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Questions

Q1. 
The discrete random variable X has the following probability distribution, where p and q are constants.

(a)  Write down an equation in p and q
(1)
Given that E(X) = 0.4
(b)  find the value of q
(3)
(c)  hence find the value of p
(2)
Given also that E(X2) = 2.275
(d)  find Var(X)
(2)
Sarah and Rebecca play a game.
A computer selects a single value of X using the probability distribution above.

Sarah's score is given by the random variable S = X and Rebecca's score is given by the random 
variable 
(e)  Find E(R)
(3)
Sarah and Rebecca work out their scores and the person with the higher score is the winner. If the scores are the same, the game is a draw.
(f)  Find the probability that
(i)  Sarah is the winner,
(ii)  Rebecca is the winner.
(4)
(Total for question = 15 marks)



Q2. 
(a) State in words the relationship between two events R and S when P(R∩S) = 0 
(1)


The events A and B are independent with P(A) =  and P(A∪B) = 
Find
(b) P(B)
(4)
(c) P(A'∩B)
(2)
(d) P(B'A)
(2)
(Total 9 marks)



Q3. 
An experiment consists of selecting a ball from a bag and spinning a coin. The bag contains 5 red balls and 7 blue balls. A ball is selected at random from the bag, its colour is noted and then the ball is returned to the bag.

When a red ball is selected, a biased coin with probability  of landing heads is spun. When a blue ball is selected a fair coin is spun.
(a)  Complete the tree diagram below to show the possible outcomes and associated probabilities.

(2)
Shivani selects a ball and spins the appropriate coin.
(b)  Find the probability that she obtains a head.
(2)
Given that Tom selected a ball at random and obtained a head when he spun the appropriate coin,
(c)  find the probability that Tom selected a red ball.
(3)
Shivani and Tom each repeat this experiment.
(d)  Find the probability that the colour of the ball Shivani selects is the same as the colour of the ball Tom selects.
(3)
(Total 10 marks)
Q4. 
The Venn diagram shows three events A, B and C, where p, q, r, s and t are probabilities.

P(A) = 0.5, P(B) = 0.6 and P(C) = 0.25 and the events B and C are independent.
(a)  Find the value of p and the value of q.
(2)
(b)  Find the value of r.
(2)
(c)  Hence write down the value of s and the value of t.
(2)
(d)  State, giving a reason, whether or not the events A and B are independent.
(2)
(e)  Find P(B | A ∪ C).
(3)
(Total for question = 11 marks)



Q5. 
A college has 80 students in Year 12.
20 students study Biology 
28 students study Chemistry 
30 students study Physics 
7 students study both Biology and Chemistry 
11 students study both Chemistry and Physics 
5 students study both Physics and Biology 
3 students study all 3 of these subjects
(a)  Draw a Venn diagram to represent this information.
(5)
A Year 12 student at the college is selected at random.
(b)  Find the probability that the student studies Chemistry but not Biology or Physics.
(1)
(c)  Find the probability that the student studies Chemistry or Physics or both.
(2)
Given that the student studies Chemistry or Physics or both,
(d)  find the probability that the student does not study Biology.
(2)
(e)  Determine whether studying Biology and studying Chemistry are statistically independent.
(3)
(Total for question = 13 marks)



Q6. 
In a company the 200 employees are classified as full-time workers, part-time workers or contractors.
The table below shows the number of employees in each category and whether they walk to work or use some form of transport.

The events F, H and C are that an employee is a full-time worker, part-time worker or contractor respectively. Let W be the event that an employee walks to work.
An employee is selected at random.
Find
(a)  P(H)
(2)
(b)  P([F ∩ W]')
(2)
(c)  P(W | C)
(2)
Let B be the event that an employee uses the bus.
Given that 10% of full-time workers use the bus, 30% of part-time workers use the bus and 20% of contractors use the bus,
(d)  draw a Venn diagram to represent the events F, H, C and B,
(4)
(e)  find the probability that a randomly selected employee uses the bus to travel to work.
(2)
(Total 12 marks)



Q7. 
The Venn diagram shows the probabilities of customer bookings at Harry's hotel.
R is the event that a customer books a room
B is the event that a customer books breakfast
D is the event that a customer books dinner
u and t are probabilities.

(a)  Write down the probability that a customer books breakfast but does not book a room.
(1)
Given that the events B and D are independent
(b)  find the value of t
(4)
(c)  hence find the value of u
(2)
(d)  Find
(i)  P(D|R ∩ B)
(ii)  P(D|R ∩ B′ )
(4)
A coach load of 77 customers arrive at Harry's hotel.
Of these 77 customers
40 have booked a room and breakfast
37 have booked a room without breakfast
(e)  Estimate how many of these 77 customers will book dinner.
(2)
(Total for question = 13 marks)



Q8. 
In a factory, three machines, J, K and L, are used to make biscuits.
Machine J makes 25% of the biscuits.
Machine K makes 45% of the biscuits.
The rest of the biscuits are made by machine L.
It is known that 2% of the biscuits made by machine J are broken, 3% of the biscuits made by machine K are broken and 5% of the biscuits made by machine L are broken.
(a) Draw a tree diagram to illustrate all the possible outcomes and associated probabilities.
(2)
A biscuit is selected at random.
(b) Calculate the probability that the biscuit is made by machine J and is not broken.
(2)
(c) Calculate the probability that the biscuit is broken.
(2)
(d) Given that the biscuit is broken, find the probability that it was not made by machine K.
(3)
(Total 9 marks)


Q9. 
A and B are two events such that
P(B) = 1⁄2     P(A | B) = 2⁄5     P(A ∪ B) = 13⁄20
(a) Find P(A ∩ B).
(2)
(b) Draw a Venn diagram to show the events A, B and all the associated probabilities.
(3)
Find
(c) P(A)
(1)
(d) P(B | A)
(2)
(e) P(A' ∩ B)
(1)
(Total 9 marks)



Q10. 
The time, in minutes, taken to fly from London to Malaga has a normal distribution with mean 150 minutes and standard deviation 10 minutes.
(a)  Find the probability that the next flight from London to Malaga takes less than 145 minutes.
(3)
The time taken to fly from London to Berlin has a normal distribution with mean 100 minutes and 
standard deviation d minutes.
Given that 15% of the flights from London to Berlin take longer than 115 minutes,
(b)  find the value of the standard deviation d.
(4)
The time, X minutes, taken to fly from London to another city has a normal distribution with 
mean μ minutes.
Given that P(X < μ − 15) = 0.35
(c)  find P(X > μ + 15 | X > μ − 15).
(3)
(Total 10 marks)


Q11. 
The length of time, L hours, that a phone will work before it needs charging is normally distributed with a mean of 100 hours and a standard deviation of 15 hours.
(a) Find P(L > 127).
(3)
(b) Find the value of d such that P(L < d) = 0.10
(3)
Alice is about to go on a 6 hour journey. 
Given that it is 127 hours since Alice last charged her phone,
(c) find the probability that her phone will not need charging before her journey is completed.
(4)
(Total 10 marks)



Q12. 

Figure 1
Figure 1 shows how 25 people travelled to work.
Their travel to work is represented by the events
B  bicycle
T  train
W  walk
(a)  Write down 2 of these events that are mutually exclusive. Give a reason for your answer.
(2)
(b)  Determine whether or not B and T are independent events.
(3)
One person is chosen at random.
Find the probability that this person
(c)  walks to work,
(1)
(d)  travels to work by bicycle and train.
(1)
(e)  Given that this person travels to work by bicycle, find the probability that they will also take the train.
(2)
(Total 9 marks)



Q13. 
The Venn diagram in Figure 1 shows the number of students in a class who read any of 3 popular magazines A, B and C.

One of these students is selected at random.

(a)  Show that the probability that the student reads more than one magazine is 
(2)
(b)  Find the probability that the student reads A or B (or both).
(2)
(c)  Write down the probability that the student reads both A and C.
(1)
Given that the student reads at least one of the magazines,
(d)  find the probability that the student reads C.
(2)
(e)  Determine whether or not reading magazine B and reading magazine C are statistically independent.
(3)
(Total 10 marks)



Q14. 
Yuto works in the quality control department of a large company. The time, T minutes, it takes Yuto to analyse a sample is normally distributed with mean 18 minutes and standard deviation 5 minutes.
(a)  Find the probability that Yuto takes longer than 20 minutes to analyse the next sample.
(3)
The company has a large store of samples analysed by Yuto with the time taken for each analysis recorded. Serena is investigating the samples that took Yuto longer than 15 minutes to analyse.
She selects, at random, one of the samples that took Yuto longer than 15 minutes to analyse.
(b)  Find the probability that this sample took Yuto more than 20 minutes to analyse.
(4)
Serena can identify, in advance, the samples that Yuto can analyse in under 15 minutes and in future she will assign these to someone else.
(c)  Estimate the median time taken by Yuto to analyse samples in future.
(5)
(Total for question = 12 marks)



Q15. 

Figure 1
The Venn diagram in Figure 1 shows three events A, B and C and the probabilities associated with each region of B. The constants p, q and r each represent probabilities associated with the three separate regions outside B.
The events A and B are independent.
(a)  Find the value of p.
(3)

Given that P(B | C) = 
(b)  find the value of q and the value of r.
(4)
(c)  Find P(A ∪ C | B).
(2)
(Total 9 marks)



Q16. 
A fair blue die has faces numbered 1, 1, 3, 3, 5 and 5. The random variable B represents the score when the blue die is rolled.
(a) Write down the probability distribution for B.
(2)
(b) State the name of this probability distribution.
(1)
(c) Write down the value of E(B).
(1)
A second die is red and the random variable R represents the score when the red die is rolled.
The probability distribution of R is

(d) Find E(R).
(2)
(e) Find Var(R).
(3)
Tom invites Avisha to play a game with these dice.
Tom spins a fair coin with one side labelled 2 and the other side labelled 5. When Avisha sees the number showing on the coin she then chooses one of the dice and rolls it. If the number showing on the die is greater than the number showing on the coin, Avisha wins, otherwise Tom wins.
Avisha chooses the die which gives her the best chance of winning each time Tom spins the coin.
(f) Find the probability that Avisha wins the game, stating clearly which die she should use in each case.
(4)
(Total 13 marks)



Q17. 
The following shows the results of a survey on the types of exercise taken by a group of 100 people.
65 run 
48 swim 
60 cycle 
40 run and swim 
30 swim and cycle 
35 run and cycle 
25 do all three 
(a) Draw a Venn Diagram to represent these data.
(4)
Find the probability that a randomly selected person from the survey
(b) takes none of these types of exercise,
(2)
(c) swims but does not run,
(2)
(d) takes at least two of these types of exercise.
(2)
Jason is one of the above group. 
Given that Jason runs,
(e) find the probability that he swims but does not cycle.
(3)
(Total 13 marks)



Q18. 
Jake and Kamil are sometimes late for school. 
The events J and K are defined as follows
J = the event that Jake is late for school
K = the event that Jake is late for school
P(J ) = 0.25, P(J ∩ K) = 0.15 and P(J' ∩ K') = 0.7
On a randomly selected day, find the probability that
(a)  at least one of Jake or Kamil are late for school,
(1)
(b)  Kamil is late for school.
(2)
Given that Jake is late for school,
(c)  find the probability that Kamil is late.
(3)
The teacher suspects that Jake being late for school and Kamil being late for school are linked in 
some way.
(d)  Determine whether or not J and K are statistically independent.
(2)
(e)  Comment on the teacher's suspicion in the light of your calculation in (d).
(1)
(Total 9 marks)



Q19. 
The discrete random variable X has the probability distribution

(a) Show that k = 0.1
(1)
Find
(b) E(X)
(2)
(c) E( X2 )
(2)
(d) Var(2 − 5 X )
(3)
Two independent observations X1 and X2 are made of X.
(e) Show that P(X1 + X2 = 4) = 0.1
(2)
(f) Complete the probability distribution table for X1 + X2
(2)


(g) Find 
(2)
(Total 14 marks)



Q20. 
In a large company,
78% of employees are car owners, 
30% of these car owners are also bike owners, 
85% of those who are not car owners are bike owners.
(a) Draw a tree diagram to represent this information.
(3)
An employee is selected at random.
(b) Find the probability that the employee is a car owner or a bike owner but not both.
(2)
Another employee is selected at random.
Given that this employee is a bike owner,
(c) find the probability that the employee is a car owner.
(3)
Two employees are selected at random.
(d) Find the probability that only one of them is a bike owner.
(3)
(Total 11 marks)


Q21. 
Given that
P(A) = 0.35 , P(B) = 0.45 and P(A ∩ B) = 0.13
find (A ∪ B)
(2)
(b) P( A′ | B′)
(2)
The event C has P(C) = 0.20
The events A and C are mutually exclusive and the events B and C are independent.
(c) Find P(B ∩ C)
(2)
(d) Draw a Venn diagram to illustrate the events A, B and C and the probabilities for each region.
(4)
Tom invites Avisha to play a game with these dice.
(e) Find P([B ∪ C]′)
(2)
(Total 12 marks)

Q22. 
A manufacturer carried out a survey of the defects in their soft toys. It is found that the probability of a 
toy having poor stitching is 0.03 and that a toy with poor stitching has a probability of 0.7 of splitting open. A toy without poor stitching has a probability of 0.02 of splitting open.
(a)  Draw a tree diagram to represent this information.
(3)
(b)  Find the probability that a randomly chosen soft toy has exactly one of the two defects, poor stitching or splitting open.
(3)
The manufacturer also finds that soft toys can become faded with probability 0.05 and that this defect is independent of poor stitching or splitting open. A soft toy is chosen at random.
(c)  Find the probability that the soft toy has none of these 3 defects.
(2)
(d)  Find the probability that the soft toy has exactly one of these 3 defects.
(4)
(Total 12 marks)



Q23. 
The bag P contains 6 balls of which 3 are red and 3 are yellow. The bag Q contains 7 balls of which 4 are red and 3 are yellow. A ball is drawn at random from bag P and placed in bag Q. A second ball is drawn at random from bag P and placed in bag Q. A third ball is then drawn at random from the 9 balls in bag Q.
The event A occurs when the 2 balls drawn from bag P are of the same colour. The event B occurs when the ball drawn from bag Q is red.
(a) Complete the tree diagram shown below.
(4)

(b) Find P(A)
(3)

(c) Show that 
(3)

(d) Show that 
(2)

(e) Hence find 
(2)
(f) Given that all three balls drawn are the same colour, find the probability that they are all red.
(3)
(Total 17 marks)

Q24. 
For the events A and B,
P(A' ∩ B) = 0.22 and P(A' ∩ B') = 0.18
(a) Find P(A).
(1)
(b) Find P(A ∪ B).
(1)
Given that P(A | B) = 0.6
(c) find P(A ∩ B).
(3)
(d) Determine whether or not A and B are independent.
(2)
(Total 7 marks)


Q25. 
A spinner is designed so that the score S is given by the following probability distribution.

(a)  Find the value of p.
(2)
(b)  Find E(S).
(2)
(c)  Show that E(S2 ) = 9.45
(2)
(d)  Find Var(S).
(2)
Tom and Jess play a game with this spinner. The spinner is spun repeatedly and S counters are awarded on the outcome of each spin. If S is even then Tom receives the counters and if S is odd then Jess receives them. The first player to collect 10 or more counters is the winner.
(e)  Find the probability that Jess wins after 2 spins.
(2)
(f)  Find the probability that Tom wins after exactly 3 spins.
(4)
(g)  Find the probability that Jess wins after exactly 3 spins.
(3)
(Total 17 marks)

Examiner's Report

Q1. 
Most students found the first four parts of this question accessible and appeared to have been well prepared for it. Almost everyone was able to use the sum of the probabilities condition to obtain a first equation in part (a) and there was often a correct expression for E(X) seen too, although sometimes this was set equal to 1 not 0.4
Errors in solving the equations in part (b) sometimes led to negative values for the probabilities of p and q and it is disappointing to see students still using these impossible values in later stages of their working. One would hope that they would realise that an error had been made and then try to correct it.
The variance calculation in part (d) was usually correct with only a small number of students making slips, such as subtracting the mean instead of the mean squared, or dividing by 5.
Part (e) caused problems for a significant number of students. A surprising number did not try listing the probability distribution for R and there were many cases of students trying to use the reciprocals of the probabilities or simply thinking that . 
Part (f) was only answered successfully by the more able students. Some students embarked on a correct approach but failed to correctly identify the cases where Sarah or Rebecca would win, a few forgot that there could be a draw and having found a correct answer to part (i) simply subtracted this from 1 to give their answer to part (ii). A number did not read the question carefully enough and thought that there were two independent values of X being used: some then assumed that all 25 cases were equally likely but others battled through to obtain a correct response to this situation and a special case in the mark scheme enabled them to have some credit.


Q2. 
Despite the question using R and S in part (a) and A and B for the rest of the question, candidates assumed A and B were mutually exclusive and made no use of independence. In part (a) candidates were let down by their inability to express in unambiguous English "mutually exclusive". A number of candidates just restated the question, writing that it meant the probability of the intersection was 0 rather than describing the relationship between R and S.
Part (b) was not as well done as it ought to have been by the majority of candidates. Many didn't realise that the letters R and S were replaced from part (a) by A and B and so confused independence with mutually exclusive. Many candidates did write the full formula and substituted at least one probability correctly, although far fewer candidates realised the "independent" statement in the question meant that P(A ∩ B) could be replaced with P(A) × P(B) Of those who successfully used the Addition Rule and independence, it was very disappointing to see some who could not handle the resulting linear equation because it had fractions in it. Those who did not start by quoting a formula and assumed exclusivity scored no marks.
Part (c) was answered well, with either a correct answer (even if part (b) incorrect) or a correct follow through.
In part (d) most knew that they had to use conditional probability, with only a few dividing by P(B') by mistake. The ability to find P(B'∩A) for the numerator from previous working was often lacking and very few candidates used the fact that A and B were independent to simply state P(B'A) = P(B').



Q3. 
Overall there were very few errors made when candidates completed their tree diagrams. A small number of candidates repeated their probabilities of 2/3 (for obtaining a head) and 1/3 (for obtaining a tail) on the second branches for the fair coin. Occasionally the 5/12 and 7/12 probabilities were placed on the wrong branches and, in a few instances, quantities rather than probabilities were used. The vast majority of candidates were able to calculate the probability that Shivani selects a head correctly, or at least follow through the correct method from their tree diagrams, with few errors seen.
In contrast the quality of candidates' attempts at part (c) was extremely varied. Very few candidates quoted the correct formula despite it being given in the formula booklet, and of those who did, few realised that the numerator should be 5/12 × 2/3. The numerator was quite often seen as 5/12 alone, and a number of candidates failed to recognise that their denominator should be their answer to part (b), leading in some cases to a repeated fraction in the numerator and denominator. P(H/R) was sometimes calculated instead of P(R/H).
The final part of the question was attempted fairly successfully overall. Indeed, many of the candidates who had erred in previous parts of the question were able to gain some credit, as most could identify at least one of (5/12)2 or (7/12)2. The special case pertaining to no replacement was occasionally seen.


Q4. 
Although over a quarter of the students scored full marks, clearly reasoned and fully correct answers to this question were relatively rare. Most started correctly in part (a) and the correct values for p and q were often seen. Frequently there followed in parts (b) and (c) a string of equations linking r, s and t often accompanied by failed attempts to solve them correctly. The most common error though was to assume that A and B were independent which quickly gave an incorrect value for s and an easy route to find wrong answers for r and t. This also meant that any argument they used in (d) was flawed and marks were lost here too.
In part (d) those who had a correct (or nearly correct) Venn diagram were familiar with the two approaches to determining independence but by far the most popular was to compare 
P(A)×P(B) = 0.5×0.6 = 0.3 with P(A∩B) = s = 0.28 and conclude that A and B were not independent. In the final part (e), most realised that a ratio of probabilities was required and many had a suitable denominator from P(A) + P(C) or their (r + s + p + q) but the numerator was often incorrect. A common error was simply to use P(B) and many also used P(B)×P(A∪C) and a few lost the final accuracy mark for simplifying  to 0.57.



Q5. 
Part (a) was usually answered very well but a significant number did not appreciate that those who studied all 3 subjects were also included in the numbers studying a pair of subjects. Most could score the mark in part (b), even if their Venn diagram was incorrect, but some muddled their denominators and gave an answer of  rather than . In part (c) most wrote down a fraction based on their Venn diagram: this was fine if their diagram and answer were correct but otherwise a correct expression was required before the examiners could award any marks. 
In part (d) the examiners were often able to follow through a suitable numerator based on the student's Venn diagram and a denominator from their answer to part (c) and those who had scored both marks in (c) often did so again in (d). Some students though are still not spotting the conditional probability and denominators of 80 were quite common here. Some answers to part (e) simply lacked sufficient detail or explanation to award the marks. The examiners expect to see the relevant probabilities required for the test clearly stated and a correct test used with a concluding comment; simply writing " so independent" is not sufficient. The most popular test was based on comparing P(B) × P(C) with , though some used a conditional probability, but  was a common error. A small number of students confused "independence" with "mutually exclusive".


Q6. 
Part (a) was answered very well but in part (b) a number of candidates failed to spot or consider the complement (giving an answer of 0.01) and others confused the 200 with 100 and gave an answer of 0.98. The conditional probability in part (c) was answered quite well but a few had P(W) on their denominator and some assumed independence when calculating the numerator and used 
P(C)×P(W) = P(C ∩ W). Part (d) was a little different from the usual Venn diagram and candidates had to consider carefully how to represent the 4 events. Three overlapping circles or 3 separate circles with no indication of set B was quite common and those who did have a correct shape sometimes struggled to place the frequencies or probabilities. Those using frequencies were usually more successful as the probabilities were not always out of 200. A Venn diagram such as this should, of course, always have a box defining the universal set [and ideally a 0 for the region (F ∪ C ∪ H ∪ B)'] and a few candidates missed this out. Despite their difficulties with the structure of the diagram for part (d) many candidates were able to interpret the table correctly and score the marks in part (e).


Q7. 
Again it was disappointing to see some students working with negative probabilities but most could at least make a start here. Some floundered over the idea of B being a subset of R whilst also intersecting D and the final part proved quite challenging, enabling the more able students to shine.
Part (a) was usually answered correctly with 0.33 or 0.6 being the common incorrect answers. Many were successful in part (b) too but a common error arose from poor use of brackets: students arrived at 0.6(0.42 + t) = 0.27 but then forgot to multiply the "t" by 0.6. Part (c) usually followed as most realised that u + t = 0.25.
The conditional probabilities in part (d) proved to be beyond some students and a common error in part (i) was forgetting to add the 0.33 to the 0.27 for the denominator and just giving an answer of 0.27/0.33 or . Part (ii) was generally answered more successfully than part (i) but an incorrect denominator was often seen here too. Part (e) discriminated well with many simply trying 77 × 0.45 or 0.27 × 40 + 0.15 × 37 and only the more able students using their answers from part (d) as required.



Q8. 
The tree diagram was answered very well with only occasional errors on the branches for broken or not broken biscuits e.g P(B | J) = 2⁄25 rather than 2⁄100.
Question (b) and question (c) were usually correct although there were a number of transcription errors such as 0.335 instead of 0.0335 in question (c).
Question (d) was a slightly more challenging conditional probability and it caused difficulties for some students. Some misinterpreted it and simply found P(K' ∩ B) whilst others found P(K | B) and the error of having a numerator of P(K') × P(B) rather than P(K' ∩ B) was not uncommon.


Q9. 
This question was answered very well. Question (a) could be answered quite readily by using the formula in the formula booklet and the given values for P(B) and P(A | B) and then it should have been a straightforward step to complete the Venn diagram in question (b). However some forgot to subtract 
P(A ∩ B) when completing their diagram but the follow through marks meant that some credit could still be given for the later parts. Question (c) and question (d) were usually answered well but in question (e) some tried to use a formula (which was often incorrect) rather than their Venn diagram and made the question much more complicated.


Q10. 
The normal distribution was handled well by most candidates on this paper. Part (a) caused few problems although some candidates failed to subtract their tables' value from 1 and most made good progress in part (b) too although some failed to use the table of percentage points of the normal distribution and had a z value of 1.04 or 1.03 rather than 1.0364. Part (c) was more challenging requiring the identification of a conditional probability and then the correct evaluation of the numerator using the symmetry of the distribution but there were a good number of correct responses seen.


Q11. 
A small minority were still unsure whether the final answer was 0.9641 or 1 − 0.9641. There were 3 common sources of error in (b). Some candidates simply set their standardised expression equal to 0.1 or 0.5398 and lost all 3 marks. Others realised that the standardised expression should be set equal to a z value but did not use the percentage points table and lost a mark. The final problem was choosing the correct sign on their z value and a number of answers of 119 were seen. Some candidates gave an answer of 80.776… from their calculators and gained all 3 marks.
(c) was not answered well and most attempts did not notice the usual prompt (the wording "given that…") and thus did not attempt a conditional probability. Common solutions were simply a calculation of 
P(L > 133) or P(127 < L < 133).



Q12. 
In part (a) T and W or B and W were often stated as a mutually exclusive pair and a sensible reason given in words or symbols such as P(T∩W ) = 0. Some candidates mixed up mutually exclusive and independent events and gave B and T as their pair with a reason that they could both happen together.
The test for independence in part (b) caused problems for some. The examiners were looking for a clear application of a suitable test which was usually P(B∩T ) ≠ P(B) × P(T ) , although some used a conditional probability successfully. We would also expect to see the required probabilities stated and this was a problem for some: a minority simply used integers and others gave P(B) =  or P(T) = . Those who carried out a correct test with correct probabilities usually gave a correct conclusion too and secured all 3 marks. 
Part (c) was nearly always correct but a few gave  as their answer to part (d). Most candidates now can identify a conditional probability and only a few attempted P(B|T) in part (e). It was quite possible to write down this final answer from the Venn diagram but many used the conditional probability formula from the formula booklet which if their P(B) was incorrect meant they could at least score the M1.


Q13. 
Overall this question proved to be quite challenging for candidates and incorrect interpretation of the Venn diagram lost many candidates marks. In spite of this, most candidates had no trouble proving the given probability in part (a).
In part (b), however, quite a number of candidates neglected one of the four components of the numerator, usually the 3, and 11/30 was consequently an extremely common wrong answer. Other wrong answers included 9/30, 13/30 and 16/30. Some candidates chose to use the addition rule, which was generally written down correctly, although quite often P(A) was given as 4/30 and P(B) as 5/30, giving rise to P(AUB) = 7/30.
In contrast, the majority of candidates were able to deduce that P(A∩C) = 0 and quite a few gave explanations as part of their answer, such as 'there is no overlap', or 'no intersection' and some even discussed the idea of mutual exclusivity. A small proportion of candidates had the right idea but failed to give a probability, giving their answer as 'nobody' or in a few cases 'the empty set'. However, not all of the candidates realised that mutually exclusive events have a probability of 0 of occurring together and some mistakenly thought that P(A∩C) equalled P(A)P(C) here.
Answers to part (d) were extremely varied. Most candidates did not recognise that a conditional probability was required and consequently did not obtain the correct denominator. Common wrong answers were 6/30, 6/20 and 3/20. A significant number attempted to perform some complex calculations in which they tried unsuccessfully to use the formula for conditional probability. Very few candidates used the Venn diagram to calculate the probability directly.
Testing for independence was generally performed successfully overall, with the majority of candidates carrying out suitable tests. However, some candidates did find this challenging and often the wrong probabilities were compared and some incorrect probabilities were obtained. A number of candidates appeared to be confusing independence with mutual exclusivity. Some candidates merely provided a comment on the perceived nature of independence without performing any calculations at all. Of those candidates who were successful, the most common approach was to test whether P(B∩C) = P(B)P(C), although there were a few cases where P(A∩C) was compared with P(A)P(C) by mistake. Rather worryingly, a surprisingly high number of candidates failed to recognise 3/30 and 1/10 as equivalent fractions and thus concluded that the events were not independent.



Q14. 
This was the most challenging question on the paper. Part (a) was a simple use of the normal distribution and most students scored full marks here. A sizeable group though standardised correctly but then confused the two tables and wrote down the z-value corresponding to a probability of 0.4 (i.e. 0.2533) and used this as their probability. There were also a number of cases of students miscopying the tables and 0.3466 instead of 0.3446 was seen quite frequently. The usual errors of standardising with 52 or  were very rare though a number were still unsure whether or not to subtract their tables figure from 1.
In part (b), few wrote down a conditional probability statement but launched straight into a ratio of probabilities. This was fine if the ratio was correct but, whilst most had P(T > 15) = 0.7257 on the denominator, those who thought the numerator was simply P(T > 15)×P(T > 20) would score no marks. Those who did have a correct numerator were often able to score all of the marks here. Part (c) proved too demanding for most students and only a few of those who eventually arrived at a correct answer did so from a clearly argued solution. Some students assumed that linear interpolation was required and made no headway. Very few started by considering a conditional probability but some did realise that they required the value d such that P(T > d) = 0.5 × 0.7257 and some then realised they were trying to find d from P(T < d) = 0.63715. Those who got this far usually realised that they needed to use a z-value of 0.35, though some did not know how to deal with a probability in-between two values in the tables and simply took the midpoint, and were able to form a correct equation and arrive at the correct answer but under 10% scored full marks on this question.


Q15. 
In part (a) most used the independence property correctly to show that P(A) = 0.25 but some mistakenly assumed p = P(A). The conditional probability formula was usually used correctly in part (b) to find P(C) and often the value of q as well and many were also able to find the value of r too although occasionally candidates seemed to miss this demand. There were some good responses to part (c) despite the rather unusual nature of the conditional probability. Many candidates were able to write down a correct ratio of probabilities and there weren't too many cases of candidates attempting to evaluate the numerator as 0.69 × 0.4.


Q16. 
(a) was answered well and most gave the distribution in a table with values 1, 3 and 5 and probabilities of  for each. Labelling each face as 1, 1, 3, 3, 5, 5 was quite common too, usually accompanied by probabilities of  for each face, but some gave probabilities of  for each face and others had values of 1, 2 and 3.
(b) was not answered well with many candidates only having one of the two words "discrete" and "uniform" in their answer. An answer of "discrete random distribution" was quite common but some candidates did not know the correct terms, describing it as an "equal" distribution.
Very few candidates used the symmetry of the distribution to "write down" the answer to (c) but they were still able to gain the mark by calculating E(B). Some candidates could not answer part (d) correctly but in part (e) although a number found E(R)2 =  some thought this was Var(R), others only subtracted 3, despite having previously quoted a correct formula, and some rounded their answer to 2.33 without first giving the exact value. In the final part of the question many candidates did not seem to understand what was required. Some drew complete tree diagrams but then did not realise that Avisha always chose the die that gave her the best chance of winning. Others identified which die she should choose without taking account of the probability of 0.5 for the outcomes of the spin of the coin. Nevertheless a small number of candidates did complete this part of the question successfully.


Q17. 
Construction of the Venn diagram was nearly always correct. Occasional errors were mainly the omission of the box and failure to subtract frequencies accurately. Unfortunately, several candidates left the region for R∩S ∩C so small that it was extremely difficult to decipher the number written there.
In part (b) there were relatively few incorrect solutions. Occasionally an incorrect subtraction from 100 to find n(R'∩S'∩C') was seen.
Part (c) and part (d) were very well answered by the majority of candidates. However, in part (d),  was not an uncommon response, with the central frequency of 25 being omitted. This stems from a failure to understand the phrase "at least" in the question. Conditional probability in part (e) continues to be a problem for many candidates. Perhaps greater emphasis on the restricted sample space would produce better and quicker rewards.


Q18. 
It was encouraging to see many candidates drawing a correct Venn diagram for the start of this question but the wording "at least one" in part (a) was often misinterpreted as the intersection and some gave the probability of "only K" in part (b).
There were many correct answers seen in part (c) although many candidates simply wrote down the correct probability ratio without attempting an expression in symbols. Inevitably some wrote P(JK) but the identification and calculation of conditional probabilities seems to be improving.
In part (d) most candidates opted for the P(K ∩ J) = P( K ) × P( J ) test whilst others attempted other incorrect comparisons such as P(K ∩ J) = 0 or even P(K ∩ J) = P( K ) + P( J ). Some merely quoted a standard formula in terms of A and B which, without some identification of what their A and B represented gained no credit. Only the very best realised that they had just calculated P(KJ) and P( K) and since these two were not equal the two events were not independent.
Part (e) discriminated very well with good candidates engaging with the context and showing they clearly understood the concept of independence.


Q19. 
Most candidates showed us clearly that they were using the sum of the probabilities to reach 10k = 1 from which they showed that k = 0.1 and the calculation of E(X) was usually correct too. In part (c) some confusion between E( X2 ) and Var(X) and also over what to square (some choosing the probabilities rather than the values of x) caused difficulties and a few simply squared their answer to part (b). Part (d) was a fairly standard request and most knew that Var(2 − 5X) = 25Var(X) and were sometimes able to recover from errors made in part (c) but then many solutions ground to a halt.


Q20. 
Most students scored all the marks for drawing the tree diagram and could then use this to answer question (b). In question (c) the conditional probability discriminated more with some failing to obtain the correct denominator. Question (d) caused difficulties for a number of students: some did not realise they needed a probability of the form p(1 − p) where p was their denominator from question (c) and those who did secure this first mark often failed to multiply by 2 to account for both possible cases.



Q21. 
(a) was answered very well with only a small minority adding P(A ∩ B) rather than subtracting it. In (b) although most could quote a correct formula, some thought that P(A′ ∩ B′) = 1 − P(A ∩ B) and then had a numerator greater than their denominator. Others assumed independence and used 
PP(A′ ∩ B′) = P(A′) × P(B′).(c) was usually correct although a small number of candidates confused independence with mutually exclusive and gave an answer of zero.
Most candidates gave a correct arrangement of the events in (d) and few omitted the "box". There were a number of errors in the calculations of the other probabilities, in particular the probability for B only, but a large number of fully correct diagrams were seen.(e) was usually answered quite well with many demonstrating a correct understanding of the method by using the values from their Venn diagram and others avoiding any problems with the Venn diagram by using 1 − P(B ∪ C) = 1 − [0.45 + 0.20 − 0.09] or occasionally P(B′) × P(C′) .


Q22. 
This question was answered well by most candidates. There were a number of accuracy errors with the wrong positioning of the decimal point with 0.03×0.3 giving rise to 0.9, 0.09 or even 0.0009 and 0.047... was sometimes copied from a calculator as 0.47... 
Part (a) proved a straightforward start to the question and most candidates completed a correct tree diagram.
Most completed part (b) correctly too but some found P(a split) and others found P(at least one of the defects) but many correct answers were seen here. 
In part (c) the majority were able to multiply together the 3 required probabilities but a small minority just gave the answer as 0.97×0.98.
Numerous candidates found the correct products of three probabilities in part (d) but some just added 0.05 to their answer to part (b). Most candidates though found this question a very rewarding end to the paper.


Q23. 
Many candidates were able to complete the tree diagram correctly but common errors were to have probabilities of 5/9 and 4/9 on the top two and bottom two branches. Part (b) was often answered correctly and even those with incorrect tree diagrams could achieve 2 or even all 3 marks here. Few candidates explained which four probabilities they were using to answer part (c) and the examiners were often left trying to deduce this from their tree diagram. Simply writing P(RRR) + P(RYR) + P(YRR) + P(YYR) would have earned them the first mark and made their solution much clearer. Some students failed to appreciate that a sum of 4 products of 3 probabilities from their tree diagram was required and a popular "fiddle" was to calculate    using the probabilities from the third branches and magically dividing by 4 to reach the printed answer. Part (d) was answered poorly with most attempts assuming that A and B were independent events (they were but this was never justified). Part (e) though was usually answered well with candidates clearly using the addition rule and the given answers. In the final part many candidates failed to identify the conditional probability and those who did often did not clearly state what their ratio of probabilities represented: once again a statement such as ("P"(RRR)) / ("P"(RRR) + "P"(YYY)) with some suitable probabilities attempted would have secured the first mark. 



Q24. 
This question was found to be challenging. A clear Venn diagram would have helped some to get started.
Those who tried to draw a Venn diagram could quickly find P(A) from 1 − 0.18 − 0.22 to answer question (a) and question (b) would either follow from P(A) + 0.22 or 1 − 0.18 . After this the students needed a clear argument to answer question (c) that did not assume that A and B were independent. Some students set off in the right direction by quoting the conditional probability formula P(A|B) = 0.6 = P(A ∩ B)⁄P(B) but to make further progress they needed a second equation with P(B) and P(A ∩ B) which they could obtain by using the addition formula and their answers from question (a) and question (b). The more able students were able to successfully solve these two equations to find P(B) or P(A ∩ B) . Some students noted that since P(A) = 0.6 then if P(A ∩ B) = 0.6as well then A and B are independent, thus answering question (d) first. They could then use the given information 
0.22 = P(A'∩ B) = P(A') × P(B) = [1 − 0.6] P(B) to obtain P(B) = 0.55and then their Venn diagram to see that P(A∩ B) = 0.33. Those who obtained P(B) = 0.55 from a more conventional route nearly always chose to answer question (d) by checking that P(AA) × P(B) = P(A ∩ B) and giving a correct conclusion.


Q25. 
The first 4 parts of this question were usually answered very well by most candidates. Very few confused E(S2 ) with [E(S)]2 and the mean was usually squared when calculating Var(S). Part (e) was attempted by a good number of candidates and many realised that they needed to combine 0.2 and 0.2. Some gave 0.2 + 0.2 = 0.4 and others 0.2 − 0.2 = 0.4 but there were a number of correct solutions seen. Those who attempted part (f) often identified some of the cases such as P(4 ∩ 4 ∩ 2) = 0.01 and occasionally the 3 arrangements of 4, 4 and 2 but then they often missed P(4 ∩ 4 ∩ 4).
Part (g) proved to be a challenging final part to the paper. Some tried listing all the possible cases for Jess to win. Their listing was usually extremely inefficient and they invariably missed one or more cases. Only a handful of candidates seemed to realise that only two probabilities needed to be considered namely P(  ∩ 5 ∩ 5) and P(5 ∩  ∩ 5) and the probabilities could then be found quite easily.
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are marked with 0. Bl for 77,33
¢ Bl for 64,16
(©0) 1f their diagram indicates
extra empty regions do not
T treat a bk <0 ®
1416433
—_— =025 MI1AL (2)
© 30 @
(12 marks)
Notes
Correct answers only score full marks for each part
If a probability is ot in [0, 1] award M0
(a) | M1 for denominator of 200 and attempt to add 2+ 8 or 35+ 75 or 30 + 50
Al for 0.55 or exact equivalent fraction e.g. &
(b) | M1 fora fully correct expression ( e.g. 1-0.01)
Al for 0.99 or an exact equivalent fraction
(©) | M1 fora correct ratio or a correct formula and at least onc correct prob (i.c. a correct num or
denom). BUT award MO if mum is P()x P(C) =45 x4 or if um>denom
Al for 0375 or 3/8 or any exact equivalent.
(@ | M1 for abox and the 3 regions F, € and H labelled or implied and single set B labelled. There should
be no intersections befween F, C and & unless marked by zeros. They may have 3
circles for F, Cand B with H = F'~C"etc. Condone lack of zero in the given diagram.
F|1"B1 for the 9 and 1 or 0.045 and 0.005 (o.c.) in the correct regions May have Bin 3
H|[ 2B for the 77 and 33 or 0.385 and 0.165 (0.¢.) in the correct regions ‘bits that are
€[ 3™B1 forthe 64 and 16 or 0.32 and 0.08 (o.c.) in the correct regions. disconnected.
(&) | M1 for a numerator made up of their 1 + their 16 + their 33 and a denom of 200 and num < 200
Also allow sum of their probabilities (provided sum < 1)
Al for 0.25 or any exact equivalent
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Question

Pl Scheme Marks
(@) |[PBNR)=] 0 Bl
]
(b) | P(B)=0.27+033 =0.6, P(D)=027+0.15+¢ , P(BAD)=027 M1
[P(B)<P(D)= P(BND) gives]  0.6x(0.42+1)=027 M1
042+1=22 o 06r=0018 AL
06
AL
“@
©| [u=1 1-(06+015+7) M1
u AlR
@
P(DNRNB) 027
A =22 D|RAB)=P(D|B)=PD) M1
(@6 [ P(RAE) 2033 < P(D|RNB)=P(D|B)=P(D)
AL
P(DA[RAB]) | 015 .
P(RNB) 015+
=i Al
37
“@
15
©| 40045 and 37" 2 M1
=3 AL

@
[13 marks]
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Notes

()

©

@G
(i)

©

T*MI for atiempting 3 suitable probabilifics, one involving 7 (at least 2 correct)

eg

sight of 0.6, 0.27, 0.42 + ¢ correctly labelled in terms of B.D,R ot in a correct cquation.
027

M: P(BD)=
openas ogs WP 042+¢1

2"MI  for using the independence to form a linear equation in . ft their probs if stated.
1*Al  for solving leading to a correct equation as faras p + t =g or pr=gq
24 A1 for 0.03 or exact equivalent

M1

for a correct expression for u . Allow their f or just letter f in a correct expression

Alft for 022 (or exact equivalent) or fi their f. ic. u =025~ provided u & f are probs

M1
Al
M1
Al

M1

Al

Can score MIA1ft provided their u + their = 0.25 where « and f are both in [0, 1]

for a correct numerical ratio of probabilities.
for 0.45 or exact equivalent (Answer only 2/2)

for a correct numerical ratio of probabilitics, ft their 1, provided u is a probability
for & or 0.405 orallow awrt 041 following a correct expression (Ans only 2/2)

for a correct method for both 18 and 15 ft their 0.45 and their 4 provided both in [0.1]

NB P(D)x77 is M0

for 33 only
NB %x40=32.7... which rounds to 33 but scores MOAO. (Ans only send to review)
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Question

Number Scheme Marks
@ 5
=% [ P(Tn8)= 0:005 or L M1
v TInB) = 0245 or 43
7 Sgae— " LASLER) b 200
0 3 Al
- P(knB) = 0015 er 2%
o45 oo g A gasg)
oa¥ 8 P(KnB)= 0.4365 o 87
2000
o3 ¢
L2222 B p(Latdeoors o 3
oo
o4 8’ P(LAG) - 0295 o 5% .
200 @
() | 0.25x0.98, =0.245 (or exact equiv. e.g. 3 MIAL
@
(©) | 0.25x0.02+0.45x0.03+03x0.05, =0.0335 (or exact equiv. e.g. 5%) | M1A1
@
(@ [puuuﬂ']:025x002+03x005 - 0.0335-0.45x0.03 MIALft
00335 00335
=05970... awrt0.597 (or £ or exact equiv) | Al
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Notes Total 9

Allow fractions or percentages throughout this question

(a) | Allow 3+6 tree diagram with the 6 correct “end” probs and labels to get 2/2 (1
ML for (346) tree drawn with 025, 0.45, 0.02, 0.03, 0.05 on correct branches

Al for 03,0.9,0.97, 0.95 on the correct branches and labels, condone missing 5's
Correct answer only scores full marks for parts (b), (¢) and (d)
When using “their probability p” for M1 and Alft they must have 0 <p < 1
()| M1 for 025 x ‘their 098" o.e
(©) | M1 for 0.25xtheir 0.02+0.45x their 0,03 + their 0.3 their 0.05 Condone 1 transeription error.
Or 1-(0.25their 0.98+0.45 x their 0.97 + their 0.3 their 0.95)

3% 5% gets M1)

(@ | M1 for use of conditional probability with their (c) as denominator. Also exactly 2 products on
num’ and at least one correct (or correct ft) or their (c) — one of the products from their (¢)
Tgnore an incorrect expression inside their probability statement

0.25 xtheir 0.02 + their 0.3x their 0.05 __ their ()~0.45 xtheir 003 002

Alft for or or
their(c) their (¢) their ()

Al awrt0.597 or exact fraction eg. £
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Question

Necba Scheme Marks
Number
(@) | P4NB) = P(4|B) * P(B)
211
P(ANB) = M1 A1
@
® 4 ) 2 intersecting circles and ‘P(4n5)" | BIft
3and 3 |B1
%10
7 Boxand 7 | B1
% B
@
Blft
a
@ 1
PUNB)_ 3
P(B| 4)= = M1
CO="0 - T
20
4
=3 Aleao
@
© |03 BIft
@)

[Total 9]
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Notes |

2 1
(@) | M1 for S ora comect probability product expression and one corrct prob. Ans oaly 2/2

(®) | 19 B1 for 2 intersecting circles labelled 4 and B and t their prob. for intersection
Condone missing labels for 2* and 3* B marks

(© |BIft for0.35 (0.e) if no Venn diagram or correct follow through from their diagram
or allow 0.35 (or correct ft) from correct working e g 0.65— 0.5 + (a)

BO for 0.35 if their diagram does not give 0.35 unless it comes from correct work
Don't insist on P(4) =... but do not award for P(4'nB') =

their (a)
their ()

NB incorrect use of P(4'nB) = scores MO and num > denom scores MO
Al for £ only

@ | M1 for or acomect ratio of probabilities from their diagram

©
© | 818t for 0.3 or comect ffrom their Venn diagram or ft from § — their ()
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Question

Marks

(@)

®)

©

[P(M<145) M1

P(Z<-05) or P(Z>0.5) Al
awrt 0309 Al ()

115-100

[P(B>115)=0.15=]

0364 MiBI1AL
(Cale gives 1.036433...)

d=145  (Calegives144727.) [A1 (4)

P(X > p+15)

P(X> p+ 15| X> u—15)
FE e i g P(X>pu-15)

M1

= Al

éwlm10,53i YT

[10]

Notes

@

)

Cale

(©

Condone poor use of notation if a correct line appears later.

M1 for standardising with 145. 150 and 10. Allow * and use of symmetry so 155 instead of 145
1* Al for P(Z< - 0.5) or P(Z>0.5) i.e. az value of £ 0.5 and a correct region indicated
Al forawrt 0.309 Answer only is 3/3

ML for #5520 =2 where > 1 Condone MR of = 150 instead of 100 for MIBlonly

Bl for astandardised expression =+ 1.0364 (do not allow for use of 1 - 1.0364)
1% Al forz=awrt 1.04 and compatible signs i.c. a correct equation with z = awrt 1.04
2 A1 forawrt 145 (allow awrt 14.4 if 2 = awrt 104 is seen)

Answer only of awrt 14.473 scores MIBIAIAL

Answer only of awrt 14.48 scores MIBOAIAL

M1 fora comect ratio expression need P(X> 4+ 15) on numerator. Allow use of a value for s
May be implied by next line.
0.35x0.65 _0.22
0.65 0.65
1" Al for a comect ratio of probabilities
2™ Al forawrt 0538 or 4 (0.e). Allow 0.5385 provided 2% Al is scored.

is MO
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Question
N Scheme Marks
127-100 a5
@ is
SoP(L>127)=P(Z>18) or 1-P(Z<18)oe. Al
1-09641 (awrt 0.0359) Al
[©]
| 21012816 (Caleulator gives ~1.2815515...) M1, B1
d= 80776 (awrt 808) Al
3)
(© | Require P >133|L>127) M
PEL>133)]_PEZ>22
B B a
P(L>127)] P(L>127
_[1-09861]_ 00139 -
1-0.9641] [0.0359]
=03871.  =awrt 0.39 Al
@
S.C. | Anattempt at P(Z < 13| L > 127) that leads to awrt 0.61 (MOM1A0A0)
10
Notes
@) | M1 for attempting to standardise with 127, 100 and 15 . Allow =
1Al forZ>18. Allow a diagram but must have 1.8 and correct area indicated.
Must have the Z 5o P(Z > 127) with or without a diagram is insufficient. May be implied by 0.0359
24 Al for awrt 0.0359 (calc. gives 0.035930266...). Correct ans only 3/3. M1AOA1 not poss.
(b) | M1 for an attempt to standardise with 100 and 15 and set = + any = value (| > 1)
Bl forz=1+ 12816 (or beter) seen anywhere [May be implied by 80.776(72...) or better seen]
Al forawrt 80.8 (can be scored for using 1.28 but then they get MIBOA1)
The 50.8 must follow from correct working.
Calc | Ifanswer is awrt 80.8 and awrt 80777 0r 80.776... or better seen then award MIBIA1
If answer is awrt 80.8 or 80.77 then award MIBOAI (unless of course z = 1.2816 is seen)
(© | 1*M1 for clear indication of correct conditional probability or attempt at correct ratio
So clearttempt at P12 g sufficien for the 1M1
P(L>127)
2 aM1 dependent on 1% M1 for P(L > 133) leading to P(Z > 2.2).
T AL for 0.0139 or better seen coming from P(Z > 2.20). Dependent on both Ms
2 A1 for awrt 0.39. Both Ms required
ALT | If they assume Alice did not check that the phone was working you may see

[P(L< 127).0] + (L > 127) P(L > 133 L > 127) Provided the conditional probability is seen
as part of this calculation the 1 M1 can be scored and their final answer will be 0.0139(4/4)
An answer of 0.0139 without sight of the conditional probability is 0/4.
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[Question| Scheme Marks
@ | B o T Taccept BT or BATW] Condone PG, P el [ BL
Sioce there i 10 gvelagbtween the evens o cannot agen ogee 00)  |B1 (2
(Accoptcommen 1 conext .3 “10cae walk ad s i |
P(BAT) 5 M1
BB < HPD 102403605 201152 0c] M
So Hand 7ae ot ndependent Moo @)
B0
@ P(BAT or02 Bl m
© PTnB) (@)’
P18 =1 =5 T M
Saos M@
18]
Notes
@ | VBT Tora sulable pair. Do not accept universally exclusive pairs such as B and B otc

®

©

2B for any corec saement. Accept s ofsymbols .3 B =0 oc P(T M) =0cic
But Tl =0 1 BO (sinc 5 not acoreet statement)

1M foran atemptat al equied probabilties it labes or a suable st (llow one ecor).
Accep us of 4 and a5 long 2 they can b dentied 35 Band Tby coret probabilies
st be probabiies not nieges such 2 5, 9. B et for both these M marks
25N for P(5xP(7) evalated (conetfor i pobabilies)
o P(BAT) % P(B)<P(T) staed o mplid n symbolsor using thee probabilie.
o P(BIT) = PUE) o P(T|5) = P(7) siated orimplied i symbos or usig thes roablics
AL fora conclusion of st independent.Requie all probabilties sed 0 be corrct ad s
T A mark 1 dependent o both M.
5 o

NB PIn=2apm=L o P
BID=3 &PB)=5c o PTIH=

conclusion scores 33

s 5
3 (1) =% son,followed by acorrect
9 ] 2 L

M1 fora correct ato of probabilites .5 o

% * 51
ot esesion s e o o et ) oty st

Mo £ i o et working e bt S fllowig om P3| T) 502, 2 o 1522
§ § 5





image60.jpeg
Question Scheme Marks
Number
@ 243 LI T : Wi Alcso
2 5L e given answer)
heirtol theirtorl 6 o @
b)| 442454 . M1 AT
Wb B L @
total 30
51
@] Punc)=0 )
M AT
()| P(C|readsat least one magazine) = 6:’03 % @
) m
P(B)xP(C m
(B)x P(C) 370
Soyes they are staisically independent Aeso
@)
Total 10
@ 243 s
M fr o=
Their tol " 30
(6)| M1 for adding atleast 3 of 4,2, 5. 3" and dividing by their otal fo give a probability
Can be writen as separate factions substfuted infothe completely correct Addition Rule
(© | Bl for0or 030
@ 20
M fora denominator of 20 or 5. esding 0 an aswerwith denomiato of 20
5
2 ouly, 22

(&)

1" M1 for atempting allthe reqired probabiltis for a suitable test
2 M1 for use of a correct test - must have attempted all the correct probabilities.
‘Equality can be implied in line 2

Al for fully correct test carried out with a comment
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Question

Rt Scheme Marks
N (,_20-18)
@| [PT>20=]P| z>=—| M1
P(Z>0.4)=1-0.6554 M1
=0.3446 or awrt 0345 | Al
©]
P(T >20)
R P(I'>20|T> 15 R i)
(b) | Require P( | ) ot S M1
@ @ _T0346" 0345 ML ALE
P(Z> P(Z>-06) 07257 — 0726 h
=047485. =awrt 0475 | Al
@
© |P(T>d|T>15)=05 o P(I'<d|T>15)=05 M1
P(T>d)or P(I15<T<d)=05x"07257"=[036285] | Alft
P(T<d)="063715" | M1
So 9228 1035 (calculator gives 035085...) Al
d=19.754... =awst 193 Alcso
(Accept 19 mins 43(sees) or 19:45 but 19.45 is AD) ©)

2]
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Notes

@

()

©

Beware!

T*MIfor standardising with 20, 18 and 5. Accept =
24 M for attempting 1 — p [where 0.5 < p <0.7]. Beware 1 - 0.4 (or their z valuc) is MO
Al forawrt0345 (Correct ans only 3/3)

1M1 for either correct conditional probabiliy statement (allow “in words™ or any letier except 2)
1 M can be implied by 2 M1 so a mark of MOMI should not be given
24 M for using their (a) on num. and attempting fo standardise P(T> 15) (ao + Jon denom.
Num >Deno. is M0
Allow one digit transcription errors from (a) e.g. 0.3464 or 0.3466 etc for 2 M1 and 1* Alft
1% Alfe for their 0.3446 on numerator and denominator of 0.7257 (or better: 0.7257469...)
provided Num < Denom. Allow 0.726 on the denominator
Sightof  —02H0 iy core MIMIALR
0.7257 o1 0.726
24 A1 for awrt 0475

M1 for a correct condifional probability statement that includes the 0.5
1¥Alft for P(T>d) or P15 < T<d) =0.5 x their (> 15) [provided P(T> 15) > 0.5]

Follow through (3sf) their P(T'> 15) = 0.7257 or better from past (b). (Allow 0.726)

Sight of 0.5 their 0.7257 = “0.36285” or better scores 1* M1 and 1* Alft (Allow 0.363)

2% MI (dep on 1% M1) for P(T'<d) = 1~ 0.36285" or “0.36285" + 1 - “0.72

[0.6371-0.6372]

Sight of their 0.63715 or better (calc: 0.637126....) scores first 3 marks (Allow 0.637)

d-18

A1 for

=0.35 (or better) (Cale could give 0.350788...)

39 Aleso for (d =) awrt 19.8 (accept 19.7 not awst 19.7) Must come from correct work

0.5x0.7257=0.36285 and using this (instead of 0.35) as z value leads to 19.8 but is AOAQ
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Question Scheme Marks
@ | [P(B)=04.P)=p+0.150] 0.4x(p+01)=0.1 or 0.4 xP(4)=0.1 M1
MIAL (3)
2 2
() P(BAC) 0. - 02 i
1 PC) J02+q 11 PC)
11x02=5x(02+q) a1
.24 Al
r=06-(p+q) ie r=021 Al (49
© |[P(400)nB)] 03
((40C)nB) .
P(B)
Al @
Ul
Notes
(a) [ 1M1 for using independence in an attempt to form an equation inp or P(4)
2* M1  for a comrect attempt to solve their linear equation leading to p =
Al for 0.15 or exact cquivalent
(@) | 1"M1  fora clear attempt to use P(B|C) to form an equation for g or P(C). Assuming indep MO
2% dM1 Dep. on 1* M1 for correctly simplifying to a linear equation in g or P(C)
c.g accept 11x0.2=5x02+q or SP(C)=22
1Al forg=0.24 or exact equivalent
2 Alft for 0.6 their (p + g) Dependent on 1 M1 in (b) only.
(&) | M1 fora comect ratio expression and one correct value (aum < denom) or a fully correct ratio.
P(4uCAB)
S EAUCOBIEh - G S
A numerator of P(4UC)xP(B) scores MO
Al for 0.75 or an exact equivalent
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Question
N Scheme Marks
b i[5 [
o TERE. Also allow b values 1.1.33 5.5 and Bl
RN I I robabilies al £ Bl
IR P s al 1
@
(b) | Discrete Uniform {distribution} Bl
[0}
© | [E®)=]3 (by symmetry) Bl
[0}
@ | E®=12x2+4x L 162 M
Bl BET LT
3 Al
@
[ - } M1
[C] 5
(or any exact equivalent. NB 2.33 is A0) am1, Al
)
(@ | Coin lands on 2, choose blue die; coin lands on 5 choose red die B2/10
Ay
SR N "
(allow awrt 0.417) A1 @
13
Notes
(@) [ 1*B1 for comectly identifying values of bas 1,3, S or 113355
2%B1 for probabilities all =2 or exact equivalent (or of course 6 cases of L)
Any correct probability distribution or probability function is 2/2. Must be in part (a)
@) | Bl for "Discrete Uniform" . Both words required.
@©|B1  foranswerof3oe. AcceptECD)=3
(@ | M1 foran attempt at correct formula. At least 2 correct products seen. If later divide by 7(= 1) MO
AL for an answer of 3. Correct answer only scores both marks.
S 1M1 fora correct attempt at E(R’). At least 2 correct products seen. Condone Var(R) = etc
©
May be implied by sight of 2 or 11.3 or befter.
2%dM1 Dep. on 1% M1 for clear attempt at E(R®)~[E(R)]| Must see their values used
NB Var(R) = E(R’)-[E(R) is MIMOAO since do not use their[E(R)]*
(0| B21/0 Both comect BIB1, one correct BIBO. Do not use BOB1[e.g. always red or RR is BIB0]

NB Allow other descriptions of the die e.g. 1% or fair for blue, 2% for red if they are clear.
M1 forevaluating comect probabilities i.e. only 1.4 seen or if incorrect choice made:
M1 for an answer of - if choose RR (1), if choose BB (3), if choose RB (})
NB 3 as answer scores M1A1. Need to see choices of die stated for B marks.
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Question Scheme Marks
Humber
@
3 closed curves and 25 in correct place | M1
15,105 Al
15320 Al
ﬂ Labels R, 5 ,C and box | B1
(D
Al values/100 or equivalent fractions award accuracy maks. @
®) | 7710000007 M for (‘their 7'in diagram or here)/100 | M1 A1
@
@ | (3+5y100=205 0r0.08 MiAL
@
@ | @5+15+1045)/100 = 1112001055 M1AL
@
(&) P(SNC'NR) 65. |M1
P(snc|r) =20 08 i denominator to be ‘their 65 or ‘their "
(snc| ) Req o
15 p -
o sequire ‘their 15 and correct denominator of 65 | |
:Ii or exact equivalents -
(&)
Total 13
NOTES
® M1 for ‘their 7/100 seen.

©

@
@

Al Correct answer only
In parts (c) and (d) we require “/100” for methods to be awarded. Also check their
values and award correct method if they follow from their Venn Diagram.

M1 For (‘their 3"+ their 5')/100. % award MO.

Al Correct answer only or equivalent
M1 Accept sum of their 4 values from the Venn diagram /100

Al Cortect answer only or equivalent

MI Attempt to use correct formula for conditional probability.
Award for correct formula and a denominator of "their 65" o “their 65/100°
Al for “their 15'/65 only.

Al for exact equivalent answers, including 15/65.

In all parts correct answers with no working award full marks
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ooy Scheme Marks
@ P(JUK)=1-07 or 0.14+0.15+0.05= 0.3 Bl
(%]
= S or “0.3-025+0.15 2 —01s
® | PO=005+015 or 037-025+0.15 or 254200 -0.15 |\
May be seen on Venn diagram
= Al
@
P(KAT)
P | )] =)
© |[P&IN] 0 M1
0.15
S Al
035
a1
[©]
(d) P(J)xP(K)=0.25x0.2(=0.05). P(JnK)=0.15 or
P(K|J)= 0.6, P(K) = 02 or may see PUIK)=0.75 and P() = 0.25 | M1
not equal therefore not independent AlR
@
(& | Not independent so confirms the teacher's suspicion or they are linked | Bt
(This requires a statement about independence i (d) or in (¢)) o)
(9 marks)
Notes
M1 for a complete method. follow through their 0.3, Ieading to a linear equation for
®) PE) 3 =
NB You may see this Venn diagram. = =
A correct diagram (Ve or table) implies M1 in (b)
Need not include box or 0.7 aso [(ass ) aos
Correct answer only is 212
In parts (c) and (d) they must have defined A and B -
© |M1  fora corect expression (including ratio) in symbols
1Al fora correct ratio of probabilities (f this is seen the M1 is awarded by implication)
Must be in (c). Condone no LHS but wrong LHS (e.g. P(K) or PJIK)) is MOAO
Al for correct answer as printed only. Correct answer only 3/3
Mark (d) and (¢) together
@  [MIforacomect comparison of known probabilities for an independence test - ft their
values. E.g. P(J) x P(K) with P(J 1K) or P(KU) with P(K) [Must have
expressions]
The values of these probabilities should be given ualess they are in the question or
stated elsewhere.
Alft for correct caleulations and commect comment for their probabilities
(& |BIft fi their conclusion on independence so not independent confirms

teacher...independent contradicts teacher.
Methods leading to negative probabilities should score M0
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Question

ek Scheme Marks
(@] k+ 2k+ 3k+ 4k=1 or 10k=
k=01 (% [allow verification with a comment e.g Bicso
)
(0| E(X)=1x0.1+2x02+3x03+4x04=3 M1 AT
@
(©) | E(X?)=1x0.1+4x02+9x0.3+16x04=10 M Al
@
(d)| Var(x)=10-9(=1) M
Var(2-5X)=5"Var(X) =25 M1 A1
6)
@1 p(L3)+P(2.2)=250.1x03+02x02=01 () M1 Alcso
@
O [xi+xn 2 3 4 5 6 7 B1B1
e 0.01 004 0.1 0.2 025 |0.2 )
@® | P(2)+P(3)=005 MIAY

@)
[14]
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Question

Number Scheme Marks

Notes

(@) | BI for a clear attempt to use sum of probabilities = 1. Must see previous line as well as k= 0.1
A correct expression for E(X) or E(X*) that is later divided by 4 scores MO

(6) [ M1 for a completely cormect expression. May be implicd by correct answer of 3 or 30k
Al for 3 only.

(©) [ M1 for a completely correct expression. May be implied by comect answer of 10 or 100k
Al for 10 only.

[ For E(X*,

=0.1+0.8+27+6.4-9 = 1scores MOAO but accept this as Var(X) in (4)]

(d) | 1" M1 for using Var(X) = E(X*) ~E(X)". £ their values from (b) and (c)

Allow this mark for Var(¥) = 10~9 or better. May be implied if this i seen in (¢).
2™ M1 for $*Var(X) or 25Var(X) can ft. their Var(X). Allow -5 if it later becomes +25
Al for 25 only. Dependent upon both Ms

Forming distribution for ¥ =2-5X gets M1 for E( ¥*)=194 then M1A1 for 194-169-

()| M1 for comcetly identifying (1. 3) or (3. 1) and (2. 2) as required cases
(3K +4K* or better)
Al cso_for 0.1 only but must see evidence for M1

() | 1" B1 for 0.2 correctly assigned. May be in table.
2" B1 for 0.16 correctly assigned. May be in table.

® M1 forP(2) + P(3). May be implied by correct answer of 0.05
Al for0.05 only.
Correct answer only can score full marks in parts (b). (c). (f) and (g)





image69.jpeg
Question

Scheme

Number Marks
@
030 bike owner
0 73/w owner . B1
— (0.70) not bike owner zZ B1
— 085 -
(022) pof car owner — bike owaer = Bl
m ot bike owner ES
@)
(b) | P(car or bike but not both)=0.78x0.70+0.22x0.85=0.733 M1A1
@
M1AL
O | (plearibike)] =2 0bke) | 078x030 55500
P(bike)  0.78x0.30+0.22x0.85
awrt 0.556 | A1
@)
(@) | P(bike)=0.78x0.30+0.22x0.85=0421. P(not bike) = 1 - 0.421 M1
0.421x0.579+0.579x0.421 dm1
= 0487518 awrt04s8 (Al @)

[Total 11]
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Notes

(a) [ 1"B1 for a (2+4) tree with 6 branches

2*4B1 for 0.78 with label

3Bl for0.30 and 0.85 with label

() | M1 for correct expression of follow through their correct tree branches
Al for0.733 or exact equivalent e.g. 25 and allow 73.3%

1 product
sum of 2 products
With at least 2 products correct or correct ft. Ratio must be smaller than 1
1" A1 for finding the denominator correctly. Fully correct expression or = 0.421 (0e)
2" A1 for awrt 0.556 or exact equivalent e.g. 2 and allow 55.6%

e

(9| M1 fora correct expression correct ft or correct formula and

@ | M1 fortheir P(bike)x (1-P(bike))
dMm1  for x2
Al for awrt 0.488
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Question
N Scheme Marks
@ | PAUB)=0354045-0.13 o, 03140134032 M1
.61 a1
@
’ P(4B)
P4 |B) =22 05)
() | P B) PE) M1
=3 o6 Al
5
@
© | PBAC)=045%02 M1
Al
@
Allow 1 B for 3 inersecting circes in
‘2 box with zeros in the regions for Bl
@ 4nC e
Do not accept ‘blank for zero B
@
© | P(BUCY=022+022 or 1-[0.56] or 1-[0.13+0.23+0.09+0.11] oe. | M1
Al @
12
Notes
NB May see Venn diagram for A and B only used for (s) and (b) but M marks are awarded for
correct expressions only. No ft from an incorrect diagram for M marks
(@) | M1 for attempt to use the addition rule. Correct substitution i.e. correct expression seen
AL for 0.67 only. Comect answer only scores 2/2
(b) | M1 for a correct ratio of probabilities or a comrect formula and at least one correct prob.
For a comrect formula allow “1 — their (a)" istead of 0.3 but not for corect ratio case.
Do not award for assuming independence i.e. 572> = £ is MO. MO if num>denom
AL for 3/5 or any exact equivalent.
© | M1 for correct expression. Need correct values for P(8) and P(C) seen
Al for 0.09 or any exact equivalent. Correct answer only s 2/2
@ Nolabels 4, B, Cin (d) loses 1* B but can score the other 3 by implication

©

Bl forboxwith Bintersecting 4 and Cbut C not intersecting A. No box is BO
BIR for 0.13 and their 0.09 in comect places. [ P(BNC) from ()]

Bl forany2of022, 022 0.1 and 023 correct

Bl forall 4 values correct

M1 for a comect expression or follow through from their Venn diagram
NB P(B)xP(C))=0.55x0.8 is OK. Donot ft “blank” for zero and MO for negative probs
Al for 0.4 only. Correct answer only is 2/2
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[Question| Scheme Wiaris
@
07_ spln 002y Suape | B1
PoorSching e i
o
OF™ Nosgia ong) Labels&07002 | BI
@
i Seln (00198
NoPoor Stcing
(055 Nospl(0.9506)
©) | P(Exacily one defec) = 0.03x0.3+057x0.02 or P(PSU i) ~2P(PS ) | MIAIR
0009 + 00191 -] 00288 Aao @)
© | P(No defcts) - (1-0.08)(1-0.02)x(1-005) (or beter Mt
0307 awrt 0903 Ao @)
@] P(Exactly one defect) - (b)x{1-005) + (1-0.03)<(1-0.02)0.05 MM
00281 X095 +0.97 X096 0.05 A
1002688 - 0.04753] - 007451 awet 00785 | Alcao (1)
2y
Wotes

“lfow MR of 02 or 0,02 003 for 003 on ree dlageai (0 score all M and AT marks only
(@ PBIfor 2 branch then 4 branch shape

2 dB1 dep.on 1= BI for labels showing stiching (accept eers) and 0.03 vlue corectly placed
A1 dep. on 1* B forlbels showing spling and 0.7 and 0.02 comecly placed
probabilies shown i brackets are ot require and any such values gven can be ignored in (1]

©) M1 for 0.03x p+0.02x g where pand g follow from thee tree diagram. Extra erms 1s M0
AU fora fully correct expresson. Accept 1~0.7 for 03 and 1-0.03 for 097
Follow through 0.2 and 0.3 MR only
MR [ 02 for 002 —0.203 or 03 for 0.03 — 0104 of boih — 0.23 should score MIAIAO
24 Alcao for 0.0284 only (orexact equivalent such as 2 )

Do not allow 0.5 as MR of 005 50 50 M or A marks in ¢ o (0)
(© M1 for Gheir0.97) heie 0.98) < (1-0.05) or beter) 1. values from thei e dagram
Alco  forawn 0503

(@ P*MI o one corect tple (o corect t from their tre) of
[0.03%0.3x 1-0.09 | +[0.97x0.02% 1-0.09 | +]0.57x0.98x0.03]

2M1 o two correct rples or correctf from the tree and adding o thels () x(1-0.05)

1A foraflly correct expresion or 1. thee (5)and 0.2 or 0.3 MR only

MR [ 02 for 002 —0 23165 or 0.3 for 0030, 1331 or both—0 2465 (or awr 30) scores MIMIAIAO

F*Alcao forawrt 00745
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Question

Number Marks
(a
bon 2.1 (81
373
2e
9
32
both 2.2 | B1
58
all three of ; 81
“4)
12 1 Bl for — B1 M1 AT
()| P(4)=P(RR)+PUT) = x4 -
once
il M for at least 1 case of 3 balls
@ | P3) = P(RRR) - RIR) + ORR) <20V | il e LR TS | o
: "] -2 ® M1,A1
~5 JAleso

3)
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M1 for identifying both cases and +

(@ | P4 B)=P(RRR)+POR) prob M
may by by correct expressions
Alcso
2)
(e)| P(UB) = P(A) +P(B) - PANB) Must have some attempt touse | M1

Alcao

2)
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Question

Number Marks.
® Probabilities must
P(RRR) come from the | M1
s product of 3 probs. | Alft
PRRGSETT from theirtree | A1 ca0

dingram.

3)

(17

Notes

(b)

MI__for both cases. and . attempted. ft their values from tres diagram. May be 4 cases
of 3 balls.

()

2™ M1 for all 4 correct expressions. ft their values from tree diagram. Al is cso

(e)

M1 for clear attempt to use the correct formula, must have some correct substitution. ft

their (b)

®

Ml for identifying the correct probabilities and forming appropriate fraction of probs.
1" Alft for a correct expression using probabilities from their tree

Accept exact decimal equivalents. Correct answer only is full marks except in (¢) and
(d)
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Question

Number Seheme Marks
@ [[P(=1-018-022] = 06 (or exact equivalent) B1
&y
®)| P(4UB)="06"+022 =082 (or exact equivalent) BIft
@
© ‘Establish independence
x=P(4nB) |Use P(B)P(A'|B)=P(4'B) before o after 1 Mland
score marks for (&) (RHver) | ypy
x
= P(B)x[1-06]=022
w0508 (B)x[! ] Find P(B)
x=06x+0.132 | Use P(4 B) =P(4| B)P(B) Use P(BP(4) =P(4B) .
1
04r=0132 | PUNB)=06x055 P B)=0.6x055
0.33 (or exact equivalent) Alcso
@
@| PB)=055
P(B)xP(4)=0.55%0.6 or stating P(4) = P(418) [= 0.6] M1
=033
P(B)xP(4)=P(415) or P(4) = P(4IB) Alcso
therefore (statistically) independent therefore (statistically) independent @

Total 7
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Notes

®)

©

@

BIft  fortheir (a) + 022 or 1 ~ P(4'n5’) Do not f their (a) if it is > 0.78

NB 3 versions for (c). Check carefully that Ms are genuinely scored.
55 check

Look out for assuming independence and if you see P(B) = derived properly

1* M1 fora comrect equation for x e ¢

=06 or a correctly derived equation for P(B)
022

2™ dM1 for solving to get in form kx = L or correct use of P(8) to find P(A~ B)[2* or 3 ver]
or P(4nB)=P(B)-022

Aleso for 0.3 Dep. on both Ms and no incorrect working seen.

M1 for finding P(B)x P(4)= 0.3 (values needed) or stating P(4) = P(415) (= 0.6 not needed)

Alcso for a correct statement: P(B)x P(4) = P( 4 B) or P(4) = P(4)B) and stating independent

NB The M1 in () using P(4 B) requires P() = 0.5
‘There is no ft of an incorrect P(5)
Full marks in (d) is OK even if 0/3 in (¢)

{This Venn diagram may be helpful }
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Question

Number Scheme Marks
@ M1, Al
@
®) M1, Al
@
© 50 M1, Aleso
@
@ Var(s) =9.45 ~(E(S))’. or % (accept awrt 2.95) | M1. Al
@
© P(sand5)= (3). =4 or004 2eLAL
@
® P@.4.2) = () xdx3 (=003 0r ) D, T
P4.4.4) =( ) (=0.008 or &) B1
P(Tom wins in 3 spins) = 0.038 Al
@
® |P(3n505)+P5A5AS)=4x(4) x2 =00640r M1, ML AL
i (]
17
Notes
(@) | MI for clear attempt to use sum of probabilities = 1 (fractions or decimals) Ans only 2/2
(®) M1 foratleast 2 correct terms (0) of the expression. 2.55 with no working scores MIA1
Any division by k (usually 5) in (b) or (c) or (d) scores MO
(© |MI  foratleast3 correct. non-zero terms of the expression seen. allow decimals.
Aleso for the full expression (with 9.45) seen. Must be cso but can ignore wrong p.
(@ |M1  foracomect expression (9.45 seen), can ft their E(S). May see 3" (x—"2.55")? x P(X
Al acceptawrt 2.95 Answer only can score M1 for correct ft and A1 for awrt 2.95
Answer only in (¢) and (f) is full marks, in (g) is no marks
© [M1 for (g)z Condone P(5)xP(5)=0.25x0.25. [Beware 0.4 is A0]
@ [ 1M1 for (1) x4 or 0.01seen
2™ M1 for multiplying a p’q probability by 3(p, g& (0.1)). B1 for (0.2)} or better seen
@ | 1M1 for £x(4)7 orall cases considered and correct attempt at probabilities

2 M1 for multiplying a_p*(1- p) probability by 2. Beware (0.4)° = 0.064 is MOM0AO





