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Key to mark scheme abbreviations

M mark is for method

m or dM mark is dependent on one or more M marks and is for method
A mark is dependent on M or m marks and is for accuracy
B mark is independent of M or m marks and is for method and accuracy
E mark is for explanation

JorftorF follow through from previous incorrect result

CAO correct answer only

CSO correct solution only

AWFW anything which falls within

AWRT anything which rounds to

ACF any correct form

AG answer given

SC special case

OE or equivalent

A2,1 2 or 1 (or 0) accuracy marks

—Xx EE deduct x marks for each error

NMS no method shown

Pl possibly implied

SCA substantially correct approach

c candidate

sf significant figure(s)

dp decimal place(s)

No Method Shown

Where the question specifically requires a particular method to be used, we must usually see
evidence of use of this method for any marks to be awarded.

Where the answer can be reasonably obtained without showing working and it is very unlikely that
the correct answer can be obtained by using an incorrect method, we must award full marks.
However, the obvious penalty to candidates showing no working is that incorrect answers, however
close, earn no marks.

Where a question asks the candidate to state or write down a result, no method need be shown for
full marks.

Where the permitted calculator has functions which reasonably allow the solution of the question
directly, the correct answer without working earns full marks, unless it is given to less than the
degree of accuracy accepted in the mark scheme, when it gains no marks.

Otherwise we require evidence of a correct method for any marks to be awarded.
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General Notes for MS03

GN1

GN2

GN3

GN4

GN5

GN6

GN7

There is no allowance for misreads (MR) or miscopies (MC) unless specifically stated in a question

In general, a correct answer (to accuracy required) without working scores full marks but an
incorrect answer (or an answer not to required accuracy) scores no marks

In general, a correct answer (to accuracy required) without units scores full marks

When applying AWFW, a slightly inaccurate numerical answer that is subsequently rounded to fall
within the accepted range cannot be awarded full marks

Where percentage equivalent answers are permitted in a question, then penalise by one accuracy
mark at the first correct answer but only if no indication of percentage (eg %) is shown

In questions involving probabilities, do not award accuracy marks for answers given in the form of
aratio or odds such as 13/47 givenas 13:47 or 13:34

Accept decimal answers, providing that they have at least two leading zeros, in the form ¢ x 10™
(eg 0.00321 as 3.21 x 10%)
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Q Solution Marks | Total Comments
1
a A
( ) P :@:E or @
480 20 B1 Both CAO (B, =0.49388)
N 220 11
and Py =——==— or 044
500 25
%% = z =196 Bl AWRT (1.95996)
Cl for p,—py IS
M1 B B
Py — Py ) * (1.96 or 1.641t01.65 Ja
0.55x0.45 0.44x056 (P .W) ( )
(0.55-0.44) + 1.96 T M1 Expression for /a
AF1 Fon p, and p, and z
ie 0.11 + 0.06 CAO/AWRT (0.06224)
or Al
(0.05, 0.17) AWRT
6
Note |1 Apooled estimate of variance (0.11+0.06062) = B1B1 M1 MO0 AF0 Al (a maximum of 4 marks)
(b) |Cl >0.025 or LCL > 0.025 BF1 F on CI providing CI >0.025
Evidence to support the claim Bdepl Dep on BF1
2
Notes |1 There must be a reference to 0.025 (OE) and a clear comparison with the answer to (a)

2 Accept answers suggesting that selections may not be random and/or independent
representative or changes of opinions between opinion poll and referendum

or that based on 480 & 500 may not be

Total 8
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Q Solution Marks | Total Comments
2
(a) (o]
025 [E | 014625 |
65% 'F 0.60 oT 0.35100
015 [L [ 008775 M1 Shape; 2 x 2x 3 = 12 branches
90% [OT|
040 [E [ 003150 |
35% 'T 0.20 oT 0.06300
070 [LT 022050 ] M1 Labels; OT &L and E& OT & L
025 [E [ 000375 |
15% 'F 0.60 oT 0.00900
015 [T 00025 | M1 Attempt at percentages or probabilities
0% [L] 010 [T oo for Dand M and T
85% 'T 0.20 oT 0.01700
070 [L ] 005950 |
1
3
(b)(i) |P(Tor) = 0.351+0.063 +0.009 +0.017 = 0.44 Bl CAO
)
i
(i P(Tor | Dor) = 0.351+0.063 = 0414 M1 Correct numerator; Pl
0.9 0.9
= 0.46 Al CAO
(2)
(iii) 0.14625+0.0315
P(Teoror | Dor) = 0.46+ 0.9 = M1 (i) + p
046+ 2277 _ 046 + 0197 t0 0.20 Al AWFW; PI (0.1975)
= 0.657 to 0.66 Al AWFW (0.6575)
_ (3)
(IV) P(TE orOT | MOT) =
0.14625+0.351+0.00375+0.009 _ 0.51 M1 Correct numerator; Pl
0.9x0.65+0.1x0.15 0.6
= 0.85 Al CAO
(2)
SCs |1025+060 = 0.85 = B2 21-015 =085 = B2
8
(C) P(TOT | DOT) = 0.46
P(Te| Dor) = 0.6575-0.46 = 0.197 to 0.20 Bl AWFW; PI (0.1975)
P(Tor N Tor N Te) = 0.46% x 0.1975 M1 P x p,
x 3 ml CAO
= 0.125 to 0.126 Al AWFW (0.12537)
4
Total 15
05/07/2016 11:25 6 of 11
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Q Solution Marks | Total Comments
3
Ho: ﬂ,B = ﬂA
Bl Both
Hl: ﬂ,B > ﬂA 0
CV(1%) = z = 2.32 to 2.33 B1 AWFW (2.3263)
/iA:% = 10.5 and iBzﬂ = 12.45 B1 Both CAO G162 g
3 6 90
_ 1245105 _ 54 M1 Correct numerator
12.45 105 T M1 Correct denominator
60 30 Adepl AWRT; depon M1M1  (2.61163)
or
_1245-105  _ ., (M1) Correct numerator
118 1 1 T (M2) Correct denominator
©l 50 " 30 (A1) AWRT; depon M1 M1  (2.53868)
. 0 .
Thus evidence, at 1% level, to support the claim Adepl Dep on z-value and CV
that As > Aa
7
Total 7
05/07/2016 11:25 7 of 11
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Q Solution Marks | Total Comments
4(a)
0] R: mean = 35 variance = 125 Bl Both CAO
Q)
@iy |F: mean = 115| Bl CAO
. a2 2 Attempt at
variance = 15° + 20° + (2 x 15 x 20 x 0.25) M1 a2+ b4 (2) x ax bx 025
=775 Al CAO
©)
@)y |T: mean = 150 | Bl CAO
variance = 900| Al CAO
)
(iv) |D: mean = 35| Bl CAO
variance = 20° + 15%— (2 x 20 x 15 x 0.25)
or (M1) Only if M1 not scored in (ii)
= (i) — 4x15x20x0.25
= 475 Bl CAO
)
8
(b)
| B . .
(i) P(T<180) = P[Z _ 180150 M1 Starﬁardlsmg 180 with values from
\/900 (a)(iii) but must involve ~/
= P(Z<1) = 0841 | Al AWRT (0.84134)
)
(i) |P(W-V>60) = o )
60— 35 M1 Standardising 60 with values from
P(D>60) = P| Z> a)(iv) but must involve
©>60) = p[2>%-%] @ 7
= P(Z>1.147) = 1 — P(Z < 1.147) M1 Area phange; can be implied by
any final answer < 0.5
= 1 - (0.873 to 0.875) = 0.125 to 0.127 | Al AWFW (0.12567)
(©)
5
Total 13
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Q Solution Marks | Total Comments
5
(@ | D hasa normal distribution B1 Normal
with
mean = 0 Bl CAO
and
2 2 H 2
variance = Z_ 4 1.52x9_ M1 Must have (+sign) & (1.5 or 1.5%)
n n but allow no (+n)
3.250°
= na Al OE single expression
4
(b) HOE M = 15 B1 B1 both; allow any valid notation
Hl. MxL # 15u|_
50 = z= (¥)1.96 Bl AWRT (1.95996)
, - |2261-15x1509] _ 25 M1 Numerator; allow (2261 — 1509)
3.25x4.5° 1/1.31625
59 M1 Denominator; allow ./2x4.5?/50 OE
= (£)2.18 Al AWRT (2.17907)
Evidence, at 5% level, that Adenl Dep on z-value and CV
claim is not supported P Must have consistent signs
6
Total 10
05/07/2016 11:25 90f 11
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Q Solution Marks | Total Comments
6 ) EZADRS
@ E(X):Zxe /'1 = M1 Used; ignore limits until AL
x=0 X:
0 efﬂ,ixfl
' = M1 Factor of A plus x! to (x—1)!
x=1 (X _1)'
with y=x-1
© -Aay . .
ﬂZe AT Ix1 = A Al Fully complete and correct derivation
= Y! AG
(©)
E(X (X —1)) =ix(x—1) AT M1 Used; ignore limits until Al
pard x!
ﬂzie%ﬁx*z = 42 Al Factor of A plus x! to (x—2)! and
= (x-2) fully complete and correct derivation
)
Var(X)=E(X?)-(E(X))" = M1 Used
E(X(X-1)+4-2*=2 Al Fully complete and correct derivation
)
Note |1 Other derivations are possible throughout (a)
7
(b)(i) Po(0.75) | Bl PI
P(0 faults) = e%" = 0472 | B1 AWRT (0.47237)
2
(i) Normal with mean = variance = 37.5
Po(37.5) = N(37.5, 37.5) Bl in (A) or (B)
& 29.5-37.5 Standardising (29.5 or 30 or 30.5) with
PF<30) = P| Z<——==— M1 : g (&9 :
J375 C’s mean = variance
= P(Z<-1.30639) = 1 — P(Z < 1.30639) m1 Area change; can be implied by
any final answer < 0.5
= 0.095 to 0.097 Al AWFW (0.09571)
(4)
(B) |P(B5<F<45) = .
P(F < 45.5 or 45) — P(F <34.5 or 35) = M1 Area difference
P(Z < 1.31) - P(Z < -0.49) Al Both AWRT  (1.30639 & 0.48990)
= 0.591 to 0.597 Al AWFW (0.59219)
©)
SC 1 Use of Poisson: (A) 0.092 (AWRT) = B2 (B) 0.582 (AWRT) = Bl (max of 3 marks)
7
Total for (a) & (b) 16
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Q Solution Marks | Total Comments
6
Total for (a) & (b) 16
(c) 98% — z= 232 t02.33 Bl AWFW (2.3263)
Cl:
49 Va9 =7 M1 At zia
4.9 N 2.32t0 2.33 4.9/10 =0.7 AL
0.98 |~ | 2.051t0 2.06 0.98/50 = 0.14 Any correct value for 4
0.098 0.098/500 = 0.014
or Al Correct expression for a given A
49 + (16.2 to 16.4) = (32.6 to 32.8, 65.2 to 65.4)
4.9 + (1.62 to 1.64) = (3.26 to 3.28, 6.52 to 6.54)
0.98 + (0.32 to 0.34) = (0.64 to 0.66, 1.30 to 1.32)
0.098 + (0.032 to 0.034) =
(0.064 to 0.066, 0.130 to 0.132)
Dividing by 500, 50, 10 or 1 as appropriate B1 CAO
ie 0.098 + (0.032 to 0.034) CAO = AWFW (0.03257)
or Al
(0.064 to 0.066, 0.130 to 0.132) AWFW
6
Total 22
05/07/2016 11:25 11 of 11
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