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QUESTIONS

9 questions - 103 marks - 5 sub-topics
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SUB-TOPIC 4.1

COMBINATIONS OF RANDOM VARIABLES

Sub-topic 4.1 - 2 questions - 22 marks - lowest tariff first




ANSWER >

4. The weights of eggs, E grams, follow a normal distribution, N(60, 3%)
The weights of empty small boxes, S grams, follow a normal distribution, N(24, 1.8%)
The weights of empty large boxes, L grams, follow a normal distribution, N(40, 2.1%)
Small boxes of eggs contain 6 randomly selected eggs.
Large boxes of eggs contain 12 randomly selected eggs.

(a) Find the probability that the total weight of a randomly selected small box of 6 eggs
weighs less than 387 grams.

&)

(b) Find the probability that a randomly selected large box of 12 eggs weighs more than
twice a randomly selected small box of 6 eggs.
3
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(Total for Question 4 is 8 marks)

Question 4 continued
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ANSWER >

7. The weights of a particular type of apple, 4 grams, and a particular type of orange,
R grams, each follow independent normal distributions.

A ~N(160, 12?) R ~N(140, 10%)

(a) Find the distribution of

(i) A+R
(i1) the total weight of 2 randomly selected apples.
3
A box contains 4 apples and 1 orange only. Jesse selects 2 pieces of fruit at random
from the box.
(b) Find the probability that the total weight of the 2 pieces of fruit exceeds 310 grams.
3)

From a large number of apples and oranges, Celeste selects m apples and 1 orange at
random. The random variable W is given by

W= (z Ai) —nxR
i=1
where 7 is a positive integer.
Given that the middle 95% of the distribution of W lies between 1100.08 and 1499.92 grams,

(c) find the value of m and the value of n

®
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ANSWER >

Question 7 continued
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ANSWER >

Question 7 continued
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ANSWER >

Question 7 continued
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ANSWER >

Question 7 continued

(Total for Question 7 is 14 marks)

Q\Vﬂ
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SUB-TOPIC 5.1

ESTIMATORS, BIAS AND STANDARD ERROR

Sub-topic 5.1 - 1 question - 11 marks - lowest tariff first

11



ANSWER >

7. Arandom sample X, X,, X,, X, and X, is taken from a distribution X ~ N(x, ¢°)

Nina and Jonah each use unbiased estimators to estimate u

X1+X5
2

_ 5
Nina uses X = %ZX but Jonah uses Y =
r=1

(@) Find P(X-Y >¢)

7
Nina and Jonah both calculated 95% confidence intervals for u
They used their estimates and the normal distribution with the same value of ¢
Their intervals were
(21.823, 38.177) and (27.029, 37.371)
(b) State, giving a reason, which of these intervals Nina calculated.
€
(c) Using one of these intervals, find the value of ¢ .
3

INZ)
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ANSWER >

Question 7 continued

Q\Vﬂ
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ANSWER >

Question 7 continued

(Total for Question 7 is 11 marks)

Q\Vﬂ
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SUB-TOPIC 5.3

CONFIDENCE INTERVALS FOR A NORMAL MEAN

Sub-topic 5.3 - 2 questions - 17 marks - lowest tariff first

15



ANSWER >

1 A machine is set to fill pots with yoghurt such that the mean weight of yoghurt in a pot is
505 grams.

To check that the machine is working properly, a random sample of 8 pots is selected.
The weight of yoghurt, in grams, in each pot is as follows

508 510 500 500 498 503 508 505

Given that the weights of the yoghurt delivered by the machine follow a normal
distribution with standard deviation 5.4 grams,

(a) find a 95% confidence interval for the mean weight, x4 grams, of yoghurt in a pot.
Give your answers to 2 decimal places.

)
(b) Comment on whether or not the machine is working properly, giving a reason for
your answer.
ey
(c) State the probability that a 95% confidence interval for x will not contain x grams.
ey

(d) Without carrying out any further calculations, explain the changes, if any, that would
need to be made in calculating the confidence interval in part (a) if the standard deviation
was unknown. Give a reason for your answer.

You may assume that the weights of the yoghurt delivered by the machine still follow a
normal distribution.

2

A
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ANSWER >

Question 1 continued

(Total for Question 1 is 8 marks)

Q\Vﬂ
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ANSWER >

( )
6 A company manufactures bolts. The diameter of the bolts follows a normal distribution
with a mean diameter of 5 mm.
Stan believes that the mean diameter of the bolts is less than Smm. He takes a random
sample of 10 bolts and measures their diameters. He calculates some statistics but spills
ink on his work before completing them. The only information he has left is as follows
4545554849 4.7
99% confidence interval for the variance is = (0.01712, 0.23280)
Stating your hypotheses clearly, test, at the 5% level of significance, whether or not Stan’s
belief is supported.
&)
g J




ANSWER >

Question 6 continued

(Total for Question 6 is 9 marks)

Q\Vﬂ
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SUB-TOPIC 5.4

TESTS FOR A DIFFERENCE OF MEANS

Sub-topic 5.4 - 3 questions - 41 marks - lowest tariff first

20



ANSWER >

2. A company produces two colours of candles, blue and white. The standard deviation

of the burning times of the blue candles is 2.6 minutes and the standard deviation of the
burning times of the white candles is 2.4 minutes.

Nissim claims that the mean burning time of blue candles is more than 5 minutes greater
than the mean burning time of white candles.

A random sample of 90 blue candles is found to have a mean burning time of
39.5 minutes. A random sample of 80 white candles is found to have a mean burning
time of 33.7 minutes.

(a) Stating your hypotheses clearly, use a suitable test to assess Nissim’s belief. Use a
1% level of significance.

(6

(b) Explain how the hypothesis test in part (a) would be carried out differently if the
variances of the burning times of candles were unknown.

ey
The burning times for the candles may not follow a normal distribution.

(c) Describe the effect this would have on the calculations in the hypothesis test in part (a).
Give a reason for your answer.

2
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ANSWER >

Question 2 continued

Q\Vﬂ
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ANSWER >

Question 2 continued

Q\Vﬂ
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ANSWER >

Question 2 continued

(Total for Question 2 is 9 marks)

Q\Vﬂ
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ANSWER >

6. Elsa is collecting information on the wingspan of two different species of butterfly,
Ringlet and Meadow Brown. She takes a random sample of each type of butterfly.
The wingspans, wcm, are summarised in the table below. The wingspans of Ringlet and
Meadow Brown butterflies each follow normal distributions.

Number of
butterflies 2 w 2 w

Ringlet 8 410 21032
Meadow Brown 6 294 14426

(a) Test, at the 2% level of significance, whether or not there is evidence that the
variance of the wingspans of Ringlet butterflies is different from the variance of the
wingspans of Meadow Brown butterflies. You should state your hypotheses clearly.

)

The k% confidence interval for the variance of the wingspans of Meadow Brown
butterflies is (1.194, 48.54)

(b) Find the value of k&
3)

(c) Calculate a 95% confidence interval for the difference between the mean wingspan
of the Ringlet butterfly and the mean wingspan of the Meadow Brown butterfly.

©)

INA
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ANSWER >

Question 6 continued
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ANSWER >

Question 6 continued

Q\Vﬂ
27



ANSWER >

Question 6 continued

(Total for Question 6 is 15 marks)

Q\Vﬂ
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ANSWER >

6. Xiang owns a takeaway restaurant and wants to employ a delivery company. Xiang uses
two companies, A and B, for one week each and records the delivery rate, x minutes per
km, for each delivery.

Company A made 61 deliveries with X, =3.7 and s’ =1.64
Company B made 51 deliveries with > x, =142.8 and D x, =461.34

(a) Find unbiased estimates for the mean and variance of the delivery rate for
company B.

@)

Xiang wants to carry out a two-sample t-test to determine whether there is a difference
in the mean delivery rate for these companies.

(b) State any assumptions Xiang must make about the delivery rates of the
two companies.

1)

(c) Using a 5% level of significance, carry out Xiang’s test. You should clearly state the
hypotheses, test statistic and critical value you use.

O

Xiang noticed that a greater proportion of company A’s deliveries were in the town,
with lots of traffic, whereas a greater proportion of company B’s deliveries were rural,
with less traffic.

Xiang decides to carry out a further test. He selects a random sample of 10 customers
who regularly place an order at the same time each week. He asks company A to deliver
these orders one week and company B the next week. There were no roadworks or other
incidents affecting travel time in either week.

The delivery rates are given in the table below.

Customer 1 2 3 4 5 6 7 8 9 10

Company A | 54 | 36 | 25 | 47 | 23 | 32 | 34 | 41 | 59 | 45

CompanyB | 49 | 39 | 23 | 45 | 26 | 28 | 31 | 38 | 52 | 43

(d) Use a 5% level of significance to carry out a suitable test to determine whether there
is a difference in the delivery rates of the two companies.
You should clearly state your hypotheses, test statistic and critical value.

(6)




ANSWER >

Question 6 continued

Q\Vﬂ
30



ANSWER >

Question 6 continued

Q\Vﬂ
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ANSWER >

Question 6 continued

(Total for Question 6 is 17 marks)

Q\Vﬂ
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SUB-TOPIC 7.1

T-TESTS AND CONFIDENCE INTERVALS FOR A MEAN

Sub-topic 7.1 - 1 question - 12 marks - lowest tariff first

33



ANSWER >

6 A new employee, Kim, joins an existing employee, Jiang, to work in the quality control

department of a company producing steel rods.

Each day a random sample of rods is taken, their lengths measured and a 95% confidence
interval for the mean length of the rods, in metres, is calculated. It is assumed that the
lengths of the rods produced are normally distributed.

Kim took a random sample of 25 rods and used the 7 distribution to obtain a 95%

confidence interval of (1.193, 1.367) for the mean length of the rods.

Jiang commented that this interval was a little wider than usual and explained that they
usually assume that the standard deviation does not change and can be taken as 0.175 metres.

(a) Test, at the 10% level of significance, whether or not Kim’s sample suggests that the
standard deviation is different from 0.175 metres. State your hypotheses clearly.

®
Using Kim’s sample and the normal distribution with a standard deviation of 0.175 metres,

(b) find a 95% confidence interval for the mean length of the rods.

(&)
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ANSWER >

Question 6 continued

(Total for Question 6 is 12 marks)

Q\Vﬂ
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official mark schemes
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< QUESTION

Question Scheme Marks | AOs
4@) | W=E+E,+..+E+S~N(6x60+24,6x3"+1.8%) 23
[W ~ N(384, 57.24)] M1M1 1 '1b
P(W<387)=0.6541.... awrt 0.654 Al 3.4
@)
(b) X=E+E,+..+E,+L~N(2x60+40,12x3* +2.1%) M1 L1b
[X ~ N(760, 112.41)] '
2W ~ N("'384"x 2,2% x"57.24")[= N(768, 228.96)] M1 1.1b
X —2W ~ N(760-768,112.41+ 228.96) — N(—8,341.37) M1A1 13i3b
P(X-2W>0)=0.3325... awrt 0.333 Al 3.4
©)
(8 marks)
Notes
M1: setting up normal model with correct mean
(@) M1: use of correct variance
Al: awrt 0.654

M1: setting up normal model for large box of eggs, sight of 12 x 60 + 40

M1: sight or use of 2 times their mean from (a) and 4 times their variance from (a)

(b) M1.: setting up distribution for the difference in weights, with mean of their “760” — “768”
Al: correct mean and variance

Al: awrt 0.333




MARK SCHEME - Option 4B: Further Statistics 2 - November2021 - Q7

4.1 Combinations of Random Variables

< QUESTION

M1: Using given interval to set up equation for variance

dM1: Solving simultaneously leading to a 3TQ (dep on previous M mark)
Al:n =9 (only)

Al: m =16 (only)

Question Scheme Marks AOs
7(a
@ (A +R) ~ N(300, 122 +10?) M1 3.3
Al 1.1b
(A1 + A2) ~ N(320, 2x12?) Al 1.1b
@)
(b) | P(both are apples) [=¢x3]=% M1 2.1
P(one apple and one orange) = £
'3'P(A + A, >310) +'2'P(A+R > 310) M1 21
=0.5377.... awrt 0.538 Al 1.1b
®)
(© n
W => A-nxR]
' s M1 33
W ~ N(160m—140n,mx12° + n° x10°) Al 1.1b
160m — 140n = (1100.08+1499.92)+2 [=1300] M1 2.1
2x1.96x+/mx12% + n? x10% = (1499.92 —1100.08) B1 1.1b
[mx12% + n? x10? =102] M1 | 1ib
1300+140n 1300:140 2 2.112
= 400y 12 10° =102
=" VOS2 dM1 | 2.1
100n* +126n—-9234=0
n=9 (n=-10.26 reject) Al 1.1b
m=16 Al 1.1b
(®)
(14 marks)
Notes
M1: Setting up either model for the weights of the two fruit
(@ Al: Correct distribution for 1 apple 1 orange
Al: Correct distribution for 2 apples
M1: Finding probability for each possible outcome
(b) M1: Fully correct method for finding the required probability
Al: awrt 0.538
M1: Setting up model for W
Al: correct distribution
M1: Using given interval to set up equation for mean
© B1:1.96

R D
RA
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MARK SCHEME - Option 4B: Further Statistics 2 - June2025 - Q7 5.1 Estimators, Bias and Standard Error < QUESTION

Qu Scheme Mark AO
7 () |[LetD= X-Y] E(D)=0 B1 1.1b
(D:) Xi+ Xy + X+ X+ X, X+ X oe M1 314
5 2
1 M1 2.1
:5[2(x2+x3+x4)—3(x1+x5)] oe AL 11b
- _ 1 2 2
Var(D) = —ﬁ(4x3o- +9x20°) dM1 | 1.1b
_3
=—0o Al 1.1b
10
SoP(D > o) = p[z > "_SJ — 0.03394... awrt 0.034 Al 3.23
O+N10
()
(b) | (27.029, 37.371)
. - . Bl 2.2a
since this is the narrower interval or her sample was greater oe
1)
(©) | e.0.
o o M1 3.4
37.371-27.029 =|2|x x1.96 (or 38.177-21.823=|2|x x1.96)
(2] g8 RN
oo 10.342x+/5 . _16.354x J2 AL 11b
2x1.96 2x1.96
=5.8993... awrt 5.9 =5.900... awrt 5.9 Al 1.1b
®)
(11 marks)
Notes
(@) | B1 for E(D) = 0 (May be implied by their other working). May use other letters.
1t M1 for an attempt at X —Y (any expression using X,, X,, X5, X, and X, ). May be seen in
attempt to find a probability or E(D)
2" M1 for an attempt to eliminate the “repeats” — condone missing & orerrors in “2” and “3”
18t A1 for a correct expression for D with no “repeats”
3" dM1for a correct application of Var(aX — bY) dep on 2" M1 but can ft their expression
2" A1 for the correct variance (may be implied by a correct answer)
39 A1 for awrt 0.034
(b) | B1 for choosing the correct interval and giving a suitable reason based on width or
sample size. Contradictory or incorrect statements is BO. Do not accept just referring to
the standard deviation being smaller without going onto explain the effect on the width
of the interval
(c) | M1  foran attempt at a correct equation in . Condone wrong n and missing x2 must have
1.96.
Alternatively for an attempt to form two simultaneous equations in X and o,
condoning a wrong n. (Condone labelling X as p) Must have 1.96
18t A1 for a correct expression for o. May be implied by awrt 5.9
2"4 A1 for awrt 5.9

&
RA
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< QUESTION

1(a) Mean = 504 Bl | 11b
1.96 B1 33
5.4
504+ —x"1.96" M1 2.1
J8
(500.258, 507.742) Al 1.1b
4)
(b) 505 is in the confidence interval therefore there is evidence that the
s : Bift | 2.2b
machine is working properly
1
© 5% o0e Bl | 1ib
1)
(d) s needs to be used instead of o and B1 33
a t-value instead of the z value '
since the sample is small therefore you can’t use the normal B1 35b
distribution '
)
(8 marks)
Notes:
(@ | Bl | 504 may be seen in part(b)
For realising a normal distribution must be used as a model and finding the correct
B1 | value 1.96
M1

For 504i5;\/§x"z value". |z| >1 May be implied by a correct ClI

ALl | awrt 500.26 and 507.74  NB using t gives 500.29 and 507.71

(b) | B1ft | Drawing a correct inference (ft) using their answer to part (a) and the 505 from the
question. Reason must be given. Ignore incorrect non — contextual

(c) | B1 5%
(d) | B1

. . S
create new model by using s and t. Allow if state use Cl g+ —x"t" oruse s =4.44
n

and t = 2.365
For recognising that the sample is small

Bl




< QUESTION

Question Scheme Marks @ AOs
6 99% confidence interval for VVar uses y” values of 1.735 or 23.589 Bl 3.3
9s? 9s?
=0.2328 or =0.01712 M1 2.1
1.735 23.589
&= 0.2328>; 1.735 or 0.01712>; 23.589 [: 0.04487...] dM1 11b
X=4.84 Bl 1.1b
Hy:pt=5 H 1 u<5 B1 2.5
CVty=-1.833 Bl 1.1b
"4.84"_5 1.1b
t=t——
'0.0449" M1
10
=awrt —2.39 Al 1.1b
Stan’s belief is supported
or there is evidence that the mean diameter of the bolts is less than Alft | 2.2b
5mm
)
(9 marks)
Notes:
B1: For realising a y? distribution must be used as a model and finding a correct value
2 2
ML1: For realising the need to set 9;2 =0.2328 or Lz =0.01712
"smallest y°" "largest y°"
dM1: correct method used to solve equation to find s
B1l: awrt 4.84
B1: Both hypotheses correct using the notation u
B1l: + 1.833
M1: Forus of correct formulaie + the_lr 48475 If “4.84” not shown it must be correct here
\/"thelr 0.04497
10
Al:-2.39
Alft: Drawing a correct inference following through their CV and test statistic (must have matching
signs)
NB if chi squared values not shown
s? =0.045 or 0.0449 award BO M1M1 for awrt 0.04487 award B1 M1 Al
Use of 2(2.5758)% =0.21568 gives o =+/0.0175 could get BOMOMOB1B1B1MOAOAQ
Unless continue to get s* = %0.0175 =0.0194...
Use of 2(1.833)% —0.21568 gives s=0.1860 could get BOMOMOB1B1B1M1A0AL




MARK SCHEME - Option 4B: Further Statistics 2 - November2021 - Q2

5.4 Tests for a Difference of Means

< QUESTION

Question Scheme Marks AOs
2(2) Ho ! tyguey = Hughitey T2 Hit Hoguey > Hugnite) T2 Bl 2.1
2 2
se.= ‘/2'6 + 24 M1 1.1b
90 80
LY — awrt209 | a1 | a1s
2.6 N 2.4 Al 11b
90 80
CV =2.3263 [ or p-value =0.01849...] Bl 1.1b
No_t significant, insufficient evidence to support Nissim’s Al 22b
claim.
(6)
(b) Use the t - test or (Since sample sizes are large,) use s® as B1 24
an approximation to o '
1)
©) Since sample size is large, by the Central Limit Theorem, Bl 24
sample means will be (approximately) normally distributed
...so no effect as the calculations in part (a) can still be
carried out. dB1 3.9b
)
(9 marks)
Notes
B1: Both hypotheses (oe) correct with correct notation (if using z, and s, these
must be defined).
M1: Calculation of standard error
(@) M1: Standardising using normal distribution test statistic for difference of two
means with known variance
Al: awrt 2.09
B1: Correct critical value 2.3263 or better
Al: Drawing a correct inference in context
(b) B1: Correct explanation
B1: Understanding that the assumptions required for the hypothesis test, by CLT
(c) sample means follow a normal distribution
dB1: (dep on previous B1) Correct evaluation

R D
RA
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MARK SCHEME - Option 4B: Further Statistics 2 - November2021 - Q6 5.4 Tests for a Difference of Means < QUESTION
Question Scheme Marks | AOs
6(a) Hy:0°=0,> H,:0’#0,° Bl 2.5
1 410Y’ M1 2.1
sf ==|21032-8x| — | |=2.7857... -
' 7( “| 8 Al 1.1b
1 294’
S 14426—6><(—j =4 Al 1.1b
5 6
S
—>=1.4358... M1 3.4
CV Fs57=17.46 Bl 1.1b
(1.4358... <7.46 so there is) insufficient evidence to suggest
. . : Al 2.2b
the variances of the wingspans are different.
()
(b) ,  5x'4 . b5x'4
= or = M1 3.1b
5o "1 104 Yoo = 48,54
2o, =1675—>a=0005 or g6 =0.412—a=0.995 M1 1.1b
k=99 Al 1.1b
©)
(c) ,  7x'2.7857..'+5x'4'
s,° = =3.29...
p 8+6_2 [ ] M1 3.1b
t, =2.179 Bl 1.1b
(4o —24)+'2.179'x/'3.29" L + 1 M1 3.4
Al 1.1b
(awrt 0.115, awrt 4.39) Al 11b
()
(15 marks)
Notes
B1: For both hypotheses in terms of o
M1: Correct method for S”or 2,
Al: awrt 2.79 (allow 2
€)] Al: 4 cao
M1: Using correct model for test statistic with correct ratio
B1: Correct CV
Alft: Drawing a correct inference in context using their CV and their test statistic (dep
on both M marks)
M1: Either correct attempt at ;(;a with v=5
(b) M1: Using tables to find appropriate probability
Al: 99 cao
(© M1: Correct expression for sp2
B1: Correct 95% t-value
MZ1: ClI in the correct form (may be implied by either A mark)
Al:awrt0.115
Al: awrt 4.39
Question Scheme Marks AOs

43



MARK SCHEME - Option 4B: Further Statistics 2 - June2025 - Q6 5.4 Tests for a Difference of Means < QUESTION

Qu Scheme Mark AO
6(3) YB =2.8 oe B1 1.1b
_ 2
$% = 461.34-51x28 ;= 1.230e M1;Al | 1.1b;1.1b
50
(©)
(b) | Delivery rates must be normally distributed with equal variances B1 2.4
)
© | Hyipn=pg  Hyip, #py 06 B1 25
s, = 1'64X601+101'23 x50 - =1.4536... awrt 1.45 M1:Al | 1.1b:1.1b
3.7-"2.8"
t==% =3.93419... awrt 3.930r3.94 | M1:A1 | 3.4:1.1b
"1.45..."(é+é) ' ’
5% 2-tail cv = £1.982 Bl 1.1b
[significant result]there is evidence of a difference in mean delivery ratesoe | Al 2.2b
()
(d) | [Let D = delivery A—delivery B] H,:py=0 H,:u,#0 B1 25
d=0.5,-0.3,0.2,0.2,-0.3,04,0.3,0.3,0.7,0.2 (may be opposite signs) | m1 21
7 "0.22"-0
[XD =022 s,= 0.31552...] tg = i@ =2.2049...; awrt 2.20 M1:Al | 3.4:1.1b
10
Two-tail t,(5%) cv = +2.262 Bl 1.1b
[Not significant ] insufficient evidence of a difference in delivery rates oe Al 2.9p
(6)
(17 marks)
Notes

(@) | B1 for 2.8 (may be seen in a calculation but must be seen somewhere) oe

M1  for a correct expression for s> Can ft their mean or implied by correct answer.
Al for 1.23 oe

(b) | B1 for mention of “normal” and “equal variance” (or standard deviation)

(c) | 1 B1 for correct hypotheses, both in terms of . Can be 4 and 4, etc

18t M1 for correct attempt at sp2 ft their value for B ;
1t AL for awrt 1.45 (implied by 2" A1) (1%
2" M1 for correct ft expression for test statistic using 3.7 allow () standardisation ;

2"d A1 for awrt (+) 3.93 or awrt (+) 3.94
2" B1 for (+)1.982 (or better)

39 A1 dep on all previous Ms and 1 < |cv| <*“3.93” for correct conclusion mentioning “mean

delivery rate” . Do not allow contradictory statements. Incorrect comparisons AQ.
(d) | 1°*B1 for both hypotheses in terms of W (or pg) butnot g4 and , etc

1%t M1 for attempting differences (at least 6 correct values) implied by mean or s, or s,

2"4'M for a correct express’n for t (ignore df) with their values for X, and s, (correct method)
1% Al for awrt +2.20 or +2.205 (accept 2.2 if correct expression or X, and s, seen)

2" B1 for correct cv i.e. +2.262 or better

2" A1 dep on all previous Ms and “2.20” < |cv| < 3 for correct conclusion in context. Do not

allow contradictory statements. “mean delivery rate” or incorrect comparison is A0.
SC If they carry out a t-test for two independent samples then allow 2nd M1 for
standardising with diff of their means and pooled variance and 2nd B1 for cv of +2.101
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MARK SCHEME - Option 4B: Further Statistics 2 - October2020 - Q6 7.1 t-tests and Confidence Intervals for a M... < QUESTION

Qu Scheme Marks AO
6(a) _ 1193+1.367 _
From CI x_f_l.ZS B1 11b
or width=1.367-1.193=0.174
1] L1 S S 3.4
1.367="1.28" + 2.064x or “0.174” = 2x2.064 x M1:Al
J25 J25 1.1b
= 5=0.210755... Al 1.1b
H,:0=0.175 H,:0#0.175 B1 2.5
, 24 3.3
= =, 34.8092... rt 34.8 M1, Al
Ao =7 3 aw 1.1b
X2 (10%) 2-tail CRis  y,,° < 13.848 or y,,°> 36.415 B1 2.1
34.8 is not significant so insufficient evidence that o = 0.175 Al 2.2b
o) 9)
0.175
"1.28" + zx M1 33
J25
z=1.96 | Bl 1.1b
=(1.211...,1.349...) =awrt(1.21,1.35) Al 1.1b
@)
(12 marks)
Notes

(@) | 18B1 for finding mean from CI or calculation of width of ClI

1t M1 for using the given t model to form an equation in's. (Allow t for 2.064 where 2 < t < 3)
1%t A1 for correct use of ts = 2.064

2" A1 for s = 0.21 or better

2"4B1 for correct hypotheses in terms of o.

24 M1 for selecting the appropriate model for this test

3@ A1 for test statistic awrt 34.8

3" B1 for at least one correct critical value

4" A1 for a correct conclusion confirming that assuming st. dev = 0.175 is OK

(b) | M1 for use of correct formula with 1.6 <z <2 (ft X if found in (a))
B1 forz =1.96 or better used
Al for an interval awrt (1.21, 1.35)
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MARK SCHEME - Option 4B: Further Statistics 2 - October2020 - Q6 7.1 t-tests and Confidence Intervals for a M... < QUESTION

Qu Scheme Marks AO

@) sz1+|_2+L3~N(594,ﬁ2) M1 33

) Al 1.1b

Y:sl+...+sg~N(592,Ji) Al 1.1b
_ _ 2 M1 2.1

P(X > Y) = P(D > 0) where D N(Z, J1a7 ) e o
=0.56551... awrt 0.566 Al 3.4

o (6)

., 8 nf2 64 a2 2 M1 3.3
W=L-2§5 = W N(§,25+EX9J_N(§,\/@j MLAL | |2111b
P(W>0)=10.528168... awrt 0.528 M1A1 3.4,1.1b

(®)
©| _ - ( 2) M1 3.1b
F=L+..+L ~ N[990,4125 AL 11b
P(F < 1000) = 0.814455... (0.e.) Al 3.4
E(cost of Rosa’s plan) = 430x"0.814..."+400x (1-"0.814..") M1 2.1
=£424.43 Al 1.1b
Buying 14 small panels cost 14 x 30= £420
, - . Al 3.2a
So Rosa’s plan is likely to be more expensive
(6)
(17 marks)

Notes

(@) | 18*M1 for an attempt at X or Y — expression or implied by one correct distribution
1 A1 for a correct distribution for X or implied by E(D) =2

2"9 A1 for a correct distribution for Y _or implied by Var(D) = 147

2" M1 for a correct strategy — attempt X — Y and P(D > 0) statement

3" Alft for a correct distribution for D ft their X and Y

4" A1 for awrt 0.566

(b) | 1M1 for attempt at a correct model (normal and mean)

2" M1 for correct expression for variance of their model provided of the form L —kS or kL — S
18t A1 for a fully correct distribution

39 M1 for a correct probability statement using their distribution

2" A1 for awrt 0.528

(c) | 1M1 for a correct start to solve the problem attempt at F and correct mean

1%t A1 for a correct distribution

2"4 A1 for using this model to find P(F < 1000) = awrt 0.814 or P(F > 1000) = awrt 0.186

2"9 M1 for a correct strategy to solve the problem i.e. attempt at expected cost ft their prob

39 A1 for awrt £424

4" A1 for a correct conclusion must have comparison with £420 and reject Rosa’s plan
[(c) is an extended problem and a 3.1, 3.2 question]
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