
ap biology chi square practice
problems
AP Biology chi square practice problems are an essential aspect of
understanding genetic variation and statistical analysis in biological
studies. The Chi-square test is a powerful statistical tool used to determine
whether there is a significant difference between observed and expected
frequencies in categorical data. In the context of AP Biology, mastering this
test is crucial for interpreting experimental results, particularly in
genetics, ecology, and evolutionary biology. This article will explore the
fundamentals of the Chi-square test, provide practice problems, and discuss
their applications in AP Biology.

Understanding the Chi-Square Test

The Chi-square test (χ²) is a statistical method used to evaluate the
goodness of fit between observed and expected frequencies. It helps
researchers determine whether the differences in observed data are due to
random chance or if they are statistically significant.

Key Concepts

1. Observed Frequencies: These are the actual data collected from experiments
or observations.
2. Expected Frequencies: These are the theoretical frequencies expected based
on a given hypothesis or the null hypothesis.
3. Null Hypothesis (H0): This is a statement that there is no significant
difference between the observed and expected frequencies.
4. Degrees of Freedom (df): This is calculated based on the number of
categories minus one (df = n - 1, where n is the number of categories).
5. Significance Level (α): This is the threshold for determining
significance, commonly set at 0.05.

The Formula

The formula for the Chi-square statistic is:

\[
χ² = \sum \frac{(O_i - E_i)²}{E_i}
\]

Where:
- \(O_i\) = observed frequency for each category



- \(E_i\) = expected frequency for each category
- The summation (Σ) is performed over all categories.

Steps to Perform a Chi-Square Test

1. Formulate the Hypotheses:
- Null Hypothesis (H0): There is no significant difference between observed
and expected frequencies.
- Alternative Hypothesis (H1): There is a significant difference.

2. Collect Data: Gather the observed frequencies from your experiments.

3. Calculate Expected Frequencies: Based on your hypothesis, calculate the
expected frequencies for each category.

4. Compute the Chi-square Statistic: Use the formula to find the Chi-square
value.

5. Determine Degrees of Freedom: Calculate the degrees of freedom (df = n -
1).

6. Consult the Chi-square Distribution Table: Compare your calculated Chi-
square value with the critical value from the Chi-square distribution table
based on the determined degrees of freedom and significance level.

7. Draw a Conclusion: If your Chi-square value is greater than the critical
value, reject the null hypothesis. If it is less, fail to reject the null
hypothesis.

Practice Problems

To practice applying the Chi-square test, consider the following problems.
Solutions will follow each problem for guidance.

Problem 1: Mendelian Genetics

In a genetic cross between two pea plants, the following phenotypic ratios
were observed in their offspring:

- Green pods (dominant): 75
- Yellow pods (recessive): 25

Using a 3:1 ratio, perform a Chi-square test to determine if the observed
data fits the expected Mendelian ratio.



Solution Steps:

1. Observed Frequencies (O):
- Green pods: 75
- Yellow pods: 25

2. Expected Frequencies (E) based on the 3:1 ratio:
- Total offspring = 75 + 25 = 100
- Green pods (3/4 of 100) = 75
- Yellow pods (1/4 of 100) = 25

3. Calculate Chi-square:
\[
χ² = \frac{(75 - 75)²}{75} + \frac{(25 - 25)²}{25} = 0
\]

4. Degrees of Freedom: df = 2 - 1 = 1.

5. Critical Value: For df = 1 and α = 0.05, the critical value is 3.841.

6. Conclusion: Since 0 < 3.841, fail to reject H0. The observed data fits the
expected ratio.

Problem 2: Color in Flowers

A geneticist studies a flower species and observes the following color
distribution in 200 flowers:

- Red flowers: 120
- White flowers: 80

If the expected ratio of red to white flowers is 2:1, test the hypothesis
using the Chi-square test.

Solution Steps:

1. Observed Frequencies (O):
- Red: 120
- White: 80

2. Expected Frequencies (E) based on the 2:1 ratio:
- Total = 200
- Red (2/3 of 200) = 133.33
- White (1/3 of 200) = 66.67

3. Calculate Chi-square:
\[
χ² = \frac{(120 - 133.33)²}{133.33} + \frac{(80 - 66.67)²}{66.67}
\]



\[
χ² = \frac{(-13.33)²}{133.33} + \frac{(13.33)²}{66.67} \approx 1.111 + 2.000
\approx 3.111
\]

4. Degrees of Freedom: df = 2 - 1 = 1.

5. Critical Value: For df = 1 and α = 0.05, the critical value is 3.841.

6. Conclusion: Since 3.111 < 3.841, fail to reject H0. The observed data fits
the expected ratio.

Problem 3: Plant Height

In a population of 150 plants, the following heights were recorded:

- Tall plants: 90
- Short plants: 60

If the expected ratio is 1:1, use the Chi-square test to analyze the data.

Solution Steps:

1. Observed Frequencies (O):
- Tall: 90
- Short: 60

2. Expected Frequencies (E) based on 1:1 ratio:
- Total = 150
- Tall: 75
- Short: 75

3. Calculate Chi-square:
\[
χ² = \frac{(90 - 75)²}{75} + \frac{(60 - 75)²}{75}
\]
\[
χ² = \frac{(15)²}{75} + \frac{(-15)²}{75} = \frac{225}{75} + \frac{225}{75} =
3 + 3 = 6
\]

4. Degrees of Freedom: df = 2 - 1 = 1.

5. Critical Value: For df = 1 and α = 0.05, the critical value is 3.841.

6. Conclusion: Since 6 > 3.841, reject H0. The observed data does not fit the
expected ratio.



Applications of the Chi-Square Test in AP
Biology

Understanding Chi-square practice problems is critical for AP Biology
students as it prepares them for various real-world applications, including:

- Genetic Studies: Analyzing traits in organisms and their inheritance
patterns.
- Ecological Research: Assessing population distributions or species
diversity within ecosystems.
- Evolutionary Biology: Evaluating the significance of observed variations in
traits among populations.

Conclusion

The ability to perform Chi-square tests is an invaluable skill for AP Biology
students. By mastering Chi-square practice problems, students not only
enhance their statistical analysis skills but also deepen their understanding
of biological concepts such as inheritance, diversity, and ecological
interactions. With continued practice and application, students will be well-
prepared for both the AP exam and future studies in biology.

Frequently Asked Questions

What is the purpose of using a chi-square test in AP
Biology?
The chi-square test is used to determine if there is a significant difference
between observed and expected frequencies in categorical data, allowing
students to assess genetic ratios or the distribution of traits.

How do you calculate the chi-square statistic?
To calculate the chi-square statistic, use the formula χ² = Σ((O - E)² / E),
where O is the observed frequency and E is the expected frequency for each
category.

What are the degrees of freedom in a chi-square
test?
The degrees of freedom in a chi-square test is calculated as the number of
categories minus one (df = n - 1). This is important for determining the
critical value from the chi-square distribution.



What is a common mistake to avoid when performing
chi-square tests in biology?
A common mistake is using expected frequencies that are too low (typically
less than 5) for any category, which can invalidate the results of the chi-
square test.

How do you interpret the results of a chi-square
test?
To interpret the results, compare the calculated chi-square statistic to the
critical value from the chi-square distribution table based on the degrees of
freedom. If the statistic exceeds the critical value, reject the null
hypothesis, indicating a significant difference.

Can chi-square tests be used for continuous data?
No, chi-square tests are designed for categorical data. For continuous data,
other statistical tests, like t-tests or ANOVA, should be used.
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