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3 Two commentators gave ratings out of 100 for seven sports personalities. The ratings are shown in
the table below.

Personality A B C D E F G

Commentator I 73 76 78 65 86 82 91
Commentator II 77 78 79 80 86 89 95

(i) Calculate Spearman’s rank correlation coefficient for these ratings. [5]

(ii) State what your answer tells you about the ratings given by the two commentators. [1]

4 The table below shows the probability distribution of the random variable X.

x −2 −1 0 1 2

P(X = x) 1
4

1
5 k 2

5
1
10

(i) Find the value of the constant k. [2]

(ii) Calculate the values of E(X) and Var(X). [5]

5 On average 1 in 20 members of the population of this country has a particular DNA feature. Members
of the population are selected at random until one is found who has this feature.

(i) Find the probability that the first person to have this feature is

(a) the sixth person selected, [3]

(b) not among the first 10 people selected. [3]

(ii) Find the expected number of people selected. [2]

6 Louise and Marie play a series of tennis matches. It is given that, in any match, the probability that
Louise wins the first two sets is 3

8.

(i) Find the probability that, in 5 randomly chosen matches, Louise wins the first two sets in exactly
2 of the matches. [3]

It is also given that Louise and Marie are equally likely to win the first set.

(ii) Show that P(Louise wins the second set, given that she won the first set) = 3
4. [2]

(iii) The probability that Marie wins the first two sets is 1
3. Find

P(Marie wins the second set, given that she won the first set). [2]
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1 Some observations of bivariate data were made and the equations of the two regression lines were
found to be as follows.

y on x : y = −0.6x + 13.0
x on y : x = −1.6y + 21.0

(i) State, with a reason, whether the correlation between x and y is negative or positive. [1]

(ii) Neither variable is controlled. Calculate an estimate of the value of x when y = 7.0. [2]

(iii) Find the values of x and y. [3]

2 A bag contains 5 black discs and 3 red discs. A disc is selected at random from the bag. If it is red it
is replaced in the bag. If it is black, it is not replaced. A second disc is now selected at random from
the bag.

Find the probability that

(i) the second disc is black, given that the first disc was black, [1]

(ii) the second disc is black, [3]

(iii) the two discs are of different colours. [3]

3 Each of the 7 letters in the word DIVIDED is printed on a separate card. The cards are arranged in a
row.

(i) How many different arrangements of the letters are possible? [3]

(ii) In how many of these arrangements are all three Ds together? [2]

The 7 cards are now shuffled and 2 cards are selected at random, without replacement.

(iii) Find the probability that at least one of these 2 cards has D printed on it. [3]

4 (i) The random variable X has the distribution B(25, 0.2). Using the tables of cumulative binomial
probabilities, or otherwise, find P(X ≥ 5). [2]

(ii) The random variable Y has the distribution B(10, 0.27). Find P(Y = 3). [2]

(iii) The random variable Z has the distribution B(n, 0.27). Find the smallest value of n such that
P(Z ≥ 1) > 0.95. [3]

5 The probability distribution of a discrete random variable, X, is given in the table.

x 0 1 2 3

P(X = x) 1
3

1
4 p q

It is given that the expectation, E(X), is 11
4.

(i) Calculate the values of p and q. [5]

(ii) Calculate the standard deviation of X. [4]
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6 A coin is biased so that the probability that it will show heads on any throw is 2
3. The coin is thrown

repeatedly.

The number of throws up to and including the first head is denoted by X. Find

(i) P(X = 4), [3]

(ii) P(X < 4), [3]

(iii) E(X). [2]

7 A bag contains three 1p coins and seven 2p coins. Coins are removed at random one at a time, without
replacement, until the total value of the coins removed is at least 3p. Then no more coins are removed.

(i) Copy and complete the probability tree diagram. [5]

Find the probability that

(ii) exactly two coins are removed, [3]

(iii) the total value of the coins removed is 4p. [3]
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1 The table shows the probability distribution for a random variable X.

x 0 1 2 3

P X x 0.1 0.2 0.3 0.4

Calculate E X and Var X . [5]

2 Two judges each placed skaters from five countries in rank order.

Position 1st 2nd 3rd 4th 5th

Judge 1 UK France Russia Poland Canada

Judge 2 Russia Canada France UK Poland

Calculate Spearman’s rank correlation coefficient, rs, for the two judges’ rankings. [5]

3 (i) How many different teams of 7 people can be chosen, without regard to order, from a squad
of 15? [2]

(ii) The squad consists of 6 forwards and 9 defenders. How many different teams containing
3 forwards and 4 defenders can be chosen? [2]

4 A bag contains 6 white discs and 4 blue discs. Discs are removed at random, one at a time, without
replacement.

(i) Find the probability that

(a) the second disc is blue, given that the first disc was blue, [1]

(b) the second disc is blue, [3]

(c) the third disc is blue, given that the first disc was blue. [3]

(ii) The random variable X is the number of discs which are removed up to and including the first
blue disc. State whether the variable X has a geometric distribution. Explain your answer briefly.

[1]
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7 On average, 25% of the packets of a certain kind of soup contain a voucher. Kim buys one packet of
soup each week for 12 weeks. The number of vouchers she obtains is denoted by X.

(i) State two conditions needed for X to be modelled by the distribution B 12, 0.25 . [2]

In the rest of this question you should assume that these conditions are satisfied.

(ii) Find P X 6 . [2]

In order to claim a free gift, 7 vouchers are needed.

(iii) Find the probability that Kim will be able to claim a free gift at some time during the 12 weeks.
[1]

(iv) Find the probability that Kim will be able to claim a free gift in the 12th week but not before.
[4]

8 (i) A biased coin is thrown twice. The probability that it shows heads both times is 0.04. Find the
probability that it shows tails both times. [3]

(ii) Another coin is biased so that the probability that it shows heads on any throw is p. The probability
that the coin shows heads exactly once in two throws is 0.42. Find the two possible values of p.

[5]

9 (i) A random variable X has the distribution Geo 1
5 . Find

(a) E X , [2]

(b) P X 4 , [2]

(c) P X 4 . [2]

(ii) A random variable Y has the distribution Geo p , and q 1 p.

(a) Show that P Y is odd p q2p q4p . . . . [1]

(b) Use the formula for the sum to infinity of a geometric progression to show that

P Y is odd
1

1 q
. 4
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1 (i) The letters A, B, C, D and E are arranged in a straight line.

(a) How many different arrangements are possible? [2]

(b) In how many of these arrangements are the letters A and B next to each other? [3]

(ii) From the letters A, B, C, D and E, two different letters are selected at random. Find the probability
that these two letters are A and B. [2]

2 A random variable T has the distribution Geo(1
5). Find

(i) P(T = 4), [2]

(ii) P(T > 4), [2]

(iii) E(T). [1]

3 A sample of bivariate data was taken and the results were summarised as follows.

n = 5 Σ x = 24 Σ x2 = 130 Σ y = 39 Σ y2 = 361 Σ xy = 212

(i) Show that the value of the product moment correlation coefficient r is 0.855, correct to 3 significant
figures. [2]

(ii) The ranks of the data were found. One student calculated Spearman’s rank correlation coefficient
rs, and found that rs = 0.7. Another student calculated the product moment coefficient, R, of
these ranks. State which one of the following statements is true, and explain your answer briefly.

(A) R = 0.855
(B) R = 0.7
(C) It is impossible to give the value of R without carrying out a calculation using the original

data.
[2]

(iii) All the values of x are now multiplied by a scaling factor of 2. State the new values of r and rs.
[2]

4 A supermarket has a large stock of eggs. 40% of the stock are from a firm called Eggzact. 12% of the
stock are brown eggs from Eggzact.

An egg is chosen at random from the stock. Calculate the probability that

(i) this egg is brown, given that it is from Eggzact, [2]

(ii) this egg is from Eggzact and is not brown. [2]
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7 At a factory that makes crockery the quality control department has found that 10% of plates have
minor faults. These are classed as ‘seconds’. Plates are stored in batches of 12. The number of
seconds in a batch is denoted by X.

(i) State an appropriate distribution with which to model X. Give the value(s) of any parameter(s)
and state any assumptions required for the model to be valid. [4]

Assume now that your model is valid.

(ii) Find

(a) P(X = 3), [2]

(b) P(X ≥ 1). [2]

(iii) A random sample of 4 batches is selected. Find the probability that the number of these batches
that contain at least 1 second is fewer than 3. [4]

8 A game uses an unbiased die with faces numbered 1 to 6. The die is thrown once. If it shows 4 or 5 or
6 then this number is the final score. If it shows 1 or 2 or 3 then the die is thrown again and the final
score is the sum of the numbers shown on the two throws.

(i) Find the probability that the final score is 4. [3]

(ii) Given that the die is thrown only once, find the probability that the final score is 4. [1]

(iii) Given that the die is thrown twice, find the probability that the final score is 4. [3]
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7 Three letters are selected at random from the 8 letters of the word COMPUTER, without regard to
order.

(i) Find the number of possible selections of 3 letters. [2]

(ii) Find the probability that the letter P is included in the selection. [3]

Three letters are now selected at random, one at a time, from the 8 letters of the word COMPUTER,
and are placed in order in a line.

(iii) Find the probability that the 3 letters form the word TOP. [3]

8 A game at a charity event uses a bag containing 19 white counters and 1 red counter. To play the
game once a player takes counters at random from the bag, one at a time, without replacement. If the
red counter is taken, the player wins a prize and the game ends. If not, the game ends when 3 white
counters have been taken. Niko plays the game once.

(i) (a) Copy and complete the tree diagram showing the probabilities for Niko. [4]

White

Red

19
20

1
20

First�counter

(b) Find the probability that Niko will win a prize. [3]

(ii) The number of counters that Niko takes is denoted by X.

(a) Find P(X = 3). [2]

(b) Find E(X). [4]

9 Repeated independent trials of a certain experiment are carried out. On each trial the probability of
success is 0.12.

(i) Find the smallest value of n such that the probability of at least one success in n trials is more
than 0.95. [3]

(ii) Find the probability that the 3rd success occurs on the 7th trial. [5]
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5 A washing-up bowl contains 6 spoons, 5 forks and 3 knives. Three of these 14 items are removed at
random, without replacement. Find the probability that

(i) all three items are of different kinds, [3]

(ii) all three items are of the same kind. [3]

6 (a) A student calculated the values of the product moment correlation coefficient, r, and Spearman’s
rank correlation coefficient, rs, for two sets of bivariate data, A and B. His results are given
below.

A: r = 0.9 and rs = 1

B: r = 1 and rs = 0.9

With the aid of a diagram where appropriate, explain why the student’s results for A could both
be correct but his results for B cannot both be correct. [3]

(b) An old research paper has been partially destroyed. The surviving part of the paper contains the
following incomplete information about some bivariate data from an experiment.

The�mean�of is�4.5. The
The�equation�of�the�regression�line�of on is =�2.4 +�3.7.
The�equation�of�the�regression�line�of on is =�0.40 –

x

y x y x

x y x y

Calculate the missing constant at the end of the equation of the second regression line. [4]

7 The table shows the numbers of male and female members of a vintage car club who own either a
Jaguar or a Bentley. No member owns both makes of car.

Male Female

Jaguar 25 15

Bentley 12 8

One member is chosen at random from these 60 members.

(i) Given that this member is male, find the probability that he owns a Jaguar. [2]

Now two members are chosen at random from the 60 members. They are chosen one at a time,
without replacement.

(ii) Given that the first one of these members is female, find the probability that both own Jaguars.
[4]
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3 A firm wishes to assess whether there is a linear relationship between the annual amount spent on
advertising, £x thousand, and the annual profit, £y thousand. A summary of the figures for 12 years
is as follows.

n = 12 Σ x = 86.6 Σ y = 943.8 Σ x2 = 658.76 Σ y2 = 83 663.00 Σ xy = 7351.12

(i) Calculate the product moment correlation coefficient, showing that it is greater than 0.9. [3]

(ii) Comment briefly on this value in this context. [1]

(iii) A manager claims that this result shows that spending more money on advertising in the future
will result in greater profits. Make two criticisms of this claim. [2]

(iv) Calculate the equation of the regression line of y on x. [4]

(v) Estimate the annual profit during a year when £7400 was spent on advertising. [2]

4 Jenny and Omar are each allowed two attempts at a high jump.

(i) The probability that Jenny will succeed on her first attempt is 0.6. If she fails on her first attempt,
the probability that she will succeed on her second attempt is 0.7. Calculate the probability that
Jenny will succeed. [3]

(ii) The probability that Omar will succeed on his first attempt is p. If he fails on his first attempt, the
probability that he will succeed on his second attempt is also p. The probability that he succeeds
is 0.51. Find p. [4]

5 30% of packets of Natural Crunch Crisps contain a free gift. Jan buys 5 packets each week.

(i) The number of free gifts that Jan receives in a week is denoted by X. Name a suitable
probability distribution with which to model X, giving the value(s) of any parameter(s). State
any assumption(s) necessary for the distribution to be a valid model. [4]

Assume now that your model is valid.

(ii) Find

(a) P(X ≤ 2), [1]

(b) P(X = 2). [2]

(iii) Find the probability that, in the next 7 weeks, there are exactly 3 weeks in which Jan receives
exactly 2 free gifts. [3]

[Questions 6, 7 and 8 are printed overleaf.]
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5 A bag contains 4 blue discs and 6 red discs. Chloe takes a disc from the bag. If this disc is red,
she takes 2 more discs. If not, she takes 1 more disc. Each disc is taken at random and no discs are
replaced.

(i) Complete the probability tree diagram in your Answer Book, showing all the probabilities. [2]

Red

Blue

6
10

4
10

The total number of blue discs that Chloe takes is denoted by X.

(ii) Show that P(X = 1) = 3
5
. [2]

The complete probability distribution of X is given below.

x 0 1 2

P(X = x) 1
6

3
5

7
30

(iii) Calculate E(X) and Var(X). [5]

6 A group of 7 students sit in random order on a bench.

(i) (a) Find the number of orders in which they can sit. [1]

(b) The 7 students include Tom and Jerry. Find the probability that Tom and Jerry sit next to
each other. [3]

(ii) The students consist of 3 girls and 4 boys. Find the probability that

(a) no two boys sit next to each other, [2]

(b) all three girls sit next to each other. [3]
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7 The diagram shows the results of an experiment involving some bivariate data. The least squares
regression line of y on x for these results is also shown.

x

y

O

+
+

+

+
+

5

5

(i) Given that the least squares regression line of y on x is used for an estimation, state which of x
or y is treated as the independent variable. [1]

(ii) Use the diagram to explain what is meant by ‘least squares’. [2]

(iii) State, with a reason, the value of Spearman’s rank correlation coefficient for these data. [2]

(iv) What can be said about the value of the product moment correlation coefficient for these data?
[1]

8 Ann, Bill, Chris and Dipak play a game with a fair cubical die. Starting with Ann they take turns,
in alphabetical order, to throw the die. This process is repeated as many times as necessary until a
player throws a 6. When this happens, the game stops and this player is the winner.

Find the probability that

(i) Chris wins on his first throw, [1]

(ii) Dipak wins on his second throw, [3]

(iii) Ann gets a third throw, [2]

(iv) Bill throws the die exactly three times. [4]
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4 A bag contains 5 red discs and 1 black disc. Tina takes two discs from the bag at random without replacement.

 (i) The diagram shows part of a tree diagram to illustrate this situation.

First disc

Red

Black

5
6

Second disc

1
6

  Complete the tree diagram in your Answer Book showing all the probabilities. [2]

 (ii) Find the probability that exactly one of the two discs is red. [3]

 All the discs are replaced in the bag. Tony now takes three discs from the bag at random without replacement.

 (iii) Given that the first disc Tony takes is red, find the probability that the third disc Tony takes is also red.
 [2]

5 (i) Write down the value of Spearman’s rank correlation coefficent, rs, for the following sets of ranks.

  (a)

Judge A ranks 1 2 3 4

Judge B ranks 1 2 3 4
 [1]

  (b) 

Judge A ranks 1 2 3 4

Judge C ranks 4 3 2 1
 [1]

 (ii) Calculate the value of rs for the following ranks.

Judge A ranks 1 2 3 4

Judge D ranks 2 4 1 3
 [3]

 (iii) For each of parts (i)(a), (i)(b) and (ii), describe in everyday terms the relationship between the two 
judges’ opinions. [3]

6 A six-sided die is biased so that the probability of scoring 6 is 0.1 and the probabilities of scoring 1, 2, 3, 4, 
and 5 are all equal. In a game at a fête, contestants pay £3 to roll this die. If the score is 6 they receive £10 
back. If the score is 5 they receive £5 back. Otherwise they receive no money back. Find the organiser’s 
expected profit for 100 rolls of the die. [5]
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4 A bag contains 5 red discs and 1 black disc. Tina takes two discs from the bag at random without replacement.

 (i) The diagram shows part of a tree diagram to illustrate this situation.

First disc

Red

Black

5
6

Second disc

1
6

  Complete the tree diagram in your Answer Book showing all the probabilities. [2]

 (ii) Find the probability that exactly one of the two discs is red. [3]

 All the discs are replaced in the bag. Tony now takes three discs from the bag at random without replacement.

 (iii) Given that the first disc Tony takes is red, find the probability that the third disc Tony takes is also red.
 [2]

5 (i) Write down the value of Spearman’s rank correlation coefficent, rs, for the following sets of ranks.

  (a)

Judge A ranks 1 2 3 4

Judge B ranks 1 2 3 4
 [1]

  (b) 

Judge A ranks 1 2 3 4

Judge C ranks 4 3 2 1
 [1]

 (ii) Calculate the value of rs for the following ranks.

Judge A ranks 1 2 3 4

Judge D ranks 2 4 1 3
 [3]

 (iii) For each of parts (i)(a), (i)(b) and (ii), describe in everyday terms the relationship between the two 
judges’ opinions. [3]

6 A six-sided die is biased so that the probability of scoring 6 is 0.1 and the probabilities of scoring 1, 2, 3, 4, 
and 5 are all equal. In a game at a fête, contestants pay £3 to roll this die. If the score is 6 they receive £10 
back. If the score is 5 they receive £5 back. Otherwise they receive no money back. Find the organiser’s 
expected profit for 100 rolls of the die. [5]
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1	 When a four-sided spinner is spun, the number on which it lands is denoted by X, where X is a random 
variable taking values 2, 4, 6 and 8. The spinner is biased so that P(X = x) = kx, where k is a constant.

	 (i)	 Show that P( ) .X 6 10
3= =  [2]

	 (ii)	 Find E(X ) and Var(X ). [5]

2	 (i)	 Kathryn is allowed three attempts at a high jump. If she succeeds on any attempt, she does not jump 
	 	 again. The probability that she succeeds on her first attempt is 4

3 . If she fails on her first attempt, the
	 	 probability that she succeeds on her second attempt is 8

3 . If she fails on her first two attempts, the 
	 	 probability that she succeeds on her third attempt is 16

3 . Find the probability that she succeeds. [3]

	 (ii)	 Khaled is allowed two attempts to pass an examination. If he succeeds on his first attempt, he does not 
make a second attempt. The probability that he passes at the first attempt is 0.4 and the probability that 
he passes on either the first or second attempt is 0.58. Find the probability that he passes on the second 
attempt, given that he failed on the first attempt. [3]
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