2011 Applied Mathematics
Advanced Higher — Statistics

Finalised Marking Instructions

© Scottish Qualifications Authority 2011

The information in this publication may be reproduced to support SQA qualifications only on
a non-commercial basis. If it is to be used for any other purposes written permission must
be obtained from SQA’s NQ Delivery: Exam Operations.

Where the publication includes materials from sources other than SQA (secondary
copyright), this material should only be reproduced for the purposes of examination or
assessment. If it needs to be reproduced for any other purpose it is the centre’s
responsibility to obtain the necessary copyright clearance. SQA’s NQ Delivery: Exam
Operations may be able to direct you to the secondary sources.

These Marking Instructions have been prepared by Examination Teams for use by SQA
Appointed Markers when marking External Course Assessments. This publication must not
be reproduced for commercial or trade purposes.



General Marking Principles

These principles describe the approach taken when marking Advanced Higher Applied
Mathematics papers. For more detailed guidance please refer to the detailed Marking
Instructions.

1

The main principle is to give credit for the skills demonstrated and the criteria met.
Failure to have a correct method may not preclude a candidate gaining credit for their
solution.

The answer to one part of a question, even if incorrect, can be accepted as a basis for
subsequent dependent parts of the question.

The following are not penalised:

¢ working subsequent to a correct answer (unless it provides firm evidence that the
requirements of the question have not been met)
¢ legitimate variation in numerical values / algebraic expressions.

Full credit will only be given where the solution contains appropriate working. Where the
correct answer might be obtained by inspection or mentally, credit may be given.

Sometimes the method to be used in a particular question is explicitly stated; no credit will
be given where a candidate obtains the correct answer by an alternative method.

Where the method to be used in a particular question is not explicitly stated in the
guestion paper, full credit is available for an alternative valid method. (Some likely
alternatives are included but these should not be assumed to be the only acceptable
ones.)

In the detailed Marking Instructions which follow, marks are shown alongside the line for which
they are awarded. There are two codes used M and E. The code M indicates a method mark,
so in question B1(a), 1M means a method mark for the product rule.
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Al. (a) Anassumption required is that all members of the population

(b)
A2. (a)

(b)
AS.

are equally likely to pass before the camera. 1
P(Terrorist Alarm) = P(T | §
_ PGS _PONnS _ P(MPES|T) 1
P(S P(S PMPE|IT) + PMPEI|T
_ (100/1 000 000) 0-999 1
(100/1 000 000) 0-999 + (999900/1000000) 0-001
= 00000999 = 0091 — 91% 1

0-0000999 + 0-0009999
{other methods acceptable}
The percentage would be 99-9% if half the population
consisted of terrorists. 1

X —u 9978 — 10-000

2= 5 = = -0.97 1

vh V50

With null and alternative hypotheses
Ho:u=10and H: u = 10 1
the critical region for 5% significancelig| > 1-96. 1

Since —0-97 lies outwith the critical regions ¢annot be rejected so
there is no evidence that the mean amount delivered differs from the
target. 1

A two-talil test is appropriate as a mean below 10 could result in
patients receiving less of the drug than intended with less benefit and a
mean above 10 could result in patients receiving more of the drug than

intended with potential harmful effects. 1
104 - 100 _ 329 1
o
= 0 = 04 _ 0-12
329
The standard deviation would have to be reduced to 0-12. 1
X =07 s= 1789 1
tooos = 1-833 1
S 1-789
X —th_11-q—= | = |0:75 = 1.833——,
"R ) ( V10
= (-0:287, =) 1
Since this interval includes 0 the null hypothesis cannot be rejected. 1

Thus there is no evidence that the drug increases the average number of
hours sleep in patients who experience difficulty in sleeping. 1



A4,

AS.

(a) Earnings = Salary + Incentive bonus + Christmas bonus

Y = 1.1S + 1000 1
E(Y) = E(1-1S + 1000) = 11 x E(S + 1000 = 28500 1
VYY) = 112 x V(S = 2722500 = SD(Y) = 1650 1
(b) For total earnings of 38 Otg g&(oceed 1 000 000 the mean earnings
would have to exceeéT = 27778. 1
- 27778 - 2
P(Y > 27778) = P(Z > 81650 850 1,1
V36
= P(z > -263)
= 0.9957 1

Par 12 |2 |3 |4 |5 |6 |7 |8 |9 /10 |11 |12 |13 |14 |15

Cross23-512:021-022:019-1j21-522-1120-418-321-623-321-022-123-0 12-0

Self [17-420-420-020-018-418-618-:615-316-518-:016-318-012-815-518-0

Sign [+ |- |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |-
Ho:nq =0, Hi:#nq > 0, and the distribution underohs 1
B(15, 0-5) ~ N(7-51-94%) 1
The difference in height of each pair is positive
in 13 cases and negative in the other 2. 1
2.5 - 7.
PB < 2 = P|Z < %3 = P(Z < -2:58) = 0:005 1,1

Since the p-value is less than 0-01 the null hypothesis is rejected at the 1% levél
of significance so Darwin's contention is strongly supported by the data. 1



AG.

AT.

(@) Number the accidents from 1 to 793 and 1
generate 120 different random integers from 1 to 793. 1

(b) Ho: there is no association between wearing a helmet and avoiding a
head injury. 1
Hi: there isan associatian

No head injury Head injury
No helmet 7 (13:6) 16 (9:-4)
Helmet 64 (57-4) 33 (39:6) 1

Table plus observed frequencies
Expected frequencies in brackets

» (O - By

X = Z—Ei
/N2 a2 _E7.4)2 — 30.6)2
_(7-1362 (16-947 (64-5742 (33-396)

136 94 574 39-64
= 320+ 463+ 0-76 + 1-10 = 9:69 1

The critical value of chi-squared with one degree of freedom
at the 1% level of significance is 6-635 so, since 9-7 exceeds this value, 1
evidence is provided that helmets reduce the risk of sustaining a head injury 1

(@)

Route A
RoutefB T i . —* T = T T =
36 40 44 48 52 56 60 64
Journey time (minutes)
Scales, labels, accuracy 1,11

(b) The ranks for the Route B times are:
1 2 3 65 85 85 11

with rank sum 40-5. 1
Ho: Median on route A = Median on route B
Hi : Median on route A < Median on route B 1
W - In(n+ 1) = 405 - 28 = 125 1
P(W - in(n + 1) < 12.5)
=~ 267 (interpolation expected) 1
6435
= 0041
Since this p-value is less than 0.05 the null hypothesis is
rejected at the 5% level of significance. 1

Thus the data provide evidence in support of the claim made by commuter's
wife. 1



A8. ()

Sy = 28
Sy = ~7-76
Sy
b=2=2=_02771
S«

a =y - bx = 55086
y = 55086 — 0-2771x

ER2
S, = 21567 - FX _ 30505
2 _7.7a)\2
SR =§y - @ = 3:2595 — ﬂ = 1.10887
S«
s = ,/1'10887 = 04709
5
-0-2771
t==% = = 33U
VS« V28

with 5 degrees of freedom.
The critical region for 5% significancelis| > 2:571 so

since-3-11 lies in this region the null hypothesis of a non-zero slope is

rejected; the data provide evidence of a non-zero slope.

(b)

/ 1 X — XZ
Yi + tn—Zl—%aS\/]. + — + M
s n S(X

1
(55086 — 0-2771 x 6) + 2:571 x 0-4709\/1 + 2 + 5

3846 + 1-887 = 1.959, 5733

(6 - 07

We are 95% confident that the inter¢&i959, 5.733) contains the Extent of

Sea Ice in 2011.
But, since this involves extrapolation, we are assuming that
the relationship continues to be linear.



A9.

(@)

(b)

(€)

(713 x 0+ 29 x 1 + 66 x 2+ 16 x 3+ 1 x 4)

Mean =
1095
1095
Expected frequency of one homicide per day
—0-44 Al
— 1095 x $ - 3103

Expected frequency of 5 or more homicides per day
1095 — (7052 + 310-3 + 68:3 + 100 + 1.1)

01

She must have used frequency categories

0, 1, 2 an® or more so that no expected frequency
was less than 5. Degrees of freedom would then be
calculated as 4 No. of parameters estimated = 2.

The critical value of chi-squared for significance level 5%
Is 5:991. Since 3-58 is less than this value there is no
evidenceagainst the data fitting a Poisson distribution

The expected number of homicides in 2008 is: -
366 x 0-44 = 161

Although the observed number of 152 is less than the
expected number, it still lies within the prediction limits
so the city would not appear to be becoming safer.

[END OF SECTION A]
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Bl (4 fx) = Lt SinX
@ ® 1+ 2sinx
P (x) = cosx(1l + 2 sinx) — (.1 + Sinx) 2 cosx 1M1
(1 + 2 sinx)?
_ cosx(1 + 2sinx = 2 - 2sinX)
- (1 + 2 sinx)?
— COSX
- 7 1
(1 + 2 sinx)?
(b) g = In(1 + &%
2e>
/ = iM,1
g 15 & ;
B2. Al 1( 0 2) 1 for determinant
61-31 1 for elements
B = A'(AB 1M
_1{0 2\(-4-3
6\-31)\ 6 -3
_1(12 -6 1
6|18 6
(21
-(37) '
B3 dx .
y x=5003t:>a=—55|nt 1
y=3sint:>%/=3cost 1

dy ﬂ% 3 cost
dx %  -5sint




N
B4. S NN+

= 210 1M
r=1 2
N°+N-420=0= (N-20)(N+21) =0 1
= N = 20. 1
irz_ N(N + 1)(2N + 1) 1
r=1 6
N(N + 1)(2N + 1)
- 2 3
20
r* = 2870. 1
r=1
BS. u=|nx:>du=%x 1
J'i dx = fgdu 1
X Inx u
=2lnu+c 1
= 2In(Inx) + ¢ 1
B6. d_y = 4 — 3_y M
dx X
dy 3
=2+ v =14 1
dx i xy
The integrating factor is
e[%dx — @3 nx 1
= @™ = 3 1
Multiplying gives
dy
3 2 3
X— + Xy = 4X 1
dx g Y
—(xy) = &
Xy = f4x3dx 1
=x'"+c
c
y =X+ 3 1
As (1,3) is on the curve,
3-1+—= =c=2 1
13
so an equation for the curve is:
2
y =X+ — 1



