
Chi-Squared Test 

Questions 
 
 
Q1. 
  

In an experiment, James flips a coin 3 times and records the number of heads. He carries  
out the experiment 100 times with his left hand and 100 times with his right hand. 

 

(a)  Test, at the 5% level of significance, whether or not there is an association between 

the hand he flips the coin with and the number of heads. 
You should state your hypotheses, the degrees of freedom and the critical value used  
for this test. 

(7) 

(b)  Assuming the coin is unbiased, write down the distribution of the number of heads in 3 
flips. 

(1) 

(c)  Carry out a  test, at the 10% level of significance, to test whether or not the 

distribution you wrote down in part (b) is a suitable model for the number of heads  
obtained in the 200 trials of James' experiment. 
You should state your hypotheses, the degrees of freedom and the critical value used  
for this test. 

(7) 

  

(Total for question = 15 marks) 
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Q2. 
  

A factory produces pins. 

An engineer selects 40 independent random samples of 6 pins produced at the factory  
and records the number of defective pins in each sample. 

 

(a)  Show that the proportion of defective pins in the 40 samples is 0.15 

(2) 

The engineer suggests that the number of defective pins in a sample of 6 can be modelled  
using a binomial distribution. Using the information from the sample above, a test is to  
be carried out at the 10% significance level, to see whether the data are consistent with  
the engineer's suggested model. 

The value of the test statistic for this test is 2.689 

(b)  Justifying the degrees of freedom used, carry out the test, at the 10% significance 

level, to see whether the data are consistent with the engineer's suggested model.  
State your hypotheses clearly. 

(8) 

The engineer later discovers that the previously recorded information was incorrect.  
The data should have been as follows. 

 

(c)  Describe the effect this would have on the value of the test statistic that should be used 
for the hypothesis test. 

Give reasons for your answer. 
(3) 

  

(Total for question = 13 marks) 
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Q3. 
  

Charlie carried out a survey on the main type of investment people have.  
The contingency table below shows the results of a survey of a random sample of people. 

 

(a)  Find an expression, in terms of a, b, c and d, for the difference between the observed 
and the expected value (O – E) for the group whose main type of investment is Bonds and 
are aged 45 – 75  
Express your answer as a single fraction in its simplest form. 

(4) 

Given that  for this information, 

(b)  test, at the 5% level of significance, whether or not there is evidence of an association 
between the age of a person and the main type of investment they have.  
You should state your hypotheses, critical value and conclusion clearly.  
You may assume that no cells need to be combined. 

(3) 

  

(Total for question = 7 marks) 
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Q4. 
  

In a game, a coin is spun 5 times and the number of heads obtained is recorded.  
Tao suggests playing the game 20 times and carrying out a chi-squared test to investigate 
whether the coin might be biased. 

(a)  Explain why playing the game only 20 times may cause problems when carrying out the 
test. 

(1) 

Chris decides to play the game 500 times. The results are as follows 

 

Chris decides to test whether or not the data can be modelled by a binomial distribution, with 
the probability of a head on each spin being 0.6 

She calculates the expected frequencies, to 2 decimal places, as follows 

 

(b)  State the number of degrees of freedom in Chris' test, giving a reason for your answer. 

(1) 

(c)  Carry out the test at the 5% level of significance.  
       You should state your hypotheses, test statistic, critical value and conclusion clearly. 

(5) 

(d)  Showing your working, find an alternative model which would better fit Chris' data. 

(2) 

  

(Total for question = 9 marks) 
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Q5. 
  

A psychologist carries out a survey of the perceived body weight of 150 randomly chosen 
people. He asks them if they think they are underweight, about right or overweight. His 
results are summarised in the table below. 

 

The psychologist calculates two of the expected frequencies, to 2 decimal places, for a test 
of independence between perceived body weight and gender. These results are shown in 
the table below. 

 

(a)  Complete the table of expected frequencies shown above. 

(2) 

(b)  Test, at the 10% level of significance, whether or not perceived body weight is 
independent of gender. State your hypotheses clearly. 

(7) 

The psychologist now combines the male and female data to test whether or not body weight 
types are chosen equally. 

(c)  Find the smallest significance level, from the tables in the formula booklet, for which 
there is evidence of a preference. 

(5) 

  

(Total for question = 14 marks) 
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Q6. 
  

Stuart is investigating a treatment for a disease that affects fruit trees. He has 400 fruit trees 
and applies the treatment to a random sample of these trees. The remainder of the trees 
have no treatment. He records the number of years, y, that each fruit tree remains free from 
this disease. 

The results are summarised in the table below. 

 

The data are to be used to determine whether or not there is an association between the 
application of the treatment and the number of years that a fruit tree remains free from this 
disease. 

(i)  Applied and y < 1 
(ii)  Not applied and 1 ≤ y < 2 

(2) 

The value of  for the other four classes is 2.642 to 3 decimal places. 

(b)  Test, at the 5% level of significance, whether or not there is an association between the 
application of the treatment and the number of years a fruit tree remains free from this 
disease. 

You should state your hypotheses, test statistic, critical value and conclusion clearly. 
(5) 

  

(Total for question = 7 marks) 
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Q7. 

Liam and Simone are studying the distribution of oak trees in some woodland. They divided  
the woodland into 80 equal squares and recorded the number of oak trees in each square.  
The results are summarised in Table 1 below. 

 

Liam believes that the oak trees were deliberately planted, with 6 oak trees per square  
and that a constant proportion p of the oak trees survived. 

(a)  Suggest the model Liam should use to describe the number of oak trees per square. 

(2) 

Liam decides to test whether or not his model is suitable and calculates the expected  
frequencies given in Table 2. 

 

(b)  Showing your working clearly, complete the test using a 5% level of significance. 

You should state your critical value and conclusion clearly. 
(7) 

Simone believes that a Poisson distribution could be used to model the number of oak trees  
per square. She calculates the expected frequencies given in Table 3. 

 

(c)  Find the value of s and the value of t, giving your answers to 2 decimal places. 

(4) 

(d)  Write down hypotheses to test the suitability of Simone's model. 

(1) 

The test statistic for this test is 8.749 

(e)  Complete the test. Use a 5% level of significance and state your critical value and 
conclusion clearly. 

(3) 

(f)  Using the results of these tests, explain whether the origin of this woodland is likely to be 
cultivated or wild. 

(2) 
(Total for question = 19 marks) 
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Q8. 
  

A researcher is investigating the distribution of orchids in a field. He believes that the 
Poisson distribution with a mean of 1.75 may be a good model for the number of orchids in 
each square metre. He randomly selects 150 non-overlapping areas, each of one square 
metre, and counts the number of orchids present in each square. 

The results are recorded in the table below. 

 

He calculates the expected frequencies as follows 

 

(a)  Find the value of r giving your answer to 2 decimal places. 

(1) 

The researcher will test, at the 5% level of significance, whether or not the data can be 
modelled by a Poisson distribution with mean 1.75 

(b)  State clearly the hypotheses required to test whether or not this Poisson distribution is a 
suitable model for these data. 

(1) 

The test statistic for this test is 2.0 and the number of degrees of freedom to be used is 4 

(c)  Explain fully why there are 4 degrees of freedom. 

(2) 

(d)  Stating your critical value clearly, determine whether or not these data support the 
researcher's belief. 

(2) 

The researcher works in another field where the number of orchids in each square metre is 
known to have a Poisson distribution with mean 1.5 

He randomly selects 200 non-overlapping areas, each of one square metre, in this second 
field, and counts the number of orchids present in each square. 

(e)  Using a Poisson approximation, show that the probability that he finds at least one 
square with exactly 6 orchids in it is 0.506 to 3 decimal places. 

(4) 

  

(Total for question = 10 marks) 
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Q9. 

  

The discrete random variable X follows a Poisson distribution with mean 1.4 

(a)   Write down the value of 

(i)   P(X = 1) 
(ii)  P(X ≤ 4) 

(2) 

The manager of a bank recorded the number of mortgages approved each week over a 40 
week period. 

 

(b)   Show that the mean number of mortgages approved over the 40 week period is 1.4 

(1) 

The bank manager believes that the Poisson distribution may be a good model for the 
number of mortgages approved each week. 

She uses a Poisson distribution with a mean of 1.4 to calculate expected frequencies as 
follows. 

 

(c)   Find the value of r and the value of s giving your answers to 2 decimal places. 

(2) 

The bank manager will test, at the 5% level of significance, whether or not the data can be 
modelled by a Poisson distribution. 

(d)   Calculate the test statistic and state the conclusion for this test. State clearly the 
degrees of freedom and the hypotheses used in the test. 

(6) 

  

(Total for question = 11 marks) 
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Q10. 
  

A leisure club offers a choice of one of three activities to its 150 members on a Tuesday 
evening. The manager believes that there may be an association between the choice of 
activity and the age of the member and collected the following data. 

 

(a)  Write down suitable hypotheses for a test of the manager's belief. 

(1) 

The manager calculated expected frequencies to use in the test. 

(b)  Calculate the expected frequency of members aged 60 or over who choose snooker, 
used by the manager. 

(1) 

(c)  Explain why there are 6 degrees of freedom used in this test. 

(2) 

The test statistic used to test the manager's belief is 19.583 

(d)  Using a 5% level of significance, complete the test of the manager's belief. 

(2) 

  

(Total for question = 6 marks) 
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Q11. 
  

Bags of £1 coins are paid into a bank. Each bag contains 20 coins. 

The bank manager believes that 5% of the £1 coins paid into the bank are fakes. He decides 
to use the distribution X ~ B(20, 0.05) to model the random variable X, the number of fake £1 
coins in each bag. 

The bank manager checks a random sample of 150 bags of £1 coins and records the 
number of fake coins found in each bag. His results are summarised in Table 1. He then 
calculates some of the expected frequencies, correct to 1 decimal place. 

 

Table 1 

(a)   Carry out a hypothesis test, at the 5% significance level, to see if the data supports the 
bank manager's statistical model. State your hypotheses clearly. 

(10) 

The assistant manager thinks that a binomial distribution is a good model but suggests that 
the proportion of fake coins is higher than 5%. She calculates the actual proportion of fake 
coins in the sample and uses this value to carry out a new hypothesis test on the data. Her 
expected frequencies are shown in Table 2. 

 

Table 2 

(b)   Explain why there are 2 degrees of freedom in this case. 

(2) 

(c)   Given that she obtains a χ2 test statistic of 2.67, test the assistant manager's hypothesis 
that the binomial distribution is a good model for the number of fake coins in each bag. Use 
a 5% level of significance and state your hypotheses clearly. 

(2) 

  

(Total for question = 14 marks) 
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Q12. 

A spinner used for a game is designed to give scores with the following probabilities 

 

The spinner is spun 80 times and the results are as follows 

 

Test, at the 10% level of significance, whether or not the spinner is giving scores as it is  
designed to do. Show your working and state your hypotheses clearly. 

  

(Total for question = 7 marks) 

  

Q13. 

Abram carried out a survey of two treatments for a plant fungus. The contingency table 
below shows the results of a survey of a random sample of 125 plants with the fungus. 

 

Abram calculates expected frequencies to carry out a suitable test. Seven of these are given 
in the partly-completed table below. 

 

The value of  for the 7 given values is 8.29 

Test at the 2.5% level of significance, whether or not there is an association between the 
treatment of the plants and their survival. State your hypotheses and conclusion clearly. 

(7) 
(Total for question = 7 marks) 
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Q14. 
  

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. 

 

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 

(1) 

(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 for question = 8 marks) 
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Mark Scheme – Chi-Squared Test 
 
Q1. 
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Q2. 
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Q3. 
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Q4. 
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 Q5. 
  

 

 

  

 
 

 Ch.6 Chi-Squared Tests PhysicsAndMathsTutor.com



Q6. 
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Q7. 
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Q8. 
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Q9. 
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Q10. 
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Q11. 
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 Q12. 
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Q13. 
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Q14. 
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