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The magazine Nearly Eighteen has a web site, on which it recently ran a pop trivia quiz with ten
questions. The results of the first 1000 entries were analysed. The numbers of questions answered

correctly, x, are illustrated by the frequency diagram in Fig. 1.
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Fig. 1
n=1000 3 fx=6100 3 fx’=42260

(i) Find the mode and the median of the data, and describe briefly the shape of the distribution.
(4]

(ii) Ilustrate the data using a box and whisker plot. 3]

(iii) Calculate the mean and standard deviation of the data. [3]

Each question in the quiz was in fact of the multiple choice variety, with four possible answers.
Three points are awarded for a question answered correctly, and one point is deducted for a

question which is not answered correctly.

(iv) Show that, if x questions are answered correctly, the number of points, y, is given by

y=4x-10. [2]
-(v) Hence find the mean and standard deviation of the number of points scored. [3]
[Total 15]
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Shaldon High School has two AS mathematics classes, called East and West. East and West each
have 15 boys and 5 girls.

The East class chooses 3 students at random to represent it on the MCC (Mathematics Consultative
Comumittee).

(i) Copy and complete the probability tree diagram in Fig. 2 to show all the possible choices of
boys and girls from the East class. [3]

%_4 B < Boy
oy
;—(5) Boy <

Girl

Fig. 2

(ii) Find the probability that the East class is represenfed by
[2]

[3]

(A) three boys,
(B) two boys and one girl.

The West class also chooses 3 students at random to represent it on the MCC, so that the MCC has
6 students altogether.

(iii) Find the probability that the MCC contains
(3]

[2]

(A) one girl and five boys,

(B) at most one girl.

(iv) Given that the MCC contains af most one girl, find the probability that it contains exactly one
girl. {21

[Total 15]
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Delightful Desserts produces pots of yoghurt in five flavours with the following proportions.

Black Cherry | 30%

Peach 20%
Raspberry 20%
Rhubarb 10%

Strawberry 20%

For each flavour, an average of 5% of pots fail a taste test.

During each shift, the quality control department samples 50 pots of yoghurt for testing purposes.

(i) Give two distinct reasons why taking 50 pots from the first hour’s production is an
inappropriate method of sampling. [2]

(ii) Describe a suitable method of selecting the sample of 50 pots, stating the number of pots of
each flavour that should be in the sample. [4]

All the raspberry yoghurts produced during a shift are rejected if a random sample of 10 pots
contains more than one pot which fails the taste test.

(iiif) Find the probability that

(A) no raspberry yoghurts fail the test, [2]
(B) just one raspberry yoghurt fails the test, [3]
(C) all the raspberry yoghurts are rejected. 3]

[Total 14]
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A police road-safety team examines the tyres of a large number of commercial vehicles. They find
that 17% of lorries and 20% of vans have defective tyres.

(i) Six lorries are stopped at random by the road-safety team. Find the probability that
(A) none of the lorries has defective tyres, [2]

(B) exactly two lorries have defective tyres. [3]

Following a road-safety campaign to reduce the proportion of vehicles with defective tyres,
18 vans are stopped at random and their tyres are inspected. Just one of the vans has defective

tyres.

You are to carry out a suitable hypothesis test to examine whether the campaign appears to have
been successful.

(i) State your hypotheses clearly, justifying the form of the alternative hypothesis. [4]
(iif) Carry out the test at the 5% significance level, stating your conclusions clearly. (3]
(iv) State, with a reason, the critical value for the test. ' ' [2]

(v) Give alevel of significance such that you would come to the opposite conclusion for your test.
Explain your reasoning. [2]

[Total 16]
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May 2002 Final Mark Scheme
May 2002 2613 MEI Statistics 1
Question 1
(i) [ Mode = 7 (most frequent score) B1
375 scores < 5, but 535 scores < 6, hence M1 using cum. fregs.
Median = 6 Al
Distribution exhibits negative skewness or is unimodal B1 4
(ii) G1 for annotated structure
with range 0 to 10
G1 for whiskers
from O to 5and 8 to 10
_ G1 for box
. : ' ; from 5 to 8 and
0o 1 2 3 4 5 6 7 8 9 10 median at 6 3
Score
iii B1 for mean
(i) Mean = 2(_)_9_ = 6.1
1000 '
42260 M1 for variance
d.= ‘/———6.12 = /505 =225 3s.f)or22(2sf) | Al cao (inc.s.d.)
1000 3
(iv) | Number of points = 3x—-(10-x) = 4x-10 B1 for “(10 —x)”
Bl for “3x-...” 2
V) |y =4x-10 = 4x6.1-10 = 144 M1 for y
Al cao
s.d.(y) = 4 x s.d.(x)
B1 for s.d.
= 4x2247... = 899 (to 3 5.f) or 9.0 (to 2 5.£) or s.d.07) 3
15
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Final Mark Scheme

Question 2
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@ u T B
19 B <_5_ G
18
1s B i B G1 for 1* set
T59' G < o [both correct]
) E_ G1 for 2™ set
18
15 B [all 4 correct]
3 3 B < G
20 18 G1 for 3" set
G £ o [all 8 correct]
4
A7G <
¥ G 3
(i) | (4) P(East class represented by 3 boys) M1 for product of 3
_ 15_14_13 _ 91 15 .20 probabilities or
= 20%19%1E =228 [OF G+ 7G] ratio of "C, terms
= 0.399 (to 3s.f.) = 04(0) (2s.£) Al cao
(B) P(East class represented by 2 boys & 1 girl) M1 for > 1 triple product
M1 for sum of 3 triple
= 15,5 .1 5,15, 14
= Rx{3xTs + BXHXE + X products
= 32 = 046 (to2s.f) Al cao
[or 15C2 x5C1 K 20C3 ] [or M1 top, M1 bottom] 3
(iii) | (4) P(1 girl and 5 boys on the MCC)
= P(3 boys from East and 2 boys, 1 girl from West) M1 for 1 product
+ P(2 boys, 1 girl from East and 3 boys from West) | M1 for sum of 2 prods.
= Sex3d 4 Bl =318 =03676 = 037 (1o 2s.f)) | Al cao
[ or (%x_{%x%x %x%x %)x 6] [or M1 s:.:axtlfple product
M1 “x6”]
(B) P(at most 1 girl on the MCC)
= P(0 or 1 girls on the MCC) M1 for sum of 2 prods.
- . Al cao 5
= 38 4 (Zk) = 053 (to2sf)
i : Ml for d i
(V) | conditional probability = 22078 [= 070 (to 2 5.) ] or denominator
0.5269... MI1 for numerator [dep] | 2
15
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(i) | The sample could well be biased, since the yoghurts chosen

might not be representative of flavour or those produced
throughout the shift.

E1 for ref. to flavours
E1 for ref. to time

2
(ii) | Stratified or quota or systematic sampling where the 50 B1 for stratified or quota
yoghurts are sampled throughout the shift in proportion to or systematic
B1 representative of time

the production ratios.
= Black Cherry 15 Peach 10 M1 for flavours in

Raspberry 10 Rhubarb 5 proportion

Strawberry 10 Al for sample numbers 4

(iii) | (4)  P(no raspberry yoghurts fail the taste test)

= 0.95' = 0.599 (to3s.£) = 0.6 (to 1 s.£) Ml

or from tables: 0.5987 Al cao 2
(B)  P(just one raspberry yoghurt fail the taste test) M1 for “0.05” (SOI)

= 10 x0.95° x0.05=0.315 (3 5.f) =0.32 (2 5.f)) M1 for binomial term

or from tables: 0.9139 —0.5987 = 0.3152 Al cao 3
(C)  P(all raspberry yoghurts rejected)

= 1—P(0 or 1 yoghurt fails the test) M1 for

= 1-(0.3152 + 0.5987) their (A) + their (B)

_ M1 for

= 0.086 (to3s.f) Al cao

or from tables: 1—-0.9139 = 0.0861

14
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May 2002 Final Mark Scheme
Question 4
(i) | (4) P(no lorries have defective tyres) Ml
= 0.83° = 0.327 (3s.f) = 0.33 (2s.f) Al cao

(B) P(exactly 2 lorries have defective tyres)

Ml for 0.17% x 0.83*

= °C, x 0.17% x 0.83* Ml for °C, x...
= (0.206 (to 3s.f.) = 0.21 (2s.f) Al cao S
(ii) | Hop: p=0.2 B1 for null hypothesis
H;: p<0.2 B1 for alternative hyp.
H, takes this form because we are looking for a reduction | E1 for explanation
in the proportion of defective tyres. 3
(iii) | Let X~ B(18,0.2)
P(X < 1) = 0.0991 B1 for tail probability
Since 0.0991 > 0.05, do not reject Hy (or accept Hyp) M1 for comparison
M1 for “accept Hy” [dep.]
There is not enough evidence to suggest that there has been
a (significant) reduction in the proportion of defective tyres | Al for conclusion in
or “campaign appears to have been successful” words 4
(iv) | The critical value for the test is 0, B1 for critical value
since P(X < 0) [ = 0.018 ] <0.05 El for reason 2
(v) | The opposite conclusion would be reached provided the B1 for suitable percentage
significance level was above 9.91%, e.g. 10% E1 for explicit 2
comparison with 9.91%
16
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Report on the Units taken — June 2002

2613 Statistics 1

General Comments

There were more higher marks than usual and fewer very poor scripts. In many cases centres had prepared their
candidates well for the examination.

Mistakes where they did arise consisted of curious formulae for the standard deviation, adding probabilities instead of
multiplying or vice versa, squaring instead of doubling or vice versa, omitting "C , terms where needed, performing “ 1
—.....” when they should not have, omitting the parameter p from the hypotheses and using point probabilities instead of

tail probabilities.

Comments on Individual Questions

Q.1 Candidates generally performed very well on question 1, most of which was accessible to all candidates.
However, the linear coding section proved to be quite challenging, even to the more able candidates.

(i) The mode (7) and median (6) were usually found correctly, with 6 sometimes appearing via % (11 + 1),
Some candidates made errors in the cumulative totals leading to 5 or 9. A few tried to interpolate between S and
6 getting a median of 5 point something. Many recognised that the shape of the curve exhibited negative
skewness but there are still too many candidates who believe that “right skew” is an acceptable alternative,
which it is not.

(ii) Those who failed to find the median usually failed similarly with the quartiles. 4 and 7 or 9 were the usual
alternatives or interpolation again and, in rare cases, trying to use a cumulative frequency diagram. Several did
not extend the left whisker to zero. Whilst many knew the structure of a box and whisker diagram many inserted
the mode or even the mean inside the box.

(iii) The mean and standard deviation were usually calculated correctly. Some ignored the given Zfx and Zfx’
and attempted to find them from the graph.

(iv) Very few candidates did the expected 3x — (10 — x). Most verified the result by doing so many 3’s and so
many —1’s, then checking that 4x — 10 gave the same answer. Often, however, only one value of x was checked.
An alternative solution was to find the equation of the line through e.g. (0, —10) and (10,30) using y = mx + ¢ or
y — k= m(x — h). There were several successes this way. Some weaker candidates believed the 4 in “4x — 10”
was “because there are 4 possible answers”.

(v) Few candidates were familiar with y =4x —10 and even fewer with s.d.(y) = 4 s.d.(x). Standard deviation

=-1.01 was seen several times. Many, unfoi-tunately, recalculated using the y-values. Often the frequency was
omitted and/or errors were made in the ensuing arithmetic.

(i) mode =7, median = 6, negative skew; (ii) box and whisker diagram;
(iii) mean =6.1,s.d. =2.25; (iv) 3x—(10-x); (v) mean= 14.4,s.d. = 8.99

Q.2 In question 2, the majority of candidates completed the tree diagram and early probability calculations with little
difficulty. Predictably, answers to the later parts varied considerably across the entry.

(i) Using the hint in the question, a large majority of candidates produced a tree diagram with correct
probabilities. Those who completed the tree diagram correctly usually scored well in part (ii).

(ii) Part (A) was usually completed correctly. Part (B) was also well done, but some only found two triplets, or
multiplied instead of adding. Premature approximation was also rife. Each triple product was 0.1535. This was
often rounded to 0.15 followed by 0.15 + 0 .15 + 0.15 = 0.45(instead of 0.46). Errors of this type were
common throughout the paper leading to the loss of valuable marks.

(iii) In contrast to part (ii), attempts at solutions were generally disappointing. Many candidates considered
choosing 6 from 40 instead of 3 from 20 twice. Probably, many did not realise that it would not give the same
answers; they thought they had found an easier way of doing it. Those using the correct method were often
successful and many scored the 5 marks available. However, adding instead of multiplying, or forgetting to
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Q.3

Q4

multiply by 2 were often seen. In fact, —292—1§+.3;—2=%— was a frequent wrong answer for part (A). In part (B)

(%)x 2, instead of (592_18)2 , was seen fairly often.
. . their (iii) A .
(iv) Those who reached the end of the question were often able to score the two marks for Their Gy B * °Ven if
they had made a complete mess of part (iii). Many who had used the “40 method” got the two marks here on a

follow-through.

(i) tree diagram; (i) (4) =040, (B) 33=046; (i) (4) 3433 =037, (B) 0.53;
(iv) 0.70 (to 2 s.f.).

Most candidates made a good start to question 3 by writing sensible responses in the sampling section. A large
number also scored well on the probability section which followed, except for the last part where the logic of the
situation often defeated them.

(i) Many naive comments were made about workers being half-asleep or being hungover, or machinery not
being warmed up yet, or ingredients left over from yesterday and such nonsense. However, most candidates
managed to talk enough sense to achieve at least one mark, often after taking half a side to say, “ an hour isn’t

long enough”.

(ii) Nearly all candidates named a suitable sampling method and produced the correct sampling numbers. Very
few mentioned that it should take longer than an hour to be an improvement on the first method.

(iii) Despite being told that, “For each flavour 5% fail”, many felt that some other failure rate applied to the
raspberry yoghurt; 0.5%, 1%, 10%, 20% and 50% were all used instead of 5%. Where the correct probability
was used parts (A) and (B) were nearly always correct. However, the answers to part (C) was nearly always
incorrect. There was some confusion between “ More than one” and “ One or more”, but most wrongly found
P(all to fail) = 9.8x 107", As one candidate put it, “very unlikely”.

(i) comment on unsatisfactory sampling; (ii) stratified or quota sample: 15, 10, 10, 5, 10;
(iii) (4) 0.599, (B) 0.315, (C) 0.0861 (to 3 s.f.).

Responses to question 4 were variable; most candidates handled the probability calculations reasonably well,
but once again the hypothesis testing section provided responses ranging from being totally correct to utter
nonsense.

(i) This part was done well. Many scored the full 5 marks here. The main reasons for failure were using the
wrong value for p, 0.20 instead of 0.17, or omitting the 8C, in part (B).

(i) The hypotheses were mainly stated correctly, albeit in words in many cases. However, many explanations
for the form of the alternative hypothesis were incorrect. Many said, “because only 1 out of 18 had defective
tyres”. Others did not give a reason, but merely re-stated the alternative hypothesis in words.

(iii) The carrying out of the hypothesis test was often well done. Most got 0.0991 > 0.05, therefore accept H.
Conclusions in plain English were sometimes omitted. Many candidates found the critical region first, then
proceeded to explain why 1 was not in the critical region. This approach gained full credit. There were a few

sights of “—11—8- = 5.6%, 5.6% > 5%”. A significant minority used point probabilities which, as is customary,

gained no credit.
(iv) A pleasing number recognised 0 as the critical value. ‘1’ or ‘>1’ was a frequent alternative.
(v) 10% was frequently seen, sometimes with the correct reason, but more often without.

(i) kA) 0.33, (B) 0.21 (to3s.f); (ii) Ho: p=0.2, H;: p <0.2, comment;
(iii) P(X = 1)=0.0991 > 0.05, hence accept Hy; (iv) critical value=0; (v)e.g. 10%
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