Topic Y3 Correlation regression & chi-squared tests (Pre-TT B) [47]

Over a period of time, researchers took 10 blood samples from one patient with a blood
disease. For each sample, they measured the levels of serum magnesium, smg/dl. in the
blood and the corresponding level of the disease protein, dmg/dl. One of the researchers
coded the data for each sample using x = 10s and y = 10(d — 9) but spilt ink over his work.

The following summary statistics and unfinished scatter diagram are the only remaining
information.

Yd*=1081.74 S, = 59.524

and
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(a) Use the formula for S_ to show that S_ = 26.589
(b) Find the value of the product moment correlation coefficient between s and d.

(c) With reference to the unfinished scatter diagram, comment on your result in part (b).
(1)

(Total 8 marks)



An antiques expert was asked to rank 10 china plates 4, B, C, D, £, F, G, H, I and J 1n
order of age. Her order was

D ¢ B G I H A E J F

with D being the plate she thinks is the oldest.

The actual ages of the plates, 1n years, are given 1n the table below.

Plate A B C D E F G H 1 J

Age 60 120 110 95 25 68 40 75 85 80

Calculate Spearman’s rank correlation coefficient between the ages of the plates and the
expert’s ranks.

(Total 5 marks)
3

A university foreign language department carried out a survey of prospective students to
find out which of three languages they were most interested in studying.

A random sample of 150 prospective students gave the following results.

Language
French Spanish Mandarin
Male 23 22 20
Gender
Female 38 32 15

A test is carried out at the 1% level of significance to determine whether or not there is
an association between gender and choice of language.

(a) State the null hypothesis for this test.

(1)
(b) Show that the expected frequency for females choosing Spanish is 30.6 0
(c) Calculate the test statistic for this test, stating the expected frequencies you have used.

3)
(d) State whether or not the null hypothesis is rejected. Justify your answer.

2)
(e) Explain whether or not the null hypothesis would be rejected if the test was carried

out at the 10% level of significance.
(1)

(Total 8 marks)



4.

An experiment by Lord Rutherford at Cambridge in 1909 involved measuring the numbers of

a-particles emitted during radioactive decay. The following table shows emissions during 2608
intervals of 7.5 seconds.

Number of particles emitted, x [ 0 1 2 3 4 5 6 7 8 9 10 | =11
Frequency 57 |203 383525532408 (273(139| 45|27 | 10| 6

It is given that the mean number of particles emitted per interval, calculated from the data, is 3.87,
correct to 3 significant figures.

(i) Find the contribution to the 12 value of the frequency of 273 corresponding to x = 6 in a goodness
of fit test for a Poisson distribution. [4]

(ii) Given that no cells need to be combined, state why the number of degrees of freedom is 10. [1]

(iii) Given also that the calculated value of y* is 13.0, correct to 3 significant figures, carry out the
test at the 10% significance level. [4]

5.

The table shows the latitude, x (in degrees correct to 3 significant figures), and the average rainfall y
(in cm correct to 3 significant figures) of five European cities.

City X y

Berlin 525 58.2
Bucharest 444 58.7
Moscow 55.8 53.3
St Petersburg | 60.0 47.8
Warsaw 52.3 56.6

[n=5, Zx=2650, Ly =274.6, 222 = 14176.54, £y? = 15162.22, Sxy = 14464.10.}

(i) Calculate the product moment correlation coefficient. [3]

(i) The values of y in the table were in fact obtained from measurements in inches and converted into
centimetres by multiplying by 2.54. State what effect it would have had on the value of the product
moment correlation coefficient if it had been calculated using inches instead of centimetres. [1]

(iii) It is required to estimate the annual rainfall at Bergen, where x = 60.4. Calculate the equation

of an appropriate line of regression, giving your answer in simplified form, and use it to find the
required estimate. [5]

6.

The students in a large university department take a trial examination some time before the proper
examination. A random sample of 60 students took both examinations during a particular course.
42 students passed the trial examination, 36 passed the proper examination and 13 failed both
examinations.

(i) Copy and complete the following contingency table. [2]
Proper
Pass | Fail | Total
Pass 42
Trial
Fail 13
Total | 36 60

(ii) Carry out a test of independence at the %% level of significance. [7]



