SL Paper 1

The Venn diagram below shows events 4 and B where P(4) = 0.3, P(AU B) = 0.6 and P(AN B) = 0.1 . The values m , n, p and g are

probabilities.
A B
q
a(i) @nd (iWrite down the value of 72 . [4]
(i) Find the value of m , of p,and of ¢ .
b. Find P(B') . (2]

Markscheme

a(i) @por(: 0.1 A1 NI
(i) m=02,p=03,9g=04 AI4141 N3
[4 marks]

b. appropriate approach
eg.P(B)=1-PB),m+q,1—(n+p) M)
P(B)=06 AI N2
[2 marks]

Examiners report

a(i) Bfektigandidates were able to find the correct values for the Venn diagram. Unfortunately, however, there were many candidates who did not
understand what each region of the diagram represents. For example, a very common error was thinking that P(B) = p, rather than the correct

P(B)y=p+n.

b. Candidates seemed to understand the idea of the complement in part (b), but some were not able to find the correct answer because of

confusion over the separation of the different regions in the diagram.



A box contains six red marbles and two blue marbles. Anna selects a marble from the box. She replaces the marble and then selects a second

marble.

a. Write down the probability that the first marble Anna selects is red. (1]
b. Find the probability that Anna selects two red marbles. [2]
c. Find the probability that one marble is red and one marble is blue. (3]
Markscheme

a. Note: In this question, method marks may be awarded for selecting without replacement, as noted in the examples.

P(R)=5(=F) 41 M

[1 mark]

b. attempt to find P(Red) x P(Red) (M1)
e.g. P(R) xP(R),%x%,gx %
P(2R) = %(: —) Al N2
[2 marks]

¢. METHOD 1

attempt to find P(Red) x P(Blue) (M1)

)
e.g. P(R) xP(B),%x%,gx %
recognizing two ways to get one red, one blue (M1)

e.g.P(RB)+P(BR),2<E) ,%X%Jr% x%
P(IR,1B) = %(=3) 41 N2

[3 marks]

METHOD 2

recognizing that P(1R,1B) is 1 — P(2B) — P(2R) (M1)
attempt to find P(2R) and P(2B) (M1)

e.g. P(2R) = % X % ,

[3 marks]

Examiners report

a. Candidates did very well on parts (a) and (b) of this probability question.



b. Candidates did very well on parts (a) and (b) of this probability question, and knew to multiply the probabilities of independent events in part
(b). However, in part (c), very few candidates considered that there are two ways to draw one red and one blue marble, and therefore did not

earn full marks on this question. There were also some candidates who tried to add, rather than multiply, the probabilities in parts (b) and (c).

c. Candidates did very well on parts (a) and (b) of this probability question, and knew to multiply the probabilities of independent events in part
(b). However, in part (c), very few candidates considered that there are two ways to draw one red and one blue marble, and therefore did not

earn full marks on this question. There were also some candidates who tried to add, rather than multiply, the probabilities in parts (b) and (c).

Consider the events 4 and B, where P(A4) = 0.5, P(B) =0.7and P(AN B) =0.3.

The Venn diagram below shows the events 4 and B, and the probabilities p, g and r.

a(),Wiiaad@in the value of
i p;
(i) q;
(iii) 7.

b. Find the value of P(A|B’) .

c. Hence, or otherwise, show that the events 4 and B are not independent.

Markscheme

a()(liymed iz 41 NI
(i)g=0.4 Al NI
(iliyr =01 AI NI
[3 marks]
b. P(A|B) =32 42 N2
2

Note: Award A1 for an unfinished answer such as % .

[2 marks]

c. validreason RI

(3]

2]

(1]



e.g 2 #0.5, 035 % 0.3
thus, 4 and B are not independent AG N0
[1 mark]

Examiners report

a(i).Ai§) erdd@fiinitions of p and ¢ were not clear to candidates, both responses of p = 0.2, ¢ = 0.4 and p = 0.5, ¢ = 0.7 were accepted for full

marks. However, finding » eluded many.

b. Few candidates answered the conditional probability correctly. Many attempted to use the formula in the booklet without considering the

complement, and there was little evidence of the Venn diagram being utilized as a helpful aid.

c. To show the events are not independent, many correctly reasoned that 0.3 # 0.35 . A handful recognized that P(A|B’) # P(A) is an
alternative approach that uses the answer in part (b). Some candidates do not know the difference between independent and mutually

exclusive.

Letf(m):%xz+km+8,wherekeZ.

a. Find the values of k such that f(z) = 0 has two equal roots.

b. Each value of k is equally likely for —5 < k < 5 . Find the probability that f(z) = 0 has no roots.

Markscheme

a. METHOD 1

evidence of discriminant  (M1)

e.g. b? — 4ac, discriminant = 0

correct substitution into discriminant A1
eg k?—4x 1t x8,k~16=0
k=44 AlAl N3

METHOD 2

recognizing that equal roots means perfect square  (R1)

1

e.g. attempt to complete the square, 5(9[:2 + 2kz + 16)

correct working

e.g. %(m + k)2, %k2 =8 Al
k=44 AI14A1 N3

[4 marks]

b. evidence of appropriate approach  (M1)

e.g. b —4ac<0

(4]

(4



correct working fork A1

eg —4 < k<4,k <16, list all correct values of k
p=1 A2 N3

[4 marks]

Examiners report

a. A good number of candidates were successful in using the discriminant to find the correct values of & in part (a), however, there were many

who tried to use the quadratic formula without recognizing the significance of the discriminant.

b. Part (b) was very poorly done by nearly all candidates. Common errors included finding the wrong values for £, and not realizing that there

were 11 possible values for £.

Let X be normally distributed with mean 100 cm and standard deviation 5 cm.

a. On the diagram below, shade the region representing P(X > 105) . [2]
b. Given that P(X < d) = P(X > 105) , find the value of d . 2]
c. Given that P(X > 105) = 0.16 (correct to two significant figures), find P(d < X < 105) . 2]

Markscheme

AIAl N2

Note: Award A1 for vertical line to right of mean, A1 for shading to right of their vertical line.
b. evidence of recognizing symmetry (M)

e.g. 105 is one standard deviation above the mean so d is one standard deviation below the mean, shading the corresponding part,
105 — 100 = 100 — d

d=95 Al N2
[2 marks]



c. evidence of using complement (M1)

eg.1-032,1—-p
P(d < X <105)=0.68 A1 N2
[2 marks]

Examiners report

a. Most candidates did very well on part (a), shading the area under the normal curve.

b. Not all candidates realised that the problem could be solved by only using the symmetry of the normal distribution curve and the information

given. Some of them saw the need to use tables and others just left it blank.

Candidates were only moderately successful on parts (b) and (c), which required understanding of the symmetry of the curve. Many candidates
resorted to formulae or tables instead of reasoning through the question.

c. Not all candidates realised that the problem could be solved by only using the symmetry of the normal distribution curve and the information

given. Some of them saw the need to use tables and others just left it blank.

Candidates were only moderately successful on parts (b) and (c), which required understanding of the symmetry of the curve. Many candidates
resorted to formulae or tables instead of reasoning through the question.

The ages of people attending a music concert are given in the table below.

Age 152x<19 |19=x<23 |23=x<27|27=x<31 |31=2x<35
Frequency 14 26 52 52 16
Cumulative 14 40 92 » 160
Frequency
a. Findp . [2]

b() 8hd Giymulative frequency diagram is given below. (5]
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Age

Use the diagram to estimate
(i) the 80th percentile;

(i) the interquartile range.

Markscheme

a. evidence of valid approach  (M1)

e.g. 92 + 52, line on graph at ¢ = 31
p=144 Al N2
[2 marks]

b(i) @peidlence of valid approach  (M1)

e.g. line on graph, 0.8 x 160 , using complement

=295 Al N2

(i) Q1 =23;Q3=29 (A)(A])

IQR = 6 (accept any notation that suggests an interval) A1 N3
[5 marks]

Examiners report

a. Part (a) was generally answered correctly, with most candidates showing a good grasp of cumulative frequency from a table.



b(i) Arghfiprising number of candidates had difficulty reading values off the cumulative frequency curve. A common incorrect answer for (b)(i) was

29, indicating carelessness with the given scale. Too many candidates gave 40 and 120 for the quartile values.

The letters of the word PROBABILITY are written on 11 cards as shown below.

P/ ROBABIT L I TY

Two cards are drawn at random without replacement.
Let 4 be the event the first card drawn is the letter A.

Let B be the event the second card drawn is the letter B.

a. Find P(4) .
b. Find P(B|A).

c. Find P(AN B).

Markscheme

a. P(A)=+ Al NI
[1 mark]
b. P(B|A) = = A2 N2
[2 marks]
c. recognising that P(A N B) = P(A) x P(B|A) (M1)

correct values (A1)
eg. P(ANB) = % x =
P(ANB)=3; Al N3

[3 marks]

Examiners report

a. Most candidates answered part (a) correctly.

b. Few candidates used the concept of "B given A" to simply "write down" the answer of 1—20 . Instead, most reached for the formula in the

booklet, with which few were successful.

c. Few also made the connection that part (c) could be answered using both previous answers. Many found P(A N B) correctly even when

answering part (b) incorrectly, although some candidates did not decrease the denominator for the second event.

(1]

2

K]



The random variable X is normally distributed with a mean of 100. The following diagram shows the normal curve for X.

R
] 107 X
Let R be the shaded region under the curve, to the right of 107. The area of R is 0.24.
a. Write down P(X > 107). (1
b. Find P(100 < X < 107). [3]
c. Find P(93 < X < 107). [2]

Markscheme
a P(X >107) =024 (=g, 24%) A1 N1
[1 mark]

b. valid approach  (M1)

eg P(X > 100) = 0.5, P(X > 100) — P(X > 107)
correct working (A1)
eg 0.5—0.24, 0.76 — 0.5
P(100 < X < 107) = 0.26 (: 5 26%) A1 N2
[3 marks]
c. valid approach  (M1)
eg 2x0.26, 1 —2(0.24), P(93 < X < 100) = P(100 < X < 107)
P(93 < X < 107) = 0.52 (: L 52%) A1 N2

[2 marks]

Examiners report

o IN/A]
b, IN/A]

o, INVA]

A four-sided die has three blue faces and one red face. The die is rolled.



Let B be the event a blue face lands down, and R be the event a red face lands down.

a. Write down (2]
(i) PB);
(i) PR).

b. If the blue face lands down, the die is not rolled again. If the red face lands down, the die is rolled once again. This is represented by the [2]

following tree diagram, where p, s, ¢ are probabilities.

B

Find the value of p, of s and of ¢.

c. Guiseppi plays a game where he rolls the die. If a blue face lands down, he scores 2 and is finished. If the red face lands down, he scores 1 ~ [3]

and rolls one more time. Let X be the total score obtained.

(i) Show that P(X =3) = - .
(i) Find P(X = 2).

d. (i) Construct a probability distribution table for X. [5]
(i) Calculate the expected value of X.
e. If the total score is 3, Guiseppi wins $10. If the total score is 2, Guiseppi gets nothing. [4]

Guiseppi plays the game twice. Find the probability that he wins exactly $10.

Markscheme
a ()PB)=3 Al NI

(i) PR)=T AI NI

[2 marks]

b.p=3 Al NI

s= % t=3 A1 NI
[2 marks]
c. ()P(X=3)

=P (gettingland 2) = ; x 3 AI

=32 4G No

()P(X=2)=1x++3 (01‘1—%) (A1)



13
=5 Al N2

[3 marks]

d. (i)

X

2
(oY}

A2 N2

p—
(O8]
(O8]

P(X =x)

16

(ii) evidence of using E(X) = > 2P(X =z) (M1)
13 3

B(X)=2(3) +3(5) @D

35 3
=% (=28) a1 W2

[—
N

[5 marks]
e. win $10 = scores 3 one time, 2 other time  (M1)

P(3) xP(2) = i—z X % (seen anywhere) Al

evidence of recognising there are different ways of winning $10 (M1)

13 3 36 3 36 3
e.g. P(3) x P(2) + P(2) xp(g),z(E X E),ﬁ+ﬁ+%+ﬁ

P(win$10) = 35 (= 55) Al N3

[4 marks]

Examiners report

a. This was the most difficult of the extended response questions for the candidates. Finding s and ¢ correctly in part (b) was difficult, with many
confused between writing appropriate probabilities on a single branch compared to at the final end of a multiple branch. Many candidates had
no idea what to write for a probability distribution and those who did often had probabilities that did not sum to 1. Candidates who wrote a
probability distribution often could correctly compute the expected value. The final part was the most challenging, but some good answers

were seen. The most common error was not recognizing that there were two different ways of winning.

b. This was the most difficult of the extended response questions for the candidates. Finding s and # correctly in part (b) was difficult, with many
confused between writing appropriate probabilities on a single branch compared to at the final end of a multiple branch. Many candidates had
no idea what to write for a probability distribution and those who did often had probabilities that did not sum to 1. Candidates who wrote a
probability distribution often could correctly compute the expected value. The final part was the most challenging, but some good answers

were seen. The most common error was not recognizing that there were two different ways of winning.

c. This was the most difficult of the extended response questions for the candidates. Finding s and ¢ correctly in part (b) was difficult, with many
confused between writing appropriate probabilities on a single branch compared to at the final end of a multiple branch. Many candidates had
no idea what to write for a probability distribution and those who did often had probabilities that did not sum to 1. Candidates who wrote a
probability distribution often could correctly compute the expected value. The final part was the most challenging, but some good answers

were seen. The most common error was not recognizing that there were two different ways of winning.



d. This was the most difficult of the extended response questions for the candidates. Finding s and ¢ correctly in part (b) was difficult, with many

confused between writing appropriate probabilities on a single branch compared to at the final end of a multiple branch. Many candidates had

no idea what to write for a probability distribution and those who did often had probabilities that did not sum to 1. Candidates who wrote a

probability distribution often could correctly compute the expected value. The final part was the most challenging, but some good answers

were seen. The most common error was not recognizing that there were two different ways of winning.

e. This was the most difficult of the extended response questions for the candidates. Finding s and ¢ correctly in part (b) was difficult, with many

confused between writing appropriate probabilities on a single branch compared to at the final end of a multiple branch. Many candidates had

no idea what to write for a probability distribution and those who did often had probabilities that did not sum to 1. Candidates who wrote a

probability distribution often could correctly compute the expected value. The final part was the most challenging, but some good answers

were seen. The most common error was not recognizing that there were two different ways of winning.

Jar A contains three red marbles and five green marbles. Two marbles are drawn from the jar, one after the other, without replacement.

Jar B contains six red marbles and two green marbles. A fair six-sided die is tossed. If the score is 1 or 2, a marble is drawn from jar A. Otherwise,

a marble is drawn from jar B.

a. Find the probability that

(i) none of the marbles are green;

(il) exactly one marble is green.

b. Find the expected number of green marbles drawn from the jar.

c. (i) Write down the probability that the marble is drawn from jar B.
(i)  Given that the marble was drawn from jar B, write down the probability that it is red.

d. Given that the marble is red, find the probability that it was drawn from jar A.

Markscheme

a. (i) attempt to find P(red) x P(red) (M1)

LA
56

P(none green) =

—~
| o

~—
N
~
S

(i) attempt to find P(red) x P(green) (M1)
15
56

5
X3

o] ot
| w
oo w

eg X =, >

recognizing two ways to get one red, one green (M1)

eg 2P(R)><P(G),%x%+%x%,%x%><2

(5]

K]

(2]

6]



P(exactly one green) = % (: %) Al N2

[5 marks]
b. P(both green) = % (seen anywhere)  (41)

correct substitution into formula for E(X) A1
6 30 20 30 , 50
eg 0X§+1X%+2X%,6—4+6—4

expected number of green marbles is % (: %) Al N2

[3 marks]
c. (i) P(jarB) =2 (: ;) Al NI

(i) P(red|jarB) = & (: ;) Al NI
[2 marks]

d. recognizing conditional probability (M1)

P(jar A and red)

eg P(AIR), P(red)

, tree diagram

attempt to multiply along either branch (may be seen on diagram) (M1)
eg P(jar A and red) = % X % (: %)

attempt to multiply along other branch (M1)

eg P(jar Bandred) = % X % (: %)

adding the probabilities of two mutually exclusive paths  (41)
eg P(red)zéx%—i-%xg

correct substitution

eg P(jar Ajred) =

w|—
X
oleo|eol =
wiro|oolew
X
wlo

P(jar Ajred) = 2 A1 N3

[6 marks]

Examiners report

a. Many candidates correctly found the probability of selecting no green marbles in two draws, although some candidates treated the second draw
as if replacing the first. When finding the probability for exactly one green marble, candidates often failed to recognize two pathways for

selecting one of each color.

b. Few candidates understood the concept of expected value in this context, often leaving this blank or treating as if a binomial experiment.

Successful candidates often made a distribution table before making the final calculation.

c. Most candidates answered part (c) correctly. However, many overcomplicated (c)(ii) by using the conditional probability formula. Those with a

clear understanding of the concept easily followed the “write down” instruction.



d. Only a handful of candidates correctly applied conditional probability to find P(A|R) in part (d). While some wrote down the formula, or drew

a tree diagram, few correctly calculated P(red) = % . A common error was to combine the marbles in the two jars to give P(red) = 1—96 .

Adam travels to school by car (C) or by bicycle (B). On any particular day he is equally likely to travel by car or by bicycle.

The probability of being late (L) for school is % if he travels by car.
The probability of being late for school is % if he travels by bicycle.

This information is represented by the following tree diagram.

: L
6
1 c
2
p
1
; 3
3 B
2
7 L
3
a. Find the value of p. [2]
b. Find the probability that Adam will travel by car and be late for school. [2]
c. Find the probability that Adam will be late for school. [4]
d. Given that Adam is late for school, find the probability that he travelled by car. [3]
e. Adam will go to school three times next week. [4]

Find the probability that Adam will be late exactly once.

Markscheme

a. correct working (A1)
eg 1-— %
5
p=¢ A1 N2
[2 marks]

b. multiplying along correct branches (A1)

[
=

eg X
P(CNL)= g Al N2
[2 marks]

c. multiplying along the other branch  (M1)



eg X

N| =
w| =

adding probabilities of their 2 mutually exclusive paths  (M1)

1 1 1 1
eg 5)(@"‘5)(3

correct working (A1)
eg % + %
P(L) =2 (: %) A1 N3
[4 marks]
d. recognizing conditional probability (seen anywhere) (M1)
eg P(C|L)

correct substitution of their values into formula (A1)

eg

ool
lel o=

P(C|L) =+ A1 N2
[3 marks]

e. valid approach  (M1)

1 1) (3)\% (3 .
eg X~ B (3, Z)’ (Z) (Z) 4 , three ways it could happen

correct substitution (A1)

3V /1\'/3\2 1 _3_3,3_1_3,3_3_1
eg (J(z) (z) g X gXgtgXgXgtgXgXg
correct working (A1)

1 9 9 9 9
eg 3(1) (1_6> wtatu

27
zz A1 N2

[4 marks]

Total [15 marks]

Examiners report

a. Parts (a) and (b) of this question were answered correctly by nearly all candidates, and the majority earned full marks on part (c), as well.

Unfortunately, there were a number of candidates who made arithmetic errors when multiplying or adding fractions.

b. Parts (a) and (b) of this question were answered correctly by nearly all candidates, and the majority earned full marks on part (c), as well.
Unfortunately, there were a number of candidates who made arithmetic errors when multiplying or adding fractions. Candidates were not as
successful in parts (d) and (e) of this question. Although many knew that conditional probability was necessary in part (d), many did not know to
use their values from parts (b) and (c), and started from scratch with brand new, and often incorrect, calculations for the numerator and
denominator. A majority of candidates did not recognize that binomial probability was needed in part (), not realizing that there were three ways for

" " : . 1.3 3
Adam to be "late exactly once". A very common incorrect solution to part () was 7 X 3 X 7 = =-.



c. Parts (a) and (b) of this question were answered correctly by nearly all candidates, and the majority earned full marks on part (c), as well.
Unfortunately, there were a number of candidates who made arithmetic errors when multiplying or adding fractions. Candidates were not as
successful in parts (d) and (e) of this question. Although many knew that conditional probability was necessary in part (d), many did not know to
use their values from parts (b) and (c), and started from scratch with brand new, and often incorrect, calculations for the numerator and

denominator. A majority of candidates did not recognize that binomial probability was needed in part (), not realizing that there were three ways for

X

Adam to be "late exactly once". A very common incorrect solution to part (e) was % X % % =

o

d. Parts (a) and (b) of this question were answered correctly by nearly all candidates, and the majority earned full marks on part (c), as well.
Unfortunately, there were a number of candidates who made arithmetic errors when multiplying or adding fractions. Candidates were not as
successful in parts (d) and (e) of this question. Although many knew that conditional probability was necessary in part (d), many did not know to
use their values from parts (b) and (c), and started from scratch with brand new, and often incorrect, calculations for the numerator and

denominator. A majority of candidates did not recognize that binomial probability was needed in part (), not realizing that there were three ways for

" " : . 1.3 3
Adam to be "late exactly once". A very common incorrect solution to part (¢) was 7 X 3 X 7 =

o

e. Parts (a) and (b) of this question were answered correctly by nearly all candidates, and the majority earned full marks on part (c), as well.
Unfortunately, there were a number of candidates who made arithmetic errors when multiplying or adding fractions. Candidates were not as
successful in parts (d) and (e) of this question. Although many knew that conditional probability was necessary in part (d), many did not know to

use their values from parts (b) and (c), and started from scratch with brand new, and often incorrect, calculations for the numerator and

denominator. A majority of candidates did not recognize that binomial probability was needed in part (), not realizing that there were three ways for

N0
|

" " : : 1.3
Adam to be "late exactly once". A very common incorrect solution to part () was 7 X 7 X e

a(i) Bag (#).contains three white balls and four red balls. Two balls are chosen at random without replacement. (5]

(1) Copy and complete the following tree diagram.

2 White
6
3 White
7
Red
White
id
7 Red
Red

(i) Find the probability that two white balls are chosen.

b. Bag A contains three white balls and four red balls. Two balls are chosen at random without replacement. [5]



Bag B contains four white balls and three red balls. When two balls are chosen at random without replacement from bag B, the probability

that they are both white is % .

A standard die is rolled. If 1 or 2 is obtained, two balls are chosen without replacement from bag A, otherwise they are chosen from bag B.

Find the probability that the two balls are white.

Bag B contains four white balls and three red balls. When two balls are chosen at random without replacement from bag B, the probability

that they are both white is % .

A standard die is rolled. If 1 or 2 is obtained, two balls are chosen without replacement from bag A, otherwise they are chosen from bag B.

Given that both balls are white, find the probability that they were chosen from bag A.

Markscheme

a(i) @iyd (ii).
2 Whit
6
E ol Whlte hh.h.k'x.
7 E-R,H_H.
/(___,,-"' 6 ~ Red
T~ 3 White
‘I.H—'Ex . .»-'ﬁ'/-—
E ) Red q:."/f.
- ~ Red
6

4, %and? (3, Jand}) AI4IAI N3

(i1) multiplying along the correct branches (may be seen on diagram) (A1)

2

3
eg - X 5

6 1
2(=1) a1 w2

[5 marks]
b. P(bagA) :% (: %) , P(bagB) :% (: %) (seen anywhere) (A1)(Al)

appropriate approach (M1)
eg. P(WWNA)+P(WW N B)

Bag A contains three white balls and four red balls. Two balls are chosen at random without replacement.

(4]



-
-
"
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-
<
1 -
- A ™
— - T
= .
- e
- -
S ..,
e .
o -
-
-
.
. 2 IW
-
- — -
T "
~. 7-
-
e -
— " -
-
3 B
-
-

correct calculation A1

2 8

1 2
roRvI

1 2
eg 3 Xz t+g X3z,

P(2W):%(: %) Al N3

[5 marks]

c. recognizing conditional probability (M1)

P(ANB) _ P(WWn4)
P(B) ° P(A|WW) - P(WW)
correct numerator (A1)
eg. PANWW) = % X %, %

correct denominator (A1)

eo 5 5
& 2537 371

probability 75 (= +) A1 N3

[4 marks]

Examiners report

a(i) Bart () of this question was answered correctly by the large majority of candidates. There were some who did not follow the instruction to

copy and complete the tree diagram on their separate paper, and simply filled in the blanks on the exam paper.

b. In part (b), many candidates struggled with finding the compound probability, and did not use the provided information in the appropriate

manner. Quite a few candidates seemed to be confused about when they should add the probabilities or when they should multiply.

c. In part (c), many recognized that the question dealt with conditional probability, and many tried to use the formula from the information
booklet, but failed to realize that they had already found the required values for the numerator and denominator in their working for part (b).

Throughout this question, it was discouraging to see the large number of candidates making arithmetic errors. There were a surprising number
of candidates who multiplied fractions incorrectly, or found an incorrect value for simple multiplication suchas 2 x 4 =6o0r6 x 7 =43 .

The following is a cumulative frequency diagram for the time #, in minutes, taken by 80 students to complete a task.



80

70

60

40

Number of students

10

10 20 30 40 50
Time f (minutes)

a. Find the number of students who completed the task in less than 45 minutes.

b. Find the number of students who took between 35 and 45 minutes to complete the task.

c. Given that 50 students take less than k£ minutes to complete the task, find the value of k.

Markscheme

a. attempt to find number who took less than 45 minutes  (M1)

eg line on graph (vertical at approx 45, or horizontal at approx 70)
70 students (accept 69) AI N2
[2 marks]

b. 55 students completed task in less than 35 minutes  (41)
subtracting their values (M1)
eg 70-55
15 students A1 N2

60

(2]
E]
2]



[3 marks]
c. correct approach (41)
eg line from y-axis on 50

k=33 A1 N2
[2 marks]

Examiners report

a. [N/A]
b [N/A]

o, INVA]

Let 4 and B be independent events, where P(A) = 0.6 and P(B) = z .

a. Write down an expression for P(AN B) . (1]
b(i)Giekfiifthat P(A U B) = 0.8 , 4]
(1) findx;

(i) findP(ANB).

c. Hence, explain why 4 and B are not mutually exclusive. (1

Markscheme
a. P(ANB) =P(A) x P(B)(=0.6z) A1 NI
[1 mark]
b() @ndvilence of using P(AU B) = P(A) + P(B) — P(A)P(B) (M1)
correct substitution A1
eg. 0.8=0.6+z—0.6z,0.2=04z
z=05 AI N2
(i)P(ANB)=03 41 NI
[4 marks]
c. valid reason, with referenceto P(ANB) RI NI
eg. P(ANB) #0
[1 mark]

Examiners report

a. This question was well done by most candidates.

b(i) Bhib (uestion was well done by most candidates. When errors were made, candidates confused the terms "independent" and "mutually

exclusive" and did not subtract the intersection when finding P(A U B) .



c. Candidates should also be aware of the command term "hence" used in part (c) where they were expected to provide a reason that involved

A discrete random variable X has the following probability distribution.

a.

P(A N B) from their work in part (b). It seemed that many turned to the formula in the booklet instead of considering the conceptual meaning

of the term.

x 0 1 2

,

P(X=x) 2 d =
10 10 10

Find p.

b. Find E(X).

Markscheme

a.

summing probabilitiesto 1 (M1)

eg, >,=1,3+44+24+2=10
correct working (A1)

3 4 2 9
E+1—O+ﬁ+p=1,p:1—1—0
p=+ A1 N3

[3 marks]

. correct substitution into formula for E(X) (A1)

eg 0(%) +...+3(p)
correct working (A1)

4 4 3
¢ wtwtio
E(X)=1 (1.1) A1 N2

[3 marks]

Total [6 marks]

Examiners report

a.

Most candidates were able to find p, however expectation emerged as surprisingly more difficult. Quite often E(X) /4 was found or candidates

wrote the formula with no further work.

Most candidates were able to find p, however expectation emerged as surprisingly more difficult. Quite often E(X)/4 was found or candidates

wrote the formula with no further work.

(3]

E]



There are 20 students in a classroom. Each student plays only one sport. The table below gives their sport and gender.

Football Tennis Hockey
Female 5 3 3
Male 4 2 3

a(i) @me @dudent is selected at random.

(i) Calculate the probability that the student is a male or is a tennis player.

(i) Given that the student selected is female, calculate the probability that the student does not play football.

b. Two students are selected at random. Calculate the probability that neither student plays football.

Markscheme

a(i) @pddiirect calculation  (41)

i-i-i 2 4+2+3+3
€8 207320 " 20° 20

P(male or tennis) = = A1 N2

20

(i1) correct calculation  (41)

g £ o 1L 343
€20 7 20 11

P(not football|female) = S

S Al N2

[4 marks]

b. P(first not football) = 4t »

50 » P(second not football) =

P(neither football) % X % Al

P(neither football) = % Al NI

[3 marks]

Examiners report

Al

(4]

(3]

a(i) fwhfilcandidates had difficulty with this question, usually as a result of seeking to solve the problem by formula instead of looking carefully at

the table frequencies.

b. A very common error in part (b) was to assume identical probabilities for each selection instead of dependent probabilities where there is no

replacement.

LetA-(O 3>and B—<_4 0).
-2 4 5 1

a. Find AB .

E]



b. Given that X — 24 = B, find X. [3]

Markscheme

a. evidence of multiplying (M1)

e.g. one correct element, (0 X —4) + (3 x 5)

AB = 153 A2 N3
28 4

Note: Award A1 for three correct elements.
[3 marks]

0 6
—4 8

adding 2 A to both sides (may be seen first) (M)
eg X=B+2A

X:<4 6) Al N2
1 9

b. finding 2A = ( > (A1)

[3 marks]

Examiners report

a. The large majority of candidates answered this question successfully. There were only a small number of candidates who seemed to have never

worked with matrices before. Occasionally a candidate would incorrectly approach part (b) by finding an inverse of matrix 4.

b. The large majority of candidates answered this question successfully. There were only a small number of candidates who seemed to have never

worked with matrices before. Occasionally a candidate would incorrectly approach part (b) by finding an inverse of matrix A.

The probability distribution of a discrete random variable X is given by

2
P(X =z) = %,w € {1,2, k}, wherek > 0

a. Write down P(X = 2) . (1]
b. Show thatk = 3. (4]
c. Find E(X) . [2]

Markscheme

a P(X=2)=4(=2) 41 M



[1 mark]
b.P(X=1)= (4]

AN
P(X=k) = a D
setting the sum of probabilities =1 M1
eg w151k =14
2 _ B _ 9
k* =9 (accept 33 = 57) Al
k=3 AG NO

[4 marks]

c. correct substitution into E(X) = > 2P(X =z) Al

egl(ﬁ)+2(%>+3<%)
[2 marks]

Examiners report

a. Although many candidates were successful in working with the probability function, students had difficulty following the "show that"
instruction of this question. Many substituted k£ = 3 and worked backwards to show that the sum of probabilities is 1. Some would argue that
k = 4 does not work, but were unable to give a complete justification for k = 3 . A good number of students seemed unprepared to find an
expected value. Many candidates wrote a formula and did not know what to do with it, while others divided E(X) by 3 or by 6, which confuses

the concept of a mean in a probability distribution with the more common understanding.

b. Although many candidates were successful in working with the probability function, students had difficulty following the "show that"
instruction of this question. Many substituted £ = 3 and worked backwards to show that the sum of probabilities is 1. Some would argue that

k = 4 does not work, but were unable to give a complete justification for k = 3 .

c. A good number of students seemed unprepared to find an expected value. Many candidates wrote a formula and did not know what to do with
it, while others divided E(X) by 3 or by 6, which confuses the concept of a mean in a probability distribution with the more common

understanding.

The following table shows the probability distribution of a discrete random variable X .

x 0 2 5 9
P(X=x) 0.3 k 2k 0.1
a. Find the value of k. [3]

b. Find E(X) . [3]



Markscheme

a. evidence of summingto 1 (MI)

eg > p=1,03+k+2k+01=1

correct working (A1)
eg 04+ 3k,3k=0.6
k=02 41 N2
[3 marks]
b. correct substitution into formula E(X)  (41)
e.g. 0(0.3) + 2(k) + 5(2k) + 9(0.1), 12k + 0.9
correct working
e.g. 0(0.3) +2(0.2) + 5(0.4) +9(0.1), 04 +2.0+ 0.9 (41)
E(X)=33 41 N2
[3 marks]

Examiners report

a. Overall, this question was very well done. A few candidates left this question blank, or used methods which would indicate they were
unfamiliar with discrete random variables. In part (b), there were a good number of candidates who set up their work correctly, but then had

trouble adding or multiplying decimals without a calculator. A common type of error for these candidates was 5(0.4) = 0.2 .

b. Overall, this question was very well done. A few candidates left this question blank, or used methods which would indicate they were
unfamiliar with discrete random variables. In part (b), there were a good number of candidates who set up their work correctly, but then had

trouble adding or multiplying decimals without a calculator. A common type of error for these candidates was 5(0.4) = 0.2 .

In a group of 20 girls, 13 take history and 8 take economics. Three girls take both history and economics, as shown in the following Venn diagram. The

values p and q represent numbers of girls.

history _ economics
\ \

. p |.3;| J|

a.i.Find the value of p; [2]



a.ii.Find the value of q. [2]

b. A girl is selected at random. Find the probability that she takes economics but not history. [2]

Markscheme

a.i.valid approach  (M1)

eg p+3=13,13 -3
p=10 A1 N2

[2 marks]
a.iivalid approach  (M1)

eg p+3+5+¢=20,10-10-8
g=2 A1 N2
[2 marks]

b. valid approach  (M1)
eg 20—p—q—3,1—%, n(ENH')=5
5 (1
30 (Z) A1 N2

[2 marks]

Examiners report
aiVA
a.illNV/Al
b, [N/A]

Ann and Bob play a game where they each have an eight-sided die. Ann’s die has three green faces and five red faces; Bob’s die has four green faces
and four red faces. They take turns rolling their own die and note what colour faces up. The first player to roll green wins. Ann rolls first. Part of a tree

diagram of the game is shown below.

Ann's 1st roll Bob's 1stroll Ann’s 2nd roll Bob's 2nd roll  Ann’s 3rd roll
Ann
wins Bob
Ann wins Ann
loses :
5}225 wins Bob
Ann wins Ann
I -
0SES Bob wins
loses Ann
loses

a. Find the probability that Ann wins on her first roll. [2]



. (i)  The probability that Ann wins on her third roll is % X % XpXq X %.

Write down the value of p and of q.

(i)  The probability that Ann wins on her tenth roll is %rk wherer € Q, k € Z.

Find the value of r and of k.

. Find the probability that Ann wins the game.

Markscheme

a. recognizing Ann rolls green  (M1)

eg P(G)

3

s A1 N2
[2 marks]

) 4 5 4 5
) p=g,9=gorg=5,p=5 AIAl

(i) recognizes Ann and Bob lose 9 times

(M1)

6]

(7]

eg\(\;\,\\;\\(\overbrace {{A_LHB_\(\overbrace {{A_L}{B_ \Idots \(\overbrace {{A_L}{B_{\text{ 9 times, }\underbrace {\left( {\frac{5}{8} \times \frac{4}{8}}

\right) \times \ldots \times \left( {\frac{5}{8} \times \frac{4}{8}} \right)}_{{\text{9 times}}}\)

k=9 (seenanywhere) A1 N2

correct working (A1)

9
5 4 3 5 4
eg (gxg) X g (§x§>><...><(
20 5
[6 marks]

. recognize the probability is an infinite sum

eg Ann wins on her 1°¢ roll or 2°¢ roll or 3™ roll..., S.o

recognizing GP  (M1)

Uy = % (seen anywhere) A1
20
T= g (seen anywhere) A1
correct substitution into infinite sum of GP
3
eg —, 3[—L ) L
17%’ 8 k(%x%) ’ 1*1%
correct working (A1)
3
5 3 16
9 T 5 X1
16
P (Ann wins) = 4—3 (: 1—61> A1 Nt
[7 marks]
Total [15 marks]

Examiners report

(mM1)

A1

oo| o



a. Some teachers’ comments suggested that the word ‘loses’ in the diagram was misleading. But candidate scripts did not indicate any adverse
effect.
a) Very well answered.

b) i) Probabilities p and q were typically found correctly. ii) Fewer candidates identified the common ratio and number of rolls correctly.

Few candidates recognized that this was an infinite geometric sum although some did see that a geometric progression was involved.
b. Some teachers’ comments suggested that the word ‘loses’ in the diagram was misleading, But candidate scripts did not indicate any adverse

effect.

a) Very well answered.
b) i) Probabilities p and q were typically found correctly. ii) Fewer candidates identified the common ratio and number of rolls correctly.

Few candidates recognized that this was an infinite geometric sum although some did see that a geometric progression was involved.
c. Some teachers’ comments suggested that the word ‘loses’ in the diagram was misleading, But candidate scripts did not indicate any adverse

effect.

a) Very well answered.
b) i) Probabilities p and q were typically found correctly. ii) Fewer candidates identified the common ratio and number of rolls correctly.

Few candidates recognized that this was an infinite geometric sum although some did see that a geometric progression was involved.

A data set has a mean of 20 and a standard deviation of 6.

a(i) Badh(italue in the data set has 10 added to it. Write down the value of [2]

(i) the new mean;

(i1) the new standard deviation.
b(i) Bach(iialue in the original data set is multiplied by 10. [3]

(i)  Write down the value of the new mean.

(i1) Find the value of the new variance.

Markscheme

a(i) @naéiy: mean is 20 + 10 =30 A1 NI

(i)newsdis6 AI NI
[2 marks]

b(i) @nadiy. mean is 20 x 10 =200 A1 NI

(i) METHOD 1

variance is 36 A1

new variance is 36 x 100 = 3600 A1 N2
METHOD 2

new sdis 60 Al

new variance is 60> = 3600 A1 N2



[3 marks]

Examiners report

a) BYEY).
(i) BHAY).

The following box-and-whisker plot represents the examination scores of a group of students.

Examination scores

}7

-

40 d 60

a. Write down the median score.
The range of the scores is 47 marks, and the interquartile range is 22 marks.

b. Find the value of

i o
G d.

Markscheme

a. 60 A1 N1

b. (i) valid approach (M1)

eg max — min = range, ¢ = 40 + 47
c=87 A1 N2

(i)  valid approach (M1)

eg Q3—-Q1l=IQR, 74 —22
d=52 A1 N2

Examiners report

[N/A]

b'_ IN/A]

A data set has n items. The sum of the items is 800 and the mean is 20.
The standard deviation of this data set is 3. Each value in the set is multiplied by 10.

a. Findn.

74 c

(11

[4]

2]



b.i.Write down the value of the new mean. (1]

b.iiFind the value of the new variance. [3]

Markscheme

a. correct approach (A1)

eg @zQO

40 A1N2
[2 marks]

b.i.200 A1 N1
[1 mark]
b.iMETHOD 1

recognizing variance = g2 (M1)

eg 32=9

correct working to find new variance (A1)
eg 0°x 102 9 x 100

900 A17TNS3

METHOD 2

new standard deviation is 30 (A1)
recognizing variance = 02 (M1)
eg32=9,30°

900 A7TN3

[3 marks]

Examiners report

o IN/A]
b.i IN/A]

p.iN/A

There are 10 items in a data set. The sum of the items is 60.
The variance of this data set is 3. Each value in the set is multiplied by 4.

a. Find the mean. [2]

b. (i) Write down the value of the new mean. [3]

(i)  Find the value of the new variance.



Markscheme

a. correct approach (A1)

60
eg 10

mean =6 A1 N2
b. () newmean=24 A1 N1

(i) valid approach  (M1)
eg variance x (4)%, 3 x 16, new standard deviation = 4/3
new variance = 48 A1 N2

[3 marks]

Examiners report

a. While most candidates were able to answer part (a) of this question correctly, they were not as successful in part (b). It seems that the item on the

Maths SL syllabus dealing with the "effect of constant changes to the original data" was skipped over in many schools.

b. While most candidates were able to answer part (a) of this question correctly, they were not as successful in part (b). It seems that the item on the

Maths SL syllabus dealing with the "effect of constant changes to the original data" was skipped over in many schools.

José travels to school on a bus. On any day, the probability that José will miss the bus is % .

If he misses his bus, the probability that he will be late for school is % .
If he does not miss his bus, the probability that he will be late is % .

Let E be the event “he misses his bus” and F the event “he is late for school”.

The information above is shown on the following tree diagram.

a(i) Bt (ii). [4]

(i) P(ENF);
(i) P(F).



b(i) Bndl(the probability that

(1) José misses his bus and is not late for school;

(i) José missed his bus, given that he is late for school.

c. The cost for each day that José catches the bus is 3 euros. José goes to school on Monday and Tuesday.

Copy and complete the probability distribution table.

X (cost in euros) 0

P(X)

1
9

d. The cost for each day that José catches the bus is 3 euros. José goes to school on Monday and Tuesday.

Find the expected cost for José for both days.

Markscheme

a) @) A1 NI

(i1) evidence of multiplying along the branches

2 5 1
eg 3 X g,3 X

7
8

(M1)

adding probabilities of two mutually exclusive paths

e (£x3)+ (32 8) (528) +

P(F)=4 Al N2

[4 marks]
b()@nd iy ¢ (41)
5 Al
(ii) recognizing this is P(E|F) (M1)

(] L;E
&9y ;

168 7
m(: g) A2 N3

[5 marks]

2
- X
3

5

8

)

(M1)

X (cost in euros) 0

Laa

P(X)

R=N

=N

(Y= N - N

[3 marks]

d. correct substitution into E(X) formula (M1)

e.g.Ox%+3x%+6x%,%+29—4

E(X) =4 (euros) Al N2
[2 marks]

A241 N3

(5]

(3]

(2]



Examiners report

a(i) @addiflates generally handled some or all of parts (a) and (b) well. Errors included adding probabilities along branches and trying to use the

union formula from the information booklet.

b()) @addiiiates generally handled some or all of parts (a) and (b) well. Errors included adding probabilities along branches and trying to use the
union formula from the information booklet. On part (b)(ii), many candidates knew that they were supposed to use some type of conditional
probability but did not know how to find P(E|F) . Many candidates made errors working with fractions. Some candidates who missed part (a)

(ii) were able to earn follow-through credit on part (b)(ii).

c. Many candidates had difficulty completing the probability distribution table. While the common error of finding the probability for x = 3 as %
was understandable as the candidate did not appreciate that there were two ways of paying three euros, it was disappointing that these
candidates often correctly found P(X = 4) as % and did not note that the probabilities failed to sum to one. These candidates could not earn
full follow-through marks on their expected value calculation in part (d). Some candidates did use the probabilities summing to one with
incorrect probabilities in part (c); these candidates often earned full follow-through marks in part (d), as a majority of candidates knew the

method for finding expected value.

d. Many candidates had difficulty completing the probability distribution table. While the common error of finding the probability for x = 3 as %
was understandable as the candidate did not appreciate that there were two ways of paying three Euros, it was disappointing that these
candidates often correctly found P(X) = 4 as % and did not note that the probabilities failed to sum to one. These candidates could not earn
full follow-through marks on their expected value calculation in part (d). Some candidates did use the probabilities summing to one with
incorrect probabilities in part (c); these candidates often earned full follow-through marks in part (d), as a majority of candidates knew the

method for finding expected value.

In a group of 16 students, 12 take art and 8 take music. One student takes neither art nor music. The Venn diagram below shows the events art and

music. The values p , g ,  and s represent numbers of students.

music
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a()({y) an/fiite down the value of s . [5]

(i) Find the value of g .

(iii) Write down the value of p and of r.
b()) @nd (iA student is selected at random. Given that the student takes music, write down the probability the student takes art. [4]
(i) Hence, show that taking music and taking art are not independent events.

c. Two students are selected at random, one after the other. Find the probability that the first student takes only music and the second student  [4]

takes only art.

Markscheme
a(i)(f))and Gi). 41 NI

(ii) evidence of appropriate approach  (M1)
eg.21-16,12+8—-¢q¢=15

qg=5 Al N2

(i)p=7,r=3 Al4dl N2

[5 marks]

b()@®(Brtjmusic) = = A2 N2

(i) METHOD 1

Plart) = 2 (= 4) a1

evidence of correct reasoning  R1

e.g. % #* g

the events are not independent AG N0
METHOD 2

P(art) x P(music) = % (=

00| w
——
N
~

evidence of correct reasoning  RI
12 8 5
€L T X 7 16
the events are not independent AG N0
[4 marks]

c. P(first takes only music) = % (seen anywhere) Al

P(second takes only art) = 1—75 (seen anywhere) A1
evidence of valid approach  (M1)
3 7
e.g. E >< 1_5
P(music and art) = 2= (= —) A1 N2
music and art) = - (= g

[4 marks]

Examiners report



a(i) Aiinsgdiity. of candidates found the values in the Venn diagram easily. Common errors include giving s = 16, and also neglecting s in finding

q=4(e.g. 12+ 8 — 16 ) . Some interpreted the values as probabilities, despite the question explicitly stating that p, g, » and s represent

numbers of students. Occasionally the values for p and » were misinterpreted as being inclusive of g. Follow-through marks were often earned

in subsequent parts for such cases.

b(i) Bod({§), rather than think of the situations conceptually, most candidates reached for the formula for conditional probability, with mixed results.

Few candidates considered that independence means P(A|M) = P(A) . Most applied P(A N B) = P(A) x P(B) , with many giving
incomplete or incorrect calculations. Some candidates compared the wrong things and showed, for example, that % #* % , which incorrectly

compares P(A|M) with P(A N M) . Others stated that because there is an intersection, the events are independent, which is an insufficient

explanation.

c. Part (c) was commonly answered as if there is replacement, with many candidates calculating % X % . However, implicit in the phrasing "one

after the other" is that there is no replacement.

A running club organizes a race to select girls to represent the club in a competition.

The times taken by the group of girls to complete the race are shown in the table below.

Time 1 10<1<12|12<1<14|14<1 <20 (201 <26(26 <t < 28|28 <t <30
minutes

Frequency 50 20 P 40 20 20
Cumulative| 5, 70 120 q 180 200

Frequency

a. Find the value of p and of ¢ .

b. A girl is chosen at random.

(@)
(i)

Find the probability that the time she takes is less than 14 minutes.

Find the probability that the time she takes is at least 26 minutes.

c. A girl is selected for the competition if she takes less than 2 minutes to complete the race.

Given that 40% of the girls are not selected,

(@)
(i)

d. Girls who are not selected, but took less than 25 minutes to complete the race, are allowed another chance to be selected. The new times

find the number of girls who are not selected;

find x .

taken by these girls are shown in the cumulative frequency diagram below.

4]

(3]

[4]

(4]



30

Cumulative

frequency /
10

B2

0 =
14 16 18 20 22 24 26

Time in minutes

(1) Write down the number of girls who were allowed another chance.

(i)  Find the percentage of the whole group who were selected.

Markscheme

a. attemptto findp (M)

eg 120—-70,50+20+ 2 =120
p=50 A1 N2

attempt to findq (M1)

eg 180 — 20,200 — 20 — 20
q=160 A1 N2

[4 marks]

. 70 7
b. (i) = (: %) Al NI
(il)) valid approach (M1)

eg 20 +20,200 — 160
40 1
a5 (=3) A1 w2

[3 marks]

c. (i) attempt to find number of girls (M1)

40

eg 0.4, 100

x 200

80 are not selected AI N2

(i) 120 are selected (A1)
z=20 Al N2

[4 marks]

d. (i) 30 givensecond chance A1 NI

30



(i) 20 took less than 20 minutes  (41)

attempt to find their selected total (may be seen in % calculation) (M1)
eg 120 + 20 (= 140) , 120+ their answer from (i)

70(%) A1 N3

[4 marks]

Examiners report

a. Overall, candidates were very successful in parts (a), (b) and (c) of this question. Most of the errors in these parts had to do with candidates not

understanding terms such as "at least" or "less than".

b. Overall, candidates were very successful in parts (a), (b) and (c) of this question. Most of the errors in these parts had to do with candidates not

understanding terms such as "at least" or "less than".

c. Overall, candidates were very successful in parts (a), (b) and (c) of this question. Most of the errors in these parts had to do with candidates not

understanding terms such as "at least" or "less than".

d. Part (d) was quite challenging for candidates, who may not have read the question carefully and studied the values in the diagram. Many
seemed confused by the idea that not all the girls who were given a second chance were selected. In part (d)(ii), many did not find the

percentage of the whole group, but rather the percentage of the girls who were given a second chance.

The following Venn diagram shows the events A and B, where P(A) = 0.4, P(AU B) = 0.8 and P(A N B) = 0.1. The values p and g are

probabilities.
nr
e
L
a. () Write down the value of q. [3]
(i)  Find the value of p.
b. Find P(B). 3]

Markscheme



a. ) ¢g=0.1 A1 N1
(i) appropriate approach (M1)
eg P(A)—gq,04-0.1
p=03 A1 N2

[3 marks]
b. valid approach  (M1)
eg P(AUB)=P(A4)+P(B)—P(ANB), P(ANB) +P(BN 4"
correct values (A1)
eg 08=04+P(B)—0.1,0.1+0.4
P(B)=0.5 A1 N2

[3 marks]

Examiners report

a. This question was well done by most candidates. In part (b), the intersection P(A N B) was sometimes overlooked, incorrectly using

P(AU B) = P(A) + P(B) instead.

b. This question was well done by most candidates. In part (b), the intersection P(A n B) was sometimes overlooked, incorrectly using

P(A U B) = P(A) + P(B) instead.

Events A and B are independent with P(A N B) = 0.2 and P(A' N B) = 0.6.

a. Find P(B). (2]
b. Find P(AU B). (4]
Markscheme

a. valid interpretation (may be seen on a Venn diagram) (M1)

eg P(ANB)+P(A' NB),0.2+0.6
P(B)=0.8 A1 N2

[2 marks]
b. valid attempt to find P(4)  (M1)

eg P(ANB)=P(A) xP(B), 0.8 x A=0.2

correct working for P(A4) (A1)

0.2

eg 0.25, 55

correct working for P(AU B) (A1)
eg 0.2540.8—-0.2, 0.6 40.240.05



P(AUB)=0.85 A1 N3

[4 marks]

Examiners report

o INVA]
b, IN/A]

The following diagram shows a board which is divided into three regions A, B and C.

A game consists of a contestant throwing one dart at the board. The probability of hitting each region is given in the following table.

Region B C
4 1
Probabality — —
2 20 20
a. Find the probability that the dart does not hit the board. [3]
b. The contestant scores points as shown in the following table. [4]
Region A C Does not hit the board
Points 0 10 -3

Given that the game is fair, find the value of q.

Markscheme

a. evidence of summing probabilitiesto1  (M1)

5 4 1
e 5ttt tr=1 >=1
correct working (A1)
10
eg p=1-15
10 1
[3 marks]

b. correct substitution into E(X) (A1)

4 10
eg 7 () + 3 (10) + 55 (-3)

valid reasoning for fair game (seen anywhere, including equation)

eg E(X) =0, points lost=points gained



correct working (A1)

4 10 _ 30
eg 49+10-30=0, H9+55=1%

q=5 A1 N2
[4 marks]

Total [7 marks]

Examiners report

a. The large majority of candidates answered part (a) of the question correctly by summing the probabilities to 1.

b. Part (b), however was not as well done. Many candidates seemed to be unfamiliar with the idea of a "fair game", despite this topic being listed in

the syllabus. The most common error in part (b) was setting E(X) = 1 rather than E(X) = 0.

The cumulative frequency curve below represents the marks obtained by 100 students.

Cumulative Frequency

of b
=

0 10 20 30 40 50 60 70 80 90 100
Mark

a. Find the median mark. [2]

b. Find the interquartile range. [3]

Markscheme

a. evidence of median position (M1)

e.g. 50, line on sketch



medianis 56 A1 N2
[2 marks]

b. lower quartile = 40 , upper quartile =70  (41)(A1)

interquartile range = 30 A1 N3
[3 marks]

Examiners report

a. QOverall, this question was done well by candidates. In part (a), a surprising number of candidates found the median position (the cumulative

frequency) on the y-axis, but did not find the median mark on the x-axis.

b. Overall, this question was done well by candidates. In part (a), a surprising number of candidates found the median position (the cumulative
frequency) on the y-axis, but did not find the median mark on the x-axis. Similar misunderstanding was shown by some candidates in part (b),

when attempting to find the interquartile range.

The following box-and-whisker plot shows the number of text messages sent by students in a school on a particular day.

0 4 9 11 39
a. Find the value of the interquartile range. [2]
b. One student sent k text messages, where k > 11 . Given that k is an outlier, find the least value of k. [4]

Markscheme

a. recognizing Q4 or Q3 (seen anywhere) (M1)

eg 4,11, indicated on diagram
IQR=7 A1N2

[2 marks]
b. recognizing the need to find 1.5 IQR  (M1)

eg 15xIQR,1.5%x7

valid approach to find k  (M1)

eg 10.5+11,1.5xIQR + Q3

215 (A1)

k=22 A1TN3

Note: If no working shown, award N2 for an answer of 21.5.

[4 marks]



Examiners report

o INV/A]
b, IN/A]

The random variable X has the following probability distribution.

X 1
P(X =x) 5 0.

(B
L)

LS

q

Given that E(X) = 1.7, find ¢ .

Markscheme

correct substitution into E(X) = > pz (seen anywhere) A1

eg ls+2x03+3¢=17,s+3¢g=1.1
recognizing Y p = 1 (seen anywhere) (M1)
correct substitution into Y, p =1 Al
eg.s+034+g=1

attempt to solve simultaneous equations (M1)
correct working  (41)
eg.03+2¢=0.7,2s=1

g=02 Al N4

[6 marks]

Examiners report

Candidates generally earned either full marks or only one mark on this question. The most common error was where candidates only wrote the
equation for E(X) = 1.7, and tried to rearrange that equation to solve for ¢q. The candidates who also knew that the sum of the probabilities must

be equal to 1 were very successful in solving the resulting system of equations.

In a class of 21 students, 12 own a laptop, 10 own a tablet, and 3 own neither.

The following Venn diagram shows the events “own a laptop” and “own a tablet”.

The values p, g, 7 and s represent numbers of students.



laptop —

—
o
=
@

A student is selected at random from the class.

Two students are randomly selected from the class. Let L be the event a “student owns a laptop”.

(i)  Write down the value of p.

(i)  Find the value of q.

(i)  Write down the value of 7 and of s.
()  Write down the probability that this student owns a laptop.
(i)  Find the probability that this student owns a laptop or a tablet but not both.

() Copy and complete the following tree diagram. (Do not write on this page.)

First student Second student
BUENY
20
L
— =
20 r
L
9 —
21 L
L!

(i)  Write down the probability that the second student owns a laptop given that the first owns a laptop.

Markscheme

a.

@ p=3 A1 Ni

(i) valid approach (M1)

eg (124+10+3)—21,22—18
qgq=4 A1 N2

(i) r=8,s=6 A1A1 N2
; 12 4

(i) valid approach (M1)

eg 8+6,r+s

14 2
o (: 3) A1 N2

(5]

(4]

(4



First Second

27 5
/ 20 T~
0 \ A1A1A1 N3

i) 3 A1 NI

[4 marks]

Examiners report

a. On the whole, candidates were very successful on this question, with the majority of candidates earning most of the available marks.
b. On the whole, candidates were very successful on this question, with the majority of candidates earning most of the available marks.

c. On the whole, candidates were very successful on this question, with the majority of candidates earning most of the available marks. The most
common error was seen in part (c)(ii), where many candidates did not earn the mark. It is also interesting to note that many of the candidates who
answered this part correctly did so by using the formula for conditional probability, rather than recognizing that the required probability is given to

them in the second branch of the tree diagram.

Two boxes contain numbered cards as shown below.

Two cards are drawn at random, one from each box.

a. Copy and complete the table below to show all nine equally likely outcomes.

3.9
3.10
3,10

b. Let S be the sum of the numbers on the two cards.
Find the probability of each value of S.

c. Find the expected value of S.

(2]

(2]

(3]



d. Anna plays a game where she wins $50 if S is even and loses $30 if S is odd. [3]

Anna plays the game 36 times. Find the amount she expects to have at the end of the 36 games.

Markscheme
a.
3.9 4,9 5,9
3,10 4,10 | 5,10 | 42 N2
3.10 4,10 | 5,10
[2 marks]
b. P(12) = + ,P(13) = = ,P(14) = = ,P(15) = 2 A2 N2

[2 marks]

c. correct substitution into formula for E(X) A1
1 3 3 2
eg E(S)=12x 5+18x 5+1dx5+15x 3
123
E(S)=2 42 N2
[3 marks]

d. METHOD 1
correct expression for expected gain E(4) for 1 game (A1)
e.g 5 x50 — = x 30
E(4) = 7
amount at end = expected gain for 1 game x36 (M1)
=200 (dollars) A1 N2
METHOD 2
attempt to find expected number of wins and losses  (M1)
e.g 5 X 36, 2 x 36
attempt to find expected gain E(G) (M1)
e.g. 16 x 50 — 30 x 20
E(G) = 200 (dollars) A1 N2
[3 marks]

Examiners report

a. Most candidates completed parts (a), (b) and (c) successfully.
b. Most candidates completed part (b) successfully.

¢. Many found the expected value correctly, while some showed difficulty with the arithmetic.



d. This was often left blank or only superficially attempted. Some found the expected value % but did not answer the question about the amount

of money.

Jim heated a liquid until it boiled. He measured the temperature of the liquid as it cooled. The following table shows its temperature, d degrees

Celsius, t minutes after it boiled.

¢ (min) 0 4 8 12 16 20
d(°C) 105 98 4 854 748 68.7 62.1

Jim believes that the relationship between d and ¢ can be modelled by a linear regression equation.

a.i. Write down the independent variable.
a.ii.Write down the boiling temperature of the liquid.

b. Jim describes the correlation as very strong. Circle the value below which best represents the correlation coefficient.
0.992 0.251 0 —0.251 —0.992

c. Jim’s model is d = —2.24¢t + 105, for 0 < t < 20. Use his model to predict the decrease in temperature for any 2 minute interval.

Markscheme

ai.t A1 N1
[1 mark]
a.ii.l05 A1 N1
[1 mark]
b. —0.992 A2 N2
[2 marks]
c. valid approach (M1)
eg % = —2.24; 2 x 224, 2 x —2.24, d(2) = —2 x 2.24 x 105,
finding d(t2) — d(t1) where t2 = ¢ + 2
4.48 (degrees) A1 N2

105—-98.4

B2 —33.

Notes: Award no marks for answers that directly use the table to find the decrease in temperature for 2 minutes eg

[2 marks]

Examiners report

(11

(1]

(2]

(2]



ai VA
a.i[NAl
o INA

c. [N/A]

Bill and Andrea play two games of tennis. The probability that Bill wins the first game is %.

If Bill wins the first game, the probability that he wins the second game is %.

If Bill loses the first game, the probability that he wins the second game is %

a. Copy and complete the following tree diagram. (Do not write on this page.) [3]

Second Game

5 o
5 _- Bill wins
- — __-""./
First Game P
_-""-’-
£ . . <
4 _ Bill wins T~
/.(__.-- l 'm._\_\_\_.h .
- - ~ Andrea wins
- 6
T~ _ - Bill wins

S .
— ~ Andrea wins

b. Find the probability that Bill wins the first game and Andrea wins the second game. (2]
c. Find the probability that Bill wins at least one game. [4]
d. Given that Bill wins at least one game, find the probability that he wins both games. [5]

Markscheme



Second Game

5 .
il Bill wins
6
First Game

4 Bill wins

5 1 .
5 Andrea wins AlA1IAl
E Bill wins
3

1
5

Andrea wins

Andrea wins

1
3

Note: Award A1 for each correct bold probability.

[3 marks]

. multiplying along the branches (may be seen on diagram) (M1)
€ %5
4 (2
w(%) 41 m2
[2 marks]
. METHOD 1

multiplying along the branches (may be seen on diagram) (M1)

4 5 4 1 1 2
€€ 5753575635753

adding their probabilities of three mutually exclusive paths  (M1)

4 5 4 1 1 2 4 1 2
€€ 3 XsgtsXsgt3s X3 5T5x3

correct simplification  (41)
20 4 2 2 2 2
gt 3T ts

28 14
S (=%) a1 N3

METHOD 2
recognizing “Bill wins at least one” is complement of “Andrea wins 2”  (R1)
eg finding P (Andrea wins 2)

P (Andrea wins both) = % X % (A1)

evidence of complement (M1)
1
eg 1-p, 1— 5

14
Al N3

[4 marks]

. P (B wins both) % X % (: %) Al

evidence of recognizing conditional probability (R1)
eg P(A|B), P (Bill wins both |Bill wins at least one), tree diagram

correct substitution  (A42)

4.5
—X =

€g -7

20 5
R(=%) a1 w3
[5 marks]

N3



Examiners report

o INA]
b, IN/A]
c. IVA]
IN/A]

Two standard six-sided dice are tossed. A diagram representing the sample space is shown below.

score on second die

| 3 4 5

1 . . . . .

2 . . . . .

score on first die 3| e . . . .
4 . . . . .

5 . . . . .

4] . L] . . .

Let X be the sum of the scores on the two dice.

a()({j) ankiid P (X = 6) .

(i) FindP(X > 6).
(iii) Find P(X = 7|X > 6)..

b. Elena plays a game where she tosses two dice.

If the sum is 6, she wins 3 points.

If the sum is greater than 6, she wins 1 point.

If the sum is less than 6, she loses & points.

Find the value of & for which the game is fair.

Markscheme

a()( ) ranatfiéh. of ways of getting X = 6is5 Al
P(X=6)=o AI N2
(i1) number of ways of getting X > 61is21 Al
P(X > 6) = %(: %) Al N2
(i) P(X = 7|X > 6) = = (: %) A2 N2

[6 marks]

6]

8l



b. attempt to find P(X < 6) M1
5 _ 2
P(X <6) =1 Al
fair game if E(W) = 0 (may be seen anywhere) RI
attempt to substitute into E(X) formula M1
g3 (%) +1(%) (%)
correct substitution into E(W) =0 Al
ee3(5)+1(%) k(%) =0
work towards solving M1
eg 15+ 21 — 10k =0
36 =10k A1
36
k=3(=36) A1 N4

[8 marks]

Examiners report

o INEAL g i
Zfl),[ﬁéA]nd (iii).

There are nine books on a shelf. For each book, x is the number of pages, and y is the selling price in pounds (£). Let » be the correlation

coefficient.

a. Write down the possible minimum and maximum values of 7 . [2]

b. Given that r = 0.95, which of the following diagrams best represents the data. (1]



- L] L
. o
L]
L] [ ]
L ]
L ]
L]
. ® * . .
X x
) C ¥ D
- -
. L]
L ]
. * .
» L ]
L ]
L] L]
L]
L ]
- -
L .
- *x
c. For the data in diagram D , which two of the following expressions describe the correlation between x and y ? [2]

perfect, zero, linear, strong positive, strong negative, weak positive, weak negative

Markscheme

a. min value of 7is —1, max value of ris 1 4141 N2
[2 marks]

b.C A1 NI
[1 mark]

c. linear, strong negative AIA1 N2

[2 marks]

Examiners report

o INA
b, INA]

c. [N/A]

A box contains 100 cards. Each card has a number between one and six written on it. The following table shows the frequencies for each number.

| B
i
Lh
(=)

Number 1
Frequency 26 10 20 k 29 11

a. Calculate the value of . 2]



b(i) B (ii). [5]
(i) the median;

(i1) the interquartile range.

Markscheme

a. evidence of using Y f; = 100 (M1)

k=4 Al N2
[2 marks]

b(i) @nevillence of median position (M)

e.g. 50th item, 26 + 10 + 20 = 56

median =3 Al N2

(i)Qi=1and Q3 =5 (AI)(Al)

interquartile range = 4 (accept 1 to5or5 —1,etc.) AI N3
[5 marks]

Examiners report

a. Frequencies and median seemed well understood, but quartiles and inter-quartile range less so.

b(i) Bredi{igncies and median seemed well-understood, but quartiles and interquartile range less so. A few students, probably based on past papers,

drew cumulative frequency diagrams, generating slightly different answers for median and quartiles.

A city hired 160 employees to work at a festival. The following cumulative frequency curve shows the number of hours employees worked during the

festival.



160

140

120

100 /

80

0 /

number of employees

40
20 -
_-u--""j
0 10 20 30 40 50 60 70

number of hours worked

The city paid each of the employees £8 per hour for the first 40 hours worked, and £10 per hour for each hour they worked after the first 40 hours.

a.i. Find the median number of hours worked by the employees. [2]
a.iiWrite down the number of employees who worked 50 hours or less. [1]
b.i.Find the amount of money an employee earned for working 40 hours; 1]
b.iiFind the amount of money an employee earned for working 43 hours. [3]
c. Find the number of employees who earned £200 or less. [3]
d. Only 10 employees earned more than £k. Find the value of k. [4]

Markscheme

a.i.evidence of median position  (M1)

eg 80th employee
40 hours A1 N2

[2 marks]



a.i.130 employees A1 N1
[1 mark]

b.i.£320 A1 N1
[1 mark]

b.iisplitting into 40 and 3 (M1)

eg 3 hours more, 3 x 10
correct working (A1)
eg 32043 x 10

£350 A1 N3

[3 marks]

c. valid approach (M1)

eg 200 is less than 320 so 8 pounds/hour, 200 + 8, 25 W_ =z

) 320 40°
18 employees A2 N3

[3 marks]
d. valid approach  (M1)

eg 160 — 10

60 hours worked (A1)

correct working (A1)

eg 40(8) + 20(10), 320 + 200
k=520 A1 N3

[4 marks]

Examiners report

a.i. VA
a.i[NA]
b.i. VAl
b.iiN/Al
o INA
4 INA]

Events 4 and B are such that P(4) = 0.3 ,P(B) = 0.6 and P(AU B) = 0.7 .



The values ¢ , 7, s and ¢ represent probabilities.

a. Write down the value of . (1]

b(i) @nd (Hhow that r = 0.2 . ]
(i) Write down the value of ¢ and of s .
c(i) @iy (Write down P(B') . (3]

(i) Find P(4|B).

Markscheme

a. t=03 A1 NI
[1 mark]
b()) @hddiirect values A1

eg.03+06-0.7,09-0.7
r=02 AG NO
(i)gq=0.1,s=04 AIAl N2
[3 marks]

ci)@nd@). AI NI

(i) P(A|B) =1 42 N2

[3 marks]

Examiners report

a. Parts (a), (b), and (c)(i) of this Venn diagram probability question were answered quite well with candidates consistently earning full marks.

b() Badd(i(r), (b), and (c)(i) of this Venn diagram probability question were answered quite well with candidates consistently earning full marks.

Only a few candidates worked backwards from the » = 0.2 given in the "show that" portion of part (b).

c(i) Bfwhfilcandidates struggled on part (c)(ii), either not recognizing conditional probability or multiplying probabilities to find the numerator as if

the events were independent. A number of candidates who successfully found the probability in part (c)(ii) left their incomplete answer of % .



In a class of 100 boys, 55 boys play football and 75 boys play rugby. Each boy must play at least one sport from football and rugby.

a. (i) Find the number of boys who play both sports.
(i) Write down the number of boys who play only rugby.
b. One boy is selected at random.

(1) Find the probability that he plays only one sport.
(i) Given that the boy selected plays only one sport, find the probability that he plays rugby.

c. Let 4 be the event that a boy plays football and B be the event that a boy plays rugby.
Explain why 4 and B are not mutually exclusive.

d. Show that 4 and B are not independent.

Markscheme
a. (i) evidence of substituting into n(A U B) = n(A) + n(B) —n(ANB) (MI)

e.g. 75+ 55 — 100, Venn diagram
30 41 N2

()45 A1 NI

[3 marks]

b. (i) METHOD 1

evidence of using complement, Venn diagram  (M1)
eg.1—p,100— 30

70 7
m(: E) Al N2

METHOD 2

attempt to find P(only one sport) , Venn diagram  (M1)
25 45
€8 55 T Too

70 7
m(: E) Al N2

(ii)%(: 19—4) A2 N2

[4 marks]
c. valid reason in words or symbols  (R1)

e.g. P(AN B) = 0 if mutually exclusive, P(A N B) # 0 if not mutually exclusive

correct statement in words or symbols 41 N2

eg. P(ANB)=0.3,P(AUB) #P(A)+P(B),P(A) + P(B) > 1, some students play both sports, sets intersect
[2 marks]

d. valid reason for independence  (R1)

e.g. P(AN B) = P(A) x P(B) , P(B|A) = P(B)

(3]

[4]

(2]

E]



correct substitution A4I141 N3
30 75 55 30 75
€2 00 7 00 X T00 > 35 7 100

[3 marks]

Examiners report

a. Qverall, this question was very well done. There were some problems with the calculation of conditional probability, where a considerable
amount of candidates tried to use a formula instead of using its concept and analysing the problem. It is the kind of question where it can be

seen if the concept is not clear to candidates.

b. Overall, this question was very well done. There were some problems with the calculation of conditional probability, where a considerable
amount of candidates tried to use a formula instead of using its concept and analysing the problem. It is the kind of question where it can be

seen if the concept is not clear to candidates.

c. In part (c), candidates were generally able to explain in words why events were mutually exclusive, though many gave the wrong values for

P(4) and P(B).

d. There was a great amount of confusion between the concepts of independent and mutually exclusive events. In part (d), the explanations often

referred to mutually exclusive events.

It was evident that candidates need more practice with questions like (¢) and (d).

Some students equated probabilities and number of elements, giving probabilities greater than 1.

The diagram below shows the probabilities for events 4 and B, with P(A") = p.

— B
4

a. Write down the value of p .
b. Find P(B) .

c. Find P(A'|B) .

(11

(3]

(3]



Markscheme
a.p=3 Al NI
[1 mark]

b. multiplying along the branches  (M1)

1.1 12
eg s X 1.5

adding products of probabilities of two mutually exclusive paths (M1)

1 1 4 3 1 12
eg s X7 Ts X533 T

P(B) = 4 (: %) Al N2
[3 marks]

c. appropriate approach which must include A’ (may be seen on diagram) (M1)

P(A'NB)
P(B)

A
(do not accept % )

4.3
578

P(4|B) = L5 (D

P(4'|B) = £ (: ﬁ) Al N2

[3 marks]

Examiners report

a. While nearly every candidate answered part (a) correctly, many had trouble with the other parts of this question.

b. In part (b), many candidates did not multiply along the branches of the tree diagram to find the required values, and many did not realize that
there were two paths for P(B). There were also many candidates who understood what the question required, but then did not know how to

multiply fractions correctly, and these calculation errors led to an incorrect answer.

c. In part (c), most candidates attempted to use a formula for conditional probability found in the information booklet, but very few substituted

the correct values.

Celeste wishes to hire a taxicab from a company which has a large number of taxicabs.

The taxicabs are randomly assigned by the company.
The probability that a taxicab is yellow is 0.4.
The probability that a taxicab is a Fiat is 0.3.
The probability that a taxicab is yellow or a Fiat is 0.6.
Find the probability that the taxicab hired by Celeste is not a yellow Fiat.

Markscheme

recognize need for intersection of Yand ' (R1)

eg P(YNF),03x04



valid approach to find P(Y N F) (M1)

eg P(Y)+P(F)—-P(YUF), Venn diagram
correct working (may be seen in Venn diagram) (41)
eg 04+4+03-0.6

P(YNF)=01 Al

recognize need for complement of Y N F' (M1)

eg 1-PYNnF),1-0.1

P(YNF))=09 AI N3

[6 marks]

Examiners report

[N/A]

The following table shows the probability distribution of a discrete random variable A, in terms of an angle 6.

Pld=a) cos B 2cos20

a. Show that cosf = %. [6]

b. Given that tan@ > 0, find tan 6. [3]

c. Lety = % for0 < x < % The graph of ybetween x = § and z = % is rotated 360° about the z-axis. Find the volume of the solid formed. [6]

Markscheme

a. evidence of summingto1 (M1)

eg Yp=1

correct equation A1

eg cosf+2cos20=1

correct equation in cos§ A1

eg cosf+ 2(2cos?0 — 1) = 1, 4cos?6 +cosf — 3 =0
evidence of valid approach to solve quadratic  (M1)

144/1-4x4x(-3)

eg factorizing equation set equal to 0, _ 3

correct working, clearly leading to required answer A1
eg (4cosf — 3)(cosb + 1), %ﬂ

correct reason for rejecting cos§ # —1  R1

eg cos @ is a probability (value must lie between 0 and 1), cos @ > 0
Note: Award RO for cos 6 # —1 without a reason.

cosf =23 AG NO



b. valid approach  (M1)

eg sketch of right triangle with sides 3 and 4, sin’z + cos?z = 1
correct working
(A1)

ﬁ

eg missing side = /7,

1
3
1

tan0 =2 A1 N2

[3 marks]

c. attempt to substitute either limits or the function into formula involving f2 (M1)

x 2
T, 1

eg mf,'f% [ (m)

correct substitution of both limits and function (A1)
T 1\

g 7T'f0 (cosz) dJ?

correct integration (A1)

eg tanz

substituting their limits into their integrated function and subtracting (M1)

eg tan I —tand
Note: Award MO if they substitute into original or differentiated function.

tang =1 (A1)

eg 1—tané
Ver-20 A1 N3
[6 marks]

Examiners report

VA
b [N/A]

.. INA

A scientist has 100 female fish and 100 male fish. She measures their lengths to the nearest cm. These are shown in the following box and whisker

diagrams.



Female fish

] —

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

—L_| —

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Male fish

a. Find the range of the lengths of all 200 fish. [3]

b. Four cumulative frequency graphs are shown below. [2]

Graph 1 Graph 2

/

length length

cumulative frequency
cumulative frequency

Graph 3 Graph 4

/

length length

cumulative frequency
cumulative frequency

Which graph is the best representation of the lengths of the female fish?

Markscheme

a. correct end points  (41)(41)

max =27 , min =4
range =23 Al N3
[3 marks]

b. Graph3 42 N2

[2 marks]

Examiners report

a. While there were a large number of candidates who answered both parts of this question correctly, a surprising number did not know how to
find the range of all 200 fish in part (a). Common errors included finding the ranges of the male and female fish separately, or averaging the

separate ranges of the male and female fish.



b. Some candidates did not interpret the cumulative frequency graphs correctly, or just seemed to guess which graph was correct. The most

common incorrect "guess" was graph 4, likely because this graph had a more familiar cumulative shape.

A bag contains 5 green balls and 3 white balls. Two balls are selected at random without replacement.

a. Complete the following tree diagram.

% green
3
= green
8 .
- white
green
3 )
= white
8
B white

b. Find the probability that exactly one of the selected balls is green.

Markscheme

a. correct probabilities

% - green
o
5 .
= green .
8 - 3 )
7 7 ~white
& A1A1A1 N3
\““--\ 5 _-green
:H.H\ ':I'/’,-’
“? ~ while /,-*"
.y |
7 ~white

Note: Award A1 for each correct bold answer.

[3 marks]

b. multiplying along branches  (M1)

3 3 5 15 15
Xzt+tgX7 % T

adding probabilities of correct mutually exclusive paths (A1)
5
eg 3

30 15
—ﬁ(zﬁ) A1 N2

[3 marks]

(3]

(3]



Examiners report

o INV/A]
b, IN/A]

The random variable X has the following probability distribution, with P(X > 1) = 0.5.

x 0 1 2 3
P(X=x)| P g r 0.2
a. Find the value of r. [2]
b. Given that E(X) = 1.4, find the value of p and of ¢ . [6]

Markscheme

a. attempt to substitute P(X > 1) = 0.5 (M)

eg.r+02=0.5
r=03 Al N2
[2 marks]

b. correct substitution into E(X) (seen anywhere)  (41)

eg 0xp+1xqg+2xr+3x0.2

correct equation A1
eg.q+2x03+3x02=14,9q+12=14
q=02 Al NI

evidence of choosing > ' pi =1 M1
egp+02+03+02=1,p+¢g=0.5
correct working (A1)
p+07=1,1-02-03-02,p+02=0.5
p=03 AIN2

Note: Exception to the FT rule. Award FT marks on an incorrect value of ¢, even if ¢ is an inappropriate value. Do not award the final 4 mark
for an inappropriate value of p.

[6 marks]

Examiners report

a. The majority of candidates were successful in earning full marks on this question.

b. In part (b), a small number of candidates did not use the correct formula for E(X) , even though this formula is given in the formula booklet.
There were also a few candidates who incorrectly assumed that p = 0, forgetting that the sum of the probabilities must equal 1. There were a

few candidates who left this question blank, which raises concerns about whether they had been exposed to probability distributions during the



course.

A school collects cans for recycling to raise money. Sam’s class has 20 students.

The number of cans collected by each student in Sam’s class is shown in the following stem and leaf diagram.

Stem Leaf Key: 3|1 represents 31 cans
2 0,1,4,9.9
3 1,7,7,7.8,8
4 1,2,2,3,5,6,7. 8
5 0

The following box-and-whisker plot also displays the number of cans collected by students in Sam’s class.

— T

a 30 b 50

There are 80 students in the school.

80

70 /

) /

50 /

. /

Cumulative frequency

. ]
) /

0 ) 4 6 8 10
Amount raised (dollars)

The mean number of cans collected is 39.4. The standard deviation is 18.5.



Each student then collects 2 more cans.

a. Find the median number of cans collected.

b. (i) Write down the value of a.

(i)  The interquartile range is 14. Find the value of b.

c. Sam'’s class collected 745 cans. They want an average of 40 cans per student.

How many more cans need to be collected to achieve this target?

d. The students raise $0.10 for each recycled can.

(0
(i

30

B

60

~{

wh
L=]

Cumulative frequency
o
=

30

Find the largest amount raised by a student in Sam’s class.
The following cumulative frequency curve shows the amounts in dollars raised by all the students in the school. Find the percentage of

students in the school who raised more money than anyone in Sam’s class.

20 /
f
!
/
i
10 £
2 10
Amount raised (dollars)
e. () Write down the new mean.

(i)  Write down the new standard deviation.

Markscheme

a. valid approach

(M1)

8+8

eg between 10th and 11th, -

median = 38 A1 N2

[2 marks]

b. ) a=20 A1 N1

(i) valid approach  (M1)

(2]

(3]

(3]

(5]

(2]



e.

eg Qs —Q1, Q1 +14,b—-30=14
b=44 A1 N2

[3 marks]

valid approach  (M1)

z+745 745
egx 40 x 20, 5 40 — 20

correct working (A1)
eg 800 — 745, 20 x 2.75
55 (more cans) A1 N2

[3 marks]

. () mostcansin Sam’s class = 50 (A1)

5@%) A1 N2

(i) correct value of 64 or 16 A1
valid approach  (M1)

eg 3=, 80%, 80 — 64, =

20% A1 N2

[5 marks]
() 41.4 (exact) ATN1

i) 185 A1 N1

[2 marks]

Examiners report

a.

Generally, candidates were very successful with this question, appearing to move easily between the three different representations of data. The
main conceptual errors appeared in part d) where a percentage of 100 was found (instead of 80) and in part e) where the new standard deviation
was often given as 20.5. Arithmetic errors seemed to be the other factor, with a surprising number of candidates finding in part c) that

800 — 745 = 15.

. Generally, candidates were very successful with this question, appearing to move easily between the three different representations of data. The

main conceptual errors appeared in part d) where a percentage of 100 was found (instead of 80) and in part €) where the new standard deviation
was often given as 20.5. Arithmetic errors seemed to be the other factor, with a surprising number of candidates finding in part c) that

800 — 745 = 15.

Generally, candidates were very successful with this question, appearing to move easily between the three different representations of data. The
main conceptual errors appeared in part d) where a percentage of 100 was found (instead of 80) and in part €) where the new standard deviation
was often given as 20.5. Arithmetic errors seemed to be the other factor, with a surprising number of candidates finding in part c) that

800 — 745 = 15.

Generally, candidates were very successful with this question, appearing to move easily between the three different representations of data. The
main conceptual errors appeared in part d) where a percentage of 100 was found (instead of 80) and in part €) where the new standard deviation

was often given as 20.5. Arithmetic errors seemed to be the other factor, with a surprising number of candidates finding in part c) that



800 — 745 = 15.

e. Generally, candidates were very successful with this question, appearing to move easily between the three different representations of data. The
main conceptual errors appeared in part d) where a percentage of 100 was found (instead of 80) and in part €) where the new standard deviation
was often given as 20.5. Arithmetic errors seemed to be the other factor, with a surprising number of candidates finding in part c) that

800 — 745 = 15.

Pablo drives to work. The probability that he leaves home before 07:00 is %.

If he leaves home before 07:00 the probability he will be late for work is %.

If he leaves home at 07:00 or later the probability he will be late for work is %.

a. Copy and complete the following tree diagram. [3]
. - late
//
7
3 before ™~
——~ 07:00 —

P ~ not late
< :

\\ 5 - late
— ™~ 07:00 8~
or later
™.
3
8 ™~ not late
b. Find the probability that Pablo leaves home before 07:00 and is late for work. [2]
c. Find the probability that Pablo is late for work. [3]
d. Given that Pablo is late for work, find the probability that he left home before 07:00. [3]
e. Two days next week Pablo will drive to work. Find the probability that he will be late at least once. [3]
Markscheme
a 1 late
3 before
— 07:00 7
4 8 I not late
A1A1A1 N3
5 late
; 07:00 8
or later
3 “'\\
8 ™~

not late



Note: Award A1 for each bold fraction.

[3 marks]

b. multiplying along correct branches (A1)

X

N
oo| —

eg
P(leaves before 07:00 N late) = 3—32 A1 N2

[2 marks]

multiplying along other “late” branch ~ (M1)

1 5

adding probabilities of two mutually exclusive late paths (A1)
eg (2xt)+(5x2), &+5
P(L) = = (: %) A1 N2
[3 marks]
d. recognizing conditional probability (seen anywhere)  (M1)
eg P (A|B), P (before 7|late)

correct substitution of their values into formula (A1)
3

=
eg T

4
P (left before 07:00|late) = % A1 N2
[3 marks]

e. valid approach  (M1)

eg 1 - P(not late twice), P(late once) + P(late twice)

correct working (A1)

3 3 1 3 1
egl—(zxz),2xzxz+zx

N

[3 marks]

Examiners report

IN/A]
" N/A]
T IN/A]
" IN/A]
" IN/A]

a

® O O T

The weekly wages (in dollars) of 80 employees are displayed in the cumulative frequency curve below.



80

70

60 /

/

40

Cumulative frequency

30 /

) /

10

100 200 300 400 500 600
Weekly wages (dollars)

a(i) @nd (iWrite down the median weekly wage.
(ii) Find the interquartile range of the weekly wages.

b(i),Tllk Bidx-and-whisker plot below displays the weekly wages of the employees.

I I |

50 a b 47'0 ¢

Write down the value of
® a;
(i) b;
(i) c.
c. Employees are paid $ 20 per hour.

Find the median number of hours worked per week.

d. Employees are paid $20 per hour.

700

[4

(3]

(3

(5]



Find the number of employees who work more than 25 hours per week.

Markscheme
a(i) @pan@ilian weekly wage = 400 (dollars) A1 NI

(i1) lower quartile = 330, upper quartile = 470 (41)(A1)

IQR = 140 (dollars) (accept any notation suggesting interval 330 to 470) A1 N3

Note: Exception to the FT rule. Award A1(FT) for an incorrect IQR only if both quartiles are explicitly noted.
[4 marks]

b(i)(1§)360).(dollars) A1 NI

(i1) 400 (dollars) A1 NI
(iii) 700 (dollars) 41 NI
[3 marks]

c. valid approach (M1)

wages
rate

e.g. hours =

correct substitution (A1)

400
c.g. >0

median hours per week =20 A1 N2
[3 marks]

d. attempt to find wages for 25 hours per week (M1)

e.g. wages = hours X rate

correct substitution (A1)

e.g. 25 x 20

finding wages = 500 (A1)

65 people (earn 500<)  (41)

15 people (work more than 25 hours) A1 N3
[5 marks]

Examiners report

a(i) Muhfijcandidates answered this question completely correctly, earning full marks in all parts of the question. In parts (a) and (b), there were

some who gave the frequency values on the y-axis, rather than the wages on the x-axis, as their quartiles and interquartile range.

b(i) Man(iicandidates answered this question completely correctly, earning full marks in all parts of the question. In parts (a) and (b), there were

some who gave the frequency values on the y-axis, rather than the wages on the x-axis, as their quartiles and interquartile range.

c. For part (c), the majority of candidates seemed to understand what was required, though there were a few who used an extreme value such as

700, rather than the median value.

d. In part (d), some candidates simply answered 65, which is the number of workers earning $500 or less, rather than finding the number of

workers who earned more than $500. It was interesting to note that quite a few candidates gave their final answer as 14, rather than 15.






