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QUESTIONS

16 questions - 155 marks - 1 sub-topic

SUB-TOPIC S2.4a

POPULATIONS, SAMPLES & SAMPLING
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ANSWER >

( )

2. (a) State one characteristic of a population that would make a census a practical
alternative to sampling.

@™
A leisure centre has 2500 members.

It asks a sample of 300 members for their opinions on the fees it charges for using
the centre.

For the sample,
(b) (i) identify a suitable sampling frame,

(i1) identify a sampling unit.

2
The leisure centre has the following pieces of information.
A is the list of the different types of membership that can be paid for by members.
B is the mean of the membership fees paid by all 2500 members.
C is the number in the sample of 300 members who are satisfied with the fees they pay.

(c) State the piece of information that is a statistic.
Give a reason for your answer.
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Question 2 continued

(Total for Question 2 is 4 marks)
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5. A bag contains a large number of counters.

40% of the counters are numbered 1
35% of the counters are numbered 2
25% of the counters are numbered 3

In a game Alif draws two counters at random from the bag. His score is 4 times the number
on the first counter minus 2 times the number on the second counter.

(a) Show that Alif gets a score of 8 with probability 0.0875
@

(b) Find the sampling distribution of Alif’s score.
)

(c) Calculate Alif’s expected score.

(2
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e ™)
6. A bag contains a large number of counters with one of the numbers 5, 10 or 20 written
on each of them in the ratio 5:2:a
A jar contains a large number of counters with one of the numbers 5 or 10 written on
each of them in the ratio 1:3
One counter is selected at random from the bag and then two counters are selected at
random from the jar.
The random variable R represents the range of the numbers on the 3 counters.
63
Given that P(R=15)= —
iven that P( ) 256
(a) by forming and solving an equation in a, show that a =9
3
(b) find the sampling distribution of R
(6)
\ y,
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6. A bag contains a large number of counters with an odd number or an even number
written on each.

Odd and even numbered counters occur in the ratio 4 : 1
In a game a player takes a random sample of 4 counters from the bag.
The player scores
5 points for each counter taken that has an even number written on it
2 points for each counter taken that has an odd number written on it
The random variable X represents the total score, in points, from the 4 counters.

(a) Find the sampling distribution of X
(6)

A random sample of # sets of 4 counters is taken. The random variable Y represents the
number of these n sets that have a total score of exactly 14

(b) Calculate the minimum value of » such that P(Y > 1) > 0.95
3
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Question 6 continued
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4. A bag contains a large number of beads of the same size and shape. The beads are either
black or white.

Black beads and white beads occur in the ratio 2 : 5 respectively.
In a game a player takes a random sample of 3 beads from the bag.
The player scores

* 4 points for each black bead taken

* 1 point for each white bead taken
The random variable X represents the total number of points for the 3 beads.

(a) Find the sampling distribution of X
(6)

A random sample of n sets of 3 beads is taken. The random variable Y represents the
number of these n sets that have a total of exactly 9 points.

(b) Calculate the minimum value of n such that P(Y > 1) > 0.95
3
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Question 4 continued
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Question 4 continued
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6. The owner of a very large youth club has designed a new method for allocating people o
to teams. Before introducing the method he decided to find out how the members of the &
youth club might react. &
(a) Explain why the owner decided to take a random sample of the youth club members §
rather than ask all the youth club members. f},
M :
(b) Suggest a suitable sampling frame. &
@ &
(c) Identify the sampling units.
@
The new method uses a bag containing a large number of balls. Each ball is numbered
either 20, 50 or 70
When a ball is selected at random, the random variable X represents the number on the
ball where
P(X=20)=p P(X=50)=g¢q PX=70)=r
A youth club member takes a ball from the bag, records its number and replaces it in
the bag.
He then takes a second ball from the bag, records its number and replaces it in the bag.
The random variable M is the mean of the 2 numbers recorded.
Given that
P(M = 20) = » P(M = 60) = 1 d g>
64 16 e asr
1
(d) show that P(M = 50) = T
Q)
& J
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4. A bag contains a large number of balls, each with one of the numbers 1, 2 or 5 written
on it in the ratio 2:3:4 respectively.

A random sample of 3 balls is taken from the bag.
The random variable B represents the range of the numbers written on the balls in the sample.
(i) Find P(B=4)

(i1) Find the sampling distribution of B.
(10)

INZ]
22



ANSWER >

Question 4 continued

INZ]
23



ANSWER >

Question 4 continued

INZ]
24



ANSWER >

Question 4 continued
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6 (a) Explain what you understand by the sampling distribution of a statistic.
1
At Sam’s cafe a standard breakfast consists of 6 breakfast items. Customers can then
choose to upgrade to a medium breakfast by adding 1 extra breakfast item or they can
upgrade to a large breakfast by adding 2 extra breakfast items. Standard, medium and
large breakfasts are sold in the ratio 6:3:2 respectively.
A random sample of 2 customers is taken from customers who have bought a breakfast
from Sam’s cafe on a particular day.
(b) Find the sampling distribution for the total number, 7, of breakfast items bought by
these 2 customers. Show your working clearly.
)
(c) Find E(T)
2
\ y,
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5. The number of particles per millilitre in a solution is modelled by a Poisson distribution
with mean 0.15

A randomly selected 50 millilitre sample of the solution is taken.
(a) Find the probability that
(1) exactly 10 particles are found,

(i) between 6 and 11 particles (inclusive) are found.

C))
Petra takes 12 independent samples of m millilitres of the solution.
The probability that at least 2 of these samples contain no particles is 0.1184

(b) Using the Statistical Tables provided, find the value of m
(6)

Q\?ﬂ
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4. A manufacturer makes t-shirts in 3 sizes, small, medium and large.
20% of the t-shirts made by the manufacturer are small and sell for £10
30% of the t-shirts made by the manufacturer are medium and sell for £12
The rest of the t-shirts made by the manufacturer are large and sell for £15

(a) Find the mean value of the t-shirts made by the manufacturer.

2
A random sample of 3 t-shirts made by the manufacturer is taken.

(b) List all the possible combinations of the individual selling prices of these 3 t-shirts.
2

(¢) Find the sampling distribution of the median selling price of these 3 t-shirts.
(6)
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4 A bag contains 50 counters, each with one of the numbers 4, 7 or 10 written on it in the
ratio 2:3:5 respectively.

A random sample of 2 counters is taken from the bag. The numbers on the 2 counters
are recorded as D and D,

The random variable M represents the mean of D, and D,

9
a) Show that P(M =4) = —
(@) ( ) 245

M

(b) Find the sampling distribution of M
(6)

A random sample of n sets of 2 counters is taken. The random variable T represents the
number of these 7 sets of 2 counters that have a mean of 4

Given that each set of 2 counters is replaced after it is drawn,

(c) calculate the minimum value of »n such that P(7=0) < 0.15
3

Q\?ﬂ
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6. (a) Explain what you understand by the sampling distribution of a statistic. 2
@
A factory produces beads in bags for craft shops. A small bag contains 40 beads, a
medium bag contains 80 beads and a large bag contains 150 beads. The factory produces
small, medium and large bags in the ratio 5:3:2 respectively.
A random sample of 3 bags is taken from the factory.
(b) Find the sampling distribution for the range of the number of beads in the 3 bags in
the sample.
Q)
A random sample of n sets of 3 bags is taken. The random variable Y represents the
number of these n sets of 3 bags that have a range of 70
(c) Calculate the minimum value of n such that P(Y = 0) < 0.2
3
- J
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2. A bag contains a large number of coins. It only contains 20p and 50p coins. A random

sample of 3 coins is taken from the bag.

(a) List all the possible combinations of 3 coins that might be taken.

Let X represent the mean value of the 3 coins taken.

Part of the sampling distribution of X is given below.

2

X 20 a b

50

4913

P(Y =) 8000

27
8000

(b) Write down the value of a and the value of b

The probability of taking a 20p coin at random from the bag is p
The probability of taking a 50p coin at random from the bag is ¢

(¢) Find the value of p and the value of ¢

(d) Hence, find the value of ¢ and the value of d

Let M represent the mode of the 3 coins taken at random from the bag.

(e) Find the sampling distribution of M

M

2
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6. Two boxes, A and B, each contain a large number of coins.
In box A
* there are only 1p coins and 2p coins
 the ratio of 1p coins to 2p coins is 1:3
In box B
» there are only 2p coins and 5p coins
» the ratio of 2p coins to 5p coins is 1:4

One coin is randomly selected from box A and two coins are randomly selected
from box B

The random variable T represents the total of the values of the three coins selected.

(a) Find the sampling distribution of T
@)

The random variable M represents the median of the values of the three coins selected.

(b) Find the sampling distribution of M
C))

Q\?ﬂ
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2. (i) Nima wants to investigate the distribution of a discrete random variable X
The unknown mean of the distribution is u
Nima takes a sample and finds the sample mean, X
For each of the following, state whether or not it is a statistic. Give a reason for
your answer in each case.
(@) u
(b) ¥
(2)
(i) A discrete random variable Y has the sampling distribution given in the table below.
y 2 5 6
1 1 5
P(Y= = — —
=1 3 4 12
Two random independent observations of Y are taken.
Find the probability that the value of the first observation of Y is smaller than the
value of the second observation of ¥
3)
(ii1) A bag contains three counters, numbered 3, 4 and 5 respectively. Two counters are
drawn at random, one after the other without replacement.
(a) List all the possible combinations of the scores on the two counters.
1
The random variable 7 is defined as
T = number on the first counter + (2 x number on the second counter)
(b) List all the possible values of 7'
2
(c) Find the sampling distribution of 7
3
\ y,

£
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4 N &
7. A bag contains 10 counters each with exactly one number written on it.
There are 6 counters with the number 7 on them
There are 3 counters with the number 8 on them
There is 1 counter with the number 9 on it
A random sample of 3 counters is taken from the bag (without replacement).
These counters are then put back in the bag.
This process is then repeated until 20 samples have been taken.
The random variable Y represents the number of these 20 samples that contain the
counter with the number 9 on it.
(a) (i) Find the mean of ¥
(i1) Find the variance of ¥
Q)
A random sample of 3 counters is chosen from the bag (without replacement).
(b) List all possible samples where the median of the numbers on the 3 counters is 7
()
(c) Find the sampling distribution of the median of the numbers on the 3 counters.
&)
\_ )

£
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< QUESTION

%ﬂﬁgg? Scheme Marks
2. (a) | e.g. Population is small B1
()
(b)(i) | list/register/database of all members (of the leisure centre) B1
(i) | A member (of the leisure centre) B1
&)
(c) | Cis the statistic as it is (a quantity) based only on values (oe) taken | B1
from the sample/it contains no unknown parameters/population 1)
values
[4 marks]
Notes

(a) | B1 any correct characteristic of the population that makes a census a practical
alternative to a sample (accessible, finite, well-defined)

(b)(i) | B1 idea of list (oe) and idea of all members (e.g. list of each member of the leisure
centre))

(ii) | B1 a single member

Condone members Also condone One of the members in the sample

The opinion/view of one of the members is BO

(c) | B1 choosing C (or clearly identifying C in words) only with a correct supporting
reason which must include value (oe) and sample or no unknown parameters
For values allow e.g. information, observations, calculations, function, numerical
data, etc.




< QUESTION

uestion
Number Scheme Marks
5(a) P(score 8) = 0.25x0.35=0.0875 Bl
(M
(®) sample Score () calculation P(Y=y)
(1,3) ) 0.4x0.25 0.1
(1,2) 0 0.4x0.35 0.14 Bl
1D 2.3) 2 0.4°+0.35x0.25 0.2475 Bl
2.2) 4 0.35° 0.1225 M
2133 6 0.35x0.4+0.25° 0.2025 M1
3, 10 0.25x0.4 0.1
Y 2 0 2 4 6 8 10
P(Y=y) | 0.1 0.14 | 0.2475 | 0.1225 | 0.2025 | 0.0875 0.1
Al
1| 20 | 2 | (8] | ) | ) | o]
3
E(Y)=-2x"0.1"+ [0><"0.14"] +2x"0.2475"+4x"0.1225"+ 6x"0.2025" M1
c
© +8x0.0875+10x"0.1"
=37 Al
2
Total 8
Notes
(a) B1 | A correct calculation shown followed by 0.0875
For identifying the correct set of y values. Any extras must have a probability of 0
(b) B1 . :
May be split eg 2 may appear twice
M1 | For at least two correct calculations or probs from P(Y=-2), P(Y=0),P(Y=4) or P(Y=10)
M1 | For at least one correct calculation or prob for P(Y=2) or P(Y = 6)
M1 | For at least four correct calculations or probs attached to the correct value of y or sample
Al | A fully correct answer
(c) M1 | Correct expression ft their table
Al | 3.7 or exact equivalent
Alternative for (¢c) M1
E(X)=0.4 + 2x0.35+3x0.25 [= 1.85]and E(Y)=4x"1.85"-2x"1.85"




MARK SCHEME -

IAL S2 (WST02)

- October 2022 -

Q6 S2.4a Populations, samples & sampling distributions < QUESTION
Question Scheme Marks
Number
6(a 2
@ (za 13)[& 11] 630rax1_(§) _68
X X—X— |+ —X— —
a+7 4 4) \a+7 4 4) 256 a+7 4 256
5 M1 M1
a 1 1 3| 63
——X|| = | +2x=x—=|=—
a+7 4 4 4| 256
a E_l _a g a=9 * Al*
7+a 256 16 7+a 16
(©)
(b) Range (R) 0, 5, 10 (and 15) Bl
Bag: P(20):lg and P(S):% and P(lO):i B1
[P(R:O) i 1 1 3 § 3
16 4 4 16 4 4 M1
1 3 5 3 3 2 13 2 11
[ :|2><—>< ——X—X—F+2X—X—X—F—X—X— M1
1644644 6 4 4 16 4 4 M1
9 3 3
[P(R=10) =] —x=x=
16 4 4
R 0 5 10 15
r £l 89 [ 8l [ 63 Alcao
256 256 256 256
(6)
Notes Total 9
(@) M1 For use of —2_ inan equation
a+7
M1 Setting up a correct equation to find the value of a
Al* a =9 with at least one further correct line of working
(b) Bl For the 3 ranges 0, 5 and 10 and no extra incorrect ones or all extras have probability of 0
For the correct 3 probabilities written or used for the bag
2 5 P
B1 16 and/or 75 may be implied by a correct answer for P(R=0)0r P(R =5) and
% may be implied by a correct answer for p(Rr = 10)
NB p and g must be consistent for the next 3 method marks
A correct method to find one probability for P(R=0) OF P(R =5) O P(R = 10) allow
pxgxq+rx(@1—q)x(@—q) or
M1 2xpxgx@A-q)+px@—q)x@—q)+2xrxgx@—q)+rxgxqg or mx@— p)x@1—p)
where m, p, g and r are probabilities. (May be implied by % or % or %)
A correct method to find two probabilities from P(R=0) OF p(R=5) OF P(R =10) allow
pxgxq+rx(@1—q)x(@—q) or
ML | 2x pxgx(@—g)+ px(@Q—q)x@—q)+2xrxgx(1—g)+rxgxq of mx(1— p)x (1 p)
where m, p, g and r are probabilities. (May be implied by 2 from % or % or %)
M1 A correct method to find all 3 probability for P(R =0) and P(R =5) and P(R = 10) allow
pxgxq+rx(@1—q)x(@—q) or
2x pxgx@—q)+ pxA-g)x@A—-q)+2xrxgx@A—q)+rxgxq or mx(1— p)x@- p)
where m, p, g and r are probabilities. (May be implied by % and % and %) or these 3
probabilities that sum to ;22

RA
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MARK SCHEME - IAL S2 (WST02) - January 2024 - Q6 S2.4a Populations, samples & sampling distributions < QUESTION

Question
Number Scheme Marks
6(a) 8,11, 14,17, 20 M1
1 4
P(even )=|= and | P(odd )= |- M1
[P(even ) =] and [P(odd )]
4 4 1 4
P(X=8)=|=| or |[P(X=20)=]| = M1
[p(x-8)-]( ¢ or [P(x-20)-3)
1)(4Y 4\ 1Y’
P(X =11)=|4x|= || =| or |P(X =17)=|4x| = || = M1
[p(x =12)=Jax(§ ][ £] or [POx=17)-Jax(5 | £
2 2
1)y (4
P(X=14)=|'C,x| = | | = M1
[p(x -14)-J'c.x( 2| (3)
X 8 11 14 17 20
PXC=x) [ 256 256 9% 15 1| A
625 625 625 625 625
(0.4096) (0.4096) (0.1536) (0.0256) (0.0016)
(6)
(b) | 1-(1-"0.1536")" >0.95 or ("0.8464")" <0.05 M1
log(0.05)
n>17.96 or n>—————"— 0r N> 100g.;g4,(0.05
log("0.8464") Fosuar(0.09) M1
n=18 Al
(©)
Notes Total 9
@) M1 For at least 2 scores correct and no more than 3 incorrect
M1 for writing or using # and % . May be implied by a correct probability
M1 for p4 where 0 < p <1
M1 | for 4x(1-p)p® where 0<p<l
M1 for 6><(1— p)2 p2 where 0 <p<1or probabilities that add to 1 (at least 2 but not more than 5)
Al for all 5 probabilities correct and associated with the correct values. Need not be in a table but
probabilities must be attached to the correct total
(b) M1 for using 1—(1— P(Y = O))n > 0.95allow = instead of >/>. condone </< or allow for at least 2
trials for n between 10 and 20 ft their P(X = 14)
log(0.05) . .
forn>awrt 17.96 or n > ——=————— ft their 0.8464 or N> 10g.q 4,,-(0.05) ft their
M1 log("0.8464") '
0.8464 or for the two trials for n=17 and 18
Allow = instead of >/>. condone </ May be implied by a correct answer ft their 0.8464
Al Cao (Do not allow any inequality for this mark)
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MARK SCHEME - IAL S2 (WST02) - June 2025 - Q4 S2.4a Populations, samples & sampling distributions < QUESTION
Question Scheme Marks
Number

4(a) 3,6,9,12 B1
2 .
[P(black)=] - and [P(Whlte):]g B1
5Y 2y
[P(X =3) :](ﬂ or [P(X =12) :](ﬁ M1
2
[P(X =6) :]3><£§j ><E M1
7 7
2 2
[P(X =9) =]3x§x(—j M1
7 \7
X 3 6 9 12
125 150 60 8 AL
P(X=x) 343 343 343 343
(0.3644...) (0.4373..)) (0.1749... (0.0233...)
(6)
n
(b) [@j <0.05 oe M1
343
| :
n>1557... or n >&2g? or n>log, . (0.05)
log| 283 (2% dmM1
343
n=16 Al
(©)
Notes Total 9
(&) Bl for all 4 possible outcomes and no extras
5 2
B1 for writing or using 7 and 7 May be implied by a correct probability for P(X = 6) or P(X = 9)
or P(X =3) and P(X = 12) Allow awrt 0.714 and awrt 0.286
M1 | for p* where 0 < p <1 May be implied by 15 or awrt 0.364 or -2 or awrt 0.023
M1 | for 3x p®x(1— p) where 0 <p <1 May be implied by 12 or awrt 0.437 or 5 or awrt 0.175
M1 for 3x px(1— p)2 where 0 < p < 1 May be implied by 3 or awrt 0.437 and % or awrt 0.175
or 4 probabilities that add to 1
for all 4 probabilities correct and associated with the correct values. Need not be in a table but
Al probabilities must be attached to the correct total.
If decimals are used then they must be awrt 0.364, awrt 0.437, awrt 0.175 and awrt 0.023
(b) M1 for (l—%j < 0.05 oe Condone =/< instead of <
Dependent on the previous M mark
I . 2 2
forn>awrt 15.6 or n >Mft their 283 or n>log, ., (0.05) ft their 283 or for
.283,, 343 (2%) 343
dM1 log| "— 343
343
the two trials between n = 15 and 16
Allow = instead of >/>. Condone </<
Al cao (do not allow an inequality)
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MARK SCHEME - IAL S2 (WST02) - January 2021 - Q6

S2.4a Populations, samples & sampling distributions < QUESTION

Question

Number Scheme Marks
6(a) Taking a random sample is quicker/cheaper/easier (compared to asking all of the youth B1
club members).
()
(b) A list/register/database of all the youth club members B1
1)
(c) The members Bl
1)
. 25
(d) P = M1
5
== Al
P 8
W 1 25 .5, WO, , 1,
- r=1 or 2qr=— or —+2"—= 2"="r —+r°=1
8+q+ q 16 64+ 8q+ 5 +q +16+ Bl
Any two equations from above Bl
Sq-q?=L
gl 9 =3 dm1
1
q= 2 Al
PM=50)=11_1 = Alcso*
(@)
Total 10
Notes
(@) B1 Any one of the given reasons. Ignore extraneous non-contradictory reasons.
(b) B1 Idea of list(oe). Need all (oe) (eg complete list) and members.
(© Bl The members/a member
(d) M1 | Correct method, may be implied

5 5
=2 or P(X=20)=>
AL | p=g or P( )=

B1 (allow ft on their value of p)

One equation ingand r fromuseof p+q+r=1, PM=60) or YP(M=m)=1 see Note

Bl see: §+§q +i+ q° +i+ L > =1 which is correct and scores B1B1
64 4 128q 16 1024q

Two correct equations in g and r - Some will substitute directly into the third equation so may

dm1 (may be implied by q =% or r =% provided B1B1 scored)

(dep on 1% B1) Correct method to solve simultaneous equation leading to a probability for g or r

Al Correct probability for g (dependent on all previous marks in part (d))

Alcso* | Correct solution with use of P(M = 50) = g2 and all previous marks awarded.

Note: m 20 35 45 50 60 70
P(M=m) 2 2 2pr 2 L r2
i pq p q 16

25 . 1,
—+2pq+2pr+q°+—+r-=1
64 Pdropr+4d 16
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< QUESTION

Number Scheme Horks
4. ~ 2 1 4
[ A = the number on the ball] P(A:l):a P(A:Z):E P(A:S):a Bl
(i) | Possible samples with a range of 4 are:  (1,1,5) (1,2,5) (1,5,5) M1
(1,1,5) 2 E X i x3:£ or (1,5,5) z X i X i x3:£ M1
9 9 9 243 9 9 9 243
(1,2,5) 2 X 1 X 4 ><6=E Ml
9 3 9 81
16 32 16 32
P(B=4)=—+—+— =—
GV wm s T Al
2 (Y (4 1
i) | PB=0)=| = | +| = | +| = | =— Ml
2 2 2 2
P(B:I):3><z>< 1 +3><l>< 2) .10 or P(B=3)=3><l>< 4 +3><i>< .= Ml
9 \3 3 \9 81 3 19 9 \3 81
B (O S S | N - (] v
81 81 81 81 81 81 81 81
b 0 1 3 4 Bl
11 10 28 32
P(B=b — - == it
(B=0) 81 81 81 81 Al
10)
Total 10

Notes
B1: for writing or using the 3 correct probabilities
(i) | 1°*M1: for identifying the 3 possible samples
2" M1: for px pxgx3 or pxgxgx3 where p and g are probabilities with (p +¢) <1
3" M1: for pxgxrx6 wherep,q and r are probabilities with (p +¢g +7) =1
Al: for % or awrt 0.395 [Calc: 0.3950617...]

(i) | 1*M1: for p’ +¢’ ++° (for their p, g and r)

2" M1: for 3><p><(q)2+3><q><(p)2 or 3><q><(r)2+3><r><(q)2 (for their p, g and r)

3" M1: for use of all probabilities of P(B = b) adding to 1 [Must have 3, 4 or 5 values for b]
B1: for ranges 0, 1, 3 and 4 with none omitted and no extras. Allow extras if assigned probability of 0
Al: for a fully correct probability distribution.

SC A0 in (i) | If AO scored in (i) and all other marks scored in (ii) and correct prob’s for 2 values of b : award A1l in (ii)




MARK SCHEME - IAL S2 (WST02) - January 2022 - Q6 S2.4a Populations, samples & sampling distributions < QUESTION

Question

Number Scheme Marks

A sampling distribution is all the values of a statistic (obtained from a random sample) and

6 (a) the associated probabilities Bl )
or the probability distribution of the statistic (under random sampling).
6 3 2
(b) P(6) T P(7) T P(8) T Bl
Totals (7) 12, 13, 14, 15, 16 Bl
(6, 6) (6,7) (6, 8)
(7,6)(7,7) (7, 8) B1

8,6)(8,7) (8,8

o (2] [
[GRGEE "

ot (&) (2] (2] [2] "
)< (2

P

[P(T =13) =]2x (i

' v ¥ M1
[P(T'=15) =]2x (i x _j |12
11 1 121
2Y [ 4
PT=16)=| | —| =|—
[ ( ) ] (1 1 {12 1}
T 12 13 14 15 16
PT=n | 36 [ 36 | 3| 124 A
121 121 121 121 121
(c) E(T)=U12">< Hﬁ"_'_ H13HX "ﬁ"_'_ |V14">< "£H+ "15"X "£|’+ "16H>< Ni” Ml
121 121 121 121 121
1606 146
2090 _ 1% 13070, Al
121 11 awrt 13.3 @)
Notes Total 10
6 (a) B1 A correct explanation with the words in bold
(b) B1 Correct probabilities — may be seen in an equation or implied by a correct probability for 7= 14
B1 All 5 totals correct with no extras
B1 All 6 basic combinations correct, either seen or used (may be implied by correct probailities)

Allow S for 6, M for 7 and L for 8

M1 Correct method for one probability ft their P(6), P(7) and P(8) If these are not stated then they
must be correct

Correct method for three of the five probabilities ft their P(6), P(7) and P(8) If these are not
stated then they must be correct

M1 Correct method for all five probabilities ft their P(6), P(7) and P(8) If these are not stated then
they must be correct or 5 probabilities that add up to 1
Al cao Need not be in a table but probabilities must be attached to the correct total

(c) M1 Use of ZtP(T =1) two or more products ft their table

M1

Al awrt 13.3 (Allow % oe)
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< QUESTION

Question Scheme Marks
5. (a) | X~Po(7.5) B1
® P(X=10)[=0.8622 - 0.7764 = m 1=0.0858... awrt 0.0858 | Bl
| P66, X, 11)=PKX, 11)-PX, 5)[=0.9208 —0.2414] M1
=0.6794 awrt 0.679 | Al
“
(b) | Y =number of samples that contain 0 particles
Y~B(12, p) or B(12,e™*""") or B(12,e™*) M1
[P(Y ...2)=]1-P(Y, 1)=0.1184 M1
P(Y, 1)= 0.8816 — from tables [p =] 0.05 Al
S = number of particles per m millilitres
S ~Po(0.15m) M1
P(S=0)=0.05or ¢""*" ="0.05" M1
—0.15m =1n(0.05) —» m=19.9715... awrt 20.0 Al
(6)
[10 marks]
Notes

(a) | 1** B1 writing or using Po(7.5) May be implied by a correct probability

(i) | 2" B1 awrt 0.0858 [calc = 0.0858303...]

(ii) | M1 writing or using P(X',, 11)-P(X, 5)

Al awrt 0.0679 [calc =0.06793222...]

(b) | 1°* M1 writing or using B(12, p) Allow Binomial with n =12 or B(12,...) May be implied by

0.05

2 M1 for 1 —P(Y, 1)=0.1184 (or better) or P(Y, 1)= 0.8816 oe

eg(1-p)'?+12p(1-p)''=0.8816 Implied by 0.05

1% A1 0.05(seen)

3" M1 writing or using Po(0.15m ) May be implied by e

4" M1 ft their p (0 < p < 1) for an equation of the form e*"*” ="0.05" (allow ¢ * ="0.05")
Allow 0.15m =3

2" A1 Allow 20 or awrt 20.0 Allow trial and error to solve their equation

—0.15m




< QUESTION

Question Scheme Marks
Number
3()(@) |3+[0]+29=32* B1*
(i) 3+15+29=47* B1*
)
1
— 32t <47
(b) f(t)=4 15 M1 Al
0  otherwise
)
© () |[E(M)=]39.50e Bl
y 47-32Y°
i) | pvarr) - 47=320 M1
12
7745 =18.75 Al
@)
1
d 40-32)x— M1
@ | (40-32)x
8
=— Al
15
)
Notes Total 9
@) B1* For 3 +[0] +29
(i) B1* |[For3+15+29 Allow32+15
For f(t) =% 32 <t <47 Allow use of < instead of one/both < signs.
b M1
®) Allow the use of any letter for f(t) and t (Condone inconsistent use of letters) but we must have
f(t) and an inequality
1
Fully correct pdf f(t)={15 2st<a Must be f(t) and t. Condone f(T) and T
Al 0  otherwise
Allow use of < instead of one/both < signs
Allow equivalent for the 0 otherwise.
(©() Bl For 39.5 oe
. (B- a)2
(ii) M1 For use of Var(T) = BETE
Al For 18.75 oe
(d) M1 For use of (4o_a)><ﬂia
Al For % oe Allow awrt 0.533




MARK SCHEME - IAL S2 (WST02) - October 2023 - Q4 S2.4a Populations, samples & sampling distributions
Question Scheme Marks
Number

4 (a) 0.2x£10+0.3x£12+0.5x£15 M1
= [£]13.1O Al
(3]
10 10 10 12 12 12 15 15 15
(b) 10 10 12 (x3) 12 12 15 (x3) 12 15 15 (x3) B1B1
10 10 15 (x3) 10 12 12 (x3) 10 15 15 (x3)
10 12 15 (x6)
)
(c) P(10)=0.2 P(12)=0.3 P(15)=0.5 Bl
Median can be 10, 12 or 15 B1
P(M =10) = 0.2° +0.2° x0.3x3+0.2° x0.5x3 or 1-0.8° —~3x0.82x0.2 M1
P(M =12) = 0.3 +0.3 x0.5x3+0.3°x0.2x3+0.2x0.3x0.5x6 M1
P(M =15) =0.5° +0.5* x0.3x3+0.5* x0.2x3 or 1-0.5° —3x0.5°x0.5 M1
M 10 12 15
13 99 1 Al
P(M = — =0.104 ——=0.396 -=05
(M=m) 125 250 2
(6)
Notes Total 10
@) M1 For 0.2x10+0.3x12+0.5x15 May be implied by a correct answer
Al Cao Allow 13.1
(b) Bl B1 for at least 5 possible combinations. Ignore repeats. May be seen in part ¢
Bl For all 10 possible combinations. Ignore repeats. May be seen in part ¢
(c) Bl Correct probabilities — may be seen in an equation or implied by a correct probability
Bl All 3 medians and no extras
M1 A correct method for one of the probabilities (May be implied by a correct probability)
M1 A correct method for two of the probabilities (May be implied by 2 correct probabilities)
M1 A correct method for all three probabilities (May be implied by 3 correct probabilities)
or 3 probabilities that add to 1
Al Cao Need not be in a table but probabilities must be attached to the correct median
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MARK SCHEME -

IAL S2 (WST02)

- June 2024 - Q4

S2.4a Populations, samples & sampling distributions

Question Scheme Marks
4(a) Exg :i* Blcso
50 49| 245
(©)]
(b) number of counters numbered 4 =10 numbered 7 =15 numbered 10 = 25 M1
M=4,55,7,85,10 B1
P(M =55)=2x 10 E[fi}
50 49| 49 M1
10 25 15 14] 71
PM=7)=2x""x""4+x|=——
( )= 5029 ' 50 49[ 245} M1
15 25| 15
P(M=85)=2x—x"=| ===
( ) 50 49{ 49—‘ M1
P(M =10)= 22 ﬁ[ E}
50 49| 49
m 4 5.5 7 8.5 10
— 9 6 71 15 12
P(M=m)| 2 S = = == Al
245 49 245 49 49
awrt awrt awrt awrt awrt
0.037 0.122 0.290 0.306 0.245
(6)
(© 1-2 ) <015 M1
245
log0.15
n=50.689... orn=50is0.1539...orn=511is0.148... or [n >]g—9 M1
log(1- %)
n=>51 Al
Q)
Notes Total 10
@ B1 | A correct equivalent expression
(b) M1 | For 10, 15 and 25 - may be seen in (a) or may be seen in probability expressions
B1 | all means correct with no incorrect extra unless they have a probability of 0
M1 | One correct probability (not including 9/245)
M1 | Two correct probabilities (not including 9/245)
M1 | Three correct probabilities (not including 9/245)
Al fully correct. need not be in a table but must have correct probability associated with
correct mean
10 15 25 3 29 31
With replacement using probabilities —,—,— gives —,—,—,—
sC 505050 25100 10 4
can score maximum M1B1M1(two correct)M1(four correct)MOAO
(© M1 | Setting up a correct inequality (allow any inequality or equal sign here)
M1 for avalue n=awrt50.7 or awrt 0.154 or awrt 0.148
or correct log expression for n
Al | 51cao donotallow n...51
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MARK SCHEME - IAL S2 (WST02) - October 2020 - Q6 S2.4a Populations, samples & sampling distributions < QUESTION

I%Ei:g;n Scheme Marks
6(a) A sampling distribution is all the values of a statistic and the associated
probabilities B1
or the probability distribution of the statistic.
Q)
(b) P(small(40)) = 0.5, P(medium(80)) = 0.3, P(large(150)) = 0.2 B1
Range (R) 0, 40, 70, 110 Bl
[P(R=0)=]"0.5"+"0.3"+"02" =0.16 Mi
(40,40,80) (40,80,80)
(80,80,150) (80,150,150) B1
(40,40,150) (40,80,150) (40,150,150)
[P(R=40) =]3x("0.5"%"0.3" )+3x("0.5"*x"0.3")
P(R=70)=[3x("0.3""x"0.2")+3x("0.3"x"0.2"* ) = 0.09 Mi
[P(R=70)=]3x("0.3"x"02")+3x("0.3""0.2"") M1
[P(Rzl 10):]3><("0.5"2><"0.2")+3><("0.5"+ "0.2”2)+6><("0.5"><"0.3">< "0.2")=0.39
R 0 40 70 110 Alcao
r 0.16 0.36 0.09 0.39
@)
(c) (1-"0.09")" <0.2 or ("0.91")"<0.2 Ml
[n>]17.065... Ml
n=18 Al
3)
Notes Total 11
6(a) B1 A correct explanation with the words in bold. Allow equivalent words eg outcomes for
values
(b) B1 Correct probabilities — may be seen in an equation or implied by a correct probability
for R =0 or for 2 correct probabilities from those for R =40, R =70, R =110
B1 All four ranges correct with no extra.
M1 Correct method for finding P(R = 0)
All the correct combinations for R = 40, 70 and 110. R= 0 combinations are not
required but no incorrect combinations must be seen (may use bag size rather than
B1 numbers in bag) May be implied by a correct probability for P(R = 40), P(R = 70) and
P(R = 110) or by correct working seen for each of the 7 combinations (no need for the
number of ways of arranging ie 3 x or 6x) eg (40,40,80) =0.5>x 0.3
M1 Correct method for one of the probabilities for P(R = 40), P(R = 70), P(R = 110)
Correct method for a second probability for P(R =40), P(R =70), P(R=110) or the 4
M1 s
probabilities add up to 1.
Al Correct answer only. Allow answers as a fraction. Need not be in a table but
probabilities must be attached to the correct range
(c) M1 Setting up a correct inequality using their 0.09 Allow written as an equation.
log0.2 . . L
For 17.1 or better allow 1#091" or logr.910.2 oe If inequality/equation is incorrect
og"0.
M1
but of the form (p)" <0.2 (p)" =0.2 where 0 < p < 1 this mark can be awarded if
working is shown
Al 18 do not accept n > 18 or n < 18 if final answer
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MARK SCHEME - IAL S2 (WST02) - January 2023 - Q2 S2.4a Populations, samples & sampling distributions < QUESTION

ﬁﬂfnsggrn Scheme Marks
2 (a) 20,20,20 20, 20,50 (x3) 20,50,50 (x3) 50, 50,50 B2
2
(b) a=30andb=40 B1
1)
4913 27
© Peo o Q= M1
8000 8000
17 3
= — (0.85) and g=—(0.15 Al
P=2 (0.85) a= 25 (0.15)
2
@ | [PEO)]=3x"p*"x"q" [P(40)]=3x"p"x"q*" M1 M1
o 2601 _ 459
8000 8000 Al
@)
M 20 50 B1 ML
(e) _ 3757 243
P(M = — — Alft
M=m"1 " 000 4000
3)
Notes Total 11
For all 4 correct combinations
@) B2 (B1 for 3 correct combinations)
Ignore extraneous repetitions of any of the given combinations
(b) Bl Fora=30and b =40
() M1 | Either p® _ 913 or g _ 2T
8000 8000
Al p = 0.850e and g = 0.150e
o M1 [P(30)] =3x((their p)® x (their g) or [P(40)]=3x (their p)x (their q)*
must see values substituted and must be using their values from part (c)
[P(30)] =3x((their p)® x(their g) and [P(40)]=3x (their p)x (their g)*
M1 A . 153
or use of sum of probabilities=1 ie.c+d=—
400
Al For c= 2601 (=0.325125) and d= 459 (=0.057375)
8000 8000
(e) Bl For 20 and 50 only (ignore notation used for M)
Either 4913 +theirc or 27 +theird
M1 8000 8000
for ft answers only values will need to be checked
3757 243
For oe and ——oe
Alft 4000 4000
Follow through their values for ¢ and d but P(M = 20) + P(M = 50) must sum to 1
(A table is not required).
If aand b are reversed then allow a = 40 and b = 30 — this will mean p =0.15 and q = 0.85,
NB 459 2601
8000 8000
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MARK SCHEME - IAL S2 (WST02) - October 2024 - Q6 S2.4a Populations, samples & sampling distributions < QUESTION
Question Scheme Marks
Number

1 3 1 4
6 (a) Box A: P()== P(2) =7 Box B: P(2) = P(5) =3 B1
Totals (T) 5, 6, 8,9, 11, 12 B1
1,2,2) (1,2,5 (1,55 (22,2 (2,2,5 (2,55 B1
[(1,5,2)] [(2, 5, 2)]
111 1 11 3
P(T =5 — P(T =6 “xZ=|—
[( )]455{100} [( )] 55{100}
11478 31 4[24 M1
[P(I' 8) ] SXEx—=|— [P(I' 9) ] —X=X—=
4 5 5 [100 4 5 5 100 M1
1 4 4 16 3 4 4 48
P :ll =[—X—X—=| — P :12 =|l—-Xx—X—=| —
[P(T )]455{100} [P(T )]455[100} M1
t 5 6 8 9 11 12
POT= | 1 | 3 | 8[ 2] 24[ 6] | 16] 4] | 48[ 12] | |A1
100 100 | 100 25 1000 25 1000 25 100 25
)
(b) m=2 m=5 B1
1 24
[P =)o B, B 24,36 w
100 100 100 100 100
, 16 48 64
P(M =5 — "= P(M=5)=1-'"P(M =2)' M1
[ ( ) 100 100 [100} ( ) ( )
m 2 5
P(M =m) 36 64 Al
100 100
(4)
Notes Total 11
@) B1 All 4 correct probabilities — may be seen in an equation
Bl All 6 totals correct with no extras (ignore units if stated) (condone 8 or 9 listed twice)
B1 All 6 basic combinations correct, either seen or used (implied by the 3 M1 mark)
Condone any permutation of the 6 basic combinations for this mark
M1 Correct method for one probability (ft their probabilities)
M1 Correct method for five probabilities (ft their probabilities)
M1 Correct method for all six probabilities (ft their probabilities)
Al cao Need not be in a table but probabilities must be attached to the correct total
(b) Bl For both values of m (no extras)  If m =1 is stated it must be stated that its probability is 0
M1 Ft part (a) For a correct method to find P(M = “2°)
For this mark there must only be 2 probability calculations
M1 Ft part (a) For a correct method to find P(M = “5°)
For this mark there must only be 2 probability calculations
Al cao Need not be in a table but probabilities must be attached to the correct total
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MARK SCHEME - IAL S2 (WST02) - January 2025 - Q2 S2.4a Populations, samples & sampling distributions < QUESTION

gﬁiﬁg:ﬁl Scheme Marks
2(i)(a) | u is not (a statistic) as it is an unknown (parameter) B1
(b) X is (a statistic) as it is based on (known) observations. Bl
()
(i1) Outcomes V1=2, r,=50rY1=2,,=60r Y1 =5, Y»=6 oe only M1
1 11 5 1 5 1 2 1 5
P, <Y)==X—+—X—+—X— | ==X—+—x—
(1 2)34312412(33412) M1
47
=——=0.32638---
144 Al
awrt 0.326
3)
(iii)(a) | Possible ordered outputs (3, 4), (3, 5), (4, 3), (4, 5), (5, 3), (5, 4) Bl
@)
(b) {10, 11, 13, 14} MI, Al
()
. 1
(c) Probability of any one outcome = 5 oe Bl
t 10 11 13 14
1 1 1 1
P(T=1) 6 3 3 6 MIA1
3)
Notes Total 11
Mark (i)(a) and (i)(b) together
(i)(a) B1 correct answer and valid reason that g is either (usually) unknown or a population parameter oe
(i)(b) correct answer and valid reason suggests one of the following that X is
e Dbased (solely) on observations/calculations/values/information/data/a function oe
e contains no unknown population parameters
B1 e calculated/measured
e numerical property of a sample/derived from a sample
Do not allow “it is a statistic because it is known”
SC B1BO0 for s is not a statistic and X is a statistic stated or with insufficient/incorrect reasoning
(i1) correct outcomes stated or implied and no extras. Accept (2,5) (2,6) (5,6) ore.g.
M1 2<5,2<6,5<6 May consider all outcomes but indicate the rows which are required.
Condone the order the other way round for the pairs i.e. (5,2) (6,2) (6,5)
1 2
M1 at least two correct products. If EX 3 oe is seen then this is sufficient for M1
Al awrt 0.326 Correct answer 3/3
Mark (iii)(a), (iii)(b) and (iii)(c) together
(iii)(a) Ordered outputs stated or may be seen e.g. in a list/table but not within calculations and no
Bl extras. Cannot be implied by their final table in (c). Check by the question for their
combinations. Isw if the 6 combinations are stated but they subsequently write 7, 8 and 9 (the
sums of the combinations). Do not accept (3,4) x2 (3,5) x2,(5,4) x2
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< QUESTION

(iii)(b) at least 2 correct values from 10, 11, 13 and 14 (accept any list form or within a table as part of
M1 their calculations). Condone repeats/extras
Condone with replacement at least 2 correct values from 9, 10, 11, 12, 13, 14 and 15
Al all correct and no extras/repeats removed. May be implied by final table in (c)
(iii)(c)

1 1 1
probability of g or equivalent calculation eg g X 5 . May be implied by a correct probability

B1 for one of the values in the table.

at least 2 correct probabilities or calculations correctly paired with the correct values of ¢
Condone with replacement at least 2 from:

M1 | Lt 9 10 11 12 13 14 15
1 1 2 1 2 1 1
P(T=1) 9 9 9 9 9 9 9

fully correct. Need not be in a table but must have a correct probability associated with correct
Al value. Condone a different variable to 7' eg X
a correct table with no incorrect working seen implies full marks for (iii)(b) and (iii)(c)




MARK SCHEME - IAL S2 (WST02) - June 2022 - Q7 S2.4a Populations, samples & sampling distributions < QUESTION
Question Scheme Marks
7. (a) | Y~B(20, p) p=P(sample contains counter with a 9 on it)
= 1—i><§><1 o€ or L><9><8><3
PUT10797% 1093 TiAL
or i><5><1><3+£><3><l 6+— 3 ><2><1><3 oe -3
10 9 8 10 9 8 10 9 8 10
(i) | E(Y)=20x"3"[=6] Bl
(i) | Var(Y)=20x"3"x(1-"3") =42 MI1Al
(5)
() | (7,7,7)
(7,7,8), [(7,8,7), (8,7,7)] B2
(7,7,9), [(7,9,7), (9,7,7)]
2)
© | [m 7 3 B1
PM=m) | 6 5 4 6 5 3 6 5 1|1-P(M=1) M1 Ml
—X—X—4+3X—X—=X—4+3Xx—X—Xx—
10 9 8 10 9 8 10 9 8
_2 _1 Al Al
3 3 (5)
Notes [Total 12]
@ c’c,
1** M1 For all methods condone missing %3 and /or x6  Allow oe
3
Condone with replacement - condone missing %3 and /or x6
(2 or (&) xbuze b3 Lo 3) 1><3+ [=0.271]
10 10 10 10 10 10 10 10 ’
1 A1 A fully correct expression without replacement or 0.3
NB E(Y) = 6 implies the 1% M1 1% Al
(i) | B1 for 20 X probability — no need to calculate
and (ii) | 27 M] Use of np(1 —p) or np( —%)
274 A1 variance = 4.2
(b) | B1B1 all 3 correct (with none incorrect — ignore arrangements of the correct numbers)
(B1BO0 any one correct and no incorrect or 2 or 3 correct and only one incorrect) These can be
awarded in part (c) provided that they are clearly identified as having a median of 7
More than one incorrect is BOBO
(c) | B1 for identifying that the only possible medians are 7 and 8.
Allow 9 if it has a probability of 0
1% M1 correct expression for P(M = 7) Implied by 2/3 or P(M = 8) Implied by 1/3
PM=8)=— 3 2><l+3>< 6 ><3 2 +3x 3 — l-i-6 £><3 1
10 9 8 10 9 8 9 8 109 8
6Y 3, Po1[_ 81
Condone with replacement P(M =T) = ( j (—J = ( j X — [ =0. 648}
10 0 10 125
3 2
P(M=8)= (ij +3x£x(i) +3><( : ) xi+6x—xixi[ S 324}
10 10 \10 10 10 1010 10| 250
2" M1 Total of the 2 probabilities for 7 and 8 =1 or a correct expression without replacement
for both P(M = 7) and P(M = 8) condone with replacement
1Al P(M =7)=2 0e 2™ Al P(M =8)=1 oe
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