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VISIT BARRON’S ONLINE LEARNING HUB FOR FOUR MORE FULL-LENGTH PRACTICE TESTS.






How to Use This Book

This book provides comprehensive review and extensive practice for the latest AP Statistics course and exam.


About the Exam

Start with the Exam Overview, which outlines the exam format. Familiarize yourself with all of the units covered on this test, review the different question types, and learn how the exam will be scored.



Review and Practice

Study all five units in Part 2, which are organized according to the five units of AP Statistics, and cover the topics recommended by the AP Statistics Development Committee. Every unit includes Learning Objectives that will be covered, a review of each topic, dozens of examples that illustrate key concepts, and end-of-unit summaries. Interspersed among these units are quizzes (mini-AP exams with both multiple-choice and free-response questions), which should be used as progress checks.

Then, consult Part 3, the Final Review, which has several invaluable sections.


	■“Selecting an Appropriate Inference Procedure” offers hints on inference recognition followed by two quizzes on naming the procedure to use, defining parameters, listing conditions to be checked, and stating hypotheses, if appropriate.

	■“Statistical Insights into Social Issues” includes two quizzes of comprehensive review questions that cover the whole AP Statistics curriculum. These quizzes aim to give an appreciation of the power of statistics and show how this subject gives insights into some of society’s most pressing issues.

	■“50 Misconceptions,” “50 Common Errors on the AP Exam,” and “50 AP Exam Hints, Advice, and Reminders” provide tips to remember and pitfalls to avoid on test day.





Diagnostic Test

When you are ready for final review, take the full-length diagnostic test in Part 1 to determine which topics you know well and which ones you may want to brush up on. Complete the entire test, and then check all of the answer explanations, especially for any questions you may have missed. Then, consult the Study Guide for units in the book that you should focus on in your review.



Practice Tests

There are four full-length practice tests in the book that mirror the actual exam in format, content, and level of difficulty. Each test is followed by detailed answers and explanations for all questions.



Appendices

The end of this book consists of a series of helpful appendices, including the answers and explanations for all quizzes, important formulas to know, templates, a guide to inference, and much more. Be sure to go over these sections before completing your final review.



Online Practice

There are also four additional full-length practice tests online where all questions are answered and explained. You may take these tests in practice (untimed) mode or in timed mode.



For Students

This book is intended both as a topical review during the year and as a final review in the weeks before the AP exam. Study the text and illustrative examples carefully, and try to complete the practice quiz problems before referring to the solutions. Simply reading the detailed explanations without first striving to work through the questions on your own is not the best approach. Remember, mathematics is not a spectator sport! Use the practice quizzes at appropriate times throughout the school year, and you will develop confidence and a deeper understanding of the material.

A good piece of advice is to develop critical practices (like checking assumptions and conditions), acquire strong technical skills, and always write clear and thorough, yet to the point, interpretations and conclusions in context. Final answers to most problems should not be numbers but, rather, sentences explaining and analyzing numerical results. To help develop skills and insights to tackle AP free-response questions (which often choose contexts students haven’t seen before), read newspapers and magazines, and figure out how to apply what you are learning to better understand articles that reference numbers, graphs, and studies.

On the day of the exam, eat a healthy meal before the test. Bring a watch (not a cell phone or smartwatch) to help pace yourself. Do not bring a ruler, white out, or highlighters. Bring extra batteries for your calculator, pens, and more than one sharp pencil with good erasers. Know that scoring at least 40% correct on the exam should be enough for at least a 3 or higher, so don’t panic if you can’t answer a question. And scoring 70% should earn you a 5! Furthermore, no matter what your score, plan to take more statistics classes in college.

The AP Statistics course is one of the fastest growing and most important courses offered in the high school curriculum. If you work with your teacher and study hard, you will find this to be an enjoyable course, you will do well on the AP exam, and you will develop into a more thoughtful citizen of this world! One day, when you’re a data scientist, an engineer, a doctor or nurse, a manager, or whatever it is you do, you may look back on the AP exam as only a distant memory, but you’ll remember the truly important things you learned in your AP Statistics class. You’ll remember how to think critically about the world around you and how to communicate your knowledge, insights, and discoveries; these are skills you’ll carry with you for the rest of your life.



For Teachers

This book is fully aligned with the five units and exam format outlined in the AP Statistics Course and Exam Description (the CED) and elaborated upon in AP Classroom. Ideally, each individual unit review, paired with practice quiz problems, should be assigned after the unit has been covered in class. The full-length diagnostic test and practice tests should be reserved for final review shortly before the AP exam. These tests are at the same level of difficulty as the actual exam, have the number of multiple-choice questions for each topic as specified by the College Board, and have the topic specific free-response questions as itemized by the College Board. While this review book is not designed to substitute for an in-class experience, students have found it to be a valuable resource both for learning the essential concepts and for preparing for the AP exam.









Barron’s Essential 5

As you review the content in this book and work toward earning that 5 on your AP STATISTICS exam, here are five things that you MUST know:
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	Graders want to give you credit—help them! Make them understand what you are doing, why you are doing it, and how you are doing it. Don’t make the reader guess at what you are doing.


	•Communication is just as important as statistical knowledge!

	•Be sure you understand exactly what you are being asked to do or find or explain and underline key points.

	•Approach each problem systematically. Some problems look scary on first reading but are not overly difficult and are surprisingly straightforward if you work step-by-step through each part.

	•Use proper terminology! Words like bias, correlation, normal, range, skew, and even statistic have specific statistical meanings and should not be used colloquially.

	•Naked or bald answers will receive little or no credit. You must show where answers come from.

	•On the other hand, don’t give more than one solution to the same problem—you will receive credit only for the weaker one.
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	Describing and comparing distributions is fundamental in descriptive statistics.


	•Reference shape (such as bell-shaped, skewed, uniform, unimodal, or bimodal), center (mean or median), variability (range, IQR, or standard deviation), and unusual features (such as outliers, gaps, and clusters) when describing one-variable quantitative data. Don’t forget context!

	•Use nondeterministic language like roughly symmetric and approximately normal.

	•Use comparative language, rather than simply making separate lists, when comparing two distributions. Don’t forget context!

	•Be able to analyze displays such as dotplots, histograms, boxplots, and stemplots.

	•Be able to analyze parallel boxplots and back-to-back stemplots.

	•Reference form (linear or nonlinear), direction (positive or negative), strength (weak, moderate, or strong), and unusual features (such as outliers, influential points, and clusters) when describing bivariate data. Don’t forget context!
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	Data collection is the first step in the data analysis process.


	•Understand the difference between observational studies and experiments, and know the strengths and weaknesses of each.

	•Understand that random sampling, the use of chance in selecting a sample from a population, is critical in being able to generalize from a sample to a population.

	•Be able to describe how to implement sampling methods, including simple random sampling, stratified random sampling, cluster random sampling, and systematic random sampling.

	•Understand that random assignment of subjects to treatments in experiments is critical in minimizing the effect of possible confounding variables.

	•Be able to describe how to set up an experiment using random assignment and possibly blinding or blocking.
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	Distributions describe variability, and variability is the single most fundamental concept in statistics. Understand the terminology:


	•population distribution (variability in an entire population),

	•sample distribution (variability within a particular sample), and

	•sampling distribution (variability between samples).

	•The larger the sample size, the more the sample distribution looks like the population distribution.

	•Central limit theorem: the larger the sample size, the more the sampling distribution (probability distribution of the sample means) looks like a normal distribution.
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	Choosing the correct procedure and performing proper checks are critical.


	•Categorical variables lead to proportions or chi-square procedures, while quantitative variables lead to means or linear regression.

	•Estimating a quantity indicates a confidence interval, while looking for evidence to test a claim indicates a hypothesis test.

	•Know the proper checks for each procedure and state them correctly. (Listing wrong conditions will lose points.)

	•Understand the three fundamental conditions: the randomization condition, the 10% condition, and the normality condition.

	•Verifying assumptions and conditions means more than simply listing them with little check marks—you must show work or give some reason to confirm verification.















Exam Overview


Exam Format

The exam consists of two parts: a 90-minute section with 42 multiple-choice questions and a 90-minute free-response section with four open-ended questions to complete. During grading, the two sections of the exam are given equal weight. Students have remarked that the first section involves “lots of reading” while the second section involves “lots of writing.” The percentage of questions from each content area is approximately 25% data analysis, 15% experimental design, 25% probability, and 35% inference.

In 2025 the AP Statistics exam was given as a hybrid digital exam. The multiple-choice questions were viewed and answered in the Bluebook testing app. The free-response questions were viewed in the app; however, the free-response answers were written in paper exam booklets that were returned for scoring. Beginning in 2026, the Desmos graphing calculator will be embedded in the Bluebook testing platform for AP Statistics. Of course, you will still be allowed to use a handheld graphing calculator on the exam.



Multiple-Choice Section

In the multiple-choice section, the questions are much more conceptual than computational, and thus use of the calculator is minimal. The multiple-choice section can be broken down by units of instruction as follows:


	■Unit 1: Exploring One-Variable Data and Collecting Data (8–13 questions)

	■Unit 2: Probability, Random Variables, and Probability Distributions (6–10 questions)

	■Unit 3: Inference for Categorical Data: Proportions (6–10 questions)

	■Unit 4: Inference for Quantitative Data: Means (4–8 questions)

	■Unit 5: Regression Analysis (4–8 questions)



The multiple-choice section can be broken down by statistical practices as follows:


	■Practice 1: Formulate Questions (2–4 questions)

	■Practice 2: Collect Data (8–13 questions)

	■Practice 3: Analyze Data (10–15 questions)

	■Practice 4: Interpret Results (10–15 questions)



Good strategies for working multiple-choice questions include the following:


	■Read carefully so you are clear what is being asked for.

	■Within the Bluebook app:

	∘Underline or circle key words or numbers in the question.

	∘Make notes in the margin as to what numbers represent.

	∘Cross out answer choices you know are incorrect.

	∘Cross out answer choices that may be true but don’t relate to the specific question asked.



	■Use this process of elimination and then narrow down to the BEST answer.

	■Answer every question (you will not be penalized for wrong answers).







Free-Response Section

In the free-response section, the four open-ended questions are weighted equally and scored on 10-point scales. The free-response section can be broken down as follows, including the exact order the four questions will appear on the exam:


	■1 multipart question with a primary focus on formulating questions and collecting data

	■1 multipart question with a primary focus on analyzing data and interpreting results

	■1 multipart question with a primary focus on inference

	■1 multipart question focusing on multiple content areas



Good strategies and guidance for working free-response questions include the following:


	■Be sure you understand exactly what you are being asked to do, find, or explain.

	■Within Bluebook, underline or highlight key words, phrases, and numbers, and make notes in the margin as to what numbers represent.

	■Use proper terminology: words like bias, correlation, normal, power, range, skew, and even statistic have specific statistical meanings.

	■Indicate your methods clearly, as problems will be graded on the correctness of the methods as well as the accuracy of the results and explanations.

	■One-variable distributions: don’t forget context as well as shape, center, spread, and unusual features.

	■Linear regression: be able to interpret the slope, the y-intercept, and the coefficient of determination in context.

	■Sampling methods or experimental design: be able to explain how you will pick a random sample or randomly assign subjects to treatment groups.

	■Probability: name the distribution, give the parameters, note boundary values, and give the calculated answer.

	■Inference: name procedures, define parameters, include confirmation of underlying assumptions, perform calculations (use software if quicker), and state conclusions in context, not just as numbers.

	■Describe both an advantage of one thing and a disadvantage of the other if asked why one thing is better than another.





Calculator Usage

On the AP Statistics exam, you will be furnished with a list of formulas (from (I) Descriptive Statistics, (II) Probability and Distributions, and (III) Inferential Statistics) and tables (including standard normal probabilities, t-distribution critical values, and χ2 critical values). While you can use the embedded Desmos graphing calculator or bring a graphing calculator with statistics capabilities to the exam, you should not leave answers in terms of calculator syntax. Furthermore, many students have commented that calculator usage was less than they had anticipated. However, even though the calculator is a tool, to be used sparingly and as needed, you need to be proficient with this technology. You also must be comfortable with reading generic computer output.



Scoring

The score on the multiple-choice section is based on the number of correct answers, with no points deducted for incorrect answers. So don’t leave any blank answers! Starting in 2027, free-response questions will be scored on a 0 to 10 scale.

Each completed AP exam will receive a grade based on a 5-point scale, with 5 being the highest score and 1 being the lowest score. Most colleges and universities accept a grade of 3 or better for credit, advanced placement, or both. Over the years, average cut scores, together with the approximate percent of students receiving each score, are as in the following table.









	AP Score

	Total Points

	Students (%)






	5

	70–100

	15%




	4

	55–69

	20%




	3

	40–54

	25%




	2

	30–39

	20%




	1

	0–29

	20%














Part 1 Diagnostic Test













Diagnostic Test



Section I: Questions 1–42

Spend 90 minutes on this part of the exam.


DIRECTIONS: The questions or incomplete statements that follow are each followed by four suggested answers or completions. Choose the response that best answers the question or completes the statement.




	1.It is estimated that 70 percent of Americans have pets. However, favorite pet of choice differs by geographic location. A random sample of pet owners is cross-classified by geographic location and pet of choice. The results are summarized in the following segmented bar chart.

[image: Bar chart, “North” bar has 40% Cats, 40% Dogs, 20% Other. “South” bar has 30% Cats, 40% Dogs, 30% Other.]

Which of the following is an incorrect conclusion?


	(A)More pet owners in the South than in the North answered “Other.”


	(B)Twice as many pet owners in the North answered “Dogs” than answered “Other.”


	(C)The same number of pet owners in the South answered “Cats” as answered “Other.”


	(D)A greater proportion of pet owners in the North than in the South answered “Cats.”

Questions 2-4 refer to the following:

A nutritionist is researching a possible linear relationship between calories and sodium content (mg) in beef hot dogs. A random sample of 20 beef hot dogs gives the following regression output:

[image: ]

Follow for extended description




	2.Which of the following statements is a correct interpretation of the value 4.0133 in the output?


	(A)There is a predicted increase of 4.0133 calories for every 1 mg increase in sodium.


	(B)There is a predicted increase of 4.0133 mg in sodium for every 1 unit increase in calories.


	(C)Approximately 4.0133% of the variability in sodium is explained by the linear model with calories.


	(D)The predicted sodium is 4.0133 mg if a hot dog has 0 calories.




	3.Which of the following has no logical interpretation in context?


	(A)The predicted sodium content for a beef hot dog with over 228.33 calories


	(B)The true sodium content for a beef hot dog with over 228.33 calories


	(C)A beef hot dog with a predicted sodium content of 228.33 mg


	(D)The y-intercept of the regression line





	4.Which of the following statements is a correct interpretation of the value 78.7% in the output?


	(A)Approximately 78.7% of the variability in predicted sodium is explained by the linear model with calories.


	(B)Approximately 78.7% of the variability in sodium is explained by the linear model with calories.


	(C)Approximately 78.7% of the sodium is explained by the calories.


	(D)Approximately 78.7% of the sodium is explained by the variability in calories.






	5.In tossing a fair coin, which of the following sequences is most likely to appear?


	(A)HHHHH


	(B)HTHTHT


	(C)HTHHTTH


	(D)All are equally likely.





	6.There have been growing numbers of news stories about White Americans calling the police on people of color whose behavior is completely normal. A criminologist hypothesizes that the mean number of such incidents across the country is 2 per day. A sociologist believes the true mean is greater than 2 per day and plans a hypothesis test at the 5% significance level on a random sample of 50 days. For which of the following possible true values of μ will the power of the test be greatest?


	(A)1.5


	(B)1.85


	(C)2.0


	(D)2.4




	7.A simple random sample is defined by


	(A)the method of selection.


	(B)how representative the sample is of the population.


	(C)whether or not a random number generator is used.


	(D)examination of the outcome.





	8.A delivery company keeps track of truckloads with two variables: number of parcels and total weight. Are these variables discrete or continuous?


	(A)Both are discrete.


	(B)Both are continuous.


	(C)Number of parcels is discrete, and weight is continuous.


	(D)Number of parcels is continuous, and weight is discrete.




Questions 9–10 refer to the following:

A researcher would like to show that a new oral diabetes medication she developed helps control blood sugar level better than insulin injection. She plans to run a hypothesis test at the 5% significance level.


	9.What would be a Type I error?


	(A)The researcher concludes she has sufficient evidence that her new medication helps more than insulin injection, and her medication really is better than insulin injection.


	(B)The researcher concludes she has sufficient evidence that her new medication helps more than insulin injection when in reality her medication is not better than insulin injection.


	(C)The researcher concludes she does not have sufficient evidence that her new medication helps more than insulin injection, and her medication really is not better than insulin injection.


	(D)The researcher concludes she does not have sufficient evidence that her new medication helps more than insulin injection when in reality her medication is better than insulin injection.





	10.What would be a Type II error?


	(A)The researcher concludes she has sufficient evidence that her new medication helps more than insulin injection, and her medication really is better than insulin injection.


	(B)The researcher concludes she has sufficient evidence that her new medication helps more than insulin injection when in reality her medication is not better than insulin injection.


	(C)The researcher concludes she does not have sufficient evidence that her new medication helps more than insulin injection, and her medication really is not better than insulin injection.


	(D)The researcher concludes she does not have sufficient evidence that her new medication helps more than insulin injection when in reality her medication is better than insulin injection.







	11.A financial analyst determines the yearly research and development investments for 50 blue chip companies. She notes that the distribution is distinctly not bell-shaped. If the 50 dollar amounts are converted to z-scores, what can be said about the standard deviation of the 50 z-scores?


	(A)It is less than the standard deviation of the raw scores.


	(B)It is greater than the standard deviation of the raw scores.


	(C)It equals [image: sigma over square root of 50] where s is the population standard deviation of the raw scores.


	(D)It equals 1.




	12.A coin is weighted so that the probability of heads is 0.6. The coin is tossed 20 times, and the number of heads is noted. This procedure is repeated a total of 200 times, and the number of heads is recorded each time. What kind of distribution has been simulated?


	(A)The sampling distribution of the sample proportion with n = 20 and p = 0.6


	(B)The sampling distribution of the sample proportion with n = 200 and p = 0.6


	(C)The binomial distribution with n = 20 and p = 0.6


	(D)The binomial distribution with n = 200 and p = 0.6




	13.A random sample of 120 students at a high school are to be selected, and each will be asked if their parents have ever given them an alcoholic drink. Which of the following is a reason for increasing the size of this study from 120 to 220 students?


	(A)To reduce response bias


	(B)To reduce nonresponse bias


	(C)To more likely obtain an estimate that is closer to the population proportion


	(D)All of the above are valid reasons to increase the sample size.





	14.Of the 423 seniors graduating this year from a city high school, 322 plan to go on to college. When the principal asks an AP student to calculate a 95% confidence interval for the proportion of this year’s graduates who plan to go to college, the student says that this would be inappropriate. Why?


	(A)The independence assumption may have been violated (students tend to do what their friends do).


	(B)There is no evidence that the data come from a normal or nearly normal population (GPAs help determine college admission and may be skewed).


	(C)Randomization was not used.


	(D)The population proportion is known, so a confidence interval has no meaning.





	15.An AP Statistics student in a large high school plans to survey his fellow students with regard to their preferences between using a laptop or using a tablet. Which of the following survey methods is unbiased?


	(A)None of the below sampling methods are unbiased.


	(B)The student passes a survey card to every student with instructions to fill it out at home and drop the filled-out card in a box by the school entrance the next day.


	(C)The student creates an online survey and asks everyone to respond.


	(D)The student goes to all of the high school sports events for a week, hands out the survey, and waits for each student to fill it out and hand it back.





	16.In a random sample of 500 students, it was reported that test grades went up an average of at least 10 points for 70 percent of the students when usage of cell phones was banned during the school day. What was the degree of confidence if the margin of error was ± 2.5 percent?


	(A)P(–0.025 < z < 0.025)


	(B)P(0.675 < z < 0.725)


	(C)[image: P left parenthesis negative 0.025 over square root of left parenthesis 0.5 right parenthesis left parenthesis 0.5 right parenthesis divided by 500 root less than z less than 0.025 over square root of left parenthesis 0.5 right parenthesis left parenthesis 0.5 right parenthesis divided by 500 root right parenthesis]


	(D)[image: P left parenthesis negative 0.025 over square root of left parenthesis 0.7 right parenthesis left parenthesis 0.3 right parenthesis divided by 500 rootless than z less than 0.025 over square root of left parenthesis 0.7 right parenthesis left parenthesis 0.3 right parenthesis divided by 500 root right parenthesis]





	17.In a random sample of 10 insects of a newly discovered species, an entomologist measures an average life expectancy of 17.3 days with a standard deviation of 2.3 days. Assuming all conditions for inference are met, what is a 95% confidence interval for the mean life expectancy for insects of this species?


	(A)[image: 17.3 plus or minus 1.96 left parenthesis 2.3 over square root of 9 right parenthesis]


	(B)[image: 17.3 plus or minus 1.96 left parenthesis2.3 over square root of 10 right parenthesis]


	(C)[image: 17.3 plus or minus 2.228 left parenthesis 2.3 over square root of 9 right parenthesis]


	(D)[image: 17.3 plus or minus 2.262 left parenthesis 2.3 over square root of 10 right parenthesis]





	18.Time management and procrastination are difficult problems for college students. The distribution for the percentage of study time that occurs in the 24 hours prior to a final exam is approximately normal with mean 44 and standard deviation 21. Consider two different random samples taken from the population of college students, one of size 10 and one of size 100. Which of the following is true about the sampling distributions of the sample mean for the two sample sizes?


	(A)Both distributions are approximately normal. Both the mean and the standard deviation for the n = 10 sampling distribution are greater than for the n = 100 distribution.


	(B)Both distributions are approximately normal with the same mean. The standard deviation for the n = 10 sampling distribution is greater than for the n = 100 distribution.


	(C)Only the n = 100 sampling distribution is approximately normal. Both distributions have mean 44 and standard deviation 10.


	(D)Only the n = 100 sampling distribution is approximately normal. Both distributions have the same mean. The standard deviation for the n = 10 sampling distribution is greater than for the n = 100 distribution.





	19.Do male and female high school seniors choose colleges for the same reasons? A random sample of male high school seniors and a random sample of female high school seniors are given questionnaires asking which of the following is their primary reason for choosing a particular college: academics, sports teams, location, or where friends are going. Among the following, which is the best statistical test to use in analyzing these data?


	(A)One-sample z-test for a population proportion


	(B)Two-sample z-test for a difference of two population proportions


	(C)Chi-square test of independence


	(D)Chi-square test of homogeneity




	20.Suppose that a study was carried out in which each student in a random sample of students at a particular high school was asked whether he or she thought that male and female sports teams should be equally funded. Which of the following is a correct understanding of the type of investigative question this study might address?


	(A)The data could be used to estimate a population mean since the data collected are numerical.


	(B)The data could be used to estimate a population proportion since the data collected are numerical.


	(C)The data could be used to estimate a population mean since the data collected are categorical.


	(D)The data could be used to estimate a population proportion since the data collected are categorical.




Questions 21–23 refer to the following:

A campus has 55% male and 45% female students. Suppose 30% of the male students pick basketball as their favorite sport compared with 20% of the females.


	21.What is the probability that a randomly chosen student is male and picks basketball as his favorite sport?


	(A)0.30


	(B)0.55


	(C)(0.55)(0.30)


	(D)(0.55)(0.30) – (0.45)(0.20)





	22.What is the probability that a randomly chosen student picks basketball as the student’s favorite sport?


	(A)0.30 + 0.20


	(B)(0.55)(0.30) + (0.45)(0.20)


	(C)[image: 0.30 plus 0.20 over left parenthesis 0.55 right parenthesis left parenthesis 0.30 right parenthesis plus left parenthesis 0.45 right parenthesis left parenthesis 0.20 right parenthesis ]


	(D)[image: left parenthesis 0.30 right parenthesis left parenthesis 0.20 right parenthesis over left parenthesis 0.55 right parenthesis times left parenthesis 0.30 right parenthesis plus left parenthesis 0.45 right parenthesis times left parenthesis 0.20 right parenthesis ]





	23.If a randomly chosen student picks basketball as the student’s favorite sport, what is the probability the student is male?


	(A)[image: 0.30 over 0.30 plus 0.20 ]


	(B)[image: left parenthesis 0.55 right parenthesis left parenthesis 0.30 right parenthesis over left parenthesis 0.55 right parenthesis times left parenthesis 0.30 right parenthesis plus left parenthesis 0.45 right parenthesis times left parenthesis 0.20 right parenthesis ]


	(C)[image: 0.30 over left parenthesis 0.55 right parenthesis left parenthesis 0.30 right parenthesis plus left parenthesis 0.45 right parenthesis left parenthesis 0.20 right parenthesis ]


	(D)[image: 0.55 over left parenthesis 0.55 right parenthesis times left parenthesis 0.30 right parenthesis plus left parenthesis 0.45 right parenthesis times left parenthesis 0.20 right parenthesis ]







	24.The kelvin is a unit of measurement for temperature; 0 K is absolute zero, the temperature at which all thermal motion ceases. Conversion from Fahrenheit to Kelvin is given by [image: K equals 5 over 9 times left parenthesis F minus 32 right parenthesis] + 273. The average daily temperature in Monrovia, Liberia, is 78.35°F with a standard deviation of 6.3°F. If a scientist converts Monrovia daily temperatures to the Kelvin scale, what will be the new mean and standard deviation?


	(A)Mean, 231.75 K; standard deviation, 3.5 K


	(B)Mean, 298.75 K; standard deviation, 3.5 K


	(C)Mean, 298.75 K; standard deviation, 258.72 K


	(D)Mean, 298.75 K; standard deviation, 276.5 K





	25.A cattle veterinarian is considering two experimental designs to compare two sources of bovine growth hormone, or BVH, to spur increased milk production in Guernsey cattle. Design 1 involves flipping a coin as each cow enters the stockade, and if heads, giving it BVH from bovine cadavers, and if tails, giving it BVH from engineered E. coli. Design 2 involves flipping a coin as each cow enters the stockade, and if heads, giving it BVH from bovine cadavers for a specified period of time and then switching to BVH from engineered E. coli for the same period of time, and if tails, the order is reversed. With both designs, daily milk production is noted. Which of the following is accurate?


	(A)Neither design uses randomization since there is no indication that cows will be randomly picked from the population of all Guernsey cattle.


	(B)Design 1 is a completely randomized design, while Design 2 is a block design.


	(C)In the second design, BVH from bovine cadavers and BVH from engineered E. coli are confounded.


	(D)One of the two designs is actually an observational study, while the other is an experiment.





	26.Recent studies have determined with 94% confidence that the mean number of trees cut down every 24 hours to make toilet paper is between 25,000 and 29,000. What is meant by the confidence level in this context?


	(A)A confidence interval of the true mean number of trees cut down every 24 hours to make toilet paper was calculated using z-scores of ±1.881.


	(B)A confidence interval of the true mean number of trees cut down every 24 hours to make toilet paper was calculated using t-scores consistent with df = n – 1 and tail probabilities of 0.03.


	(C)We are 94% confident that the true mean number of trees cut down every 24 hours to make toilet paper is between 25,000 and 29,000.


	(D)If all possible random samples of data are obtained by this method, approximately 94% will yield confidence intervals that capture the true mean number of trees cut down every 24 hours to make toilet paper.





	27.Which of the following is a true statement about sampling?


	(A)If the sample is random, the size of the sample usually doesn’t matter.


	(B)If the sample is random, the size of the population usually doesn’t matter.


	(C)A sample of less than 1% of the population is too small for statistical inference.


	(D)A sample of more than 10% of the population is too large for statistical inference.




	28.Suppose, in a study of mated pairs of soldier beetles, it is found that the measure of the elytron (hardened forewing) length is always 0.5 millimeters longer in the female. What is the correlation between elytron lengths of mated females and males?


	(A)−0.5


	(B)0


	(C)0.5


	(D)1




	29.A chi-square test of homogeneity was conducted to determine whether different racial groups have different distributions in the size of their social networks. The chi-square test statistic and the p-value of the test were 17.43 and 0.037, respectively. Which of the following is the correct interpretation of the p-value?


	(A)Assuming that each racial group has the same distribution in size of social network, the probability of finding a test statistic of 17.43 or smaller is 0.037.


	(B)Assuming that each racial group has the same distribution in size of social network, the probability of finding a test statistic of 17.43 or larger is 0.037.


	(C)There is a 0.037 probability that the different racial groups have the same distribution of social networks.


	(D)There is a 0.037 probability that the different racial groups have different distributions of social networks.





	30.The age distribution for a particular debilitating disease has a mean greater than the median. Which of the following graphs most likely illustrates this distribution?


	(A)[image: 5 histograms. A uniform 10 to 60. B bell-shaped centered at 35. C symmetric highest at ends. D skewed right. E skewed left.]


	(B)[image: 5 histograms. A uniform 10 to 60. B bell-shaped centered at 35. C symmetric highest at ends. D skewed right. E skewed left.]


	(C)[image: 5 histograms. A uniform 10 to 60. B bell-shaped centered at 35. C symmetric highest at ends. D skewed right. E skewed left.]


	(D)[image: 5 histograms. A uniform 10 to 60. B bell-shaped centered at 35. C symmetric highest at ends. D skewed right. E skewed left.]





	31.In a random sample of 10 people, the probability that k people show a particular genetic abnormality is given by [image: left parenthesis 10 over k right parenthesis left parenthesis 0.38 right parenthesis to the power of k end exponent left parenthesis 0.62 right parenthesis to the power of 10 minus k end exponent] for k = 0, . . . , 10.

What is the mean of the associated random variable?


	(A)0.38


	(B)3.8


	(C)5.0


	(D)6.2





	32.A soccer coach believes that soccer players run an average of 7 miles per match and tests this hypothesis on a random sample of 100 players. The sample is found to have a mean of x̅ = 6.8 with a standard deviation of 1.3. Which of the following is the correct test statistic?


	(A)[image: t equals 6.8 minus 7 over 1.3 divided by 10 ]


	(B)[image: t equals 6.8 minus 7 over 1.3 divided by 100 ]


	(C)[image: t equals 7 minus 6.8 over 1.3 divided by 10 ]


	(D)[image: t equals 7 minus 6.8 over 1.3 divided by 100 ]





	33.A recent study noted prices and battery lives of 10 top-selling tablet computers. The data follow:


















	
	1

	2

	3

	4

	5

	6

	7

	8

	9

	10






	Cost

	303

	450

	260

	480

	540

	390

	350

	400

	600

	450




	Battery life (hr)

	8.5

	10

	7

	11

	10

	9

	8

	9.5

	11

	9.5








The residual plot of the least squares model is

[image: Residual plot with dot at (480, 1)]

What is the model’s predicted battery life for the tablet computer costing $480?


	(A)10 hr


	(B)10.5 hr


	(C)11 hr


	(D)12 hr





	34.Should college athletes be required to give their coaches their social media account user names and passwords? A survey of student-athletes is to be taken. The statistician believes that Division I, II, and III players may differ in their views, so she selects a random sample of athletes from each division to survey. This is a


	(A)simple random sample.


	(B)stratified random sample.


	(C)cluster random sample.


	(D)convenience sample.





	35.In a random sample of 1,500 college students, a pollster found 45% prefer a female president and 42% prefer a male president. To calculate a 95 percent confidence interval for the difference in the proportion of college students who prefer a female president over a male president, he uses [image: left parenthesis 0.45 minus 0.42 right parenthesis plus-or-minus 1.96 square root of left parenthesis 0.45 right parenthesis left parenthesis 0.55 right parenthesis over 1500 plus left parenthesis 0.42 right parenthesis left parenthesis 0.58 right parenthesis over 1500]. Were conditions for inference met?


	(A)Yes, because there was a random sample, 1,500 is less than 10% of all college students, and 1,500(0.45), 1,500(0.55), 1,500(0.42), and 1,500(0.58) are all ≥ 10.


	(B)No, because there was no random assignment between female and male college students.


	(C)No, because the independence assumption is violated.


	(D)No, because the random sample may not be truly representative of the population.





	36.The population of the Greater Tokyo area is 34,400,000 and of Karachi is 17,200,000. A random sample of citizens is to be taken in each city, and 95% confidence intervals for the mean age in each city will be calculated. Assuming roughly equal sample standard deviations, to obtain the same margin of error for each confidence interval,


	(A)the sample sizes should be the same.


	(B)the sample in Greater Tokyo should be twice the size of the sample in Karachi.


	(C)the sample in Karachi should be twice the size of the sample in Greater Tokyo.


	(D)the sample in Greater Tokyo should be four times the size of the sample in Karachi.





	37.For a class project, AP Statistics students set up a race for all students at their high school. The distance was 1.96 miles with prizes for the fastest time, the 75th percentile time, the median time, the 25th percentile time, and the slowest time. The prize-winning times in minutes were 11.1, 13.7, 15.1, 16.1, and 19.4. Which of the following statements about outliers is true?


	(A)Both the fastest and slowest times were outliers.


	(B)The fastest time was an outlier. The slowest time was not an outlier.


	(C)The fastest time was not an outlier. The slowest time was an outlier.


	(D)Neither the fastest nor slowest times were outliers.




	38.Which of the following is an incorrect statement?


	(A)Statistics are random variables with their own probability distributions.


	(B)Bias means that, on average, our estimate of a parameter is different from the true value of the parameter.


	(C)There are some statistics for which the sampling distribution is not approximately normal, no matter how large the sample size.


	(D)The larger the sample size, the closer the sample distribution is to a normal distribution.




	39.For Air Force cadets, the recommended fitness level with regard to the number of push-ups is 34. In a test whether or not current classes of recruits can meet this standard, a t-test of H0: μ = 34 against Ha: μ < 34 gives a p-value of 0.068. Using these data, among the following, which is the largest level of confidence for a two-sided confidence interval that does not contain 34?


	(A)85%


	(B)90%


	(C)92%


	(D)95%




	40.A particular car is tested for stopping distance in feet on wet pavement at 30 mph using tires with one tread design and then tires with another tread design. For each set of tires, the test is repeated 30 times, and the following parallel boxplots give a comparison of the resulting five-number summaries.

[image: 2 boxplots. “I” looks skewed right with median 37. “II” looks roughly symmetric with median 38.]

Which of the following is a reasonable conclusion?


	(A)Distribution I is skewed right, while distribution II is bell-shaped.


	(B)The mean of distribution I is greater than the mean of distribution II.


	(C)The range of distribution I is approximately 46 − 33 = 13.


	(D)The upper 50% of the values in distribution I are all greater than the lower 50% of the values in distribution II.





	41.E and F are events on the same probability space with P(E) = 0.3 and P(F) = 0.4. What is the relationship between P(E ∩ F) and 0.12?


	(A)P(E ∩ F) > 0.12


	(B)P(E ∩ F) < 0.12


	(C)P(E ∩ F) = 0.12


	(D)There is not enough information to determine a relationship between P(E ∩ F) and 0.12.




	42.Do middle school and high school students have different views on what makes someone popular? Random samples of 100 middle school and 100 high school students yield the following counts with regard to three choices: lots of money, good at sports, and good looks:











	What Makes a Student Popular




	
	Money

	Sports

	Looks






	Middle school students

	22

	48

	30




	High school students

	36

	24

	40








A chi-square test of homogeneity yields which of the following test statistics?


	(A)[image: left parenthesis 22 minus 29 right parenthesis to the power of 2 over 22 plus left parenthesis 48 minus 36 right parenthesis to the power of 2 over 48 plus left parenthesis 30 minus 35 right parenthesis to the power of 2 over 30 plus left parenthesis 36 minus 29 right parenthesis to the power of 2 over 36 plus left parenthesis 24 minus 36 right parenthesis to the power of 2 over 24 plus left parenthesis 40 minus 35 right parenthesis to the power of 2 over 40]


	(B)[image: left parenthesis 22 minus 29 right parenthesis to the power of 2 over 29 plus left parenthesis 48 minus 36 right parenthesis to the power of 2 over 36 plus left parenthesis 30 minus 35 right parenthesis to the power of 2 over 35 plus left parenthesis 36 minus 29 right parenthesis to the power of 2 over 29 plus left parenthesis 24 minus 36 right parenthesis to the power of 2 over 36 plus left parenthesis 40 minus 35 right parenthesis to the power of 2 over 35]


	(C)[image: left parenthesis 22 over 29 right parenthesis to the power of 2 plus left parenthesis 48 over 36 right parenthesis to the power of 2 plus left parenthesis 30 over 35 right parenthesis to the power of 2 plus left parenthesis 36 over 29 right parenthesis to the power of 2 plus left parenthesis 24 over 36 right parenthesis plus left parenthesis 40 over 35 right parenthesis to the power of 2 ]


	(D)[image: left parenthesis 22 right parenthesis times left parenthesis 29 right parenthesis over 58 plus left parenthesis 48 right parenthesis times left parenthesis 36 times right parenthesis over 72 plus left parenthesis 30 right parenthesis times left parenthesis 35 right parenthesis over 70 plus left parenthesis 36 right parenthesis times left parenthesis 29 right parenthesis over 58 plus left parenthesis 24 right parenthesis times left parenthesis 36 right parenthesis over 72 plus left parenthesis 40 right parenthesis times left parenthesis 35 right parenthesis over 70 ]







[image: ]






Section II: Free-Response


DIRECTIONS: You must show all work and indicate the methods you use. You will be graded on the correctness of your methods and on the accuracy of your results and explanations.




	1.A horticulturist plans a study on the use of compost tea for plant disease management. She obtains 18 identical beds, each containing a random selection of five minipink rose plants. Some bed or beds will not receive compost tea. For those beds receiving compost tea, she plans to use two different composting times (2 and 5 days), two different compost preparations (aerobic and anaerobic), and two different spraying techniques (with and without adjuvants). Midway into the growing season she will check all plants for rose powdery mildew disease.


	A.i. Identify the experimental units.


	ii. Identify the treatments.


	B.Explain why the horticulturist included a group that does not receive compost tea?


	C.i. Explain the advantage of using only minipink roses in this study.


	ii. Explain a disadvantage of using only minipink roses in this study.


	D.i. Using the proportion of plants in each bed that are infected with rose powdery mildew disease, identify a graphical representation that is appropriate to use to display these proportions.


	ii. Explain why a histogram would not be appropriate to display these proportions.


	E.The horticulturist would like to perform a study on proportions of plants that are infected with rose powdery mildew disease in beds using aerobic and anaerobic preparations. Determine a valid investigative question. Ensure all three components of a valid investigative question are included in your response.




	2.A National Park employee measures times between eruptions and eruption durations for the Old Faithful geyser during a 24-hour period.

A dotplot of eruption duration times and a boxplot of the times between eruptions are as follows:

[image: ]

Follow for extended description


	A.i. Identify the type of study the National Park employee conducted.


	ii. Identify the variables in the study.


	B.Describe the distribution of duration times of Old Faithful geyser eruptions.


	C.Determine what the boxplot illustrates about the center and variability of the distribution of times between eruptions?


	D.A stemplot of the times between eruptions is as follows:

[image: ]

Follow for extended description


	 i. Determine the median time between eruptions. Show your work.


	ii. Describe what the stemplot shows about shape that is missed in the boxplot?


	E.Determine the population for valid investigative questions for the National Park employee’s study.





	3.A top-100, 7.0-rated ten)nis pro wishes to compare a new racket against his current model. He is interested in whether his hitting speed with the new racket is different from that with his old racket. He strings the new racket with the same type of strings at 60 pounds tension that he uses on his old racket. From past testing, the tennis pro knows that the average forehand crosscourt volley with his old racket is 82 miles per hour (mph). On an indoor court, using a ball machine set at 70 mph, which is the same speed he had his old racket tested against, he takes 47 swings with the new racket. (Assume that swings are independent of each other.) An associate with a speed gun records an average of 83.5 mph with a standard deviation of 3.4 mph. At the 0.01 level of significance, complete the appropriate inference procedure to determine if there is convincing statistical evidence that his mean hitting speed with the new racket is different from that with his old racket.


	A.Identify and classify the variable(s) in the study.


	B.Identify the appropriate inference procedure.


	C.Complete the inference procedure, including calculating the appropriate statistics.


	D.Justify a conclusion in context.




	4.Researchers want to study whether a capuchin monkey named Rafiki can correctly predict (better than guesswork) whether the Dow Jones Industrial Average (DJIA) will go up or down on any given day. In a random sample of 10 days, Rafiki correctly predicted the rise or fall of the DJIA on 7 of the 10 days. (He did this by choosing to eat a banana from either a box with an “up” arrow or a box with a “down” arrow.)


	A.i. Identify the parameter of interest.


	ii. Identify the null and alternative hypotheses.


	B.Assuming Rafiki was guessing, calculate the probability he guessed correctly at least 7 out of 10 times.


	C.Suppose you conduct a simulation to investigate whether the observed result provides convincing evidence that Rafiki can correctly predict the rise or fall of the DJIA.


	 i. Identify what you would use for the probability of success.


	ii. Identify what you would use for the sample size.


	D.i. Identify which of the following graphs could reasonably have come from the simulation. Explain.

[image: (I) is roughly uniform from 0 to 10. (II) is bell-shaped centered at 5. (III) is bell-shaped centered at 7.]


	ii. Identify which of 6.5, 0.65, 0.15, and 0.015 is closest to the p-value. Interpret it in context.


	E.Based on the simulation and p-value, determine whether there is sufficient evidence that Rafiki can correctly predict (better than guesswork) whether the Dow Jones Industrial Average (DJIA) will go up or down on any given day. Explain your reasoning.







[image: ]





Answer Explanations


Section I


	1.(A)Without knowing the actual number of the sample pet owners from each location, only proportions, not numbers of pet owners, can be compared between locations.


	2.(B)The slope gives the predicted or average increase or decrease in the dependent variable, sodium, for each 1 unit increase in the independent variable, calories.


	3.(D)The y-intercept is –228.33, and a negative sodium content does not have a logical interpretation.


	4.(B)The coefficient of determination, 78.7%, gives the percent of the variability in the dependent variable, sodium (not the predicted sodium), that is explained by the linear model with the independent variable, calories.


	5.(A)The shortest sequence has a greater probability than any longer sequence.


	6.(D)Power, the probability of rejecting a false null hypothesis, will be the greatest for true values furthest from the hypothesized value in the direction of the alternative hypothesis. Here, Ha: μ > 2.0, and 2.4 is furthest from 2.0 among the value choices that are greater than 2.0.


	7.(A)A simple random sample may or may not be representative of the population. It is a method of selection in which every possible sample of the desired size has an equal chance of being selected.


	8.(C)The number of parcels is an integer, a countable variable, thus this is discrete. Weight can take on an infinite number of values between any two values, thus it is continuous.


	9.(B)The null hypothesis is that the new medication is no better than insulin injection, while the alternative hypothesis is that the new medication is better. A Type I error means a mistaken rejection of a true null hypothesis.


	10.(D)A Type II error means a mistaken failure to reject a false null hypothesis. A false null hypothesis here means that her medication really is better than insulin injection, and failure to realize this means she does not have sufficient evidence that it is better.


	11.(D)No matter what the distribution of raw scores, the set of z-scores always has mean 0 and standard deviation 1.


	12.(C)There are two possible outcomes (heads and tails), with the probability of heads always 0.6 (independent of what happened on the previous toss), and we are interested in the number of heads in 20 tosses. Thus, this is a binomial model with n = 20 and p = 0.6. Repeating this over and over (in this case 200 times) simulates the resulting binomial distribution.


	13.(C)Increasing sample size increases accuracy but has no effect on any bias that is present.


	14.(D)When a complete census is taken (all 423 seniors were in the study), the population proportion is known and a confidence interval has no meaning.


	15.(A)(B) and (C) are voluntary response surveys, and (D) suffers from undercoverage bias.


	16.(D)[image: S E left parenthesis p with hat on top right parenthesis equals square root of left parenthesis 0.7 right parenthesis left parenthesis 0.3 right parenthesis divided by 500] Then z [image: ] gives critical z-score of [image: ] The degree of confidence is the probability between these two values.


	17.(D)With df = n – 1 = 10 – 1 = 9 and 95% confidence, the critical t-values are ±invT = ±2.262. [image: plus or minus 0.025 over S E left parenthesis p hat right parenthesis period] Then z [image: ] gives critical z-score of [image: ] The confidence interval is [image: ].


	18.(B)Because the population is approximately normal, normality can be assumed for both sampling distributions. Both will have mean 44. The standard deviation for the n = 10 sampling distribution is [image:  21 over square root of 10 end fraction] which is greater than the standard deviation for the n = 100 sampling distribution, which is [image: ]


	19.(D)When we pick samples from each of two or more populations to compare the distribution of some variable among the different populations, the proper test is a chi-square test of homogeneity.


	20.(D)The data are categorical as each student responds yes or no. This leads to estimating a population proportion—that is, the proportion of students who feel that male and female sports teams should be equally funded.


	21.(C)P(male ∩ basketball) = P(male)P(basketball | male) = (0.55)(0.30)


	22.(B)P(basketball) = P(male ∩ basketball) + P(female ∩ basketball) = (0.55)(0.30) + (0.45)(0.20)


	23.(B)[image: Tree diagram. Upper branch “male” then B-ball. Lower branch “female” then B-ball]

P(basketball) = (0.55)(0.30) + (0.45)(0.20)

[image: p left parenthesis male or basketball right parenthesis equals P left parenthesis male intersect basketball right parenthesis over P left parenthesis basketball right parenthesis equals left parenthesis 0.55 right parenthesis left parenthesis 0.30 right parenthesis over left parenthesis 0.55 right parenthesis left parenthesis 0.30 right parenthesis plus left parenthesis 0.45 right parenthesis left parenthesis 0.20 right parenthesis end fraction]


	24.(B)Adding the same constant to every value in a set adds the same constant to the mean but leaves the standard deviation unchanged. Multiplying every value in a set by the same constant multiplies the mean and standard deviation by that constant. So the new mean is [image: 5 over 9 cross left parenthesis 78.35 minus 32 right parenthesis plus 273 equals 298.75], and the new standard deviation is [image: ]


	25.(B)Design 2 is an example of a matched pairs design, a special case of a block design; here, each subject is compared with itself with respect to the two treatments. Both designs definitely use randomization with regard to assignment of treatments, but since they do not use randomization in selecting subjects from the general population, care must be taken in generalizing any conclusions. It’s not clear whether or not the researchers who do the observations and measurements know which treatment individual cows are receiving, so there is no way to conclude if there is or is not blinding. The two sources of BVH are different treatments, and so they are not being confounded. In both designs, treatments are randomly applied, so neither is an observational study.


	26.(D)Confidence level (94% in this example) is the percentage of times repeated applications of this method (finding numbers of trees cut down in 24-hour periods) would capture the true population parameter (mean in this example). (C) is a correct interpretation of confidence interval, not confidence level.


	27.(B)The size of the sample always matters: the larger the sample, the greater the power of statistical tests. One percent of a large population is large. Larger samples are better, but if the sample is greater than 10% of the population, the best statistical techniques are not those covered in the AP curriculum. While not in the AP curriculum, if the population is small, its size may matter as shown by the finite population correction factor.


	28.(D)The points on the scatterplot all fall on the straight line:

Female length = Male length + 0.5


	29.(B)The null hypothesis is that there is no difference in the distributions in size of social networks among different racial groups. Under the assumption that the null hypothesis is true, the p-value gives the probability of obtaining a test statistic as extreme as or more extreme than what was obtained in the sample.


	30.(C)The distributions in (A) and (B) appear roughly symmetric, so the mean and median will be roughly the same. The distribution in (C) is skewed to the right, so the mean will most likely be greater than the median, while the distribution in (D) is skewed to the left, so the mean will most likely be less than the median.


	31.(B)This is a binomial with n = 10 and p = 0.38, so the mean is np = 10(0.38) = 3.8.


	32.(A)The numerator of the test statistic is the sample mean minus the assumed population mean, while the denominator is the sample standard deviation divided by the square root of the sample size. [image: t equals x bar on minus mu subscript 0 end subscript over s by square root of n equals 6.8 minus 7 over 1.3 divided by square root of 100 end root equals 6.8 minus 7 over 1.3 divided by 10 ]


	33.(A)Residual = observed − predicted, so 1.0 = 11 − predicted and predicted = 10.


	34.(B)Stratified random sampling is when the population is divided into homogeneous groups (the three divisions in this example) and a random sample of individuals is chosen from each group.


	35.(C)The two-sample z-interval for a difference in proportions is inappropriate here, because the two proportions do not come from independent samples.


	36.(A)The margin of error, [image: plus or minus t to the power of asterisk s over square root of n endroot], depends on n, the sample size, not the population size.


	37.(D)Outliers are values less than Q 1 − 1.5(IQR) = 13.7 − 1.5(16.1 − 13.7) = 10.1 or greater than Q 3 + 1.5(IQR) = 16.1 + 1.5(16.1 − 13.7) = 19.7. Both 11.1 > 10.1 and 19.4 < 19.7, so neither the fastest nor the slowest times are outliers.


	38.(D)The larger the sample size, the closer the sample distribution is to the population distribution. The central limit theorem roughly says that if multiple samples of size n are drawn randomly and independently from a population, the histogram of the means of those samples will be approximately normal. Statistics have probability distributions called sampling distributions. The central limit theorem does not apply to all statistics as it does to sample means. Many sampling distributions are not normal; for example, the sampling distribution of the sample max is not a normal distribution. An estimator of a parameter is unbiased if we have a method that, through repeated samples, is on average the same value as the parameter.


	39.(A)With 0.068 in a tail, the confidence interval with 34 at one end would have a confidence level of 1 − 2(0.068) = 0.864, so anything higher than 86.4% confidence will contain 34.


	40.(B)From a boxplot there is no way of telling if a distribution is bell-shaped. (Very different distributions can have the same five-number summary.) Distribution I appears strongly skewed right, and so its mean is probably much greater than its median, while distribution II appears roughly symmetric, and so its mean is probably close to its median. The interquartile range, not the range, in distribution I is 13.


	41.(D)If E and F are independent, then it would follow that P(E ∩ F) = (0.3)(0.4) = 0.12, but without further information, all that can be said is that P(E ∩ F) is between 0 and 0.3.


	42.(B)[image: chi to the power of 2 equals sum left parenthesis observed minus expected right parenthesis to the power of 2 over expected end fraction] and cell calculations [expected value of a cell equals (row total)(column total)/(table total)] or χ2-test on a calculator such as the TI-84, Casio Prizm, or HP Prime will yield expected cells of 29, 36, 35, 29, 36, and 35.









Section II


	1.Model Solution:


	A.i. The treatments are applied to the beds. So the experimental units are the 18 beds, not the individual rose plants.


	ii. There is one treatment with no compost tea and 2 × 2 × 2 = 8 treatments involving compost tea.


	■No compost tea

	■Two-day, aerobic, with adjuvant

	■Two-day, aerobic, without adjuvant

	■Two-day, anaerobic, with adjuvant

	■Two-day, anaerobic, without adjuvant

	■Five-day, aerobic, with adjuvant

	■Five-day, aerobic, without adjuvant

	■Five-day, anaerobic, with adjuvant

	■Five-day, anaerobic, without adjuvant




	B.The purpose of the group receiving no compost tea is to determine whether using no compost tea is better or worse than using any of the 8 particular applications of compost tea.


	C.i. Using only minipink roses gives reduced variability and increases the likelihood of determining differences among the treatments.


	ii. Using only minipink roses limits the scope of the experiment and makes generalizing to other species difficult.


	D.i. A bar chart (bar graph) is useful to display relative frequencies (proportions). In this context, the height of each bar would correspond to the proportion of plants in a bed that are infected with rose powdery mildew disease.


	ii. Histograms provide a visual representation of the distribution of a quantitative variable, not of relative frequencies corresponding to a categorical variable (the beds).


	E.Is there convincing statistical evidence to suggest that the proportion of minipink rose plants that are infected with rose powdery mildew disease in beds using aerobic preparations is different from the proportion of minipink rose plants that are infected with rose powdery mildew disease in beds using anaerobic preparations?
















	A.i.

	Identify the experimental units.

	The experimental units are the 18 beds.

	
1 point




	
ii.

	Identify the treatments.

	No compost tea

Two-day, aerobic, with adjuvant

Two-day, aerobic, without adjuvant

Two-day, anaerobic, with adjuvant

Two-day, anaerobic, without adjuvant

Five-day, aerobic, with adjuvant

Five-day, aerobic, without adjuvant

Five-day, anaerobic, with adjuvant

Five-day, anaerobic, without adjuvant

	1 point




	
B.

	Explain the purpose of a control group in this context.

	To determine if using no compost tea is better or worse than using any of the 8 particular applications of compost tea

	1 point




	C.i.

	Explain the advantage of using only minipink roses.

	To reduce variability and increase the likelihood of determining differences among the treatments

	1 point




	Explain the disadvantage of using only minipink roses.

	Makes generalizing to other species difficult

	1 point




	D.i.

	Identify an appropriate graph.

	A bar chart (bar graph)

	1 point




	
ii.

	Explain why a histogram is not appropriate.

	Histograms are for the distribution of a quantitative variable, not a categorical variable like the beds.

	1 point




	E.

	First component (identify variables of interest)

	The variables are the beds treated with the aerobic preparation and the beds treated with the anaerobic preparation.

	1 point




	Second component (identify the parameter and direction of the alternative hypothesis)

	The proportion of plants that are infected with rose powdery mildew disease is different in beds using aerobic preparations and in beds using anaerobic preparations.

	1 point




	Third component (identify the population to which conclusion is applicable)

	All minipink rose plants in beds being treated with aerobic preparations and in beds being treated with anaerobic preparations.

	1 point







	2.Model Solution:


	A.i. Observational study


	ii. Duration of eruptions in minutes and minutes between eruptions


	B.The distribution of eruption time durations is roughly symmetric with two clusters and a gap, has a center between 3.0 and 3.5 minutes, and has a range of 4.75 – 1.75 = 3.0 minutes.


	C.The boxplot of times between eruptions shows a median slightly greater than 70 minutes and a range slightly greater than 40 minutes.


	D.i. With an even number of values, the median is the average of the two middle ones: (62 + 79)/2 = 70.5


	ii. The stemplot shows that the distribution of times between eruptions has two roughly symmetric clusters and a gap between 62 and 79.


	E.The population for valid investigative questions for the National Park employee’s study would be all Old Faithful geyser eruptions.
















	A.i.

	Identify the type of study.

	Observational

	1 point




	
ii.

	Identify the variables.

	Duration of eruptions

Minutes between eruptions

	1 point




	B.

	Describe a distribution.

	Distribution of eruption time durations

	1 point




	 

	Roughly symmetric with two clusters and a gap

	1 point




	 

	Center between 3.0 and 3.5 minutes, and a range of 4.75 – 1.75 = 3.0 minutes

	1 point




	C.

	Determine the center.

	Median slightly greater than 70 minutes

	1 point




	Determine the variability.

	Range slightly greater than 40 minutes

	1 point




	D.i.

	Determine the median.

	(62 + 79)/2 = 70.5

	1 point




	
ii.

	Describe what the stemplot shows that the boxplot misses.

	Two roughly symmetric clusters and a gap between 62 and 79

	1 point




	E.

	Determine the population for an investigative question.

	All Old Faithful geyser eruptions

	1 point







	3.Model Solution:


	A.The type of racket, current model or new model, is categorical. Speed of hit ball is numerical.


	B.An appropriate inference procedure is a one-sample t-test for a population mean.


	C.The null hypothesis is H0: μ = 82, and the alternative hypothesis is Ha: μ ≠ 82. For new racket swings similar to those in the study, let μ = true mean hitting speed with the new racket. The randomization condition is satisfied as we are given that the swings are independent. The normality condition is satisfied because the sample size n = 47 ≥ 30. This is sufficiently large for the central limit theorem to apply. The value of the test statistic is t = 3.0246 with a p-value of 0.00406 and df = 46.


	D.With this small a p-value, 0.00406 < 0.01, there is sufficient evidence to reject the null hypothesis. There is convincing evidence that the tennis pro’s hitting speed with the new racket is different from that with his old racket.
















	A.

	Identify the variables.

	Type of racket, whether current model or new model; speed of hit ball

	1 point




	
	Classify the variables.

	Racket type is a categorical variable; speed of hit ball is a numerical variable.

	1 point




	B.

	Identify the appropriate procedure.

	One-sample t-test for a population mean

	1 point




	C.

	Identify H0 and Ha.

	H 0: μ = 82 and H a: μ ≠ 82

	1 point




	Identify the parameter.

	μ = the true mean hitting speed with the new racket

	1 point




	Justify whether the randomization condition is met.

	We are given that the swings are independent.

	1 point




	Justify whether the normality condition is met.

	The sample size n = 47 ≥ 30 is sufficiently large for the central limit theorem to apply.

	1 point




	Calculate the test statistic and p-value.

	t = 3.0246 with a p-value of 0.00406 and df = 46

	1 point




	D.

	Compare the p-value to the significance level.

	0.00406 < 0.01 so the null hypothesis should be rejected.

	1 point




	Justify whether the claim is or is not supported.

	There is convincing evidence that the tennis pro’s hitting speed with the new racket is different from that with his old racket

	1 point







	4.Model Solution:


	A.i. The parameter of interest is p = the true proportion of times Rafiki can correctly predict whether the DJIA will go up or down on any given day.


	ii. H0 : p = 0.5 and H a : p > 0.5


	B. Binomial distribution with n = 10 and p = 0.5. P(x ≥ 7) = 0.172


	C.i. Probability of success p = 0.5


	ii. Sample size n = 10


	D. i. Graph (II). The simulation should be centered at the value based on the null hypothesis probability, not the observed value.


	ii. Looking at areas under (II), which is the correct graph, among the given choices, 7 or greater picks seems to have a probability closest to 0.15. If the null hypothesis were true—that is, if Rafiki can do no better than guesswork—the estimated probability of Rafiki correctly predicting 7 or more out of 10 rises or falls of the DJIA is about 0.15.


	E.With this large a p-value, 0.15 > 0.05, there is not sufficient evidence to reject H0. There is not convincing evidence that Rifiki can pick the rise and fall of the DJIA better than guesswork.
















	A.i.

	Identify the parameter.

	p = the true proportion of times Rafiki can correctly predict whether the DJIA will go up or down on any given day

	1 point




	
ii.

	Identify the hypotheses.

	H 0 : p = 0.5 and H a : p > 0.5

	1 point




	B.

	Identify the distribution and parameters.

	Binomial distribution with n = 10 and p = 0.5

	1 point




	Calculate the probability.

	P(x ≥ 7) = 0.172

	1 point




	C.i.

	Identify the probability of success.

	p = 0.5

	1 point




	
ii.

	Identify the sample size.

	Sample size n = 10

	1 point




	D.i.

	Identify the graph.

	Graph (II). The simulation should be centered at the value based on the null hypothesis probability, not the observed value.

	1 point




	
ii.

	Calculate the p-value.

	From area under Graph (II), p ≈ 0.15

	1 point




	E.

	Determine whether a claim is supported.

	There is not convincing evidence that Rifiki can pick the rise and fall of the DJIA better than guesswork.

	1 point




	Explain the reasoning.

	With this large a p-value, 0.15 > 0.05, there is not sufficient evidence to reject H0.

	1 point











AP Score for the Diagnostic Test

Multiple-choice section (42 questions)

Number correct × 1.19 = _____________

Free-response section (4 open-ended questions plus an investigative task)

[image: ]

Follow for extended description

Total points from multiple-choice and free-response sections = _____________

Conversion chart based on a recent AP exam:









	Total Points

	AP Score






	70–100

	5




	55–69

	4




	40–54

	3




	30–39

	2




	0–29

	1











Study Guide for the Diagnostic Test Multiple-Choice Questions

Circle all of the questions you answered incorrectly, and focus your review on the unit or units that contain the most circled questions.

UNIT 1: Exploring One-Variable Data and Collecting Data

Questions: 1, 7, 8, 11, 13, 15, 24, 25, 30, 34, 37, 40

UNIT 2: Probability, Random Variables, and Probability Distributions

Questions: 5, 12, 21, 22, 23, 31, 38, 41

UNIT 3: Inference for Categorical Data: Proportions

Questions: 9, 10, 12, 14, 16, 19, 20, 27, 29, 35, 42

UNIT 4: Inference for Quantitative Data: Means

Questions: 6, 17, 18, 26, 32, 36, 39

UNIT 5: Regression Analysis

Questions: 2, 3, 4, 28, 33










Part 2 Units Review









1 Exploring One-Variable Data and Collecting Data


(8–13 multiple-choice questions on the AP exam)


Learning Objectives

In this unit, you will learn how


	➔To establish a research question in a statistical study.


	➔To be able to distinguish between categorical variables and quantitative variables.


	➔To be able to distinguish between discrete and continuous quantitative variables.


	➔To use counts and relative frequencies to describe categorical variables.


	➔To be able to create and interpret bar charts and pie charts for categorical data given as frequency or relative frequency tables.


	➔To be able to calculate summary statistics for univariate (one-variable) quantitative data including center (mean and median), variability (range, interquartile range, variance, and standard deviation), and the five-number summary (minimum, Q1, median, Q3, and maximum).


	➔To be able to describe univariate quantitative data including shape (such as bell-shaped, symmetric, right or left skewed, uniform, unimodal, or bimodal), center, variability (spread), and unusual features (such as gaps, clusters, modes, and outliers), always remembering to do so in context (including units).


	➔To be able to read and interpret specific information from dotplots, stemplots, histograms, and boxplots.


	➔To be able to compare two distributions, being sure to use comparative terminology rather than simply making two separate lists, and not forgetting context.


	➔To be able to calculate z-scores and to use z-scores to compare relative positions of individual values.


	➔To be able to distinguish between a sample and a population and between a statistic and a parameter.


	➔To be able to explain why a particular study is observational or an experiment.


	➔To be able to explain why or why not the results of a study can be generalized to a larger population.


	➔To be able to explain whether an observational study is retrospective or prospective.


	➔To be able to identify, describe, and implement different sampling methods, including a simple random sample, a cluster random sample, a stratified random sample, and a systematic random sample.


	➔To be able to describe the benefits and drawbacks of various sampling methods.


	➔To recognize different sources and types of bias, including voluntary response bias, undercoverage bias, nonresponse bias, and response bias.


	➔To be able to explain how a particular bias is likely to result in the sample underestimating or overestimating a population parameter.


	➔To identify elements of a well-designed experiment, including comparison, random assignment, replication, and control.


	➔To be able to design an experiment using one or more of the following: different levels of an explanatory variable, a control group possibly using a placebo, blinding or double-blinding, blocking, and matched pairs design.


	➔To be able to explain in context why a particular variable might lead to confounding.


	➔To be able to explain why or why not a cause-and-effect conclusion is justified.


	➔To understand the difference between, and how to perform, a random sampling and a random assignment.








Statistical Studies

Statistical studies typically involve the following steps:


	■Asking an investigative question

	■Noting the population of interest

	■Deciding what unknown population parameter is of interest

	■Selecting a sample from the population from which to obtain data

	■Summarizing the sample data numerically and graphically

	■Analyzing the sample statistics from the data

	■Making conclusions in context



The field of statistics is all about collecting, describing, analyzing, and drawing conclusions from data.


	■A population consists of the entire set of individuals or objects that you want to learn about.

	■A sample is a subset of the population that is selected for study. From the sample, data are collected and analyzed in order to answer investigative questions about the population.

	■The population size is often designated by N, while the sample size is often designated by n.

	■A parameter is a numerical summary of a population, while a statistic is a numerical summary of sample data.

	■We want to estimate an unknown population characteristic (parameter) by considering a sample measurement (statistic).

	■Conclusions should be given in context, that is, should refer back to the population in a real-world frame of reference.


As an introduction to what is expected on the exam, consider the following two examples.

[image: ] Example 1.1

Homelessness affects millions of people across the United States, and understanding the causes is essential to addressing the problem. A primary cause of homelessness in America is thought to be lack of affordable housing, especially in urban areas. Researchers randomly selected 10 American cities. For each city, they calculated the median rent and the number of homeless per 10,000 residents. The data are displayed in the following scatterplot:

[image: Scatterplot of Homelessness versus Median rent]


	(a)What is the investigative question of interest?


	(b)What is the population of interest?


	(c)What was the selected sample?


	(d)What do these data indicate about median rent versus number of homeless per 10,000 city residents?


	(e)Do the data prove that high median rent causes high homelessness?


	(f)The slope of a best-fitting straight line to these data is 0.079. Interpret this in context.




[image: ] Solutions


	(a)Is there a relationship between median rent and homelessness in American cities?


	(b)The population of interest is the set of all American cities.


	(c)The selected sample was the set of 10 randomly selected American cities.


	(d)As median rent goes up, the number of homeless per 10,000 residents tends to go up.


	(e)The data do not prove a cause-and-effect relationship. Instead, they show only an association. For example, it could be that landlords raise rents in cities with greater substance abuse problems hoping to discourage undesirable renters. Furthermore, people with substance abuse problems have difficulty maintaining employment and housing. If this was the case, then greater substance abuse problems, not higher median rent, would be the root cause of higher homelessness.


	(f)This predicts a rise of 0.079 in homelessness per 10,000 residents for every $1 increase in median rent. In other words, this is a prediction of 7.9 more homeless per 10,000 residents for every $100 increase in median rent.




[image: ] Example 1.2

An epidemiologist is interested in a possible association between life expectancy and educational attainment and if it relates to gender in American adults. She gathers data from a random sample of n = 2,000 obituaries of American adults and notes gender, educational attainment, and age at death. The data are summarized in the following two graphs.

[image: 5 pairs of bar graphs, each with female height higher than male]


	(a)What is the investigative question of interest?


	(b)What is the population of interest?


	(c)What was the selected sample?


	(d)What do the data say about women’s versus men’s life expectancies? Explain.


	(e)Do the data say that attaining a higher educational level will give a person greater life expectancy? Explain.


	(f)Could a pie chart be used to display these data? Explain.


	(g)Do the points in the second graph seem to follow a pattern that is linear or nonlinear? Is this pattern in the positive or negative direction? Is it strongly, moderately, or weakly aligned?


	(h)Two points on the second graph are (12, 72) and (20, 84). They correspond to 25-year-olds who graduated from high school and graduate school, respectively. What information does the slope of a line between these points predict?




[image: ] Solutions


	(a)The epidemiologist’s investigative question of interest is whether or not there is convincing statistical evidence of an association between life expectancy and educational attainment among all American adults and if it relates to gender.


	(b)The population of interest is the set of all American adults.


	(c)The selected sample was the set of 2,000 American adults whose obituaries were available.


	(d)At each educational attainment level, women’s life expectancy is higher than men’s.


	(e)This does not indicate a cause-and-effect relationship. Instead, it only shows an association. For example, it could be that more intelligent people attain higher educational levels and also take better care of their health and so have greater life expectancies. If this was the case, intelligence, not educational level, would lead to greater life expectancy.





	(f)No, a pie chart could not be used to display these data because the life expectancy for each educational attainment level does not represent parts of a single whole.


	(g)Visually, the points appear to follow a linear, positive, strong pattern because the points are tightly clustered around an upward-sloping, straight line.


	(h)The slope is (84 − 72)/(20 − 12) = 12/8 = 1.5. This predicts a 1.5-year rise in life expectancy for each additional year of education.






Variables

Data are pieces of information about observational units (items or individuals).

Variables are characteristics that may change from one observational unit to another.

A categorical variable (or qualitative variable) places individuals into groups called categories. For example, gender, musical genre, blood type, and political party are categorical variables. Categorical variables often lead to research questions involving proportions.

A quantitative variable (or numerical variable) takes on values for a measurable quantity. For example, height, weight, speed, and radius are numerical variables. Quantitative variables can be classified as discrete (taking on values with gaps between them) or continuous (taking on all possible values within intervals). For example, the numbers of students in classrooms, the salaries of employees, and how many text messages are sent are discrete quantitative variables, while backpack weights, wind speeds, and times spent doing homework are continuous quantitative variables. Quantitative variables often lead to research questions involving means.

[image: ] Example 1.3

Classify each of the following variables as categorical, discrete quantitative, or continuous quantitative.


	(a)Heights of students in your classroom


	(b)Amounts spent by customers in a grocery store


	(c)Favorite movies


	(d)Numbers of people attending high school football games on given weekends


	(e)Brands of cereal eaten by students at your high school


	(f)Lengths of customer service calls




[image: ] Solutions


	(a)Continuous quantitative


	(b)Discrete quantitative


	(c)Categorical


	(d)Discrete quantitative


	(e)Categorical


	(f)Continuous quantitative






One Categorical Variable (Tables, Graphs, Summary Statistics)

The values taken on by categorical variables can be organized into frequency tables or relative frequency tables. They can be represented graphically by displays such as bar charts (bar graphs) and pie charts.

[image: ] Example 1.4

During the first week of 2026, the results of a survey revealed that 1,100 parents wanted to keep the school year to the current 180 days, 300 wanted to shorten it to 160 days, 500 wanted to extend it to 200 days, and 100 expressed no opinion. (Noting that there were 2,000 parents surveyed, proportions and percentages can be calculated.)

A table showing frequencies (counts) and relative frequencies (proportions and percentages):


Note

Frequency gives the number of cases falling into each category, while relative frequency gives the proportion or percent of cases falling into each category.











	Desired School Length

	Number of Parents (frequency)

	Relative Frequency

	Percent of Parents




	180 days

	1,100

	1,100/2,000 = 0.55

	55%




	160 days

	300

	300/2,000 = 0.15

	15%




	200 days

	500

	500/2,000 = 0.25

	25%




	No opinion

	100

	100/2,000 = 0.05

	5%






Bar charts (bar graphs) showing frequencies and relative frequencies:


The distribution of a variable describes the possible values the variable could assume and how often each of those values occurs.



[image: Bar chart showing frequencies of four choices]

Note that, as above, bar charts (bar graphs) should always have appropriate labeling and scaling.

[image: ] Example 1.5

When asked to choose their favorite hip-hop artist, 8 students chose Eminem, 5 picked 2Pac, 6 picked Notorious B.I.G., 3 picked Nas, and 3 picked Jay-Z. These data can be displayed in the following dotplot and pie chart.

[image: Dotplot with 5 columns: Eminem (8), 2Pac (5), B.I.G. (6), Nas (3), Jay-Z (3)Pie chart with 5 slices: Eminem (32%), 2Pac (20%), B.I.G. (24%), Nas (12%), Jay-Z (12%)]


Note

8 + 5 + 6 + 3 + 3 = 25, and 8/25 = 32%, 5/25 = 20%, 6/25 = 24%, and 3/25 = 12%.



	(a)Among those students who did not choose Eminem, what proportion chose Jay-Z?


	(b)What ratio compares the Eminem choices to the 2Pac choices?




[image: ] Solutions


	(a)Because 25 − 8 = 17 students did not choose Eminem and 3 of these 17 students chose Jay-Z, the proportion is [image: 3 over 17 end fraction] .


	(b)The ratio comparing the Eminem choices to the 2Pac choices is 8:5.




[image: ] Example 1.6

The first years of the Covid-19 pandemic illustrated stark disparities in the health outcomes for people of color. The following bar chart shows 2020–2022 mortality data (cumulative mortality rates per 100,000 population) by race/ethnicity.

[image: Bar chart with cumulative rates: White (268.5), Black (441.9), Hispanic (466.0), Asian (196.9) On y-axis label, use en dash, not hyphen, for “2020-2022”]


	(a)Can a pie chart be used to display the above data?


	(b)Is the shape of the above graphical display meaningful?




[image: ] Solutions


	(a)It would not be correct to use a pie chart to display these data because the mortality rate of each race/ethnicity does not represent parts of a single whole.


	(b)The order of race/ethnicity along the horizontal axis does not need to be in any specific order. Therefore, we do not talk about the “shape” of such a bar chart.




Bar charts are useful when comparing categorical data.

[image: ] Example 1.7

How do Stephen Curry (SC), Michael Jordan (MJ), and Shaquille O’Neal (SO) compare with regard to free throw percentage (FT%), field goal percentage (FG%), and three-point percentage (3P%) shooting? This can be illustrated by using either of the following side-by-side bar charts. The first graph groups by “type of shot,” and the second graph groups by “player” along the respective horizontal axes.

[image: First bar chart: FT, FG, 3P each have 3 bars. Second bar chart: SC, MJ, SO each have 3 bars]


	(a)Is there evidence to support the claim that Shaquille O’Neal had a higher field goal percentage than Jordan or Curry?


	(b)Is there evidence to support the claim that Jordan’s free throw percentage was more than twice his three-point percentage?




[image: ] Solutions


	(a)Yes, the first comparative bar chart shows that Shaquille O’Neal had a higher field goal percentage than Jordan or Curry. (The simple reason was that most of O’Neal’s shots were dunks.)


	(b)Yes, the second comparative bar chart shows the ratio of Jordan’s free throw percentage to his three-point percentage to be approximately 0.85:0.35 = 17:7, which is greater than 2:1.






One Quantitative Variable (Tables and Graphs)

A quantitative variable takes on numerical values for a measured or counted quantity. The values can be organized into frequency tables or relative frequency tables or can be represented graphically by displays such as dotplots, histograms, stemplots, cumulative relative frequency plots, or boxplots.

A quantitative variable can be categorized as either discrete or continuous. A discrete quantitative variable takes on a finite or countable number of values. There are “gaps” between each of the values. For example, the number of teachers in different schools throughout a state is a countable or finite amount in each school. No school has 100.7 or 252½ teachers. There is a “gap” between 100 and 101 and between 252 and 253. Other examples of discrete quantitative variables include the SAT scores of students in a school or the amount of money in bank accounts in a city. A continuous quantitative variable can take on uncountable or infinite values with no gaps, such as heights and weights of students. Time is a continuous quantitative variable because, for example, you can measure someone’s age as 18 years, 6 months, 17 days, 4 hours, 19 seconds, 39 milliseconds, . . . and so on.


TIP

To help decide if a variable is a quantitative variable, ask if it makes sense to find an average. For example, you can find the average “height of students” but not the average “eye color.”


[image: ] Example 1.8

The dotplot below shows the waiting time lengths (in minutes) for the 95 people who showed up at a hospital emergency room on a randomly chosen day.

[image: ]
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TIP

Typically, discrete quantitative variables represent something that is being counted, whereas continuous quantitative variables represent something that is being measured.



	(a)What were the shortest and longest


	





	

	










	

	





	

	





















	

	

	

	





	

	

	

	

















	

	

	

	





	

	

	

	





	■Because a stemplot preserves all the original data values, this makes it impractical with large data sets.

	■Stemplots must include all stems between the lowest and highest stem, even if that stem has no leaves in it. This is important to show any gaps in the data.

	■All stemplots must have keys!

	■Note how stemplots look something like bar charts.

	■Stemplots are useful in highlighting outliers and modes.








	

	

	

	





	

	

	

	





One Quantitative Variable (Describing a Distribution)



	

	∘A symmetric distribution is one in which the two halves are mirror images of each other. For example, the weights of all people in some organizations fall into an approximately symmetric distribution with two mirror image bumps, one for men’s weights and one for women’s weights.

	∘A distribution is skewed to the right if it spreads far and thinly toward the higher values. For example, ages of nonagenarians (people in their 90s) is a distribution with sharply decreasing numbers as one moves from 90-year-olds to 99-year-olds.

	∘A distribution is skewed to the left if it spreads far and thinly toward the lower values. For example, track meet times often show a distribution bunched at a higher end with a few low values.

	∘A bell-shaped distribution is symmetric with a center mound and two sloping tails. For example, the distribution of IQ scores across the general population is approximately symmetric with a center mound at 100 and two sloping tails.

	∘A distribution is uniform if its histogram is a horizontal line. For example, tossing a fair die and noting how many dots (pips) appear on top yields an approximately uniform distribution because 1 through 6 are all equally likely.

	∘A distribution with one main peak is called unimodal and with two distinct peaks is called bimodal. For example, the number of siblings of each student in most high schools tends to be unimodal with a peak at 1 sibling, while the distribution of heights in fifth-grade classrooms tends to be bimodal because girls usually have earlier growth spurts.












	

	

	

	∘Outliers: Outliers are values that are unusually small or large relative to the rest of the data. (For example, most people can hold their breath between 20 and 60 seconds; 5 seconds for a person with emphysema and 5 minutes for a free diver would be outliers in a breath-holding distribution.) Two specific mathematical definitions of outliers will be discussed later.

	∘Gaps: Gaps show holes where no values fall. (For example, the Office of the Dean sends letters to students being put on the honor roll and to those being put on academic warning for low grades. Thus, the GPA distribution of students receiving letters from the dean has a huge gap in the middle.)

	∘Clusters: Clusters show natural subgroups into which the values fall. (For example, the salaries of teachers in Ithaca, NY, fall into three overlapping clusters: one for public school teachers, a higher one for Ithaca College professors, and an even higher one for Cornell University professors.) Although clusters may overlap, they are often separated by gaps.








	■The dotplot of Example 1.8 illustrates that the distribution of waiting times at the hospital emergency room is roughly bell-shaped with a center around 12 and a spread from 3 to 21.

	■The histogram of Example 1.9 illustrates that the distribution of the magnitudes of the earthquakes is skewed right with a center between 1.5 and 2 and a spread from between 1 and 1.5 on the left to between 3 and 3.5 on the right.

	■The histogram of Example 1.10 illustrates that the distribution of exam scores is skewed left with a center between 85 and 90 (counting 20 boxes from each end in the third graph) and a spread from between 60 and 65 on the left to between 95 and 100 on the right.

	■The stemplot of Example 1.11 illustrates a bimodal distribution with a center of 21 push-ups, a spread from 2 to 50 push-ups, and a gap between 21 and 29 push-ups.

















	

	





	

	








	

	







	

	





Quiz 1


Multiple-Choice Questions






	

	

	

	

	




	

	

	

	

	




	

	

	

	

	




	



	

	

	

	




	

	

	

	

	




	

	

	

	

	




	









	
	
	



	
	
	



	
	
	



	
	
	









	

	

	

	




	



	

	

	

	








Free-Response Questions








	











	
	
	
	
	



	
	
	
	
	








	

	

	




	


	

	

	




	



	

	

	

	




	










	
	



	
	
	
	



	
	
	
	



	
	
	
	








	

	

	

	














Quiz 2


Multiple-Choice Questions






	








	
	



	
	



	
	



	
	









	

	

	

	



	




	

	

	

	



	




	

	

	

	




	

	

	

	

	




	




	

	

	

	




	




	

	

	

	



	




	

	

	

	



	




	

	

	

	










Free-Response Questions






	



	

	



	










	
	



	
	
	
	



	
	
	
	



	
	
	
	








	

	

	

	






	










	
	
	
	



	
	
	
	










	

	

	



	



	

	

	












One Quantitative Variable (Summary Statistics and Graphs)



	

	
























	

	

	

	





	


	



	






	












	■The minimum.

	■The 25th percentile, Q1, is the median of the lower half of the data set. In other words, about 25% of the numbers in the data set lie below Q1 and about 75% lie above Q1.

	■The median.

	■The 75th percentile, Q3, is the median of the upper half of the data set. In other words, about 75% of the numbers in the data set lie below Q3 and about 25% lie above Q3.

	■The maximum.





	

	∘Although the range gives a measure of spread, it is entirely dependent on the two extreme values and is insensitive to the values in the middle.

	∘Some quality control techniques involve taking periodic small samples and basing further action on the range found in such samples.




	

	∘IQR = range of middle 50% = Q3 – Q1 = 75th percentile minus 25th percentile.

	∘This removes the influence of extreme values.




	

	∘The variance of a complete population is [image: sigma to the power of 2 equals sigma left parenthesis x minus mu right parenthesis to the power of 2 over n end fraction]

	∘The variance of a sample is [image: s to the power of 2 equals sigma left parenthesis x minus x with bar on top right parenthesis to the power of 2 over n minus 1 end fraction].




	

	∘The standard deviation of a complete population is [image: sigma equals square root of straight capital sigma left parenthesis x minus mu right parenthesis to the power of 2 over n root equals square root of 1 over n sum left parenthesis x minus mu right parenthesis to the power of 2 end root].

	∘The standard deviation of a sample is [image: s equals square root of sum left parenthesis x minus x with bar on top right parenthesis to the power of 2 over n minus 1 root equals square root of 1 over n minus 1 sum left parenthesis x minus x with bar on top right parenthesis to the power of 2 end exponent end root]

	∘The standard deviation gives a typical distance that each value is away from the mean. In other words, it is a representative value for the variability of a population or sample.

	∘Although variance is measured in square units, the standard deviation is measured in the same units as are the data.








	

	





















	
	
	
	
	
	
	
	
	



	
	
	
	
	
	
	
	
	









	

	

	

	





	

	


	



	












	

	∘Simple ranking is easily calculated and easily understood. For example, we know what it means for someone to graduate second in their class of 435 or for someone to have the seventh-best batting average on a team of 30 players.

	∘Simple ranking is useful even when there are no numerical values. For example, ice cream brands can be ranked according to taste without any numerical value of taste.




	

	∘Percentile ranking is helpful when comparing positions with different bases. For example, we can compare a rank of 176 out of 704 with a rank of 187 out of 935 by noting that the first has a rank of 75% and the second a rank of 80%.

	∘Percentile ranking is also useful when the exact population size is unknown or is irrelevant. For example, it is more meaningful to say that Jennifer scored in the 90th percentile on a national exam rather than trying to determine her exact ranking among some large number of test takers.




	

	∘The z-score of a raw score x is given by [image: z equals x minus mu over sigma end fraction], where μ is the mean and σ is the standard deviation.

	∘A positive z-score indicates that a value is greater than the mean, while a negative z-score indicates that a value is less than the mean.

	∘When given a z-score, we can find the corresponding raw score by calculating x = μ + zσ.

	∘No matter what the distribution of raw scores, the set of z-scores always has mean 0 and standard deviation 1.

	∘z-scores can be useful as a common “measuring stick” with which to compare values from different distributions. For example, a high school senior might have a lower GPA than a high school sophomore, but the senior’s GPA might actually be far above the average senior GPA while the sophomore’s GPA might be only slightly above the average sophomore GPA. We can make a comparison using z-scores.

	∘When we come to normal distributions, software will enable us to quickly go between z-scores and probabilities.




	

	∘Quartiles split data into four equal parts. The first quartile, Q1, lies one-quarter of the way up a list, and the third quartile, Q3, lies three-quarters of the way up a list. Their percentile ranks are 25% and 75%, respectively.

	∘Deciles split data into 10 equal parts. The first decile, D1, marks the point below which 10% of the data fall; the second decile, D2, marks the point below which 20% of the data fall; and so on. This continues up to the ninth decile, D9, which marks the point below which 90% of the data fall.
















	■When the same constant is added to every value:

	∘The mean and median increase by that same constant.

	∘The range and standard deviation remain unchanged (because the distances between the increased values stay the same as before).




	■When every value is multiplied by the same constant:

	∘The mean, median, range, and standard deviation are all multiplied by that same constant.




	■Neither adding the same constant to every value nor multiplying every value by the same constant will affect a simple ranking, a percentile ranking, or even a z-score.






	

	





	

	






	

	





	

	


























	■If a distribution is approximately symmetric, the mean and median will be close to each other.

	■If a distribution is skewed right, the mean is usually greater than the median.

	■If a distribution is skewed left, the mean is usually less than the median.






















	
	
	
	
	
	



	
	
	
	
	
	


























	
	
	
	
	
	
	
	
	
	



	
	
	
	
	
	
	
	
	
	












	

	





	

	



































	
	
	
	
	
	
	
	



	
	
	
	
	
	
	
	









	

	





	

	












	■A boxplot gives one measure of center (the median), gives two measures of variability (the range and the IQR), and shows outliers.

	■Be careful! When outliers are present, the whiskers are drawn to the smallest and largest values that are not outliers; they are not drawn to Q1 – 1.5(IQR) and Q3 + 1.5(IQR) unless these are actual values.

	■Concepts like symmetry, gaps, and overall shape are generally very difficult to conclude from just a boxplot. Although boxplots cannot show overall shape, they may suggest skewness or symmetry.

	■Different sets can have the same five-number summary, and thus the same boxplots, but can have dramatically different distributions.

	■Be careful of language! The IQR is a length, the length of the box; IQR is not the box itself. So, although the median is in the box, or is between Q1 and Q3, it is wrong to say that the median is in the IQR.





One Quantitative Variable (Distribution Comparisons)











































Quiz 3


Multiple-Choice Questions






	



	

	

	

	




	

	

	

	

	




	










	
	
	
	



	
	
	
	









	

	

	

	




	



	

	

	

	




	

	

	

	




	

	

	

	




	

	


	


	


	





	

	

	

	

	




	

	

	

	

	





	

	

	

	

	




	

	

	

	

	










Free-Response Questions






	

	

	




	



	

	


	

	

	

	

	












Quiz 4


Multiple-Choice Questions






	




	

	

	

	




	




	

	

	

	




	




	

	

	

	




	

	

	

	

	




	

	

	

	




	

	

	

	




	




	

	

	

	




	




	

	

	

	




	




	

	

	

	




	












	
	
	
	
	
	



	
	
	
	
	
	



	
	
	
	
	
	









	

	

	

	




	













	
	
	
	
	
	
	



	
	
	
	
	
	
	









	

	

	

	










Free-Response Questions






	



	

	

	




	



	

	

	




	



	

	

	




	



	

	

	












The Investigative Question



	

	

	∘Estimating a quantity indicates a confidence interval

	∘Testing a claim indicates a hypotheses test; the direction of the alternative hypothesis must be indicated.




	

	∘Determining the population to which a conclusion is applicable

	∘Justifying a cause-and-effect conclusion when appropriate













	

	

	










	

	

	





Data Collection






	■How are the data being collected?

	■Does the collection method reasonably lead to a sample representative of the population or not?

	■How might the individuals in our sample differ from those not in our sample?

	■If our sample is not representative of the intended population, how might this lead to an underestimate or overestimate of the measurement of interest?





	■Myth: A random sample will always be representative of the population.

	■Fact: A random sample, simply by chance, might turn out not to be very representative.





	

	

	

	





	

	

	

	












	
	



	
	



	
	



	
	



	
	



	
	



	
	



	
	



	
	










	

	

	

	

	





	

	

	

	

	






	

	

	

	





	

	

	

	









Observational Studies



















	

	

	









	■The simplicity of simple random sampling makes it relatively easy to interpret data collected.

	■This method requires minimal advance knowledge of the population other than knowing the complete sampling frame.

	■Simple random sampling allows us to make generalizations (i.e., statistical inferences) from the sample to the population.

	■Among the major parameters with which we will work, simple random sampling tends to be unbiased; that is, when repeated many times, it gives sample statistics that are centered around the true parameter value.





	■The need for a list of all potential subjects can be a formidable task.

	■Although simple random sampling is a straightforward procedure to understand, it can be difficult to execute, especially if the population is large. For example, how would you obtain a simple random sample of students from the population of all high school students in the United States?

	■The need to repeatedly contact nonrespondents can be very time-consuming.

	■Important groups may be inadvertently left out of the sample when using this method.















	■This ensures that every stratum is adequately represented and removes the chance of any significant segment of the population being entirely neglected.

	■Looking at subgroups within a population can make the work of collecting data more manageable.

	■This method may speed up the time it takes to conduct a survey and so is more cost-effective.

	■Samples taken within a stratum have reduced variability, which means the resulting estimates are more precise than when using other sampling methods.

	■More information, insights, and important differences among groups can become apparent.





	■It necessitates prior knowledge about the population and the variables used to stratify it, which may not be always available or accurate.

	■It may be difficult to classify every member of a population into one of the strata.

	■It may necessitate knowing the size of the population in each stratum.

	■Evaluating the results may be more difficult and more complex than with simple random sampling.

	■Like an SRS, this method might be difficult to implement with large populations.

	■Significant planning may be necessary to ensure that the subdivisions are logical in the context of the study. Forcing subdivisions when none really exist is meaningless.











	■Clusters are often chosen for ease, convenience, and quickness.

	■With limited fixed funds, cluster random sampling usually allows for a larger sample size than do other sampling methods.

	■This method is especially appropriate when the construction of a complete list of the population is impossible, expensive, or too difficult to organize.





	■Although clusters should mirror the full diversity of the population, realistically this is difficult to accomplish.

	■Difficulties in analysis can result if the clusters are of very different sizes.

	■With a given sample size, cluster random sampling usually provides less precision than either an SRS or a stratified random sample provides.

	■If the population doesn’t have natural clusters and the designated clusters are not representative of the population, selection could easily result in a biased sample.





	■Although all strata are represented in the sample, only a subset of clusters are in the sample.

	■Stratified random sampling is accurate when each stratum consists of homogeneous elements, while cluster random sampling is accurate when each cluster consists of heterogeneous elements.

	■Randomization plays a key role in both methods! With stratified random sampling, the randomization takes place within each stratum. With cluster random sampling, the randomization takes place when choosing which clusters to include.










	■Systematic random sampling is simpler and quicker to implement than the other methods discussed. Subjects don’t have to be numbered. For example, this is a nice option for situations like exit polling or surveying people as they leave a stadium.

	■It is a practical, straightforward, reasonably random method especially useful for investigators unfamiliar with advanced statistics.

	■If similar members in the list are grouped together, we can end up with a kind of stratified random sample, only more easily implemented.





	■If randomization is a top priority, this method is weak as the only randomization in systematic random sampling occurs in choosing the initial subject.

	■If the population size isn’t roughly known, determining the fixed interval for sample selection is problematic and can lead to inaccurate results.

	■If the list happens to have a periodic structure similar to the period of the sampling, a very biased sample could result. For example, picking every 12th seat in an airplane when there are 6 seats in a row would result in all aisle or all middle or all window seats in the sample.







	■Systematic random sampling: From a list of the students, the surveyor could choose a random starting name from among the first 50 names and then include every 50th name from that point into the sample.

	■Stratified random sampling: Since students in each class have certain characteristics in common, the surveyor could use a random selection method to pick 25 students from each of the separate lists of freshmen, sophomores, juniors, and seniors.

	■Cluster random sampling: If each homeroom has a random mix of 20 students from across all grade levels, the surveyor could randomly pick five homerooms with the sample consisting of all the students in these five homerooms.
















	■Such surveys typically give too much emphasis to people with strong opinions and undersample people who don’t care much about a topic.

	■Radio call-in programs about controversial topics do not produce meaningful data on what proportion of the population favors or opposes related issues.

	■Online surveys posted to websites miss people without Internet access and tend to have many unanswered questions if the survey is long.

	■Although a voluntary response survey may be easy and inexpensive to conduct, the sample is likely to be composed of strongly opinionated people, especially those with negative opinions on a subject.





	■These surveys tend to produce data highly unrepresentative of the entire population.

	■Mall surveys miss those who do not frequent malls and are affected by differences in shopper demographics during different times of day or different seasons.

	■Door-to-door household surveys miss people who do not happen to be at home and typically miss groups such as college students and prison inmates.

	■Although convenience samples may allow a researcher to conduct a survey quickly and inexpensively, generalizing from the sample to a population is almost impossible.










	■Undercoverage bias happens when there is inadequate representation, and thus some groups in the population are left out of the process of choosing the sample. For example, telephone surveys ignore those who don’t have telephones. Studies planning to conclude something about all residents in a city often do not adequately take into account the homeless when choosing a sample. Voluntary response surveys often suffer from undercoverage bias because those who choose to participate may differ from those who do not choose to participate. Similarly, convenience surveys often suffer from undercoverage bias because hard-to-reach people may have different views from those easy to reach.

	■Response bias occurs when the question itself can lead to misleading results because people don’t want to be perceived as having unpopular or unsavory views or don’t want to admit to having committed crimes. Nonneutral (leading) or poorly worded questions can result in very unrepresentative responses. Even the order in which questions are asked can make a difference.

	■Nonresponse bias, where there are low response rates, occurs when individuals chosen for the sample can’t be contacted or refuse to participate, and it is often unclear which part of the population is responding. As with undercoverage bias, nonresponse bias can misrepresent results if those who respond differ in some systematic way from those who do not respond. To minimize nonresponse bias, every effort should be made to follow up with those who do not respond to initial requests for information.













	■Why is there bias? (For example, “The survey was voluntary response,” or “This was a convenience survey,” or “Only certain people had a chance to be selected,” or “People might be untruthful because they don’t want to be perceived as having an unpopular view.”)

	■How is it biased? (For example, “Those choosing to answer might feel stronger about the issue than the general population,” or “Those picked for the sample might be less likely than the general population to have full-time jobs.”)

	■What will this do to the estimate of the population parameter of interest? (For example, “This would likely result in an underestimate of the population proportion of ...,” or “This would likely result in an overestimate of the population mean of ....”)







	

	

	

	

	

	





	


	


	


	


	


	








Quiz 5


Multiple-Choice Questions






	

	

	

	

	




	

	

	





	

	

	

	




	

	

	

	

	




	

	

	

	

	




	

	

	

	

	



	

	

	

	

	



	

	

	

	

	




	

	

	

	

	



	

	

	

	

	




	

	

	

	

	







Free-Response Questions






	

	

	

	




	

	

	




	






	

	




	

	

	

	

	

	




	



	

	



	





	

	

	














Quiz 6


Multiple-Choice Questions






	

	

	

	

	



	

	

	

	

	



	

	

	

	

	



	

	

	

	

	



	

	

	

	

	



	

	

	

	

	



	

	

	

	

	



	

	

	

	

	



	

	

	

	

	



	

	

	

	

	








Free-Response Questions






	

	

	



	

	

	

	




	

	

	



	



	

	

	

	




	

	

	

	










Experimental Design













	

	





	

	





	

	∘If the purpose of an experiment is to determine whether some treatment has an effect, we compare to a control group that doesn’t receive that treatment.

	∘Depending on the experiment, a control group may be given an inactive treatment (a placebo), an established active treatment, or no treatment at all.

	∘Blinding occurs when the subjects don’t know which of the different treatments (such as placebos) they are receiving. When blinding is used, subjects in the treatment and control groups experience the placebo effect equally.

	∘Double-blinding is when neither the subjects nor the response evaluators know who is receiving which treatment.



	

	∘The goal is to create treatment groups, including the control group, that are similar in all respects except for the treatment imposed.

	∘This potentially allows for cause-and-effect conclusions. On the exam, it is not enough to say “use random assignment.”

	∘You must be able to carefully explain how the random assignment of treatments to subjects is to be accomplished. Don’t forget to name which treatment is given to which randomly assigned group.



	

	∘The treatment should be repeated on a sufficient number of subjects so that real response differences are more apparent.

	∘Natural variation in outcomes can be lessened by using more subjects. We want to rule out that observed differences can be due just to random chance.

	∘Replication refers to having more than one experimental unit in each treatment group, not multiple trials of the same experiment.



	

	∘Controlling extraneous sources of variation makes it easier to identify true differences among the treatment groups.

	∘We want to minimize the possibility of variables we are not interested in from affecting the response variable.

	∘Blocking (randomly assigning treatments within homogeneous blocks) allows for a comparison of treatments within each block without worrying about how different responses might be due more to characteristics of different groups rather than to the different treatments.









	

	

	

	

	

	

	

	





	

	

	

	

	

	

	

	















	

	





	

	





	

	

	

	














	

	

	





	

	

	










































Quiz 7


Multiple-Choice Questions






	

	

	

	

	



	

	

	

	

	



	

	

	

	

	



	

	

	

	

	



	

	

	

	

	



	

	

	

	

	



	

	

	

	

	



	

	

	

	

	



	

	

	

	

	



	

	

	

	

	








Free-Response Questions






	

	

	

	



	

	

	

	



	

	

	

	

	

	

	



	

	■The first group wore a clip-on fitness tracker and received a cash incentive if they walked more than 50,000 steps a week.

	■The next group also wore an activity tracker and received a cash incentive for walking more than 50,000 steps a week. However, they were required to donate the cash to charity.

	■A third group wore the activity tracker but did not receive a cash incentive.

	■The last group did not wear a fitness tracker or get a cash incentive.





	

	

	

	

	












Quiz 8


Multiple-Choice Questions






	

	

	

	

	



	

	

	

	

	



	

	

	

	




	

	

	

	



	

	

	

	

	



	

	

	

	

	



	

	

	

	

	



	

	

	

	

	



	

	

	

	

	



	

	

	

	

	



	

	

	

	

	








Free-Response Questions






	

	

	

	



	

	

	

	



	

	

	

	



	

	

	

	

	

	

	

	









USE CORRECT TERMINOLOGY!































Summary


	■The four keys to describing a distribution are shape, center, spread (variability), and unusual features (such as outliers, clusters, gaps, and modes).

	■Always provide context.

	■Look for reasons behind any unusual features.

	■A few common shapes that arise are symmetric, skewed to the right, skewed to the left, bell-shaped, uniform, unimodal, and bimodal distributions.

	■Categorical variables are summarized by counts (frequency) and proportions (relative frequency) and visually displayed by bar charts (bar graphs) and pie charts.

	■For quantitative data, dotplots, histograms, cumulative relative frequency plots (ogives), stemplots, and boxplots, give useful displays.

	■In a histogram, relative area corresponds to relative frequency.

	■The two principal measurements of the center of a distribution are the mean and the median.

	■The principal measurements of the variability (spread) of a distribution are the range (maximum value minus minimum value), the interquartile range (IQR = Q3 − Q1), the variance, and the standard deviation.

	■Adding the same constant to every value in a set adds the same constant to the mean and median but leaves all the aforementioned measures of variability unchanged.

	■Multiplying every value in a set by the same constant multiplies the mean, median, range, IQR, and standard deviation by that constant.

	■The median and interquartile range are called resistant (or robust) measures because they are not sensitive to extreme values. The mean, range, variance, and standard deviation are called nonresistant (or nonrobust) measures because they are sensitive to extreme values.

	■The principal measurements of position are simple ranking, percentile ranking, and the z-score (which measures the number of standard deviations a particular value is above or below the mean).

	■No matter what the distribution of raw scores, the set of z-scores always has mean 0 and standard deviation 1.

	■In skewed left data, the mean is usually less than the median, while in skewed right data, the mean is usually greater than the median.

	■Boxplots show the five-number summary: the minimum value, the first quartile (Q1), the median, the third quartile (Q3), and the maximum value; they indicate outliers as distinct points. In general, boxplots cannot show overall shape; however, they may suggest symmetry and skewness.

	■Two sets can have the same five-number summary and thus the same boxplots but have dramatically different distributions.

	■Outliers are any values less than Q1 − 1.5(IQR) or greater than Q3 + 1.5(IQR). (An accepted second method of calculating outliers is to designate as outliers all values located more than two standard deviations above, or below, the mean.)

	■When asked for a comparison of two data sets, in addition to comparing shape and unusual features, you must state which center and which spread is greater (two separate calculations are not a comparison).

	■Advantages and disadvantages of four principal plots or graphical displays:

	∘Dotplot: Advantages—shows every value, and it is easy to see the shape of the distribution. Disadvantage—difficult to plot for very large data sets.

	∘Stemplot: Advantages—shows every value, and it is easy to see the shape of the distribution. Disadvantage—difficult to plot for very large data sets.

	∘Histogram: Advantages—easy to make for large data sets, and it is easy to see the shape of the distribution. Disadvantage—does not show individual values.

	∘Boxplot: Advantages—quickly shows the five-number summary and outliers while splitting the data into quartiles. Disadvantages—does not show individual values and can hide features of the distribution, such as clusters, gaps, and even the overall shape.




	■Retrospective studies look backward, examining existing data, while prospective studies watch for outcomes, tracking individuals into the future.

	■Bias is the tendency to favor the selection of certain members of a population:

	∘Convenience surveys (for example, interviews at shopping malls) are based on choosing individuals who are easy to reach. These surveys tend to produce data highly unrepresentative of the population.

	∘Voluntary response bias occurs when individuals choose whether to respond (for example, Internet surveys) and typically give too much emphasis to people with strong opinions (particularly strong negative opinions).

	∘Undercoverage bias is when part of the population is ignored (for example, some telephone surveys miss the homeless).

	∘Response bias is when the question itself leads to misleading results (for example, people don’t want to be perceived as having unpopular, unsavory, or illegal views).

	∘Nonresponse bias is when a large fraction of those sampled do not respond.




	■Use of randomization is absolutely critical in selecting an unbiased sample:

	∘A simple random sample (SRS) is one in which every possible sample of the desired size has an equal chance of being selected.

	∘Stratified random sampling involves dividing the population into homogeneous groups called strata and then picking random samples from each of the strata.

	∘Cluster random sampling involves dividing the population into heterogenous groups called clusters, randomly selecting one or more of the clusters, and then using everyone in the selected clusters.

	∘Systematic random sampling involves ordering the population, randomly choosing a point to start, and then picking every nth person for some n.




	■Use of randomization in selecting a sample is crucial in being able to generalize from a sample to the population.

	■While observational studies involve observing without causing changes, experiments involve actively imposing treatments and observing responses.

	■Differences in observed responses are statistically significant when it is unlikely that they can be explained by chance variation.

	■Random assignment of subjects to treatment groups is extremely important in handling unknown and uncontrollable differences.

	■Random assignment refers to what is done with subjects after they’ve been picked for a study, whereas random sampling refers to how subjects are selected for a study.

	■Variables are said to be confounded when there is uncertainty as to which variable is causing an effect.

	■The placebo effect refers to the fact that many people respond to any kind of perceived treatment.

	■Blinding refers to subjects not knowing which treatment they are receiving.

	■Double-blinding refers to subjects and those evaluating their responses not knowing who received which treatments.

	■Completely randomized designs refer to experiments in which everyone has an equal chance of receiving any treatment.

	■Blocking is the process of dividing the subjects into representative groups to bring certain differences into the picture (for example, blocking by gender, age, or race/ethnicity).

	■Randomized block designs refer to experiments in which the randomization occurs only within blocks.

	■Randomized paired comparison designs refer to experiments in which subjects are paired and randomization is used to decide who in each pair receives what treatment.
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