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Chi Square Test of Independence Example Problems with Answers: A Practical Guide

chi square test of independence example problems with answers are a fantastic way to grasp
one of the most widely used statistical methods for examining relationships between categorical
variables. Whether you're a student, researcher, or just someone curious about data analysis,
understanding how to apply the chi square test of independence is crucial. This article will walk you
through various example problems, breakdown solutions, and provide clear explanations to make
these concepts accessible and practical.

What Is the Chi Square Test of Independence?

Before diving into example problems, it’s important to understand what the chi square test of
independence actually measures. Simply put, this statistical test helps determine whether two
categorical variables are related or independent. For example, you might want to know if gender
influences preference for a particular product, or if education level is associated with voting behavior.

The test compares observed frequencies in a contingency table to the expected frequencies if the
variables were truly independent. If the observed frequencies differ significantly from what we expect
by chance, we conclude there is an association between the variables.

Key Terms and Concepts to Know

Understanding a few key terms will help you follow along with the example problems:

Observed Frequency (O): The actual count of occurrences in each category.

Expected Frequency (E): The count we would expect if there were no association between
the variables.

Degrees of Freedom (df): Calculated as (number of rows - 1) × (number of columns - 1).

Chi Square Statistic (χ²): A measure of how much the observed counts deviate from
expected counts.

Significance Level (α): The threshold (commonly 0.05) to decide if the results are statistically
significant.



Chi Square Test of Independence Example Problems
with Answers

Let’s explore some example problems that demonstrate how to perform a chi square test of
independence step-by-step.

Example 1: Testing the Relationship Between Gender and
Preference for a New Product

Suppose a company wants to find out if gender is related to preference for a new type of snack. They
survey 100 people and record the following data:

| Preference | Male | Female | Total |
|------------|------|--------|-------|
| Like | 30 | 20 | 50 |
| Dislike | 20 | 30 | 50 |
| Total | 50 | 50 | 100 |

Is there a significant association between gender and snack preference?

Step 1: State the hypotheses

- Null hypothesis (H₀): Gender and preference are independent (no relationship).
- Alternative hypothesis (H₁): Gender and preference are dependent (related).

Step 2: Calculate expected frequencies

Expected frequency for each cell = (Row total × Column total) / Grand total

- Like & Male: (50 × 50) / 100 = 25
- Like & Female: (50 × 50) / 100 = 25
- Dislike & Male: (50 × 50) / 100 = 25
- Dislike & Female: (50 × 50) / 100 = 25

Expected Frequency Table

| Preference | Male | Female |
|------------|------|--------|
| Like | 25 | 25 |
| Dislike | 25 | 25 |

Step 3: Calculate the chi square statistic (χ²)

\[
\chi^2 = \sum \frac{(O - E)^2}{E}
\]



Calculations:

- For Like & Male: (30 - 25)² / 25 = 25 / 25 = 1
- For Like & Female: (20 - 25)² / 25 = 25 / 25 = 1
- For Dislike & Male: (20 - 25)² / 25 = 25 / 25 = 1
- For Dislike & Female: (30 - 25)² / 25 = 25 / 25 = 1

Sum: 1 + 1 + 1 + 1 = 4

Step 4: Determine degrees of freedom (df)

(df) = (rows - 1) × (columns - 1) = (2 - 1) × (2 - 1) = 1

Step 5: Find the critical value and compare

At α = 0.05 and df = 1, the critical value from the chi square distribution table is 3.841.

Since χ² = 4 > 3.841, we reject the null hypothesis.

Interpretation: There is a statistically significant association between gender and snack preference.

---

Example 2: Is There a Relationship Between Education Level
and Voting Preference?

Imagine a survey of 150 voters categorized by education level and their preferred candidate
(Candidate A or Candidate B):

| Education Level | Candidate A | Candidate B | Total |
|-----------------|-------------|-------------|-------|
| High School | 30 | 20 | 50 |
| Bachelor’s | 40 | 30 | 70 |
| Graduate | 10 | 20 | 30 |
| Total | 80 | 70 | 150 |

Let's test if education level and voting preference are independent.

Step 1: Hypotheses

- H₀: No association between education level and voting preference.
- H₁: There is an association.

Step 2: Calculate expected frequencies

For each cell:

\[
E = \frac{(\text{Row total}) \times (\text{Column total})}{\text{Grand total}}



\]

- High School & Candidate A: (50 × 80) / 150 ≈ 26.67
- High School & Candidate B: (50 × 70) / 150 ≈ 23.33
- Bachelor’s & Candidate A: (70 × 80) / 150 ≈ 37.33
- Bachelor’s & Candidate B: (70 × 70) / 150 ≈ 32.67
- Graduate & Candidate A: (30 × 80) / 150 = 16
- Graduate & Candidate B: (30 × 70) / 150 = 14

Expected Frequency Table

| Education Level | Candidate A | Candidate B |
|-----------------|-------------|-------------|
| High School | 26.67 | 23.33 |
| Bachelor’s | 37.33 | 32.67 |
| Graduate | 16 | 14 |

Step 3: Calculate χ²

Using the formula for each cell:

- High School & Candidate A: (30 - 26.67)² / 26.67 ≈ 0.42
- High School & Candidate B: (20 - 23.33)² / 23.33 ≈ 0.48
- Bachelor’s & Candidate A: (40 - 37.33)² / 37.33 ≈ 0.19
- Bachelor’s & Candidate B: (30 - 32.67)² / 32.67 ≈ 0.22
- Graduate & Candidate A: (10 - 16)² / 16 = 2.25
- Graduate & Candidate B: (20 - 14)² / 14 ≈ 2.57

Sum of χ² ≈ 0.42 + 0.48 + 0.19 + 0.22 + 2.25 + 2.57 = 6.13

Step 4: Degrees of freedom

(df) = (3 - 1) × (2 - 1) = 2 × 1 = 2

Step 5: Critical value

At α = 0.05 and df = 2, critical value ≈ 5.991.

Since 6.13 > 5.991, reject H₀.

Interpretation: There is a significant association between education level and voting preference.

---

Tips for Interpreting Chi Square Test Results

Performing the calculations is just one part of using the chi square test effectively. Here are some
practical tips to keep in mind:



Check assumptions: The test requires a sufficiently large sample size, and expected
frequencies should generally be 5 or more in each cell for validity.

Degrees of freedom matter: More categories increase df, which affects the critical value and
interpretation.

Significance level selection: Commonly 0.05, but make sure it aligns with your study's
context.

Don’t confuse association with causation: The chi square test only indicates if variables
are related, not if one causes the other.

Use software for complex tables: For larger contingency tables, statistical software like
SPSS, R, or Python libraries can simplify calculations.

Additional Example: Analyzing Smoking Habit and Lung
Disease

Consider a health study investigating whether smoking status is related to lung disease occurrence.
The data are:

| Smoking Status | Lung Disease Present | Lung Disease Absent | Total |
|----------------|---------------------|--------------------|-------|
| Smoker | 40 | 60 | 100 |
| Non-Smoker | 10 | 90 | 100 |
| Total | 50 | 150 | 200 |

We want to test if smoking status and lung disease are independent.

Calculations:

Expected frequencies:

- Smoker & Disease: (100 × 50) / 200 = 25
- Smoker & No Disease: (100 × 150) / 200 = 75
- Non-Smoker & Disease: 25
- Non-Smoker & No Disease: 75

Chi square statistic:

- (40 - 25)² / 25 = 9
- (60 - 75)² / 75 = 3
- (10 - 25)² / 25 = 9
- (90 - 75)² / 75 = 3



Sum: 9 + 3 + 9 + 3 = 24

Degrees of freedom: (2-1)(2-1) = 1

Critical value at 0.05 significance: 3.841

Since 24 > 3.841, there is a strong association between smoking status and lung disease.

This classic example highlights how the chi square test of independence can be applied to health data
to identify potential risk factors.

Why Practice with Chi Square Test of Independence
Example Problems with Answers?

Working through detailed examples not only strengthens your understanding of the chi square test
mechanics but also improves your ability to interpret real-world data. By seeing how observed and
expected frequencies interact, and how the test statistic is computed, you gain confidence in applying
this method to your own research or data analysis projects.

Additionally, reviewing answers provides immediate feedback, helping you identify common pitfalls
such as miscalculating expected frequencies or misinterpreting results.

Wrapping Up the Learning Journey

Exploring chi square test of independence example problems with answers is a practical approach to
mastering categorical data analysis. Whether you're comparing preferences, behaviors, or
demographic factors, this test offers a robust way to assess relationships between variables.

Remember, the key steps involve formulating hypotheses, building a contingency table, calculating
expected frequencies, computing the chi square statistic, and comparing it to critical values based on
degrees of freedom. Practice with diverse datasets will deepen your understanding and make you
more comfortable with statistical reasoning.

So next time you encounter categorical data questions, you’ll be ready to apply the chi square test of
independence and confidently interpret the results!

Frequently Asked Questions

What is a Chi Square Test of Independence?
The Chi Square Test of Independence is a statistical test used to determine whether there is a
significant association between two categorical variables in a contingency table.



Can you provide a simple example problem of a Chi Square
Test of Independence?
Sure! Suppose we want to test if gender (male/female) is independent of preference for a new
product (like/dislike). We collect data from 100 people and record their responses in a 2x2 table. The
Chi Square Test of Independence can help determine if preference is related to gender.

How do you set up the hypotheses for a Chi Square Test of
Independence?
The null hypothesis (H0) states that the two categorical variables are independent (no association).
The alternative hypothesis (H1) states that there is an association between the variables.

What are the steps to solve a Chi Square Test of
Independence problem?
1. Set up the contingency table.
2. Calculate the expected frequencies for each cell.
3. Compute the Chi Square test statistic using observed and expected frequencies.
4. Determine degrees of freedom.
5. Find the critical value or p-value.
6. Compare test statistic with critical value or p-value with significance level to accept or reject H0.

Could you show the calculation of expected frequencies in a
Chi Square Test of Independence example?
Yes. Expected frequency for a cell = (Row total × Column total) / Grand total. For example, if the row
total is 30, column total is 40, and grand total is 100, expected frequency = (30 × 40) / 100 = 12.

What is the formula for the Chi Square test statistic?
The formula is χ² = Σ [(O - E)² / E], where O is the observed frequency and E is the expected
frequency for each cell in the contingency table.

Can you provide a solved example with answers for a Chi
Square Test of Independence?
Example: A study records preferences for two flavors (Vanilla and Chocolate) among males and
females.
Observed data:
Vanilla Chocolate
Male 20 30
Female 25 25
Grand total = 100
Expected frequencies:
Male-Vanilla = (50×45)/100=22.5
Male-Chocolate=(50×55)/100=27.5



Female-Vanilla=(50×45)/100=22.5
Female-Chocolate=(50×55)/100=27.5
Calculate χ², compare with critical value at df=1, and conclude if preference depends on gender.

How do you determine the degrees of freedom for Chi Square
Test of Independence?
Degrees of freedom (df) = (number of rows - 1) × (number of columns - 1). For example, a 2x3 table
has df = (2-1)×(3-1) = 2.

What is a significance level in the context of Chi Square Test
of Independence?
The significance level (commonly denoted as α) is the threshold probability used to decide whether to
reject the null hypothesis. Typical values are 0.05 or 0.01.

Where can I find practice problems with answers for Chi
Square Test of Independence?
You can find practice problems with answers in statistics textbooks, online educational websites like
Khan Academy, Statology, or through academic PDFs and tutorials that provide step-by-step solutions
for Chi Square Test of Independence.

Additional Resources
**Chi Square Test of Independence Example Problems with Answers: A Detailed Exploration**

chi square test of independence example problems with answers serve as indispensable tools
for students, researchers, and professionals seeking to understand the relationships between
categorical variables. This statistical method is pivotal in determining whether two variables are
associated or independent, a question frequently encountered across disciplines such as social
sciences, healthcare, marketing, and biology. By analyzing example problems complete with
solutions, one can demystify the application of the chi square test of independence and enhance
interpretative skills crucial for data-driven decision-making.

The chi square test of independence evaluates whether the distribution of sample categorical data fits
an expected distribution based on the assumption of independence between variables. Unlike tests
measuring mean differences, this test focuses on frequency counts within contingency tables, making
it a versatile and widely applicable technique. Through example problems with answers, the abstract
theory materializes into practical insights, revealing patterns in data that might otherwise remain
obscured.

Understanding the Chi Square Test of Independence

Before delving into specific problems, it is essential to grasp the fundamental principles underlying



the chi square test of independence. The test compares observed frequencies in each category to
expected frequencies calculated under the assumption that the variables are independent. The
formula for the test statistic is:

\[
\chi^2 = \sum \frac{(O - E)^2}{E}
\]

where \(O\) represents the observed frequency, and \(E\) denotes the expected frequency. A higher
chi square value suggests a greater discrepancy between observed and expected counts, potentially
indicating dependence between variables.

Key components in this analysis include:

- **Contingency tables:** Typically two-dimensional tables displaying frequencies of observations
classified by two categorical variables.
- **Degrees of freedom (df):** Calculated as (number of rows - 1) × (number of columns - 1),
influencing the critical value against which the chi square statistic is compared.
- **Significance level (α):** Commonly set at 0.05, it determines the threshold for rejecting the null
hypothesis of independence.

Why Use Example Problems with Answers?

While theoretical knowledge is foundational, applying the chi square test of independence to real or
simulated data consolidates understanding. Example problems with answers provide step-by-step
guidance on setting up hypotheses, constructing contingency tables, computing expected
frequencies, calculating the chi square statistic, and interpreting results. This approach not only
clarifies procedural nuances but also highlights common pitfalls such as small expected frequencies
or misinterpretation of p-values.

Chi Square Test of Independence Example Problems
with Answers

To solidify comprehension, consider a range of example problems reflecting diverse contexts where
the chi square test of independence is applicable.

Example Problem 1: Smoking Status and Lung Disease

A health researcher wants to examine whether smoking status (smoker, non-smoker) is independent
of lung disease presence (disease, no disease) in a sample of 200 individuals. The observed data is as
follows:

| | Disease | No Disease | Total |
|-----------------|---------|------------|-------|



| Smoker | 60 | 40 | 100 |
| Non-Smoker | 30 | 70 | 100 |
| **Total** | 90 | 110 | 200 |

**Step 1: State the hypotheses**

- Null hypothesis (\(H_0\)): Smoking status and lung disease are independent.
- Alternative hypothesis (\(H_a\)): Smoking status and lung disease are not independent.

**Step 2: Calculate expected frequencies**

Expected frequency \(E_{ij} = \frac{(row\ total) \times (column\ total)}{grand\ total}\).

| | Disease (E) | No Disease (E) |
|-----------------|-------------|----------------|
| Smoker | \(\frac{100 \times 90}{200} = 45\) | \(\frac{100 \times 110}{200} = 55\) |
| Non-Smoker | \(\frac{100 \times 90}{200} = 45\) | \(\frac{100 \times 110}{200} = 55\) |

**Step 3: Compute chi square statistic**

\[
\chi^2 = \sum \frac{(O - E)^2}{E} = \frac{(60 - 45)^2}{45} + \frac{(40 - 55)^2}{55} + \frac{(30 -
45)^2}{45} + \frac{(70 - 55)^2}{55}
\]

\[
= \frac{225}{45} + \frac{225}{55} + \frac{225}{45} + \frac{225}{55} = 5 + 4.09 + 5 + 4.09 =
18.18
\]

**Step 4: Determine degrees of freedom**

\[
df = (2-1)(2-1) = 1
\]

**Step 5: Find critical value and conclude**

At α=0.05 and df=1, the critical value from chi square tables is 3.841. Since 18.18 > 3.841, reject
\(H_0\). There is sufficient evidence to conclude smoking status and lung disease are not independent.

Example Problem 2: Gender and Preference for a New Product

A marketing analyst surveys 150 consumers to determine if gender influences preference for a new
product. Preferences are categorized as 'Like' or 'Dislike.'

| | Like | Dislike | Total |
|----------|------|---------|-------|
| Male | 40 | 35 | 75 |



| Female | 50 | 25 | 75 |
| **Total**| 90 | 60 | 150 |

Following similar steps:

- Calculate expected frequencies.
- Compute chi square statistic.
- Degrees of freedom = 1.
- Critical value at α=0.05 is 3.841.

Expected frequencies for males liking the product:

\[
E = \frac{75 \times 90}{150} = 45
\]

Chi square calculation:

\[
\chi^2 = \frac{(40-45)^2}{45} + \frac{(35-30)^2}{30} + \frac{(50-45)^2}{45} +
\frac{(25-30)^2}{30} = 0.56 + 0.83 + 0.56 + 0.83 = 2.78
\]

Since 2.78 < 3.841, we fail to reject \(H_0\). Gender and preference appear to be independent in this
sample.

Interpreting and Applying Chi Square Test Results

The examples demonstrate several critical facets of the chi square test of independence:

- **Contextual understanding:** The test does not prove causation but indicates whether an
association exists.
- **Sample size considerations:** Small expected frequencies (usually less than 5) can invalidate the
test’s assumptions; in such cases, Fisher’s exact test might be appropriate.
- **Degrees of freedom and critical values:** These influence the sensitivity of the test and must be
carefully determined.
- **Practical implications:** Whether in healthcare, marketing, or social research, the test informs
decisions such as targeting interventions or understanding consumer behavior.

Advantages and Limitations of the Chi Square Test of
Independence

The test is powerful and straightforward but not without limitations:

Advantages: Non-parametric nature, applicability to categorical data, ease of computation,



and interpretation.

Limitations: Sensitivity to sample size, inability to specify direction or strength of association,
and requirement for sufficient expected frequencies.

These factors underscore the importance of comprehensive analysis when interpreting results from
example problems with answers.

Conclusion: Enhancing Statistical Literacy Through
Practice

Engaging with chi square test of independence example problems with answers equips practitioners
with a nuanced understanding of categorical data analysis. Such practice fosters confidence in
hypothesis testing and empowers data-driven insights across varied fields. As data complexity grows,
mastering these foundational techniques remains a cornerstone of rigorous quantitative analysis.
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