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Statistics 4 
 

 

1      (i) Use P( ' ') 1 P( )A B A B∩ = − ∪  
             Use P( ) P( ) P( ) P( )A B A B A B∩ = + − ∪     
                                    = c – 0.1 
 
 
       (ii) P(B | A) = (c – 0.1)/ 0.3 
            Use 0 ≤ p ≤ 1  
            to obtain 0.1 ≤ c ≤0.4  AG 

M1 
M1 
A1     3 
 
 
B1√ 
M1 
A1     3 

Or c = 1 – P(A ∪   B) 
 
 
 
 
Shown clearly 

2     H0: mn = ms , H1: mn ≠ ms         
       Use Wilcoxon rank sum test 
       59  64  68  77  80  85  88  90  98 
        N   N   N   S   N   S    N    S    S    
       Rm = 4 + 6 + 8 + 9 = 27 
       40 – 27 = 13 
       W = 13   
       Compare correctly with correct CV, !2  
      Do not reject H0. There is no evidence of a  
      difference in the median pulse rates of the  
      two populations.    

B1 
 
M1 
A1 
B1 
 
B1 
M1 
 
 
A1     7 

Medians; both hypotheses 
‘Population medians’ if words  
Rank and identify 
M0 if normal approx. used 
 
 
 
Quote critical region or state 
that 13 > 12.           M0 if W=27 
 
Conclusion in context. 

3    (i) Use marginal distributions to obtain 
       E(X)   = -0.4,    E(Y)= 1.5 
       E(XY) = -0.24 + 0.04 – 0.52 + 0.12 
       Cov(X,Y) = -0.6 + 0.6 = 0 AG 
      
      (ii)P(X = -1 | Y = 2) = 0.26/0.5 = 0.52 
           P(X = 0  | Y = 2) = 0.18/0.5 = 0.36 
           P(X = 1  | Y = 2) = 0.12       
 

M1 
A1A1  
M1 
A1     5 
 
M1 
 
A1     2 
 
  

 
 
 
 
 
Correct method for any one 
 
All correct 
SR: B1 if no method indicated 
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4  (i) H0: m = 2.70, H1: m  > 2.7 
         Subtract 2.70 from each value and  
         count the number of positive signs 
         Obtain 13  
         Use B(20,1/2) to obtain 
         P(X ≥ 13) = 0.1316 (0.132) 
         Compare correctly with 0.05 
         Do not reject  H0. Conclude that there is  
         insufficient evidence to claim that median level  
         of impurity is greater than 2.70 
 
    (ii)Wilcoxon signed rank test 
         Advantage: More powerful (uses more formation) 
         Disadvantage: This test requires a symmetric  
         population distribution, not required for sign test    
              

B1 
 
M1 
A1 
M1 
A1 
M1 
 
 
A1     7 
 
B1 
B1 
    
B1      3 

In terms of medians 
Allow just ‘medians’ here 
 
 
For finding tail probability 
Or CR: X ≥ 15 M1A1 
Or: N(10, 5), p=0.132  
 
 
 
 
 
Smaller P(Type II) 
Not ‘more time taken’ 

5   (i) 1

0

1 e d 1,  result follows
( 1)!

xx xα

α

∞
− − =

−∫  

 

     (ii) MX(t)= 1

0

1 e e d
( 1)!

x xtx xα

α

∞
− −

−∫   

                    = 1 - (1 )

0

1 e d
( 1)!

x tx xα

α

∞
− −

−∫  

          x=u/(1 – t), dx=du/(1 – t) and limits unchanged 

                    =
1

1
0

1 e d
( 1)! 1(1 )

uu u
tt

α

αα

∞ − −

−− −−∫  

                    = 1 -

0

1 e d
( 1)!(1 )

uu u
t

α
αα

∞
−

− − ∫  

                       = (1 – t)-α    AG 
 
      (iii) EITHER: M'(t)=α(1-t)-α -1 

                            M"(t)= α(α + 1)(1 – t)-α – 2 
                            Substitute t=0 
                            E(X) = α 
                            Var(X) = α(α + 1) – α2 
                                        = α      
                    OR: (1 – t)-α = 1 + αt + ½ α(α+1)t2+… 
                            E(X) = α 
                            Var(X) = E(X2) – [E(X)]2 
                              =  α(α+1) – α2  ; α 

 
B1      1 
 
 
M1 
 
 
 
 
 
M1 
 
A1 
 
 
A1     
 
A1       5 
 
B1 
B1 
M1 
A1 
M1 
A1 
M1A1 
B1 
M1 
A1A1  6 

 
 
 
 
 
 
 
 
 
 
Attempt to differentiate 
 
 
 
 
 
 
With evidence 
 
 
AEF 
 
 
 
 
 
 
M0 if t involved 
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6     (i)  q+ pt  
      
       (ii) (q+ pt)n (= GS(t)) 
             Binomial 
 
      (iii) E(S)=G'(1) = np(q+p) 
                              = np 
            Var(S) = G"(1)+G'(1) – [G'(1)]2  
                          = n(n – 1)p2(p + q) + np – n2p2 
                          = npq 
 
     (iv)  (½ + ½t)10e-(1 – t) 

                 Find coefficient of t2 

                 (1/210)(1 + 10t + ½×10×9t2)   
            e-1(1 + t + ½t2) 
            Required coefficient 
            = e-12-10(1/2 + 10 + 45) 
            = 0.0199 
 

B1         1 
 
B1 
B1         2 
 
M1A1 
A1 
M1 
A1 
A1        6 
 
M1 
M1 
A1 
A1 
 
M1 
A1         6 

Accept qt0+pt1 

 
 
 
 
 
 
 
 
AEF, properly obtained 
 
Seen 
May be implied 
OR: P(Y=0)P(Z=2)+….M1, 
Z is Po(1) M1 Ans:A1A1A1;A1 
 
Not from e-(1-t)=1-(1-t)+(1-t)2/2 
No more than one term missing--  

7     (i) E(T1) =
12E( ) 2
2

X θ θ= × =  

            (So T1 is an unbiased estimator of θ)  
 

      (ii) E(U) =
1

0
d  ;  ; 

1( 1)

n n

n n

nu nu nu
nn

θ θ
θ θ

+⎡ ⎤
⎢ ⎥ ++⎣ ⎦

∫   

            E(U2) =
1

2

0
d ;

2

n

n

nu nu
n

θ
θ

θ

+

+∫      

           Var(U) = E(U2) – [E(U)]2  

  = 
)2()1( 2

2

++ nn
nθ AG 

 
      (iii) Var(T2) = θ2/[n(n+2)] 
       Var(T1) = 4Var(X)/n  ; θ2/3n    
        Var(T2)/Var(T1) 
             3/(n+2) 
             < 1 for n > 1             
             So T2 is more efficient than T1 
 

 
M1A1 
 
           2 
 
M1A1A1 
 
 
M1A1 
 
A1      6 
 
 
 
B1 
M1A1 
 
M1 
M1A1 
 
A1         7 

SR: B1 if 
0

dxX
ϑ

θ
θ

= ∫  

 
 
 
 
 
 
 
 
 
 
 
 
For comparison of var. T1, T2 

 
 
Idea used. 
 

 


