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A motoring magazine carried out a survey of the value of petrol-driven cars that were five years
old. In the survey, the value of each car was expressed as a percentage of its value when new. The

" results of the survey are summarised in the following table.

Percentage of original Number of cars
value (x)

15=x<20 4

20=<x<25 12

25 <x<30 18

30<x<35 13

35=x<40 v 6

40 < x <45 5

45 <x<55 2
(i) Draw a histogram on graph paper to illustrate the data. » [4]
(ii) Calculate an estimate of the median of the data. - 2]

(iii) Calculate estimates of the mean and standard deviation of the data, giving your answers
correct to 2 decimal places. Hence identify any outliers, explaining your method. [7]

A similar survey of 60 diesel-driven cars produced a mean of 34.2% and a standard deviation of
11.7%. :

(iv) Use these statistics to compare the values of petrol and diesel cars five years after they were
purchased as new. [2]
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A practical music examination can be taken once or twice. Those candidates who fail it on the first
occasion take it a second time.

For those having their first attempt, 25% pass with distinction and 45% gain an ordinary pass. For
those taking the examination for a second time, the corresponding figures are 5% and 70%

respectively. The tree diagram in Fig. 2 illustrates the situation.

First Second
attempt attempt
Pass with
Distinction
Ordinary Pass with
Pass Distinction
Pass
Fail
Fig. 2
(i) Find the probability that a randomly chosen candidate
(A) fails the examination,
(B) passes the examination (with or without distinction). 4]

(ii) Given that a randomly chosen candidate passes the examination, find the probability that he
or she passes with distinction. {31

(iii) Jill and Jo are two randomly chosen entrants for the examination. Find the probabilities that
(A) both pass (with or without distinction), but just one of them needs a second attempt,

(B) lill gets a better result than Jo. 8]
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3 In a certain region of the country there are 10000 blood donors. The percentages of donors in each
of four different blood groups are as follows.

Group @) A B AB
Percentage | 45% | 43% | 9% | 3%

(i) A stratified sample of size 400, in which each group is represented proportionately, is to be
taken. Find the sample sizes in each of the strata, and state the sampling method that should

be used within each stratum. [3]

(ii) Name another method of sampling in which each group is represented proportionately.
Describe this method briefly. 12]

In a group of 36 donors, 16 are male and 20 are female. Four of these 36 people are chosen at |
random for an interview.

(iii) In how many ways can they be chosen? [2]
(iv) Find the probability that exactly two of the four peof)le chosen are male. [3]

Two people are chosen at random from the population in the region. You may assume that the
percentages of each blood group are the same as for donors.

(v) Find the probability that
(A) at least one has blood group O,
(B) both have the same blood group. ' | (5]

4 During busy periods at a call centre, callers either get through to an operator immediately or are
put on hold. A large survey revealed that 80% of callers were put on hold.

(i) Write down the probability that a caller gets through immediately. 1]

(ii) For a random sample of 25 callers, find the probability that

(A) exactly 6 callers get through immediately,

(B) at least 2 callers get through immediately. [6]

The call centre increases the number of operators with the intention of reducing the proportion of
callers who are put on hold. After the change, exactly half of a random sample of 20 callers get

through immediately.

(iii) Carry out a suitable hypothesis test to examine whether the centre has been successful. Use a
5% significance level and state your hypotheses and conclusions carefully. Determine the
critical region for the test. [8]
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January 2003 2613 MEI Statistics 1
Question 1
® Histogram : percentage values for petrol cars G1 for linear scaled
axes
5 4
4 G1 for frequency
2 ] density or
g 5] equivalent or key
3
§ 2 ] G1 for heights of first
g 6 bars (joined); all
=1 correctly
: positioned
o+ r—t4+r - rrr T
10 15 20 25 30 35 40 45 50 55 60 G1 for size of 7" bar
percentage value
4
(ii) | Find median by simple interpolation M1 for identifying
145 14 interval containing
=25+ Té—x 5=29 or 25+ 1—8—x 5 =289 median [SOI]
Al for precise value 2
(iii) | Mid-interval points: 17.5, 22.5, 27.5, 32.5, 37.5, 42.5, 50 B1 for mid-interval
points [SOI]
1795
Mean = 60 = 299 (to 1d.p.) or 29.92 (to2d.p.) B1 ft
571125 2 _ M1 for variance
sd. = \/ %0 -29.92° = 7.53 or 7.54 (to 2d.p.) Al ft their mean
[ Allow n—1 divisor giving s.d.=7.60]
Mean -2 s.d. = 29.92-2x7.54 = 14.84 (to 2d.p.) B1 for mean ~ 2 s.d.
Mean + 2 s.d. = 29.92 + 2 x 7.54 =45.00 (to 2 d.p.) B1 for mean + 2 s.d.
Hence the 2 percentages in range 45 to 55 are outliers E1 for “2 outliers” 7
since they lie more than 2 s.d. from the mean or equivalent
(iv) | On average cars with diesel engines held their value better than
cars with petrol engines ’ El
Greater variation in the percentage values for cars with diesel 2
engines compared to cars with petrol engines. El
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Question 2

(i) | (4) P(failing examination) = 0.3 x0.25 = 0.075 M1
3.1 _3
or -l—O—XZ =40 Al
(B) P(passing, with or without distinction) M1 for “1 — their (4)”
= 1-0.075 = 0.925 Al
[or 0.7 + 0.3 x0.75 = 0.925] 4

(ii) | P(passing with distinction | passed the examination)

_ P(passing with distinction)

P(passing the examination) B1 for numerator
_ 0.25+0.3x0.05 _ 0.265 = 0286 (3 5.£) M1 for fraction 3
0.925 0.925 Al cao

(iii) | (A) P(both pass, but just one needs a second attempt)

_ _ B1 for “0.7”
= 2(0.25 +0.45) x (0.3 x 0.75) = 2 x 0.7 x.0.225 M1 for ... x 0.225”
= 0.315 Al cao
(B) P(Jill gets a better result than Jo):
Method 1:
P(Jill passes with distinction and Jo does not
or Jill passes without distinction and Jo fails)
= [0.25(0.45 + 0.21 + 0.075) + 0.015(0.45 +0.21 + 0.075)]
+[0.45%0.075 + 0.21x0.075] M1 for attempt to
= 0.265 x 0.735 + 0.66 x 0.075 enumerate 2, 3 or 8
= 0.194775 + 0.0495 = 0.244275 = 0.24 (to 2s.f.) | ©*°
Method 2: Al evaluating 1 case
P(Jill passes with dist. and Jo passes without dist.
or Jill passes with distinction and Jo fails M1 for complete
or Jill passes without distinction and Jo fails) enumeration

]

[0.25(0.45 + 0.21) + 0.015(0.45 + 0.21)]
+[0.25%0.075 + 0.015%0.075]
+[0.45x0.075 + 0.21x0.075]

0.265 x 0.66 + 0.265 x 0.075 + 0.66 x 0.075 Al cao

= 0.1749 + 0.019875 + 0.0495 = 0.24 (to 2 s.f))

Method 3:
[1 — P(both get same result)}/2 ' 8
= [1-(0.265% +0.66> + 0.075%)]/2 = 0.24 (to 2 5.f)

M1 for sum of 2,3 or 8
products
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(i) | Divide the population into strata and choose samples
proportionately:
Group (0) A B AB M1 for finding sample
sizes
[Pop. Size 4500 4300 900 300]
Sample size 180 172 36 12 Al
Within each stratum use random or systematic sampling. E1 for sampling method 3
(ii) | Quota sampling. B1 for method
Search the population until you have found the required E1 for description
number (quota) for each sample.
Allow opportunity sampling and/or alternative description 2
(iii) | Number of ways 4 may be chosen from 36 36
M1 for term
_(36) _ 4
= 4 = 58905 Al 2
(iv) | P(two out of the four chosen are male)
' M1 for “20x19x16x 15"
= 6x20 0,16 15 _ h39@sf) =0.387 (3sf) | Ml for “36x35x34x33”
36 35 34 33 Al cao
( 20) (16)
% M1 for numerator
2 2 190x120 _ 1520
or = = = = 0.39 (to 2 s.f. :
r 36 58905 3927 ( ) | M1 for quotient 3
4 Al cao
(v) {(4) P(at least one has blood group O) M1 for calculation
= 1-0.55> = 0.698 (to 3s.f) or 0.70 (to 2s5.f) | Al
[or 0.45% +2x0.45x0.55 ]
(B) P(both have same blood group) M1 for at least 2 squares
= 0.45% + 0.43% + 0.09% + 0.03’ M1 for sum of 4 squares 5

0.396 (to 3.s.f.) or 0.40 (to 2 s.f)

Al

15




2613

Mark Scheme

Question 4

January 2003

@ [p=1-08 =02 B1 for probability 1
(ii) | P(exactly 6 callers get through immediately) Ml for 0.2° x 0.8"°
= PCs x 0.2° x 0.8"” M1 for Cs x
= 0.16 (to 2s.f) = 0.163 (to 3 s.f) Al cao
P(at least 2 callers get through immediately)
_ . . M1 for
= 1-P(0or 1 callers get through immediately) 250, x 0.2 x 0.8%
_ 25 25 24
= 1-[087 + 7C x 02 x 0.87] Ml for 1 —[....+...]
= 1-[0.00378 + 0.02361] Al cao 6
= 0.973 (to 3s.f) or 0.97 (to 2s.f)
(iii) | Either
Hp: p=0.2 and H;: p>0.2 B1 for Hy, B1 for H;
Consider X~ B(20, 0.2): o
onstder ( ) M1 for probability
P(X>10) = 1-P(X <10) = 1-0.9974 = 0.0026 | A1
Since 0.0026 < 0.05, do not accept Hy M1 for comparison
There is enough evidence to accept the hypothesis that | Al for conclusion in
the proportion of callers getting through first time has | words (dependent)
increased.
B1 for 8 (at start of upper
... . . tail)
The critical region for the test is {8, 9, ..., 19, 20}. B1 for {9, 10, .., 19, 20}
or
Hy: p=0.8 and H;: p<0.8 B1 for Hp, BI for H,
P(X < 10) = 0.0026 Al
Since 0.0026 < 0.05, do not accept Ho MI for comparison
There is enough evidence to accept the hypothesis that Al for conclusion in
the proportion of callers getting through first time has | Words (dependant)
increased.
B1 for 12 (at end of lower
- . ' tail)
- The critical region for the testis {0, 1, ..., 11, 12}. B1 for {0, 1, .., 10, 11}
8

If critical region found first, all marks are possible, with

probability marks implied. Explicit conclusion to test still

required, using position in critical region.

15




Examiner’s Report



2601-2623 Principal Examiner Report January 2003

2613 Statistics 1

General Comments

Overall candidates generally found this paper more demanding than previous papers. There were fewer
higher marks than usual, with results more densely grouped around the mean. However, the majority of
candidates showed a fair degree of understanding of many of the topics.

In particular, the hypothesis test answers revealed an improvement in this examination. The work on
sampling techniques still caused problems, as did the probability question, which was found difficult by
many. The correct construction of histograms is misunderstood by many candidates.

Candidates in general do not understand that premature rounding causes loss of accuracy. They will happily
round a result to 1 d.p. another to 2 d.p., another to 3 d.p. then add them up and give the answer to 3 d.p. -

totally oblivious that they are doing something silly.

Increasing numbers of candidates now prefer to work with percentages rather than true probabilities but this
causes great difficulty for them when faced with (20%)'” instead of 0.2'°. Centres should encourage the
correct probability use of decimals or fractions.

Comments on Individual Questions

Question 1 (Data analysis; histogram, measures of central tendency and standard deviation;
depreciation of second-hand cars)

A good starting question for most candidates. Most parts were well answered, but many failed to construct
the histogram properly or find a reasonable estimate of the median. Candidates who scored close to full
marks were few and far between. It was noticeable, for a small minority of students, that meeting the
standard deviation for the first time at AS Level caused problems in its correct calculation.

(i)  For the histogram, almost all drew linear scaled axes on graph paper. A few labelled the x-axis with
15 £ x < 20 etc, which is not recommended at this level. Many candidates labelled the vertical axis
correctly as ‘frequency density’ but plotted frequencies with the final bar of height 2 instead of 1. A
significant minority displaced the boundaries: 14.5 — 19.5; 19.5 — 24.5; etc. An extremely small
number of all correct solutions were seen.

(ii)  The calculation of the median was very poorly answered. Most left their answer as 25 < x <30 or the
mid-point 27.5. Very few candidates attempted interpolation within the interval. Even worse, some
thought the frequency of the interval (i.e. 18) was the median.

. . . 1795 . .
(iii) The mean calculation was attempted by most with success. Most obtained —— or their equivalent
60

with mid-point errors. The commonest errors were the mid—interval values. The standard deviation
was less well answered. Often the examiners saw evidence of Z( %) and Z f x sz instead of

Z fx?. A significant number (even otherwise strong candidates) did not seem perturbed by a huge

standard deviation of 90+.

Outliers: most candidates used the + 2 s.d. rule, but due to the above errors and/or premature rounding
very few had the correct limits of 14.84 and 45.00. Those with sensible limits often did not know how
to conclude, making statements like ¢ 45 < x < 55 is an outlier’ or outliers = ‘45 < x < 55’ and
similar. It is important that candidates specify how many outliers there are; not just their location.
Some candidates looked only above the mean and so failed to get full marks, even with a correct

conclusion.
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(iv) Most candidates understood that petrol cars had depreciated more than diesels and were able to write
comments to that effect. The larger s.d. for diesels led many to say that they must have a larger range,
which is not necessarily true. A significant few were not specific about which type of car held its
value best or failed to comment in context at all.

(i) histogram; (ii) median =28.9 or 29.0 (to 3 s.f.); (iii) mean=29.92, s.d. = 7.54
(to 2 d.p.); outliers: 2 values in interval 45 < x <55; (iv) comments

Question 2 (Probability; combining probabilities by multiplication and addition; Jill and Jo taking
one or two attempts to pass a music examination)

A large range of marks was seen. Overall candidates found this question very challenging. Weaker
candidates failed to appreciate that overall passing or failing was required early on. The final part was found
difficult by even the strongest candidates, with hardly anyone managing the finish satisfactorily.

(i)  Part (A): Many candidates failed from the start, being unable to answer part (i) correctly. They either
considered 1% attempt only p (fail) =0.3 or considered the 1™ and 2" attempts as mutually exclusive
with P(fail) = 0.3 + 0.25 or even 0.3 + 0.075. Some stated that they did not understand if the question
meant ‘failed once’ or ‘failed twice’ and gave alternative answers.

Part (B): Many did not understand that this was “]1 — answer (A)” and worked it out another way. It
was not unusual to see the correct answer here after gettmg part (A) wrong. The most common
mistake seen was 0.7 from 0.25 + 0.45.

(i) The majority of candidates did not recognise or attempt a conditional probability at all. Many simply
worked out the ‘pass with distinction’ and left it at that. Of those who did realise that a conditional
probability was involved, too many then offered a product of probabilities in the numerator, one of
which tended to cancel with the probability in the denominator.

(iii) Part (A): Quite poorly answered with 0.7 + 0.225 instead of 0.7x 0.225 being the most common error.
Omission of the factor of 2 was also prevalent, even by strong candidates.

(iv) Very poorly answered. The vast majority scored two marks here for a sensible set up and showing
evidence of at least one correct calculation. Very few got all 8 cases in the 28 method, listing only 3
or 4 possibilities. The error by stronger candidates using this method was to have 7 correct cases and
omit “0.3x0.05x0.45”. The more able candidates using the Z 2 or Z 3 methods fared better. Very

few candidates got the final correct answer.
(i) (4) 0.075, (B) 0.925; (ii) 0.286; (iii) (4) 0.315, (B) 0.244 (to 3 s.f))
Question 3 (Sampling and probability; blood donors)

This was once again a poorly answered question. Many candidates managed to calculate the number in each
strata but seemed unable to distinguish between sampling methods for the next part. The probability parts
met mixed responses, with most candidates confusing sampling with and sampling without replacement.

(i)  This was usually well answered with sample sizes nearly always correct. Mostly, if a sampling method
was stated, it was either random or systematic. Those who opted for systematic often said ‘take every
10™ on the list’; not realising that it should be every 25 in this case.

(ii) Very few stated ‘Quota sampling’, most opting for Cluster sampling. Fewer still could describe quota
sampling. Curiously a significant minority stated ‘stratified’. This was the method of part (i) and the

question clearly asks for ‘... another method’.

(iii) Most candidates obtained 58905. *°P, was seen only rarely. Some very small numbers, namely 5,12,16
also appeared, showing little understanding of what was being asked.
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(iv)

v)

There were surprisingly few correct responses here. The "C, method, when used, usually gave the
correct answer, but a few used 2°C2 16C2 rather than 2°C2 1$C,. The probablllty method was most
often wrong either by not ‘counting down’ or using the wrong "C, term. ‘C, was often replaced by
3%C6, °C16 or similar. Most candidates chose to sample with replacement and gave a binomial

answer.

Part (A) proved more difficult than part (B), where most understood that the sum of 4 squares was
required. In part (A) many did not think to say P(not O) = 0.55 and instead considered separate cases:
P(OO) + P(OA) + P(OB) + P(OAB), ‘forgetting’ to multiply by 2 in the last 3 cases.

(i) sample sizes: 180, 172, 36, 12;  (ii) quota sampling and description;  (iii) 58905;
(iv) 0.385(to3s.f); (v) (A4) 0.698 (to 3 s.f.), (B) 0.396 (to 3 s.f.).

Question 4 (Binomial distribution and hypothesis testing; call centre, being put on hold or getting
through first time)

A full spectrum of marks was seen. This remains a challenging topic for some candidates, where many
misconceptions abound.

(1)
(i)

(iii)

The vast majority of candidates deduced the probability correctly.

Part (A) This was well answered by the majority of candldates Reversing powers i.e. 0.2'°0.8° or
omlttmg C(, were the most common errors.

Part (B): In attempting to find P(at least 2), the most common errors were 1 —P(X=1) or 1 - P(X <
2). Those with the correct method often got 0.972 instead of 0.973 due to rounding errors.

The hypothesis test was well answered by many, with about equal numbers using the null hypothesis
‘v =0.2” and “p = 0.8”. However, the following faults are still too prevalent:

Surprisingly, hypotheses are often poorly stated.

Tail probabilities are not explicitly compared with the significance level.

Point probabilities are used instead of tail probabilities.

Conclusions are not given in context.

Critical regions are not clearly identified and are often given as a single value.

The given observation, 10 in this case, is not explicitly compared with the critical region.

Many candidates lose a significant number of marks through poor or non-existent explanation as
detailed above.

() 0.2; (i) 0.163, 0.973 (to 3 s.f.);

(iii) Either Hy: p =02, Hy: p> 0.2; P(X = 10) = 0.0026 < 0.05, hence do not accept Hy;
critical region= {8, 9, ..., 19, 20}.

Or Hp: p=10.8, H;: p<0.8; PWX < 10) =0.0026 < 0.05, hence do not accept Hy; critical
region= {0, 1, ..., 11, 12}.
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