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  I N S T RU C T I O N S TO C A N D I DAT E S

               • Wri te your name in capi tal letter s, your Centre Number and Cand idate Numbe r in the spac es
    provided on the A nswer Booklet.

                • Read each question c arefully and make sure you know what you h ave t o do before sta r ting
 your answe r.

    • Answer all the quest ions.
              • Give non-ex act numer ical answers correct to 3 significant figures unless a differe nt degree of

         accuracy is specifi ed i n the question or i s c learl y appro priate.
           • You ar e pe rmi tted t o u se a graphical calculator in thi s p aper.

  I N F O R M AT I O N F O R C A N D I D AT E S

                   • The number of mar ks is given in bracke ts [ ] at the e nd of each q uestion or par t question.
          • The tota l number of mar ks for this pa per is 72.
            • You are reminded of the n eed for clear presentation in your a nswers.

      This document consists o f 4 pri nted pag es.
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1     For the mutually exclusive events A and B, P(A) = P(B) = x, w h e r e x ≠ 0 .

  (i) Show that x ≤ 1
2 . [ 1 ]

  ( i i ) Show that A and B    a r e n o t i n d e p e n d e n t . [ 2 ]

 T h e e ve n t C   i s i n d e p e n d e n t o f A    and also i ndep endent of B, a n d P(C) = 2x.

   ( i i i ) Show that P(A ∪ B∪ C) = 4x(1− x). [ 4 ]

               2 Part of Helen’s psychology dissertation involved the reaction times to a c ertain stimulus. She measured
                the r eaction times of 30 randomly selected students, in seconds co rrect to 2 decimal plac es. The re sults

      are shown in the following stem-and-lea f diagra m.

1 4 1 2
1 5 2 4
1 6 0 3 6
1 7 1 5 7
1 8 3 4 5 7 9
1 9 2 4 6 7 8 9
2 0 0 1 3 4 5 7 8 9
2 1 7

 K ey : 1 8    3 m eans 1.83 seconds

           Helen wishes to test whether the population median time exceeds 1.80 seconds.

             (i) Give a rea son why the Wilco xon signed-ran k t est sh ould not be use d. [1]

            ( i i ) C a r r y o u t a s u i t a b l e n o n - p a r a m e tr i c t e s t a t t h e 5 % s i g n i fi c a n c e l ev e l . [ 7 ]
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3               From the records of Mulcaster United Football Club the f ollowing distribution was suggested as a
    probability model for future matches. X and Y          d e n o t e d t h e n u m b e rs o f g o a l s s c o r e d b y t h e h o m e t e a m

    and the away team respect ively.

X
0 1 2 3

    0 0 . 1 1 0 . 0 4 0 . 0 6 0 . 0 8

    1 0 . 0 8 0 . 0 5 0 . 1 2 0 . 0 5
Y

    2 0 . 0 5 0 . 0 8 0 . 0 7 0 . 0 3

    3 0 . 0 3 0 . 0 6 0 . 0 7 0 . 0 2

    U s e t h e m o d e l t o fi n d

 (i) E(X)  , [ 3 ]

            ( i i ) the probabilit y that the away team wins a randomly chosen match, [2]

                ( i i i ) the probability that t he away team wins a randomly chosen match, give n that the home te am
 scores. [ 4 ]

         One of the directors, an amateur statistic ian, finds that Cov(X , Y) =       0 . 0 0 7 . H e s t a t e s t h a t , a s t h i s v a l u e
    i s v e r y c l o s e t  o z e ro , X and Y m a y b e c o n s i d e r ed t o b e i n de p e n d e n t.

      (iv) Comment on the dire ctor’s statement. [2]

                 4 William takes a bus regularly on the same journey, sometimes in the morning and sometimes in the
              aftern oon. He wishes to c ompare mor ning an d after noon jour ney times. He record s the journey tim es

               o n 7 r a n d o m l y c h o s e n m o r n i n g s a n d 8 r a n d o m l y c h o s e n a f t e r n o o n s . T h e r e s u l t s , e a c h c o r r e c t t o t h e
                n e a r e s t m i n u t e , a r e a s f o l l ow s , w h e r e M d e n o t e s a m o r n i n g t i  m e a n d A d e n o t e s a n a f t e r n o o n t i m e .

M A A M M M M M M A A A A A A
              1 9 2 0 2 2 2 4 2 5 2 6 2 8 3 0 3 1 3 3 3 5 3 7 3 8 3 9 4 2

               William wishes to test for a differe nce between the average times of morning and afternoon journeys.

  (i) G iv e n t h a t s2
M =  1 6 . 5 a n d s2

A =        6 4 . 5 , w i t h t h e u s u a l n o t a t i o n , e x p l a i n w h y a t    - t e s t i s n o t a p p r o p r i a t e
   in this case. [ 1 ]

                ( i i ) Wi l l i a m c h o o s e s a n o n - p a r a m e t r i c t e s t a t t h e 5 % s i g n i fi c a n c e l e ve l . C a r r y o u t t h e t e s t , s t a t i n g t h e
  rejection reg ion. [6]

    5 T h e d i s c r e t e r a n d o m v a r i ab l e X    has m oment generating function 1
4e 2t + ae 3 t + be4t, wher e a a n d b are

     c o n s t a n t s . I t i s g iv e n t h a t E(X ) = 33
8 .

  (i) Show that a = 1
8 , and find the val ue of b. [ 6 ]

  ( i i ) Find Var(X)  . [ 4 ]

     ( i i i ) State the possible values of X. [ 1 ]
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6    The continuous random var iable Y      has cumulative distribution function give n by

F(y) =
⎧⎪⎪
⎨
⎪⎪⎩

0 y < a ,

1 −
a3

y3 y ≥ a ,

w h e re a          is a positive constant. A random sample of 3 observations, Y1 , Y2 , Y3 , i s t a k en, an d the
   smallest is denoted by S.

   (i) Show that P(S > s) = a
s


9
       and he nce obtain the pro bability density function of S. [ 5 ]

  ( i i ) Show that S      is not an unbiase d estimator of a      , a n d c o n s t r u c t a n u n b i a s e d e s t i m a t o r, T1 , b a s e d
o n S  . [ 4 ]

   It is given tha t T2 , w he r e T2 =
2
9Y1 + Y2 + Y3      , i s ano ther un biased estimator ofa.

   ( i i i ) G iv e n t h a t Va r(Y) = 3
4a

2  and Var(S) = 9
448a

2    , determine which of T1 and T2    is the more effici ent
 estimator. [ 3 ]

   (iv) T h e v al u e s o f Y             f o r a p a r t i c u l ar s a m p l e a r e 1 2 . 8 , 4 . 5 a n d 7 . 0 . F i n d t h e va l u e s o f T1 and T2 f o r
         this sample, and give a reason, unrelated to efficiency, why T1     gives a better estimate of a than

T2    in this case. [3]

        7 The probability generating function of the r andom variable X   is given by

G(t) = 1 + at
4 − t

,

w h e re a   is a constant.

    (i) Find the value of a. [ 2 ]

  ( i i ) Find P(X = 3). [ 4 ]

      T h e s u m o f 3 i n d e p e n d e n t o b s e r va t i o n s o f X   i s d e n o t e d b y Y      . T he probab ility gene rating function of
Y    is denoted by H(t).

  ( i i i ) U s e H(t)   to find E(Y ). [ 5 ]

   (iv) By c onsidering H(−1) + H(1)    , s h ow t h a t P(Y    is an even number) = 6 2
1 2 5 . [ 2 ]
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