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Ten gymnasts take part in a competition which has two events, floor exercises and parallel bars.
The scores for each event are given in the table.

Competitor A|BICID|[E|F|G|H{(TI|{]J
Floor exercises 95188|67160(59[|57[52(424.1]|39
Parallel bars 92[95[5813.7154163|59[45]56(4.7
(i) Draw a scatter diagram on graph paper to illustrate the data. [2]

A sports journalist wishes to investigate whether there is a positive association between performances
on floor exercises and parallel bars.

(ii) By ranking the data, calculate an appropriate correlation coefficient and carry out a suitable
hypothesis test at the 5% level of significance. State your hypotheses and conclusions carefully.

Comment on the validity of the test. [10]
The product moment correlation coefficient for the two sets of data is 0.837 (correct to 3 significant
figures). ’

(iii) With reference to the scatter diagram, comment on the difference in the values of the two
correlation coefficients. Discuss which of the two is more appropriate on this occasion. [3]

Soup tins have a capacity of 625 ml. The volume of soup, X ml, dispensed into each tin is Normally
distributed with mean 610 and standard deviation 8. If more than 625 ml is dispensed, the tin

overflows.

(i) Find the probability that the volume of soup dispensed into a tin is between 600 ml and 625 ml.
(4]

The proportion of tins containing at least 600 ml is too low. To increase this proportion to 95%, the
dispenser is adjusted in such a way as to reduce the standard deviation of X while leaving the mean

unchanged.

(i) Show that the new value of the standard deviation is 6.08. (4]

(iii) Show that the proportion of tins overflowing is now 0.68%. [3]

Following the adjustment, 1000 randomly chosen tins are inspected.

(iv) Use a suitable approximating distribution to calculate the probability that the soup overflowed
on more than 10 occasions when being dispensed into these tins. [4]
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3 The number of hits per hour on a website is recorded. Over a long period of time the mean number
of hits per hour is 6.9.

(i) Explain briefly why the number of hits per unit time could be modelled by a Poisson
distribution. [2]

(ii) Assuming a Poisson model, calculate the probability that the website has
(A) exactly 6 hits in an hour,
(B) exactly 3 hits in each of two successive 30-minute intervals. [6]

(iii) Use a suitable approximating distribution to calculate the probability of between 50 and 60
hits, inclusive, in a period of 8 hours. , [4]

(iv) The owners of the website suspect that it has become more popular. In one 8-hour period the
site received 75 hits. Using a statistical argument, comment on their assertion. [3]

4 Cobblers is a small mail-order shoe business. It makes one style of shoe in several different
(British) sizes. Let X represent the shoe size. The demand for sizes of shoe is modelled by

PX=r)=kr—-3012-1r) forr=4,5,6,7,8,9, 10, 11,

PX=r=0 otherwise.
(i) Tabulate the probability distribution of X and hence show that k = ﬁ. [2]
(ii) Illustrate the probability distribution by a suitable diagram. [2]
(iii) Find E(X) and show that Var (X) = 3.85. [4]

The approximate length of shoe, y cm, may be calculated from the shoe size, x, using the formula
5 1
Yy =X + 216

(iv) Deduce the corresponding approximate values for the mean and standard deviation of the
length of shoes demanded by customers of Cobblers. [3]

One Monday morning Cobblers receives 5 orders. It is out of stock of sizes 6, 10 and 11, but has
ample stocks of the rest.

(v) Find the probability that Cobblers can satisfy at least two of the orders from its stock. [4]
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Question 1
®
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‘-§ ‘55 1 o« ¢,
2, | ‘e Gl for all points plotted
s i .
s ; G1 for linear scaled axes 2
3 7 with labels dep on some
0 - T T T T T T T T T pOints plo{ted
o 1. 2 3 4 5 6 7 8 9 10
score on floor exercises
(ii) Comp |[A|/B|C|DJE|F[G|H|IT [J B1 for ranks (allow all
Rankx |12 (3|4 |5|6|7|8]|9|10| [ranksreversed)
Ranky [ 21 |5|10|7 34|96 8 B1 for &
& 1114136 [4]9|9]1|9]|4 f.t. their ranks s.o.1.
6Zd2 6x78 M1l forr,
AR -1 10x99 Al ft. for |r < 1
NB No ranking BOBOM0AO
= 0.527 (to 3 s.f.) [allow 0.53 to 2 s.f.] 4
Hy: p=0 and H;: p>0 B1 for Hy, B1 for H,
Looking for positive association (one-tail test): critical
value at 5% level is 0.5636 B1 for £0.5636
Since 0.53 [ or 0.527 ] <0.5636, there is not quite sufficient | M1 for comparison with
evidence to reject Hy, c.v., provided |r <1
i.e. conclude that there is no positive association between Al for conclusion in
performance on the floor exercises and performance on the | words fit. their r,and
parallel bars. sensible cv
Test valid provided the data are a random sample [from the ) 6
underlying bivariate population]. E1 for explanation
(iii) | Product moment correlation coefficient influenced by the E1 for valid comment
two outlying points. relating to outliers on
scatter diagram
The Spearman’s rank test is more appropriate, B1
since there is no evidence that the background population of | E1 allow reference to 3
scores is bivariate Normal. elliptical shape
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Question 2

January 2004

(i) | P(600 <X <625 = P(-125 < Z < 1.875)
= 0.9697 — (1 — 0.8944)

0.9697 - 0.1056

M1 for standardising
Alcao for .9697 0r.9696
and .8944 or .8§943

M1 for probability calc
based on a positive and

= 0.864 (to 3 s.f.) a negative z value. 4
Al cao.
(i) | Let new standard deviation be o, then require
- BI1 for +1.645
PCX > 600) = P(Z > M) = 0.95 -
6(());)—610 M1 for setting up an
But P(Z > -1.645)=095 = —— = —1.645 equation with a z value
c M1 for solving a correct
> o= —2_ =608 (to3sf) equation
1.645 Al answer given 4
NB Max SC3 for verification
using 6=6.08
. _ _ 625-610
(iii) P(tln OVCI'HOWS) = P(X> 625) = P(Z >————608 ] M1 for P(X> 625) 5.0.i
= P(Z>2.467) Ml for calculation of
= 1-0.9932 right hand tail
) A1l answer given 3
= (.0068 (=0.68%)
(iv) | Let Y represent the number of tins overflowing, then B1 c.a.0. for correct
Y ~ B(1000, 0.0068) binomial s.0.1.
Since n is large and p is small, a suitable approximating M1 for Poisson with A =
distribution is the Poisson, so approximately np, 5.0.1.
Y ~ Poisson (6.8)
Hence P(Y>10) = 1-P(Y < 10) Ml for P(Y < 10) from
= 1-0.9151 tables
= 0.0849 (to 3 s.f) or 0.085 (to 2 s.f.) Al cao
or
Since n is very large, a suitable approximating distribution or
could be the Normal, so approximately
MI for Normal with
Y ~Normal (6.8, 6.75376) H=np, 6*=npq 5.0.i.
Hence P(Y'>10.5) = 1 —P(Y < 10.5)
M1 for correct tail (cc
=1- <
=P < 14237) not required for M1) 4
= 1-0.9227
Al ca.o.

il

0.0773 (to 3 s.f.)) or 0.077 (to 2 s.f))
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Question 3
() | Number of hits could be modelled by a Poisson distribution

because

(a) hits occur randomly and independently,

E1 for first reason

(b) there could be a uniform mean rate of occurrence E1 for second reason 2
(i) | (4)  P(exactly 6 hits in an hour)
6 M1 for method
= 0.4647 - 0.3137 or e'6'9—6'—?—
, 6! Al
2
= 0.151 (to 3 s.f)
B1 for A=3.45
(B)  P(exactly 3 hits in each 30 minute interval) M1 for Poisson P(X=3)
3\2 M1 for squaring
= [e-3~45 ___3 45 ) = 0.217265% = 0.0472 Al f.t. their sensible A 4
3!
(iii) | Using the Normal approximation X ~N(55.2, 55.2) B1 for Normal approx.
P(between 50 and 60 hits in 8 hours) :V(‘)ﬂl’ correct parameters
~ P(49.5 <X <60.5)
B1 for continuity corr.
= P(-0.767 <Z<0.713)
= 0.7620 — (1 — 0.7785) M1 for method including
use of tables
= 0.5405
Alternative solutions which can gain the final Al: Al cao. (23sf)
-omitted continuity correction
P(50 < X < 60 = 0.7408 — 0.2420 = 0.4988 - NB (z = -0.700,0.646), NB MOAQO for use of
-wrong continuity correction variance
P(50.5 <X <59.5) =0.7186 - 0.2635 = 0.4551 NB (z=-0.633,0.579), 4
(iv) { P(at least 75 hits in 8 hours)
~ PX>745)= P(2>2.597) M1 for probability
= 1-0.9953 = 0.0047 (to 2s.f)) calculation
Since this is so small, it casts doubt on at least some part of Al
the original model (e.g. incorrect A) — their claim could be El
justified. 3

[condone no cont. corr. leading to P(Z>2.665) = 1 ~0.9961 = 0.0039]

Accept alternative argument based on > 2 sd from the mean, with
supporting calculations
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Question 4
() r 415|678 ]9]10]11 _
B1 for tabulation
P(X=r) | 8k | 14k | 18k | 20k | 20k | 18k | 14k | 8k
B8+14+18+20+20+18+14+8)k =1 B1 for equation
- k= l—%_ (N.B. Answer given) 2
(ii) 25
] e , R
; G1 for linear horizontal
= scale and attempt at
® T T representing data
o - ]
a §
s 5 6 7 8 95 10 1 G1 ft. for lines in
shoe size proportion )
(i) | EQX) = 4xp55+5x a5+ 6x g+ +10x 755+ 11x 335 BIft. forE(Aﬁ’)
= 7.5 (or by inspection) [ provided Zp=1]
EQO) = 4 x5+ 5 x b+ 67 x5+ +107 x b +112 x 55 M1 for E(X’)
= 60.1 ) M1 for positive variance
Hence Var(X) = E(X") - [E(X)]
= 60.1-7.57 Al NB Answer given 4
= 3.85
(iv) | Mean=E(Y)= 2EWX) +21L =2 x75 +211 =273 BIft.
5\ 5\
Var(Y) = () Var(X) = (2) x3.85 = 2.67 M1 for Var(Y)
Hence s.d.= +2.67 = 1.64 (to 3.s.f) Al cao 3
or
sd.= 3385 =1.64 M1 for gsd., Al
P(out of stock) = —2% = % B1ft for probability p or q
) P(satisfy at least 2 orders) M1 for binomial
5 4 expression with n=>5
:1_[1 +5(L ;]=1__1L p
3+ () 243 Ml for I — [...+..]
= %43% or 0.955 (to 3.s.f) Al cao
or 4

or using tables
P(X <1)=0.0453,
P(X>1)=1-0.0453 =0.955

M1 for tables with n=5
Ml for 1 -P(X<1)
Alcao
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Report on the Units Taken — January 2004

2614 Statistics 2
General Comments

Candidates were generally well prepared for this paper, with relatively few candidates
scoring under 20 marks. However, in questions where comments were required, answers
were often unconvincing, and even when credit was gained answers often suggested rote
learning rather than genuine knowledge. Only a few candidates appeared to be short of time,
failing to complete the final question. Both Question 1 on rank correlation and Question 2 on
the Normal distribution were frequently answered very well, with only the comment in
Question 2(iv) causing much difficulty for most candidates; there was nonetheless a
significant number of candidates with very low scores on Question 2. The earlier parts of
Question 3 on the Poisson distribution and Question 4 on discrete random variables were
also found to be very accessible, but candidates often found problems with the last two parts
of both questions.

Comments on Individual Questions
Question 1 (Correlation)

(i) This was usually answered well; nearly all candidates were able to draw the scatter
diagram correctly, although a few tried to plot scores in each test against competitor label.

(i) Most candidates correctly ranked the data and successfully obtained the Spearman’s
rank correlation coefficient. There were occasionally slips in ranking or squaring. A few
candidates tried to calculate r by subtracting scores, not ranks. A few calculated the product
moment correlation coefficient, and often then had difficulty in part (iii) where they had to
discuss the difference. Occasionally candidates made errors with Spearman’s formula such
as the omission of 6 or incorporation of 1 in the numerator.

Most test procedures were correctly carried out, and only a few candidates used a two-tailed
test or mistook the table from which to take the critical value. Most candidates stated the nuill
and alternative hypotheses correctly. It was often the case, however, that the test was baldly
stated as accepting the null hypothesis, without putting this into the context of the question.
There is some sympathy for those who have written out the hypotheses in length, in context,
but it is preferabie to use hypotheses which are succinctly stated in terms of p, and to
interpret the results in full, rather than the other way round. Few candidates scored the final
mark, for explaining that the validity of the test depended on the sample being random;
instead many answers related to ellipticity or to the graph showing no sign of curvature; a
high proportion of candidates failed to discuss the validity of the test in any way at all.

(ii) The final three marks were rarely earned in full. Candidates were more or less equally
divided between those who thought that the pmcc was better and those who favoured
Spearman’s. Arguments in favour of pmcc mostly said that because the outliers were there
the pmcc picked up the correlation that obviously existed. Some candidates were more of
the opinion that the outlier was candidate D in the lower centre of the scatter diagram.
Candidates were also equally divided between those of the opinion that there was an
elliptical shape to the data and those who thought there wasn’t. Once again a number of
candidates thought that the use of Spearman’s is confined to situations where scatter
diagrams show clear signs of curvature. Sometimes the reasons given contradicted
themselves, but it was good to see that many candidates did know that the pmcc requires an
underlying bivariate Normal population.

(i) 0.527, accept H,
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Question 2 (Normal distribution)

The majority of candidates answered most of this question well, and it is encouraging to note
widespread use of correct and clear notation and working in Normal distribution work.
However a significant number of candidates are unable to write out correct probability
statements.

(i) Most candidates scored all four marks, but some did lose credit for losing the final digit in
looking up the probabilities in the tables. Some did not cope with the tail of the distribution
and a few introduced spurious continuity corrections.

(ii) It was pleasing to see that most candidates attempted to set up an equation to find the
standard deviation rather than using the given answer to verify that the probability was 0.95.
However, a large number of candidates produced equations leading to a negative standard
deviation, often then ignoring the negative sign, and arriving at the given answer. Candidates
should be aware that when an answer is given, their justification needs to be clear and
convincing if it is to gain full credit.

(i) This part was usually done well.

(iv) Most candidates realised that the exact distribution was binomial, although occasionally
with p = 0.68. Many then used a suitable approximating distribution, usually the Poisson
distribution, leading to the correct answer, although use of P (X>10) =1 - P (< 9) was a
common error. Candidates who tried to use the Normal approximation often failed to get the
continuity correction right or used p = 0.68, leading to unworkable values of 1 and o

(i) 0.8641; (i) 6.08 (answer given); (i) 0.68% (answer given);
(iv) 0.0848

Question 3 (Poisson model)

(i) Many candidates appeared to have learned stock phrases to answer a question of this
sort, and this at times led to errors, where they mentioned a ‘random number of hits’, rather
than ‘hits occurring randomly’ as a reason for a Poisson model. Relatively few commented
on the need for hits to be occurring at a uniform mean rate. There was often a mention of
large n and small p, which in this question was irrelevant.

(ii)(A) This was usually correctly answered, with most candidates using the Poisson
probability to obtain P (X = 6), and only a few using tables. Some candidates who used

tables gave the value of P (X < 6) only.

(B) Most candidates found the correct A for half an hour and the correct probability for 3 hits.
Only a few {ried to approximate this quantity from tables. Rather more candidates, however,
doubled their probability instead of squaring it, at the next stage.

(iii) It was pleasing to see that the Normal approximation was fairly often carried out well,
noticeably better than in some previous sessions, although as ever many candidates lost
one mark for using an incorrect continuity correction, or none at all. Candidates who could
write clear probability statements usually fared best. Some candidates thought that the
variance was 55.2%, quoting this initially, whilst others presumably just forgot to use the
standard deviation.

(iv) The final part was not well answered. The instruction to use a statistical argument was
either ignored or misunderstood by the many candidates who failed to do any probability
calculations to support their arguments. Other candidates calculated the probability that
exactly 75 hits would be obtained, without realising that this would always be a very small
quantity and that a tail probability was required. Even those who made a sensible calculation
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often failed to make a valid conclusion on what was in effect an informal hypothesis test.
Some candidates produced a convincing argument based on the mean plus two standard
deviations.

(ii)(A) 0.151, (B) 0.0472; (iii) 0.5405;
(iv) P (X > 74.5) = 0.0047

Question 4 (Probability Distribution)

(i) This was usually well answered, although the second mark was occasionally lost through
inadequate demonstration.

(i) Most candidates drew a correct vertical line diagram, with only a few curves or ‘bar
charts’ without gaps in evidence. However, as mentioned in previous reports, there are still
candidates whose vertical line diagram does not have linear scales. Vertical line diagrams
must have linear scales with lines whose lengths are in proportion to the probabilities.

(iii) The expected value was usually correct but quite a few candidates failed to show how
E (X% was obtained and so did not earn all of the available credit. Once again, as in
Question 2(ii), it is to be emphasised that candidates must provide clear and correct working
to obtain full credit when the answer is given.

(iv) Candidates often found the new mean correctly, but only a few were able to find the new
standard deviation, with many adding the constant term on to the new variance or failing to
square the coefficient of x before multiplying it by the variance. Other candidates found the
mean and variance of the transformed sizes by treating them as eight items of data, making
no use whatsoever of the probabilities. Some candidates stopped after correctly finding the
variance, presumably forgetting that they were asked to give the standard deviation.

(v) The last part of the question was often done better than part (iv). There was some
confusion over whether the probability of success was 1/3 or 2/3, and these probabilities
were often replaced with 3/8 and 5/8. Many candidates recognised that a binomial
distribution was required, and were successful, although a good proportion subsequently
made errors of one sort or another.

(i) k= 1/120 (answer given),  (iii) 7.5, 3.85;  (iv) 27.4, 1.635;  (iv) 0.955
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