
	
  

	
  

214 Chapter 6 • The χ2 and F distributions

Summary

n The χ2 and F distributions play important roles in statistics, particularly in
problems relating to the goodness of fit of the data to that predicted by a
null hypothesis.

n A random variable based on the sample variance, (n − 1)s2/σ2, has a χ2 distri-
bution with n − 1 degrees of freedom. Based on this fact, the χ2 distribution
may be used to construct confidence interval estimates for the variance σ2.
Since the χ2 is not a symmetric distribution, the confidence interval is not
symmetric around the (unbiased) point estimate s2.

n The χ2 distribution may also be used to compare actual and expected values
of a variable and hence to test the hypothesis upon which the expected 
values were constructed.

n A two-way classification of observations is known as a contingency table.
The independence or otherwise of the two variables may be tested using the
χ2 distribution, by comparing observed values with those expected under the
null hypothesis of independence.

n The F distribution is used to test a hypothesis of the equality of two vari-
ances. The test statistic is the ratio of two sample variances which, under the
null hypothesis, has an F distribution with n1 − 1, n2 − 1 degrees of freedom.

n The F distribution may also be used in an analysis of variance, which tests
for the equality of means across several samples. The results are set out in an
analysis of variance table, which compares the variation of the observations
within each sample to the variation between samples.

Problems

Some of the more challenging problems are indicated by highlighting the problem
number in colour.

Problem 6.1 A sample of 40 observations has a standard deviation of 20. Estimate the 95%
confidence interval for the standard deviation of the population.

Problem 6.2 Using the data n = 70, s = 15, construct a 99% confidence interval for the true standard
deviation.

Problem 6.3 Use the data in Table 6.3 to see if there is a significant difference between road casual-
ties in quarters I and III on the one hand and quarters II and IV on the other.

actual and expected
values

variance ratio test
total sum of squares
classes or groups

contingency table
independent variable
between sum of

squares
grand average

analysis of variance
dependent or

response variable
within sum of squares
ANOVA table
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Problem 6.9 (a) Do the accountants’ job properly for them (see the Oops! box in the text (page 203) ).

(b) It might be justifiable to omit the ‘no responses’ entirely from the calculation. What
happens if you do this?

Problem 6.10 A roadside survey of the roadworthiness of vehicles obtained the following results:

Roadworthy Not roadworthy

Private cars 114 30
Company cars 84 24
Vans 36 12
Lorries 44 20
Buses 36 12

Is there any association between the type of vehicle and the likelihood of it being unfit
for the road?

Problem 6.11 Given the following data on two sample variances, test whether there is any significant
difference. Use the 1% significance level.

s2
1 = 55 s2

2 = 48
n1 = 25 n2 = 30

Problem 6.12 An example in Chapter 4 compared R&D expenditure in Britain and Germany. The 
sample data were:

e1 = 3.7 e2 = 4.2
s1 = 0.6 s2 = 0.9
n1 = 20 n2 = 15

Is there evidence, at the 5% significance level, of difference in the variances of R&D
expenditure between the two countries? What are the implications, if any, for the test
carried out on the difference of the two means, in Chapter 4?

Problem 6.13 Groups of children from four different classes in a school were randomly selected and
sat a test, with the following test scores:

Class Pupil

1 2 3 4 5 6 7

A 42 63 73 55 66 48 59
B 39 47 47 61 44 50 52
C 71 65 33 49 61
D 49 51 62 48 63 54

(a) Test whether there is any difference between the classes, using the 95%
confidence level for the test.

(b) How would you interpret a ‘significant’ result from such a test?
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Problem 6.14 Lottery tickets are sold in different outlets: supermarkets, smaller shops and out-
door kiosks. Sales were sampled from several of each of these, with the following
results:

Supermarkets 355 251 408 302
Small shops 288 257 225 299
Kiosks 155 352 240

Does the evidence indicate a significant difference in sales? Use the 5% significance
level.

Conduct a survey among fellow students to examine whether there is any association
between:

(a) gender and political preference, or

(b) subject studied and political preference, or

(c) star sign and personality (introvert/extrovert – self-assessed: I am told that Aries,
Cancer, Capricorn, Gemini, Leo and Scorpio are associated with an extrovert per-
sonality), or

(d) any other two categories of interest.

Use your spreadsheet or other computer program to generate 100 random integers in
the range 0 to 9. Draw up a frequency table and use a χ2 test to examine whether there
is any bias towards any particular integer. Compare your results with those of others in
your class.

Answers to exercises

Exercise 6.1

yields the interval [41.2, 117.4] (b) [6.4, 10.8] (c) [36.0, 143.7].

Exercise 6.2 The calculation of the test statistic is

Outcome Observed Expected O −− E (O −− E)2 (O −− E)2/E

A 40 35 5 25 0.714286
B 60 55 5 25 0.454545
C 75 75 0 0 0
D 90 100 −10 100 1
Total 2.168831

This is smaller than the critical value of 7.81 so the null is not rejected.

Exercise 6.3 The test statistics are for (16, 55, 29) χ2 = 4.38 (Prob-value = 0.112) and z = 1.84
(Prob-value = 0.066) and for (14, 55, 31) χ2 = 6.78 (Prob-value = 0.038) and z = 2.40
(Prob-value = 0.016). The two methods agree on the results, though the Prob-values
are quite different.
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Problem 6.15
(Project)

Problem 6.16
(Computer project)
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