coefficient   
 

H.2.1 100(1-α)% confidence interval for 0β :          MSE
s
x

n xx 







+
2

0
1ˆ ∓β . 

 
H.2.2 100(1-α)% confidence interval for 1β  :          xxsMSEt / ˆ

2/1 αβ ∓  
 

H.2.3  Testing the hypothesis cH =10 : β :         
xxsMSE
c

t
/

ˆ
1 −=

β
 (p364) 

 
H.3  Confidence Interval 

H.3.1  Confidence Interval for Mean for a given x : MSE
s
xx

n
ty

xx 





 −

+±
2

2/
)(1      ˆ α ,  

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

MSE
s
xx

n
ty

xx 





 −

++±
2

2/
)(11   ˆ α  (p368) 
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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) 
 
 

2
iσ  

 
ni   Y  CI tz /  TEST page 

 
 

1 Normal 
 

F.1.0 z  G.1.0 235 

Large 
 

1 nonnormal F.1.1 z≈  G1.1 235 

K 
N 
O 
W 
N  2 Normal 

 
F.2.0 z  G.2.0 247 

 Large 
 

2 nonnormal F.2.1 z≈  G.2.1 247 

 1 Normal 
 

F.1.3 t  G.1.3 239 

Large 1 Nonnormal 
 

F.1.2 z≈  G.1.2 239 

 2 Normal )( 2
2

2
1 σσ =  

 
F.2.3 t  G.2.3 249 

Small )( 21 nn =  2 Normal 
 

F.2.4 t≈  G.2.4 251 

 2 Normal 
 

F.2.5 t≈  G.2.5 251 

 
U 
  
N 
 
K 
 
 
N 
 
 
O 
 
W 
 
N 

Large 2 Nonnormal 
 

F.2.2 z≈  G.2.2 251 
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Distribution Guide 
 
 
 
 

,n p                                                                                                  Binomial  
 
                                                    SWR: Binomial 
( 0 /p N N= ) 

 
N   

),( 0 nN  
                                               SWOR: Hypergeometric  
 
 
 
 
 
 

• First success in a trial: Geometric 
 
• Second/ third/.. success in a trail: 

Negative Binomial 
 
• Mean & discrete variable: Poisson  
(# accidents occurs in a given time interval) 
 
• Time between accidents: Exponential 
 
Lifetime : Exponential  

βλβ /1  , === parametermean  
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