AP Statistics

1.11 Random Sampling 1.11 Notes

Write your questions
and thoughts here!

Random sampling uses a chance process so that every member of the population has a chance to be
selected. There is more than one way to do this, and the AP Exam expects you to recognize each method
and justify when to use them.

With or Without Replacement?

THE REE-BAWK GIVEAWAY

Ree-bawk, the leading maker of performance sneakers for chickens, is
giving away three pairs of its new Coop-Runner 5000. Every customer entry
goes on a slip of paper in a giant bin, and three winning slips are drawn.

If each winning slip is set aside after it is drawn, no customer can win twice. If each slip is returned to
the bin before the next draw, one very lucky hen owner could win all three pairs.

Sampling without replacement —a Sampling with replacement — a sampling
sampling strategy in which an strategy in which an observational unit can
observational unit can be selected only be selected more than once because it is
once because it is not returned before returned before the next selection.

the next selection.

Most surveys use sampling without replacement. Nobody needs to answer the same survey twice.

Simple Random Sample

TOY-YODA TOY STORY

Toy-yoda, a toy store in a galaxy far, far away, wants feedback from the 800 customers who purchased its
new model Energy Stick. The company numbers the customers from 1 to 800, then uses a random
number generator to produce 25 unique numbers, ignoring any repeats. The 25 matching customers are
surveyed.

Simple random sample (SRS) of size n — a sample selected so that every possible sample of size n has the
same chance of being selected. Common procedures include using a random number generator or
drawing numbered slips of paper.

CAREFUL “Every individual has an equal chance” is NOT enough to make an SRS. In an SRS, every
possible SAMPLE of size n has an equal chance of being selected.

Ignoring repeated numbers means Toy-yoda is sampling without replacement. The SRS is the building
block for the other random sampling methods below.
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Stratified Random Sample

SCRUBS AND SHOTS

A hospital wants staff opinions on a new scheduling system. The hospital employs 600 nurses, 150
physicians, and 250 technicians, and suspects the three job types will feel very differently about the
change. The hospital takes an SRS of 60 nurses, an SRS of 15 physicians, and an SRS of 25 technicians,
then combines them into one sample of 100 employees.

Stratified random sample — all individuals in the population are divided into groups called strata that
do not overlap, based on one or more shared characteristics (homogeneous grouping). An SRS is
selected within each stratum, and the selected individuals are combined to form one sample.

Stratifying guarantees that every stratum is represented in the sample. It works best when individuals
within each stratum are similar but the strata differ from each other on the variable being studied.

When individuals within each stratum are similar and the strata differ, stratification can reduce
sampling variability and produce a more precise estimate than an SRS of the same size.

Cluster Random Sample

WIFIDO

Wi Fido, an internet provider that promises “buffering so fast your dog will bark,” serves 120
neighborhoods that are each a rough cross section of its customer base. Visiting every neighborhood
is expensive, so Wi Fido randomly selects 8 neighborhoods and surveys EVERY household in those 8
neighborhoods.

Cluster random sample — the population is divided into smaller groups called clusters. Ideally each
cluster mirrors the heterogeneity of the population, with clusters similar to one another. An SRS of
clusters is selected, and data are collected from ALL observational units in each selected cluster.

Stratified Cluster
Individuals in each group are Each group is a mini version of the
How groups are formed similar to each other population (heterogeneous)
(homogeneous)
Who gets selected SOME individuals from EVERY ALL individuals from SOME groups
group
Main goal Make sure every group is Save time and money
represented

CAREFUL Stratified takes SOME from ALL groups. Cluster takes ALL from SOME groups.

The exam loves to see if you can tell these apart.
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Systematic Random Sample

GRAMMA-ZON

Gramma-zon, the online superstore exclusively for grandparents, ships thousands of packages a day from
its warehouse. A quality inspector randomly selects one of the first 40 packages on the conveyor belt,
then inspects every 40th package after that (if package 23 is chosen first, the inspector checks packages
23,63, 103, and so on).

Systematic random sample — sample members are selected from a population according to a random
starting point and a fixed, periodic interval between successive sampling units.

Systematic sampling gives every individual a chance to be selected, but it is not an SRS. Packages 23 and
24 can never end up in the same sample, so not every sample of size n is possible.

Which Method Should | Use?

Each random sampling method has characteristics that make it more appropriate for some populations
and questions than others.

SRS: simple and fair. Works well when you have a complete list of the population.

Stratified: best when groups are expected to differ on the variable of interest. Guarantees every group is
represented.

Cluster: best when the population naturally splits into groups that each look like the whole population,
and sampling entire groups saves time or money.

Systematic: convenient when individuals are already in a line, list, or sequence.

Example:

Mr. Brust and Mr. Kelly want to estimate the average number of hours FlippedMath students spend
watching lesson videos each week.

Mr. Brust: “Easy. Randomly pick 5 class periods, survey everyone in them, done by lunch.”

Mr. Kelly: “Bold strategy from a guy whose first period is entirely seniors. Split the students by
grade level and take an SRS from each grade.”

Mr. Brust: “Fine. But | am still done by lunch.”

(a) Name the sampling method Mr. Brust proposed.

(b) Name the sampling method Mr. Kelly proposed.

(c) Video watching habits likely differ quite a bit by grade level. Whose method is more appropriate
for this question? Justify your answer.
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1.11 Random Sampling 1.11 Practice

Use the given scenarios to answer the questions.

1. Identify the sampling method used in each situation (SRS, stratified, cluster, or systematic).

(a) A veterinarian numbers her 340 patient files from 1 to 340 and uses a random number generator to select 30
unique files for a records review.

(b) A quality inspector at the Toy-yoda plant randomly selects one of the first 25 toys off the assembly line, then
tests every 25th toy after that.

(c) Gramma-zon divides its customers into four shipping regions and selects an SRS of 50 customers from each
region.

(d) Best Wrestern, a hotel chain for rodeo fans, randomly selects 8 of its 94 locations and surveys every guest who
checks out of those 8 hotels during one week.

2. A biologist studying a lake catches a fish, records its length, and releases it back into the lake before catching the
next fish. Some fish may be measured more than once. Is the biologist sampling with or without replacement?

3. Alocal radio station receives 6,000 contest entries and will draw 3 winners, each receiving the same prize.

(a) Describe how the station would draw the winners without replacement.

(b) If the station instead drew with replacement, what could happen that cannot happen in part (a)?

(c) Which strategy is more appropriate for this contest? Explain.

4. An environmental scientist wants to test 40 of the 900 storm drains in a city for microplastic pollution. Describe
how to select a simple random sample of 40 storm drains using a random number generator.
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5. Sitbit, the fitness tracker that counts how many hours you sit each day, has 18,000 users. Users belong to one of three
subscription tiers (Free, Plus, and Premium Recliner). Users are also organized into 600 workplace teams of 30 users
each, and each team includes a mix of all three tiers.

(a) Describe how Sitbit could select a stratified random sample of 300 users using subscription tier.

(b) Describe how Sitbit could select a cluster random sample of 300 users using workplace teams.

(c) Customer satisfaction is expected to differ across the three tiers. Which method from parts (a) and (b) is more
appropriate for estimating overall satisfaction? Justify your answer.

6. A warehouse must inspect 100 of 10,000 packages moving along a conveyor belt. Explain why a systematic
random sample might be more convenient than an SRS.

1.11 Random Sampling 1.11 Test Prep: MC

Choose the BEST answer.

7. Which of the following best describes a simple random sample of size n?

(A) Everyindividual in the population has an equal chance of being selected.
(B) Every possible sample of size n has an equal chance of being selected.
(C) The population is divided into groups and an equal number of individuals is selected from each group.

(D) Individuals are selected at regular intervals from an ordered list.

8. Mr. Bean wants to sample 10 students from his statistics class to taste test his famous chili. He divides the class into
juniors and seniors, then randomly selects 5 students from each group. Which sampling method did Mr. Bean use?
(A) Simple random sample
(B) Systematic random sample
(C) Stratified random sample

(D) Cluster random sample

9. Ree-bawk wants to survey the 5,400 farms that purchased its chicken sneakers last year. The farms are grouped
into 180 delivery zones, each containing 30 farms of varied sizes and types. Ree-bawk randomly selects 6 delivery
zones and surveys every farm in those zones. Which sampling method is this?

(A) Cluster random sample

(B) Stratified random sample

(C) Simple random sample

(D) Sampling with replacement
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10. Mr. Sullivan has a stack of 240 exams to check for a missing name. He randomly selects one of the
first 12 exams, then checks every 12th exam after that. Which sampling method did Mr. Sullivan use?

(A) Simple random sample

(B) Cluster random sample

(C) Stratified random sample

(D) Systematic random sample

11. A battery tester selects a battery from a large bin, records its voltage, and returns it to the bin before the next
selection. Which of the following statements is true?

(A) This is sampling without replacement, so no battery can be tested twice.

(B) This is sampling with replacement, so the same battery could be tested more than once.

(C) This is sampling with replacement, so every battery will be tested exactly once.

(D) This is sampling without replacement, so the sample must include every battery in the bin.

12. A state agency wants to estimate support for a new highway project. Opinions are expected to differ sharply
between urban and rural residents. Which sampling plan is most appropriate, and why?
(A) A cluster sample of towns, because surveying entire towns is more convenient
(B) A systematic sample from a statewide phone list, because it is easy to carry out
(C) A simple random sample, because every resident has an equal chance of selection
(D) A stratified random sample using urban and rural residents as strata, because it guarantees both groups are
represented

1.11 Test Prep: FRQ

13. The city of Port Verde is considering a bike share program. The city has 60,000 households spread across 15
neighborhoods, and the neighborhoods vary widely in average commute distance. The city hopes to survey 500
households.

(a) Describe how the city could select a simple random sample of 500 households.

(b) Describe a stratified random sampling plan using the 15 neighborhoods as strata, and explain one statistical
advantage of this plan over a simple random sample.

(c) A council member proposes randomly selecting 3 neighborhoods and surveying every household in them.
Name this sampling method and give one reason the city might prefer the plan in part (b) instead.
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