AP Biology Summer Assignment: Statistical Analysis and Mathematical Modeling in Biology
Welcome to AP Biology! This course is designed to replicate a college-level introductory biology sequence. The Advanced Placement Biology exam heavily emphasizes your ability to analyze quantitative data, apply statistical formulas, and justify scientific claims using mathematical evidence.
This assignment will introduce you to the foundational statistical and graphical tools you will use all year.
Important Note: These concepts and skills may be difficult to understand on your own. It is fine if you do not get all of the answers correct, but please attempt each part to the best of your ability. 

Part 1: The AP Biology Statistical Toolkit
Before diving into the scenarios, review these three essential statistical concepts that are required for AP Biology data analysis:
1. The Chi-Square (χ2) Goodness-of-Fit Test
Scientists use this statistical test to determine whether an observed set of data matches the expected outcomes of a specific genetic, ecological, or behavioral model. It helps determine if the variation between what you observed and what you expected is due to random chance, or if a significant biological variable is causing the difference.
The formula for the Chi-Square statistic is:
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Where:
·  O = Observed value for a category
·  E = Expected value for a category
·  Σ = Summation (add the values calculated for each category together)
2. Degrees of Freedom and the Critical Value
To determine if your calculated χ2 value is statistically significant, you must compare it to a critical value from a standard chi-square distribution table using two metrics:
· Degrees of Freedom (df): Calculated as n - 1, where n is the total number of categories being tested.

· The p-value (Probability): In AP Biology, we strictly use a significance threshold of p = 0.05 (a 5% probability that the differences occurred by random chance alone).
Critical Value Table
To use the table, find the intersection between the degrees of freedom and the appropriate p-value (0.05).
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If your calculated χ2 value is greater than the critical value from the table, you reject your null hypothesis, meaning a significant biological factor caused the difference. If it is less, you fail to reject your null hypothesis.

3. Standard Error of the Mean (SEM) and Error Bars
When scientists calculate a mean (average) from an experimental sample, they use the Standard Error of the Mean (SEM) to estimate how close that sample mean is to the true population mean.
On a graph, SEM is represented visually using vertical error bars extending above and below the top of a data bar or point.
· If the error bars of two different treatment groups overlap, the difference between their averages is not statistically significant.

· If the error bars do not overlap, the difference between their averages is statistically significant, meaning the treatment likely caused a real effect.

Part 2: AP Data Analysis Challenges
Challenge A: Animal Behavior and Chi-Square Analysis
A group of AP Biology students wanted to investigate the environmental preferences of terrestrial isopods (commonly known as pillbugs). They designed a choice chamber consisting of two connected circular compartments: one side was lined with a damp paper towel (Moist Environment), and the other side was lined with a dry paper towel (Dry Environment).
The students placed 30 pillbugs into the center connector of the chamber. After 10 minutes, they recorded the distribution of the insects.
The students observed the following results:
· Moist Environment: 22 pillbugs
· Dry Environment: 8 pillbugs
Hypothesis Formulation
1. State the Null Hypothesis (H0) for this experiment. (Remember: A null hypothesis always states that there is no preference, no difference, or that any variance is due entirely to random chance).

2. State the Alternative Hypothesis (HA) for this experiment.
Mathematical Calculations
1. Based on your null hypothesis, if the pillbugs have absolutely no preference, how many of the 30 total insects would you mathematically expect to find on each side of the chamber?

2. Construct a small data table showing the Observed (O) and Expected (E) values for both categories.

3. Calculate the final χ2 value for this experiment using the formula provided in Part 1. Show every step of your algebraic work.

Statistical Justification
Review the standard AP Biology Chi-Square Critical Values table excerpt below:
· Degrees of Freedom: 1 | Critical Value (p = 0.05): 3.84
· Degrees of Freedom: 2 | Critical Value (p = 0.05): 5.99
· Degrees of Freedom: 3 | Critical Value (p = 0.05): 7.82
Answer the following analytical prompts:
1. Identify the correct degrees of freedom (n [# of categories] – 1) for this specific experiment.

2. State the critical value corresponding to your degrees of freedom at  p = 0.05 .

3. Make a statistical conclusion: Do you reject or fail to reject your null hypothesis? Justify your decision by explicitly comparing your calculated χ2 value to the critical value.

4. Provide a biological explanation for why the data turned out this way based on the respiratory adaptations of terrestrial isopods.

Challenge B: Photosynthetic Rates and Error Bar Interpretation
An experiment was conducted to determine how different wavelengths of light affect the rate of photosynthesis in the aquatic plant Elodea. The rate of photosynthesis was quantified by counting the number of oxygen gas bubbles released by the plant stem per minute. Three separate groups of plants were exposed to either Blue light, Green light, or White light. Each group underwent 15 separate trials to establish a reliable sample size.
The ecologists processed the raw data and calculated the following summary metrics (remember: SEM = Standard Error of the Mean):
· White Light (Control): Mean = 24.5 bubbles/min | SEM = +/- 1.2 bubbles/min
· Blue Light: Mean = 22.8 bubbles/min | SEM = +/- 1.5 bubbles/min
· Green Light: Mean = 4.2 bubbles/min | SEM = +/- 0.8 bubbles/min
Graph Construction
On your own paper, construct a professional bar graph comparing the mean photosynthetic rates of the three groups.
1. Place the light treatments on the X-axis and the mean reaction rate on the Y-axis.

2. Ensure all labels, scales, and titles match the rigorous standards reviewed in your introductory graphing skills.

3. Draw the +/- SEM error bars onto each of your three bars. For example, for White Light, your error bar should extend from 23.3 (24.5 - 1.2) up to 25.7 (24.5 + 1.2).
Data Interpretation and Statistical Reasoning
Answer the following questions based on your completed graph and error bars:
1. Compare the White Light control group to the Blue Light experimental group. Based on the error bars, is there a statistically significant difference in the rate of photosynthesis between these two groups? Justify your answer using explicit evidence from your graph's error bars.

2. Compare the White Light control group to the Green Light experimental group. Is the difference statistically significant? Justify your answer.

3. Provide a biochemical explanation for the Green Light data. Why did exposure to green light result in such a drastically reduced rate of photosynthesis compared to white and blue light? Refer to plant pigments and light absorption/reflection in your answer.

Challenge C: Population Dynamics and Rate Calculations
An AP Biology ecology study tracked the growth rate of a population of Daphnia magna (water fleas) introduced into a newly managed laboratory culture tank over a period of 40 days.
The population counts were documented as follows:
· Day 0: 10 individuals
· Day 5: 15 individuals
· Day 10: 45 individuals
· Day 20: 180 individuals
· Day 30: 320 individuals
· Day 35: 335 individuals
· Day 40: 332 individuals
Graph Construction
On your own paper, construct a line graph representing the population size over the 40-day period.
Mathematical Rate Calculations
In AP Biology, you must be able to calculate the rate of a biological process over specific time intervals using the standard slope formula:
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Calculate the population growth rate for the following intervals. Show your fractional setups and include appropriate units (e.g., individuals per day) for each answer:
1. The initial phase: Day 0 to Day 10.

2. The rapid growth phase: Day 10 to Day 20.

3. The late phase: Day 30 to Day 40.
Population Modeling Analysis
Answer the following prompts based on your graph and rate calculations:
1. Describe the shape of the growth curve you plotted. Does this curve represent an exponential growth model or a logistic growth model? Explain your reasoning.

2. Identify the approximate carrying capacity (K) of this Daphnia population within the culture tank. Explain what ecological indicators from your data point to this specific value.

3. List two specific density-dependent limiting factors that likely caused the growth rate to shift dramatically between the second interval (Day 10–20) and the third interval (Day 30–40).

Part 3: Scientific Argumentation (Claim, Evidence, Reasoning)
The AP exam focuses heavily on your ability to construct free-response arguments using the Claim, Evidence, Reasoning (CER) framework.
· Claim: A direct statement that answers the scientific question.

· Evidence: Scientific data or trends that support the claim (must include explicit numerical values or statistical metrics from the data set).

· Reasoning: A justification that connects the evidence to the claim using foundational biological concepts, principles, or laws.
Read the following scenario:
A geneticist is studying the inheritance of a specific trait (body color) in a species of beetle. She crosses two heterozygous brown beetles. According to classic Mendelian genetics, a heterozygous cross should produce an exact 3:1 phenotypic ratio of Brown beetles to Black beetles.
Out of 100 total offspring produced in the F1 generation, the researcher observes 68 Brown beetles and 32 Black beetles.
She runs a Chi-Square test on this data against the expected 3:1 Mendelian ratio. Her final calculated χ2 value is 2.64. The critical value for this genetic model at  p = 0.05  is 3.84.
Complete the CER Matrix
On your own paper, write out a formal scientific argument evaluating whether this body-color trait follows standard Mendelian inheritance patterns. Organize your response using the following three distinct headers:
1. Claim: State clearly whether this trait follows classic Mendelian inheritance or if it deviates from it.

2. Evidence: Provide the exact statistical numbers, critical values, and calculations that dictate this conclusion.

3. Reasoning: Connect the statistics to the genetics. Explain what a calculated χ2 value lower than the critical value means regarding random environmental chance versus genetic deviation. Conclude what this tells us about the allele interactions of the parental beetles.
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» Degrees of Freedom

value | 2 [ 3 4 5 6 7 8

0.05 384 | 599 | 781 | 949 | 11.07 | 1259 | 1407 1551

0.01 663 | 921 | 1134 1328 | 1509 | 16.81 | 1848 20.09





