

Topic 2 - Conditional Probability
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Teacher Notes
These Bronze, Silver and Gold worksheets are designed to be used either straight after the content has been taught or as part of a skills gap analysis.
They are drawn from the latest specification questions and legacy questions. The papers are between approximately 25 and 45 marks.
The topic number on this worksheet relates to the corresponding chapter in the ‘Pearson Edexcel A Level Mathematics: Statistics and Mechanics Year 2’ textbook. 
Quick Links  
(Press Ctrl, as you click with your mouse to follow these links)
· Bronze Questions
· Bronze Mark Scheme
· Silver Questions
· Silver Mark Scheme
· Gold Questions
· Gold Mark Scheme
Extension and Enrichment
If you have students that have enjoyed the challenge of the Gold questions, then they should have a go at the more challenging question from our Advanced Extension Award (AEA) papers. The Mathematics AEA is a single, 3 hour non-calculator paper, taken at the end of year 13. It helps students to develop high level problem solving and proof skills. It is entirely based on the content of the A Level Mathematics Course. No extra material needs to be covered to take the AEA in Mathematics. A second important difference is that marks are awarded for the clarity and quality of their solution. Developing this key skill, alongside the extra problem-solving experience, can pay dividends in the way they approach A Level Mathematics and Further Mathematics problems.
More information about the Advanced Extension Award can be found here on the Pearson Edexcel Website, or here on the Maths Emporium
[bookmark: BrQue][image: http://abbot.us/DD629/official/star_bronze.gif]Bronze Questions						 
Calculator
The total mark for this section is 37
Q1
 
Three bags, A, B and C, each contain 1 red marble and some green marbles.
Bag A contains 1 red marble and 9 green marbles only
Bag B contains 1 red marble and 4 green marbles only
Bag C contains 1 red marble and 2 green marbles only
Sasha selects at random one marble from bag A. 
If he selects a red marble, he stops selecting. 
If the marble is green, he continues by selecting at random one marble from bag B. 
If he selects a red marble, he stops selecting. 
If the marble is green, he continues by selecting at random one marble from bag C.
(a)  Draw a tree diagram to represent this information.
(2)
(b)  Find the probability that Sasha selects 3 green marbles.
(2)
(c)  Find the probability that Sasha selects at least 1 marble of each colour.
(2)
(d)  Given that Sasha selects a red marble, find the probability that he selects it from bag B.
(2)
 (Total for Question 1 is 8 marks)
__________________________________________________________________________



Q2

A survey of the reading habits of some students revealed that, on a regular basis, 25% read quality newspapers, 45% read tabloid newspapers and 40% do not read newspapers at all.
(a)  Find the proportion of students who read both quality and tabloid newspapers.
(3)
(b)  Draw a Venn diagram to represent this information.
(3)
A student is selected at random. Given that this student reads newspapers on a regular basis,
(c)  find the probability that this student only reads quality newspapers.
(3)
 (Total for Question 2 is 9 marks) __________________________________________________________________________

Q3 






On a randomly chosen day the probability that Bill travels to school by car, by bicycle or on foot is ,  and  respectively. The probability of being late when using these methods of travel is ,  and  respectively.
(a)  Draw a tree diagram to represent this information.
(3)
(b)  Find the probability that on a randomly chosen day
      (i)  Bill travels by foot and is late,
      (ii)  Bill is not late.
(4)
(c)  Given that Bill is late, find the probability that he did not travel on foot.
(4)
(Total for Question 3 is 11 marks)
___________________________________________________________________________


Q4

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 for Question 4 is 9 marks)
 __________________________________________________________________________
End of questions
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Calculator
The total mark for this section is 34
Q1 

The Venn diagram shows the probabilities associated with four events, A, B, C and D.
[image: ]
(a)  Write down any pair of mutually exclusive events from A, B, C and D.
(1)
Given that P(B) = 0.4
(b)  find the value of p.
(1)
Given also that A and B are independent
(c)  find the value of q.
(2)
Given further that P( B' | C ) = 0.64
(d)  find
(i)  the value of r,
(ii)  the value of s.
(4)
 
(Total for Question 1 is 8 marks)
__________________________________________________________________________




Q2 
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 for Question 2 is 7 marks)
__________________________________________________________________________


Q3
A disease is known to be present in 2% of a population. A test is developed to help determine whether or not someone has the disease.
Given that a person has the disease, the test is positive with probability 0.95.
Given that a person does not have the disease, the test is positive with probability 0.03.
(a)  Draw a tree diagram to represent this information.
(3)
A person is selected at random from the population and tested for this disease.
(b)  Find the probability that the test is positive.
(3)
A doctor randomly selects a person from the population and tests him for the disease. Given that the test is positive,
(c)  find the probability that he does not have the disease.
(2)
(d)  Comment on the usefulness of this test.
(1)
 
(Total for Question 3 is 9 marks)
__________________________________________________________________________


Q4

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.
[image: ]
One of these students is selected at random.
(a)  Show that the probability that the student reads more than one magazine is [image: ]
(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 for Question 4 is 10 marks)
__________________________________________________________________________
End of questions
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Calculator 
The total mark for this section is 30

Q1
Given that
[image: ]
find
(a)   P(A′ | B′).
(2)
(b)   Explain why the events A and B are not independent.
(1)
The event C has P(C) = 0.20.
The events A and C are mutually exclusive and the events B and C are statistically independent.
(c)   Draw a Venn diagram to illustrate the events A, B and C, giving the probabilities for each region.
(5)
(d)   Find P( [B ∪ C]′).
(2)
 
(Total for Question 1 is 10 marks)
__________________________________________________________________________
 


Q2 
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.
[image: ]
(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 2 is 13 marks)
__________________________________________________________________________
 



Q3

(a)  Given that P(A) = a and P(B) = b express P(A ∪ B) in terms of a and b when
      (i)  A and B are mutually exclusive, 
      (ii)  A and B are independent.
(2)
Two events R and Q are such that
P(R ∩ Q´ ) = 0.15,    P(Q) = 0.35 and P(R|Q) = 0.1
Find the value of
(b)  P(R ∪ Q),
(1)
(c)  P(R ∩ Q),
(2)
(d)  P(R).
(2)
(Total for Question 3 is 7 marks)
__________________________________________________________________________
End of questions
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Al | This mark is given for the correct
probability that Sasha selects three
marbles
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Hotes:

(@)

(b)

(e)

B1 for 0.6

It for use of P(Q)+P(T)-P(@NT)=
0.1 Corract answer only for Al
Alternative:

(25+45+40<)110% B1

110-100=10% M1AT

0.1 stated clearly as the final answer with no working gets 3/3

Two intersecting closed curves for M1, no box required.

At loast one label (Q or T) required for first Al.

Follow through (0.25-"their 0.1’) and (0.45-*their 0.1°) for Al.

0.4 and box required, correct answer only for B1

Using %, whole numbers in Venn diagram without % sign, whole numbers in correct
ratio all 0K

Require fraction with denominator 0.6 or their equivalent from Venn
diagram for M1

Follow through their values in fraction for A1

Final Al is correct answer only.

Lo working no mar
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Question Marks
@
Conrect tree 81
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Probabilities
on correst
branches L
©)
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(i) | © M
A
@
©|rEn Attempt correct conditional probability but see notes | g
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)
1
Notes [ Exact decimal equivalents required throughout if fractions not used e.g. 2(b)(i) 0.03
Correct path through their tree given in their probabilities award Ms
2(a) All branches required for frst B1. Labels can be words rather than symbols for
second B1. Probabilities from question enough for third B ic. bracketed
probabilities not required. Probabilities and labels swapped i.c. labels on branches and
probabilitics at end can be awarded the marks if correct.
2(b)(i) Comrect answer only award both marks.
2(b)(ii) At least one correct path identified and attempt at adding all three multiplied
pairs award M1
2(c) Require probability on numerator and division by probability for M1 Require
‘mumerator correct for their tree for M1
Correct formula seen and used. accept denominator as attempt and award M1
No formula, denominator must be correct for their tree or 1-(if) for M1
1/30 on numerator only is MO, P(L'F") is MO.
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Necba Scheme Marks
Number
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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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Figure 1
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Scheme Marks | AO
@|4.C ot D.B o D.C Bl 12
(6]
®) |[p=04-0.07-024=] 0.09 Bl L1b
(6]
(¢) | 4 and B independent implies L1b
P(4)x0.4=024 or (q+0.16+0.24)x0.4=024 | M1
s0P)=06 andgF020 |Aleso | qp
@
(@@ 9 r r
P(B'|C)=0.64 gives =064 or ————=064
(B'/C) dives o o M1 3.1a
0.64r +0.64p" 50 0.36r=0.0576 sor = 0.16 Al L1b
(if) | Using sum of probabilities = 1 e.g. “0.6” + 0.07 +%0.25” +s =1 M1 L1b
so 5=0.08 Al L1b
“@

(8 marks)
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Notes

(a) | Bl for one correct pair. If more than one pair they must all be correct.
Condone in a correct probability statement such as P(4nC) =0
or correct use of set notation e.g. ANC=0
BUT e.g. “P(d) and P(C) are mutually exclusive” alone is BO
(b) | B for p=0.09 (Maybe stated in Venn Diagram [VD])
[ If values in VD and text conflict. take text or a value used in a later part]
(&) | M1 fora correct equation in one variable for P(4) or g using independence
or for secing both P(4~ B)=P(4)xP(B) and 0.24=0.6x0.4
Aleso  for g=0.20 or exact equivalent (dep on correct use of independence)
Beware, Use of P(4) = 1 — P(B) = 0.6 leading to g = 0.2 scores MOAO
()@ | 1M1 for use of P(B'|C)=0.64 leading to a correct cquation in  and possibly p.
Can ft their p provided 0 <p < 1
1Al forr=0.16 or exact equivalent
(i) | 2" M1 for use of total probability = 1 to form a linear equation in s. Allow p. g. r etc

Can follow through their values provided each of p. g. r are in [0, 1)
2" A1 fors=0.08 or exact equivalent
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@
© ‘Establish independence
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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 }





image24.jpeg
Question
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@
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ALQ)
0.607
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(9 marks)
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Number
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2 5L e given answer)
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(B)x P(C) 370
Soyes they are staisically independent Aeso
@)
Total 10
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@ 20
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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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Scheme

Marks  AOs

@ NA'IBOZW % M1 3la
% or 0.6 Al 11b

@
®  |eg P(A)xP(B)=3xL=5#P(AnB)=013=2 - s
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© B1 25
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(10 marks)





image29.jpeg
Notes:

@
MI:  fora correct ratio of probabilities formula and at least one correct value.
Al:  acorrect answer
®)
for a fully correct explanation: correct probabilities and correct comparisons.
©
BI: for box with B intersecting 4 and C but C not intersecting A.( Or accept three
intersecting circles, but with zeros entered for 4~ C and AnBAC)No box is BO
M1:  for method for finding P(BC)
AL: for0.09
MI:  for 0.13 and their 0.09 in correct places and method for their 0.23
Al: fully correct
@
for a correct expression — ft their probabilities from their Venn diagram.

cao
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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
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06
AL
“@
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u AlR
@
P(DNRNB) 027
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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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(© [PR Q) =PRIQ) x P(Q)
=0.1x 0.35 L
=0.035 0.035 A1
@
@|P®RUQ)=P(R)+ P(Q)~P(RNQ) OR P(R)=PR~Q)+P(RNQ) Ll
15+their (c)
05 =P(R)+0.35-0035 15+0.035
P(R) =0.185 = 0.185 0.185 | A1
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Special Case
If answers to (i) and (ii) are

(i) P(A)*P(B) and (ii) P(4)*P(B)-P(AIP(B)
award BOB1
7(a)(i) and (i) answers must be clearly labelled or in correct order for marks to be
awarded.
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