chi square test practice problems

Chi square test practice problems are essential for students and

professionals who wish to deepen their understanding of statistical analysis.

The chi-square test is a powerful tool in statistics used to determine
whether there is a significant association between categorical variables.
This article will delve into the concept of the chi-square test, provide
practice problems, and discuss how to solve them step-by-step, making it
easier to grasp this fundamental statistical method.

Understanding the Chi-Square Test

The chi-square test is primarily used in two scenarios:

1. Chi-Square Test of Independence

This test checks if there is a significant association between two
categorical variables. For example, it might be used to examine whether
gender is related to voting preference.

2. Chi-Square Goodness of Fit Test

This test determines if a sample distribution matches an expected
distribution. An example could be assessing whether a die is fair based on
the frequency of each outcome.

Key Terminology

Before diving into practice problems, it's crucial to understand some key
terms associated with the chi-square test:

e Observed Frequencies: The actual count of occurrences in each category.

» Expected Frequencies: The counts you would expect if there were no
association between the variables.

e Degrees of Freedom (df): A value based on the number of categories minus

one.

e Significance Level (a): The threshold for determining statistical



significance, commonly set at 0.05.

Chi-Square Test Formula

The chi-square statistic is calculated using the following formula:

\[ \chi”2 = \sum \frac{(0 - E)"2}{E} \]
Where:

- \( 0 \) = Observed frequency

- \( E \) = Expected frequency

Practice Problems

Now, let's explore some chi-square test practice problems to solidify your
understanding.

Problem 1: Chi-Square Test of Independence

A researcher wants to know if there is a relationship between smoking status
(Smoker, Non-Smoker) and exercise frequency (Regular, Irregular). The
following data was collected:

| | Regular | Irregular | Total |
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| Smoker | 30 | 10 | 40 |

| Non-Smoker | 20 | 40 | 60 |

| Total | 50 | 50 | 100 |

Steps to Solve:

1. Formulate Hypotheses:

- Null Hypothesis (HO): Smoking status and exercise frequency are
independent.

- Alternative Hypothesis (H1): Smoking status and exercise frequency are not
independent.

2. Calculate Expected Frequencies:

For Smokers who exercise regularly: \( E
For Smokers who exercise irregularly: \(
For Non-Smokers who exercise regularly: \
- For Non-Smokers who exercise irregularly: \
\)

rac{(40) (50)}{100} = 20 \)
\frac{(40) (50)}{100} = 20 \)

= \frac{(60) (50)}{100} = 30 \)
E = \frac{(60) (50)}{160} = 30

= \f
E =
( E
(



3. Construct the Expected Frequency Table:

| | Regular | Irregular | Total |
|- |- |- EEREEE
| Smoker | 20 | 20 | 40 |

| Non-Smoker | 30 | 30 | 60 |

| Total | 50 | 50 | 100 |

4. Calculate Chi-Square Value:

\ [

\chi”2 = \frac{(30-20)"2}{20} + \frac{(10-20)"2}{20} + \frac{(20-30)"2}{30} +
\frac{(40-30)"2}{30}

\1

\ [

\chi”2 = \frac{100}{20} + \frac{100}{20} + \frac{100}{30} + \frac{100}{30} =
5+ 5+ 3.33 + 3.33 = 16.66

\1

5. Determine Degrees of Freedom:
Degrees of Freedom (df) = (Rows - 1) (Columns - 1) = (2 - 1)(2 - 1) =1

6. Compare with Critical Value:
- At df =1 and a = 0.05, the critical value is approximately 3.84.
Since 16.66 > 3.84, we reject the null hypothesis.

Conclusion: There is a significant association between smoking status and
exercise frequency.

Problem 2: Chi-Square Goodness of Fit Test

A die is rolled 60 times, and the results are as follows:

| Face | 1 | 2 | 3| 4] 5] 6|
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| Observed | 10| 12| 8 | 15| 7 | 8 |

Steps to Solve:

1. Formulate Hypotheses:
- Null Hypothesis (HO): The die is fair.
- Alternative Hypothesis (H1l): The die is not fair.

2. Calculate Expected Frequencies:
- Since the die is fair, each face should appear 10 times (60 rolls / 6
faces).

3. Calculate Chi-Square Value:

\ [
\chi”2 = \sum \frac{(0 - E)"2}{E} = \frac{(10-10)"2}{10} +



\frac{(12-10)"2}{10} + \frac{(8-10)"2}{10} + \frac{(15-10)"2}{10} +
\frac{(7-10)72}{10} + \frac{(8-10)"2}{10}

\1

\ [

\chi™2 = 0 + \frac{4}{10} + \frac{4}{10} + \frac{25}{10} + \frac{9}{10} +
\frac{4}{10} = 0 + 0.4 + 0.4 + 2.5 + 0.9 + 0.4 = 4.6

\1

4. Determine Degrees of Freedom:
Degrees of Freedom (df) = Number of categories - 1 =6 -1 =5

5. Compare with Critical Value:
At df =5 and a = 0.05, the critical value is approximately 11.07.
Since 4.6 < 11.07, we fail to reject the null hypothesis.

Conclusion: There is not enough evidence to suggest that the die is unfair.

Conclusion

Practicing chi-square test problems is crucial for mastering statistical
analysis techniques. By understanding how to formulate hypotheses, calculate
expected frequencies, and interpret chi-square values, you will build a
strong foundation in statistical reasoning. Whether you're preparing for an
exam or applying statistical methods in your job, these concepts will be
invaluable. Keep practicing with various scenarios to enhance your skills and
confidence in using the chi-square test effectively.

Frequently Asked Questions

What is a chi-square test used for?

A chi-square test is used to determine if there is a significant association
between categorical variables.

What are the two main types of chi-square tests?

The two main types of chi-square tests are the chi-square test of
independence and the chi-square goodness-of-fit test.

How do you calculate the chi-square statistic?

The chi-square statistic is calculated using the formula: x?2 = Z((0 - E)2 /
E), where 0 is the observed frequency and E is the expected frequency.



What are the assumptions of the chi-square test?

The assumptions include that the data must be categorical, the observations
should be independent, and the expected frequency in each category should be
at least 5.

What does a high chi-square value indicate?

A high chi-square value indicates a greater difference between observed and
expected frequencies, suggesting a potential association between variables.

When should you use a chi-square goodness-of-fit
test?

You should use a chi-square goodness-of-fit test when you want to determine
if a sample distribution matches an expected probability distribution.

What is the purpose of the degrees of freedom in
chi-square tests?

Degrees of freedom determine the distribution of the chi-square statistic and
are calculated as (number of categories - 1) for goodness-of-fit tests or
(rows - 1) (columns - 1) for tests of independence.

What is the critical value in a chi-square test?

The critical value is the threshold against which the chi-square statistic is
compared to determine whether to reject the null hypothesis.

How can you interpret the p-value in a chi-square
test?

The p-value indicates the probability of observing a chi-square statistic as
extreme as, or more extreme than, the one calculated if the null hypothesis

is true; a low p-value (typically < 0.05) suggests rejecting the null
hypothesis.
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