
chi square practice problems ap biology
Chi square practice problems AP Biology are an essential aspect of statistical analysis in the
field of biology. The chi square test is a powerful tool used to determine whether there is a
significant association between categorical variables. In Advanced Placement (AP) Biology, students
often encounter scenarios that require the application of this test to analyze genetic crosses,
population studies, and other biological phenomena. This article will explore the chi square test,
provide detailed examples and practice problems, and guide students through the process of
calculating and interpreting chi square results.

Understanding the Chi Square Test

The chi square test is a statistical method used to assess how expectations compare to actual
observed data. It is particularly useful for determining whether differences between observed
frequencies and expected frequencies are due to random chance or if they indicate a significant
effect.

Key Concepts

1. Observed Frequencies: These are the counts obtained from the experiment or observation.
2. Expected Frequencies: These are the counts we would expect if there were no association
between the variables. They are calculated based on a specific hypothesis.
3. Degrees of Freedom: This is calculated as the number of categories minus one (df = k - 1).
Degrees of freedom are critical for determining the critical value in chi square distributions.
4. Chi Square Statistic: This is calculated using the formula:
\[
\chi^2 = \sum \frac{(O - E)^2}{E}
\]
where \(O\) represents observed frequencies, and \(E\) represents expected frequencies.

Steps to Perform a Chi Square Test

To effectively use the chi square test in AP Biology, follow these steps:

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

2. Collect Data:
- Gather the observed data from the experiment.



3. Calculate Expected Frequencies:
- Based on your hypothesis, determine what the expected frequencies would be.

4. Compute the Chi Square Statistic:
- Use the chi square formula to calculate the statistic.

5. Determine Degrees of Freedom:
- Calculate degrees of freedom for your test.

6. Find the Critical Value:
- Using a chi square distribution table, find the critical value based on your significance level
(usually 0.05) and degrees of freedom.

7. Make a Decision:
- If the chi square statistic is greater than the critical value, reject the null hypothesis.

Practice Problems

Here are some practice problems involving the chi square test, along with detailed solutions.

Problem 1: Mendelian Genetics

In a genetic cross between two pea plants, the expected ratio of tall (T) to short (t) plants is 3:1. In a
sample of 100 plants, 75 are tall and 25 are short.

1. State the Hypotheses:
- H0: The observed ratio matches the expected 3:1 ratio.
- H1: The observed ratio does not match the expected 3:1 ratio.

2. Calculate Expected Frequencies:
- Total plants = 100
- Expected tall plants (E) = 75 (3/4 of 100)
- Expected short plants (E) = 25 (1/4 of 100)

3. Observed Frequencies:
- Tall (O) = 75
- Short (O) = 25

4. Calculate Chi Square Statistic:
\[
\chi^2 = \frac{(75 - 75)^2}{75} + \frac{(25 - 25)^2}{25} = 0 + 0 = 0
\]

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

6. Find the Critical Value:



- At α = 0.05 and df = 1, the critical value is 3.841.

7. Make a Decision:
- Since 0 < 3.841, we fail to reject H0. The observed ratio matches the expected ratio.

Problem 2: Observing Color in Fruit Flies

In a study of fruit flies, researchers observed the following phenotypic distribution:

- Red eyes (R): 40
- White eyes (r): 10

The expected ratio of red to white eyes is 3:1.

1. State the Hypotheses:
- H0: The observed ratio matches the expected 3:1 ratio.
- H1: The observed ratio does not match the expected 3:1 ratio.

2. Calculate Expected Frequencies:
- Total flies = 50
- Expected red eyes (E) = 37.5 (3/4 of 50)
- Expected white eyes (E) = 12.5 (1/4 of 50)

3. Observed Frequencies:
- Red (O) = 40
- White (O) = 10

4. Calculate Chi Square Statistic:
\[
\chi^2 = \frac{(40 - 37.5)^2}{37.5} + \frac{(10 - 12.5)^2}{12.5} = \frac{(2.5)^2}{37.5} +
\frac{(-2.5)^2}{12.5}
\]
\[
= \frac{6.25}{37.5} + \frac{6.25}{12.5} \approx 0.167 + 0.5 = 0.667
\]

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

6. Find the Critical Value:
- At α = 0.05 and df = 1, the critical value is 3.841.

7. Make a Decision:
- Since 0.667 < 3.841, we fail to reject H0. The observed ratio matches the expected ratio.



Conclusion

Chi square practice problems in AP Biology are integral for understanding the relationship between
observed and expected frequencies within biological contexts. Mastering the chi square test equips
students with vital skills for analyzing genetic data, understanding population dynamics, and
evaluating experimental outcomes. Practice with various problems enhances comprehension,
enabling students to confidently apply statistical methods in their studies and future scientific
endeavors. By following the outlined steps and engaging with practice problems, students can gain a
solid foundation in the application of the chi square test in biology.

Frequently Asked Questions

What is the purpose of using the chi-square test in AP
Biology?
The chi-square test is used to determine if there is a significant difference between the expected and
observed frequencies in categorical data, helping to test hypotheses related to genetic inheritance.

How do you calculate the expected frequencies for a chi-
square test?
Expected frequencies are calculated by multiplying the total number of observations by the
proportion of each category as predicted by the null hypothesis.

What is the formula for the chi-square statistic?
The chi-square statistic is calculated using the formula χ² = Σ((O - E)² / E), where O is the observed
frequency and E is the expected frequency.

What do you do if your chi-square test results in a p-value less
than 0.05?
If the p-value is less than 0.05, you reject the null hypothesis, indicating that there is a significant
difference between the observed and expected frequencies.

In what scenarios would you not use a chi-square test?
You should not use a chi-square test if the expected frequency in any category is less than 5, as this
can lead to inaccurate results.

What types of data are suitable for chi-square tests?
Chi-square tests are suitable for categorical data, which can be divided into distinct groups or
categories, such as phenotypic traits in genetic studies.



Can you explain a common chi-square practice problem in AP
Biology?
A common practice problem involves analyzing the offspring phenotypes from a genetic cross and
using the chi-square test to determine if the observed ratios fit the expected Mendelian ratios.

What do you need to include when reporting the results of a
chi-square test?
When reporting results, include the chi-square value, degrees of freedom, p-value, and whether you
accepted or rejected the null hypothesis.

What is the significance of degrees of freedom in a chi-square
test?
Degrees of freedom in a chi-square test are calculated as (number of categories - 1) and are crucial
for determining the critical value from the chi-square distribution table.
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