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Exam Directions From Canvas Assignments
Exam Directions

Students must use Respondus Monitor with LockDown Browser, with a webcam on the relevant area for
the duration of this exam. Before beginning the exam, the webcam should be placed at a location at
which the entire work area can be seen, including the student’s face and hands, at all times. No electronic
devices other than a calculator should be brought into the testing environment; this includes smart watches.
Communication of any kind with another person during this exam will be considered a violation of the
academic integrity policy.
Once the webcam for Respondus Monitor is on, but before beginning the exam, students must clearly
show their blank pages to the webcam, front and back.
This exam will consist of two sections: the Multiple Choice (MC) and Free Response (FR) sections.
MC Section: This Canvas assignment will include all MC questions, and they will be graded automatically in this assignment.
FR Section: It will appear as a single question on this exam; that question will include a list of all of
the FR questions. You must write your work and answers on paper, and then scan all pages and upload them
together as a single pdf (via an app such as Adobe Scan or CamScanner: NOT simply a phone picture) to the
”Exam 3 pdf Upload" Canvas assignment (the assignment after this one on Canvas). This portion must be
uploaded within 15 minutes of finishing the exam. Before logging off of this Respondus Monitor, you must
hold up all sheets with your written work to the webcam so they can be read on the video. You also need to
follow the directions given in the FR section during the exam. The FR portion will be graded by the grading
team, and your score will be entered manually into this assignment.
Failure to follow any of the above guidelines will result in you losing 2 points on the exam (which is
the final Free Response Question). Significant failure to follow these guidelines may result in the exam not
being accepted and you being granted a score of zero for the exam.
Before beginning this exam, make sure that you have the following:
• tablet/laptop/similar device with Respondus Monitor and LockDown Browser (NOT a smartphone);
• a webcam in, or capable of being integrated into, the device in #1 (you will need to show your face,
your picture ID, and your testing environment to begin the exam);
• device capable of scanning (with Adobe Scan or CamScanner), saving, and uploading pdf files (no
other file type);
• sufficient internet connection;
• an approved calculator (TI-83, TI-84, or "Plus" versions of these);
• pencil and paper.
This exam is made available a little early and a little late on Canvas so that you have sufficient time to read
these directions and perform the RM/LDB checks. However, note the time limit once you start the exam.
In the event of technical difficulties, contact your instructor immediately. You should continue to
complete the exam if possible.

1.2

FR Directions

There are 5 (content-carrying) free response questions, each with multiple parts. Show all necessary work
on your handwritten page (which you will scan and upload as a pdf).
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Verify that the answers carry the appropriate units. Partial credit may be given for work towards the
correct solution. However, if answers are shown without necessary work, you may receive little or no credit
for the correct answer.
Free Response Questions: [Image Embedded]
Type your free response answers (ANSWERS ONLY) into the answer area for this question, marked
with the question number. For example, your response should be formatted something like this:
#1) (a) your answer
(b) your answer
(c) your answer
#2) etc. ...
If your answer involves a chart, table, or diagram, type the appropriate word (e.g. “diagram”) as your
answer to this question.
Write your work and answers on a sheet of paper (remember to always include appropriate units, including
% and $ symbols when appropriate). Round answers to two decimal places unless otherwise instructed.
Grading of both your work and your answers will primarily take place on this sheet of paper; the answers
typed in above should duplicate the answers on your paper. When finished the exam, but before logging
off of Respondus Monitor, show all of the pages of your work/answers to FR questions to the webcam so
that they can be clearly read. Then log off of Respondus Monitor, scan the pages to create a single pdf, and
upload the scanned pdf to the corresponding "Exam 3 pdf Upload" assignment.

1.3

Exam 3 pdf Upload Directions

Upload, as a single pdf, your handwritten work and answers to the Free Response section of the exam here.
After uploading, confirm that your upload has completed by downloading it again to make sure it is
readable. A late upload or one that cannot be read/downloaded will result in a deduction of 10 points, and it
might not be accepted at all at the instructor’s discretion.
Your upload is due within 15 minutes of the exam ending. Failure to follow this policy may result in
your exam responses not being accepted and you being given a score of zero for the Free Response portion
of the exam.
Points earned on the free response section will be manually added to the Exam assignment on Canvas,
not to this assignment.
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MC: 3 points each, 60 points total. Correct answer is option (a).
1. A research group conducts a study to determine whether a new pill is effective in promoting hair
growth for cancer patients who have gone through chemotherapy. Of the 100 participants, 50 were
given the new pill while 50 were given a placebo. Which of the following correctly describes this
study?
(a) Experimental study. Treatment group: 50 people who received the new pill. Control group: 50
people who received the placebo.
(b) Observational study. Case group: 50 people who received the new pill. Control group: 50
people who received the placebo.
(c) Experimental study. Treatment group: 50 people who received the placebo. Control group: 50
people who received the new pill.
(d) Observational study. Case group: 50 people who received the placebo. Control group: 50 people
who received the new pill
(e) Observational study. Not a case-control study.
2. A local tea shop wants to know the percentage of people who like to add milk and sugar to their tea.
They ask every person who comes into the shop to fill out a voluntary survey. This sampling method
is:
(a) Convenience
(b) Stratified
(c) Simple random
(d) Systematic
(e) Experimental
3. A marketer is doing a survey about people’s preferences of their favorite type of footwear. Of the 100
participants, 41 people said sneakers; 8 said work boots; 37 said sandals or flip-flops; and 14 said
slippers. The variable in this survey:
(a) is qualitative
(b) is quantitative
(c) is neither qualitative nor quantitative
(d) cannot be determined if the variable is qualitative or quantitative
4. You gather data on two quantitative variables and graph it in a scatter plot. The points in the scatter
plot form almost a perfectly straight, upward sloping line. The correlation of these two variables:
(a) is strong
(b) is weak
(c) is uncorrelated
(d) cannot be described without further information.
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5. What type of graph is the following?

(a) Line chart
(b) Bar graph
(c) Histogram
(d) Pie chart
(e) Scatterplot
6. A politician is looking at data about crime and education. He finds that counties with more first grade
classes also have more incidences of crime. He claims that, because the number of first grade classes
is correlated with increased crime, then first grade classes are causing more crime to occur. Choose
the best response to this claim.
(a) Correlation does not imply causality. The correlation is likely caused by a third variable: the
population in the county.
(b) The causation is in the other direction. That is, increased crime causes the number of first grade
classes to increase.
(c) Correlation implies causality, so this claim is true.
(d) The correlation must be a mistake in the data the politician is using.
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7. A farmer records the number of eggs produced by his leghorn chickens each day. Which of the
following data sets could have produced this boxplot?

(a) {20, 23, 25, 30, 32, 32, 35}
(b) {20, 21, 22, 24, 26, 32, 35}
(c) {20, 26, 27, 30, 35, 35, 36}
(d) {20, 26, 28, 33, 34, 35, 35}
(e) {15, 20, 25, 30, 31, 35, 38}
8. The mean, median, and standard deviation were calculated for five different data sets describing heights
(in inches) of college students. Based on these summary numbers, which of the following data sets
has the largest variation?
(a) Mean=66, Median=64, S.D.=4.2
(b) Mean=70, Median=68, S.D.=3.1
(c) Mean=66, Median=69, S.D.=2.3
(d) Mean=68, Median=63, S.D.=3.4
(e) Mean=64, Median=67, S.D.=1.8
9. Suppose a data set is normally distributed with a mean of 60 and standard deviation of 12. Approximately what percent of the data lies between 48 and 84? Use the 68-95-99.7 Rule.
(a) 81.5%
(b) 68%
(c) 83.85%
(d) 84%
(e) 50%
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10. A study finds that pizza delivery times are normally distributed. The average delivery time for a pizza
is 45 minutes, with a standard deviation of 7 minutes. If it takes Bill 38 minutes to get his pizza, find
the approximate percentage of people who have a shorter wait time than Bill for their pizza.
(a) 15.87%
(b) 69.15%
(c) 0.71%
(d) 84.13%
(e) 30.85%
11. A university is reviewing its admissions data, and it finds that of the most recent 15,000 applicants,
2,178 of them were homeschooled. They determine that the probability that their next applicant was
homeschooled is 14.52%. To arrive at this probability, the university used the:
(a) empirical method
(b) theoretical method
(c) subjective method
(d) fractional method
12. A list of all possible outcomes is called the:
(a) sample space
(b) event table
(c) probability distribution
(d) theoretical method
13. The local craft store sells 2 different types of hot glue sticks: polyethylene and metallocene. Three
customers choose their hot glue sticks at random from the shelf (assume that, for each customer, both
types are equally likely to be chosen). What is the probability that exactly 2 of the customers choose
polyethylene?
(a)
(b)
(c)
(d)
(e)

3
8
1
8
1
2
1
4
3
4

Exam 3 Answer Key

MATH 1010

Spring 2022

14. You and your three friends are waiting at the deli counter. Everyone who placed an order took a
ticket with a number on it and is waiting for their number to be called. Suddenly, the ticket machine
malfunctions and starts calling out ticket numbers at random. What is the probability that the next
ticket number called does not belong to you or one of your friends? Assume that each one of you
placed your own order, and that there are 40 people waiting in total. Give your answer as a reduced
fraction.
(a)
(b)
(c)
(d)
(e)

9
10
1
10
1
40
39
40
1
2

15. Ellen received a box of candy from her coworkers for her birthday. The box initially has 5 chocolates,
6 caramels, and 7 peanut butter bites. Find the probability that Ellen chooses a caramel, a chocolate,
and a peanut butter bite in that order, assuming she eats each candy as she selects it. Round your
answer to the nearest tenth.
(a) 4.3%
(b) 3.6%
(c) 33.3%
(d) 0.5%
(e) 42.9%
16. About 4% of the world population lives in the United States. Imagine that you select one person at a
time at random from the entire world. Each time you select a new person, you compute the proportion
of people selected so far who live in the United States. How many people would you need to select to
ensure that the proportion you calculate is close to 4%? Choose the best answer below.
(a) 10,000
(b) 10
(c) 1
(d) 100
17. David owes Jesse $15, but Jesse doesn’t think David is reliable to pay. She thinks there is only a 35%
chance that David pays the full $15, a 25% chance that he pays $10, and a 40% chance that he pays
nothing at all. In this scenario, what is the expected value of what David will pay to Jesse?
(a) $7.75
(b) $5.25
(c) $12.25
(d) $8.33
(e) $2.50
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18. A construction company must choose between two contracts. Contract A has a 75% chance of paying
them $150,000 and a 25% chance of paying them $450,000. Contract B has a 45% chance of paying
them $80,000, and a 55% chance of paying them $375,000. Based on the expected values of the two
contracts, which contract would pay the company more?
(a) Contract B
(b) Contract A
(c) Both contracts pay the company the same amount on average.
(d) It cannot be determined from the given information.
19. Bettina says that the Law of Large Numbers states that, in the long run, empirical probability tends
toward subjective probability. Choose the response that best corrects Bettina.
(a) No, the Law of Large Numbers states that, in the long run, empirical probability tends toward
theoretical probability.
(b) No, the Law of Large Numbers states that, in the short run, empirical probability tends toward
theoretical probability.
(c) No, the Law of Large Numbers states that, in the short run, empirical probability tends toward
subjective probability.
(d) No, the Law of Large Numbers states that, in the long run, empirical probability tends toward
infinity.
20. A court is selecting a jury of 8 members for a trial out of a group of 25 eligible people. Of these 25
people, 11 are from county A and 14 are from county B. Find the probability that exactly 3 of the 8
selected are from county A. Round your answer to the nearest tenth.
(a) 30.5%
(b) 9.7%
(c) 12.0%
(d) 27.3%
(e) 63.0%
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FR: Points as marked, 40 points total.
1. A 2019 study in Britain found that 1,140 out of 2,000 people surveyed prefer showers to baths.
(a) (2 points) Identify the population, the population parameter, the sample, and the sample statistic.
Answer:
Population: people who live in Britain
Population parameter: % of British people who prefer showers to baths
Sample: 2,000 British people surveyed
Sample statistic: 1140
2000 × 100% = 57%
0.5 point each for reasonable answer (does not have to be verbatim; at grader’s discretion).
(b) (1 point) What is the margin of error in this study? Round to the nearest hundredth of a percent.
Answer:
MOE = √ 1 × 100% = 2.24%
2000

0.5 point for use of correct formula.
0.25 point for correct 𝑛 (2000).
0.25 point for correct computation/rounded answer.
(c) (2 points) Find the confidence interval for the percent of British people who prefer showers to
baths.
Answer:
Answer: [(57 − 2.24)%, (57 + 2.24)%] = [54.76%, 59.24%]
0.5 point for use of correct MOE formula.
0.5 point for use of values from parts (a) and (b).
0.5 point for correct computation.
0.5 point for correct answer.
Note: if student gets (a) and/or (b) incorrect but uses those values in the correct way here, they
earn the points for this problem.
(d) (2 points) Could you claim that a majority of British people prefer showers to baths? Clearly
write YES or NO, and explain your answer.
Answer:
Answer: YES. Every number in the 95% confidence interval constructed in part (c) is above the
50% needed to constitute a majority.
1 point for correct answer, YES (following work from part (c)).
1 point for reasonable explanation, following work.
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2. There are two checkout lines open on Wednesday evenings at a small grocery store. The average wait
time (in minutes) for 9 consecutive weeks are shown for each checkout line:
Line 1:
Line 2:

2.0
2.1

1.3
2.5

3.2
2.8

1.0
1.7

2.3
3.5

0.8
1.9

2.5
3.3

1.1
9.8

0.3
2.4

(a) (3 points) For each of the two checkout lines, find the mean, median, and range. Round to the
nearest tenth, if necessary.
Answer:
Line
Line 1
Line 2

Mean
1.6
3.3

Median
1.3
2.5

Range
2.9
8.1

Work: we write the data sets in increasing order. The median is the middle (fifth) number.
Line 1:
Line 2:

0.3
1.7

0.8
1.9

1.0
2.1

1.1
2.4

1.3
2.5

2.0
2.8

2.3
3.3

2.5
3.5

3.2
9.8

Range for Line 1: 3.2 − 0.3 = 2.9.
Range for Line 2: 9.8 − 1.7 = 8.1.
Mean for Line 1: 0.3+0.8+1.0+1.1+1.3+2.0+2.3+2.5+3.2
≈ 1.6.
9
1.7+1.9+2.1+2.4+2.5+2.8+3.3+3.5+9.8
Mean for Line 2:
≈ 3.3.
9
0.5 point each for the 6 entries in the answer table (work could be done on calculator, and doesn’t
need to be shown).
(b) (3 points) For each of the two checkout lines, find the five number summary. Work must be
shown for the computation of Q1. (Hint: when computing Q1 and Q3, exclude the median.)
Answer:
Line
Line 1
Line 2

Min
0.3
1.7

Q1
0.9
2.0

Median
1.3
2.5

Q3
2.4
3.4

Max
3.2
9.8

Work: we use the data in increasing order as given in part (a). The min is the lowest value; the
median is the middle (fifth) value; the max is the largest value. For Q1, we find the median of
= 0.9 for Line 1
the lower half of the data (in this case, the first 4 values). That value is 0.8+1.0
2
and 1.9+2.1
=
2.0
for
Line
2.
For
Q3,
we
find
the
median
of
the
upper
half
of
the data (in this
2
2.3+2.5
3.3+3.5
case, the last 4 values). That value is 2 = 2.4 for Line 1 and 2 = 3.4 for Line 2.
0.25 point each for the 10 entries in the answer table (work for other parts could be done on
calculator, and doesn’t need to be shown).
0.25 point each for work shown for Q1.
(c) (3 points) In the data set for Line 2, the value 9.8 is an outlier. Does it make the data left-skewed
or right-skewed? If we were to remove 9.8 and replace it with a value of 3.6, would this affect
the mean and/or the median? Give the new mean and/or median to the nearest tenth. Which of
the quantities in the five number summary would change? Give these new value(s).
Answer:
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The data is right-skewed.
If we replace the outlier with the value 3.6, only the mean would change (the new value is 2.6).
Of the numbers in the five number summary, only the Max value would change from 9.8 to 3.6.
0.5 point for right-skewed answer.
0.75 point for identifying only the mean to change (not median).
0.5 point for giving the correct, new mean.
0.75 point for identifying only the max to change in the five-number summary.
0.5 point for giving the correct, new max.
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3. A 2008 study of homebound adults wanted to investigate if having others present during a meal would
have an effect on the caloric intake of the homebound individual. At dinner, they found that, with
others present, the mean caloric intake was 454.0 calories with a standard deviation of 241.2 calories.
If eating alone, the mean caloric intake was 363.1 calories with a standard deviation of 185.6 calories.
(a) (2 points) Approximately what percentage of people who ate dinner with others present consumed
more than 333 calories?
Answer:

𝑧=

333 − 454.0
≈ −0.5
241.2

Using the provided 𝑧-score table, the corresponding percentile is 30.85. Thus the percent of
people who consumed more than 333 calories is approximately (100 − 30.85) = 69.15%.
0.5 for use of correct 𝑧-score formula with values in correct places.
0.5 point for correct 𝑧-score computation.
0.5 point for identifying correct percentile from table.
0.5 point for subtracting table percentile from 100 to get correct answer (could be done implicitly).
(b) (2 points) Approximately what percentage of people who ate dinner alone consumed fewer than
or equal to 555 calories?
Answer:

𝑧=

555 − 363.1
≈ 1.0
185.6

Using the provided 𝑧-score table, the corresponding percentile is 84.13. Thus the percent of
people who consumed fewer than or equal to 555 calories is approximately 84.13%.
0.5 for use of correct 𝑧-score formula with values in correct places.
0.5 point for correct 𝑧-score computation.
0.5 point for identifying correct percentile from table.
0.5 point for giving that percentile as correct answer (could be done implicitly).
(c) (2 points) If an individual who ate dinner with others present is in the 99.38th percentile for
caloric intake, how many calories did they consume at dinner? Give your answer to the nearest
tenth, if necessary, and include units.
Answer:
From the provided 𝑧-score table, the 99.38th percentile corresponds to 𝑧 = 2.5.
𝑥 − 454.0
241.2
𝑥 = 2.5(241.2) + 454.0
𝑧 = 2.5 =

𝑥 = 1057 calories (or 1057.0)
0.5 point for identifying correct percentile from table (could be done implicitly).
0.5 point for setting up correct 𝑧-score equation with 𝑥 unknown (could be done implicitly).
0.5 point for correct computations.
0.5 point for correct answer.
-0.25 for incorrect rounding or missing units of answer.
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(d) (2 points) If an individual who ate dinner alone is in the 15.87th percentile for caloric intake,
how many calories did they consume? Give your answer to the nearest tenth, and include units.
Answer:
From the provided 𝑧-score table, the 15.87th percentile corresponds to 𝑧 = −1.
𝑥 − 363.1
185.6
𝑥 = −1(185.6) + 363.1
𝑧 = −1 =

𝑥 = 177.5 calories

0.5 point for identifying correct percentile from table (could be done implicitly).
0.5 point for setting up correct 𝑧-score equation with 𝑥 unknown (could be done implicitly).
0.5 point for correct computations.
0.5 point for correct answer.
-0.25 for incorrect rounding or missing units of answer.
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4. Determine the following probabilities about drawing cards from a standard deck.
(a) (2 points) What is the probability of drawing either a number card or a spade in one draw? Give
your answer as a fraction; you do NOT need to reduce the fraction to lowest terms.
Answer:
This is an “overlapping OR” probability.
36
9
40
𝑃(Num OR Spade) = 𝑃(Num) + 𝑃(Spade) − 𝑃(Num AND Spade) = 52
+ 13
52 − 52 = 52 .
0.5 for use of “overlapping OR” formula.
0.5 point for identifying correct events.
0.5 point for correct probabilities of the 3 events.
0.5 point for correct answer.
-0.25 for incorrect form of answer (e.g. a decimal instead of fraction.)
(b) (2 points) What is the probability of drawing two kings in a row when the drawn card is returned
to the deck and the deck is thoroughly shuffled in between draws? Give your answer as a decimal
with 4 decimal places.
Answer:
This is an “independent AND” probability.
4
4
𝑃(King AND King) = 𝑃(King) × 𝑃(King) = 52
× 52
≈ 0.0059.
0.5 for use of “independent AND” formula.
0.5 point for identifying correct events.
0.5 point for correct probabilities of the 2 events.
-0.25 for incorrect number of decimal places or incorrect rounding.
0.5 point for correct answer.
(c) (3 points) What is the probability of drawing at least one 7 when you draw 30 cards, the drawn
card is returned to the deck each time, and the deck is thoroughly shuffled in between draws?
Give your answer as a decimal with 4 decimal places.
Answer:
We will use the “AT LEAST ONCE” formula.
4
4
𝑃(draw a 7 in one draw) = 52
, so 𝑃(not drawing a 7 in one draw) = 1 − 52
= 48
52 .
  30
30
𝑃(at least one 7 in 30 draws) = 1 − [𝑃(not drawing a 7 in one draw)] = 1 − 48
≈ 0.9094.
52
0.5 for use of “AT LEAST ONCE” formula.
0.5 point for identifying correct events.
0.5 point for correct use of 𝑛(= 30).
0.5 point for correct probability in formula.
1 point for correct answer.
-0.25 for incorrect number of decimal places or incorrect rounding.
Note: alternate, correct solutions can receive full credit.
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5. Eleven violinists have auditioned for a spot in the local orchestra. The orchestra will be performing 3
songs at their concert, and the name(s) of the violinist(s) will be listed in the program. Answer the
following counting technique questions about this scenario.
(a) (2 points) If the orchestra needs only one violinist for each of the 3 songs, how many different
program listings are possible for the concert, assuming the same violinist could play each song?
Answer:
Since repetition is allowed, we use the multiplication principle.
Number of programs = 𝑛𝑟 = 113 = 1331.
1 point for use of multiplication principle.
0.5 point for identifying correct 𝑛 and 𝑟 (could be done implicitly; those symbols don’t need to
be defined).
0.5 point for correct answer.
(b) (2 points) If the orchestra needs only one violinist for each of the 3 songs, how many different
program listings are possible for the concert if the orchestra needs to use a different violinist for
each song?
Answer:
Since repetition is not allowed and order matters (a different order of violinists would be a
different concert program), we use the permutation formula.
Number of programs = 11 𝑃3 = 990.
1 point for use of permutation.
0.5 point for identifying correct 𝑛 and 𝑟 (could be done implicitly; those symbols don’t need to
be defined).
0.5 point for correct answer (this could be done on the calculator or using the formula; no work
beyond what is above needs to be shown).
(c) (3 points) Now assume that the orchestra needs 5 violinists for the first song, and the order does
NOT matter for the selection of these 5 (they will be listed on the program in alphabetical order,
regardless of the order they were selected). For the second and third songs, the orchestra needs
only 1 violinist; any of the 11 could play these 2 songs whether they played a previous song or
not. How many program listings are possible for this scenario?
Answer:
The first song does not allow repetition of choices among the 5, and order does not matter, so we
use the combination formula. We then combine that with the multiplication principle for songs
2 and 3.
Number of programs = 11𝐶 5 × 11 × 11 = 462 × 11 × 11 = 55, 902.
1 point for use of combination for first song.
0.5 point for identifying correct 𝑛 and 𝑟 in the combination (could be done implicitly; those
symbols don’t need to be defined).
0.5 point for use of multiplication principle for songs 2 and 3 (combined with song 1).
0.5 point for correctly using 11 as the value for songs 2 and 3.
0.5 point for correct answer (this could be done on the calculator or using the formula; no work
beyond what is above needs to be shown).
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6. (2 points) Follow all testing protocol directions (hold up blank paper to the webcam at the beginning
of the exam; show your work to the webcam before submitting; etc.).
Each violation worth 1 or 2 points at discretion of grader, for a maximum of 2 points.

Grading notes for entire FR section:
Alternative solutions, if mathematically sound and otherwise appropriate for the problem, are
accepted without penalty.
Minor deductions are the discretion of the grader; deductions can come in increments of 0.25.
If a problem needs the use of an answer from a previous part, then correct work using incorrect
previous answers still earns credit.
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Formulas
1
• Margin of Error Estimate: √ × 100%
𝑛
• Confidence Interval: [stat − MOE, stat + MOE]
sum of all values
total number of values
√︄
sum of (deviations from the mean)2
• Standard deviation =
total number of values − 1
• Mean =

• Range = highest value − lowest value
• z-score = Standard score =

data value − mean 𝑥 − 𝜇
=
standard deviation
𝜎

• z-score/Percentile table:
z-score Percentile z-score
−3.5
0.02
−1.5
−3
0.13
−1
−2.5
0.62
−0.5
−2
2.28
0
• Probability Formulas: 𝑃( 𝐴) =
𝑃( 𝐴) + 𝑃(not 𝐴) = 1;

Percentile
6.68
15.87
30.85
50.00

z-score
0.5
1
1.5
2

Percentile
69.15
84.13
93.32
97.72

number of ways A can occur
total number of possible outcomes
𝑃(not 𝐴) = 1 − 𝑃( 𝐴)

(Independent:) 𝑃( 𝐴 AND 𝐵) = 𝑃( 𝐴) × 𝑃(𝐵)
(Dependent:) 𝑃( 𝐴 AND 𝐵) = 𝑃( 𝐴) × 𝑃(𝐵 given 𝐴)
(Non-overlapping:) 𝑃( 𝐴 OR 𝐵) = 𝑃( 𝐴) + 𝑃(𝐵);
(Overlapping:) 𝑃( 𝐴 OR 𝐵) = 𝑃( 𝐴) + 𝑃(𝐵) − 𝑃( 𝐴 AND 𝐵)
𝑃( 𝐴 at least once) + 𝑃( 𝐴 zero times) = 1
𝑃( 𝐴 at least once in n trials) = 1 − [𝑃(not 𝐴)] 𝑛
• Expected Value = (value of A) × 𝑃( 𝐴) + (value of B) × 𝑃(𝐵) + · · ·
• Multiplication Principle: Number of arrangements = 𝑛𝑟
• Permutations: Number of permutations =
• Combinations: Number of combinations =

𝑛!
(𝑛 − 𝑟)!
𝑛!
(𝑛 − 𝑟)!𝑟!

z-score
2.5
3
3.5

Percentile
99.38
99.87
99.98

