
Unit 6:  Series, Modeling, & Data Analysis
Normal Distributions - Define normal distributions. Draw a normal curve and label with appropriate values.
Empirical Rule - Know and apply the empirical rule to normal distributions.
Z-scores and Probability - Find the z-score and resulting probability under a normal curve.  Given the probability under a curve, find the x-value.
Exponential and Quadratic Regression - Determine the equation of best fit of given data sets.
Binomial Probability - Determine if a situation is considered a binomial distribution, and apply the binomial theorem to determine probability.
Venn Diagrams and Two-Way Tables - Use Venn Diagrams and Two-way tables to determine unions, intersections, complements, and probability
given two or more events.  Use formula for the union of events to find other probabilities.
Conditional Probability - Find conditional probability using two-way tables and the formula.
Independent Events - Determine if two events are independent using the formula.
Sampling Techniques - Recognize different types of sampling techniques, both unbiased and biased.
Experiments and Observations Studies - Distinguish between experiments and observational studies.
Parameters & Statistics - Distinguish between parameters and statistics.
Hypotheses- State and interpret the null and alternative hypotheses.
Population Mean and Proportion - Use sample mean and proportion to predict population mean.
Margin of Error - Find the margin of error for the population mean given a sample.  Use this to create and interpret a confidence interval.

Duration:  3 weeks

Lesson 1:  Normal Distributions and Empirical Rule
Lesson 2:  Z-Scores and Probability
Lesson 3:  Inverse Normal Probability
Quiz 1
Lesson 4:  Exponential and Quadratic Regression
Lesson 5:  Binomial Probability
Quiz 2
Lesson 6:  Venn Diagrams and Two Way Tables
Lesson 7:  Conditional Probability
Lesson 8:  Independent Events
Quiz 3
Lesson 9:  Sampling Techniques and Experiments/Observational Studies
Lesson 10:  Parameter, Statistic and Hypotheses
Lesson 11:  Population Mean and Proportion
Lesson 12:  Margin of Error & Confidence Intervals
Test



Lesson 1:  Normal Distributions and Empirical Rule

Normal Distribution: A distribution where the data lies in a symmetrical format, with the majority centered around the mean.  A normal distribution
takes on a bell shape.

Mean( ): The average of a data set.  For normal distributions, half of the data lies below and half lies above the mean.𝑥

Standard Deviation( ): A measure of variation/dispersion for a data set.  For a normal distribution, 99.7% of the data should fall between -3 and +3σ
standard deviations from the mean.

𝑥 − 3σ 𝑥 − 2σ 𝑥 − σ 𝑥 𝑥 + σ 𝑥 + 2σ 𝑥 + 3σ

Example 1:  The average time it takes a person to fall asleep is normally distributed with a mean of 27 minutes and a standard deviation of 8
minutes.  Draw a normal curve and label the mean, and standard deviations.± 3

Empirical Rule: For a normal distribution, 68% of the data should fall between plus/minus one standard deviation, 95% between plus/minus two
standard deviations, and 99.7 between plus/minus three standard deviations.



Example 2:  The average height of Kindergartener’s in the US is normally distributed with a mean of 44 inches and a standard deviation of 2
inches.  State the interval for the middle 68%, 95% and 99.7%.

a. Middle 68%
The middle 68% of Kindergartener’s in the US have a height between 42 inches and 46 inches.

b. Middle 95%
The middle 95% of Kindergartener’s in the US have a height between 40 inches and 48 inches.

c. Middle 99.7%
The middle 99.7% of Kindergartener’s in the US have a height between 38 inches and 50 inches.

Example 3:  The average monthly rainfall in Cumming, Georgia normally distributed with a mean of 17.5 inches and a standard deviation of 4.2
inches.  What percentage of monthly rainfall is between

a. 13.3in and 21.7in b. 9.1in and 25.9in c. 4.9in and 21.7in

d. 17.5in and 25.9in e. Less than 4.9in f. More than 21.7in

a. 34% + 34% = 68% b. 13.5% + 34% + 34% + 13.5% = 95% c. 2.35% + 13.5% + 34% + 34% =
83.85%

d. 47.5% e. .15% f. 16%



Lesson 2:  Z-Scores and Probability

Z-score:  A standardized value for a given data point. It tells you the number of standard deviations from the mean a given data point is.
For example, given a normal distribution with a mean of 20 and standard deviation of 5, a value of 12 is approximately 1.5 standard deviations
below the mean.  Therefore, the z-score would be approximately -1.5.

Example 1:  A normal distribution has a mean of 30 and a standard deviation of 8.  Approximate the z-score for the following data values.
a. 38
b. 25
c. 14
d. 10

a. 38 is exactly one standard deviation above the mean. Therefore, the z-score is +1.
b. 25 is about .75 standard deviations below the mean. Therefore, the z-score is approximately -0.75.
c. 14 is exactly two standard deviations below the mean. Therefore, the z-score is -2.
d. 10 is about 2.5 standard deviations below the mean. Therefore, the z-score is -2.5.

Z-score

𝑧 = 𝑥−𝑥
σ

Example 2:  Find the z-score using the formula.  A normal distribution has a mean of 127 with a standard deviation of 31.
a. 100

𝑧 = 100−127
31 = −27

31 ≈  − 0. 87

b. 50

𝑧 = 50−127
31 = −77

31 ≈  − 2. 48

c. 175

𝑧 = 175−127
31 = 48

31 ≈  1. 55

Example 3:  Estimate the following probabilities given the normal data set.

a. P(x < 100):  Based on the Empirical Rule less than 105 is 2.5%.  100 is a
little below 105, so it would be less than 2.5%. Around 2.4%

b. P(x > 259):  Based on the Empirical Rule more than 255 is 15%.  259 is a
little above 255, so it would be less than 15%. Around 14%



Using z-scores

Once you find the z-score for a given value, you can use the chart below to look up the probability(percentage) under the curve to the right of the given
value.

Example 4:  Using the table above, determine the p-value (probability) for the given z-scores.
a. Below 1.6

Go to 1.6 on the vertical column and over to 0.00 on the horizontal row.  The value is .9452, which is the same as 94.52%.

b. Above -2.52

Go to -2.5 on the vertical column and over to 0.02 on the horizontal row.  The value is .0059.  However, this is for the left side or
below.  We want the right side or above.  Therefore, we must subtract from 1.  1 - .0059 = .9941, which is 99.41%.

c. P(z<3.17)

Go to 3.1 on the vertical column and over to 0.07 on the horizontal row.  The value is .9992, or 99.92%.

d. P(-2.49<z<-1.73)

For an interval, we must find the p-value for each and find the difference.  The p-value for -2.49 is .0064.  The p-value for -1.73 is
.0418.  The difference is .0418 - .0064 = .0354 or 3.54%.



Example 5:  The average temperature in October in Cumming, GA is normally distributed with a mean of 79 degrees F and a standard
deviation of 8 degrees F.

a. What is the probability that the temperature is less than 72 F on any given day in October?

𝑧 = 72−79
8 = −7

8 ≈  − 0. 88

P-value = 0.1894
18.94%

b. What is the probability that the temperature is more than 85 F?

𝑧 = 85−79
8 = 6

8 ≈  0. 75

P-value = 0.7734
Probability to the left of 77.34%.  Therefore, the probability to the right is 100% - 77.34% = 22.66%

c. What is the probability that the temperature is between 65 and 85?

𝑧 = 65−79
8 = −14

8 ≈  − 1. 75

P-value = 0.0401
4.01%

𝑧 = 85−79
8 = 6

8 ≈  0. 75

P-value = 0.7734
77.34%

77.34% - 4.01% = 73.33%

Using a Calculator (TI-84 Plus) to find Probability of a Normal Distribution

(Type into normalcdf(lower bound, upper bound, mean, std dev))

Example 6:  Use the calculator to answer.  Round four decimal places.  The delivery times for a pizza restaurant are normally distributed with
a mean of 32 minutes and a standard deviation of 7 minutes.

a. Find the probability that a pizza is delivered in less than 30 minutes.

0.3876

b. Find the probability that a pizza is delivered in more than 42 minutes.

0.0766

c. Find the probability that a pizza is delivered between 25 and 35 minutes.



0.5072



Lesson 3:  Inverse Normal Probability

We use inverse normal probability to find a z-score or x-value with a given probability.

Example 1:  The age of retirement is normally distributed with a mean of 65 and a standard deviation of 6 years. If a given person retires
before 75% of the population, how old is that person?

This means this person retired after 25% but before 75% of the population.  Since the
p-value represents the probability to the left (or less than the value), the p-value here
is .25.

p = .25

Use the table to find a p-value of .25.  Look into the table and find the value closest to
.25.  Once you find this value, look at the row and the column to find the z-score.

.2514 is the closest to .25.  The row is -0.6 and the column is 0.07 so the z-score is
-0.67

z = -0.67

Now use the z-score formula to find x.

𝑧 = 𝑥−µ
σ → − 0. 67 = 𝑥−65

6 → − 4. 02 = 𝑥 − 65 → 60. 98 = 𝑥

This person is about 61 years old.

Example 2:  Joanne scored in the 65th percentile for her Algebra 1 EOC.  Algebra 1 EOC scores are normally distributed with a mean of 72
and standard deviation of 9.  Determine Joannes score.

65th percentile means Joanne scored higher than 65% of other test
takers.  Therefore the p-value here is .65.

p = 0.65

The z-score that corresponds with a p-value of 0.65 is 0.39.

z-score = 0.39

Now use the z-score formula to find x.

𝑧 = 𝑥−µ
σ → 0. 39 = 𝑥−72

9 → 3. 51 = 𝑥 − 72 → 75. 51 = 𝑥

Joanne scored a 75.51.

Example 3:  A distribution is normally distributed with a mean of 17 and a standard deviation of 2. If a value is greater than 27% of the other
data, what is the value?

Look up 0.2700 inside the chart and find the z-score that corresponds.
Z = -0.61

Use the z-score formula to find x.

− 0. 61 = 𝑥−17
2

− 1. 22 = 𝑥 − 17
− 1. 22 = 𝑥 − 17
𝑥 = 15. 78

Example 4:  SAT scores are normally distributed with a mean of 1020 and a standard deviation of 110. Amanda scored in the 87th percentile.
Find her score.



P-value:  0.8700
Z-score:  1.13

1. 13 = 𝑥−1020
110

124. 3 = 𝑥 − 1020
𝑥 = 1144. 3

Using a Calculator (TI-84 Plus) to find an X-value of a Normal Distribution

(Type into invNorm(p-value,mean,standard dev))

Example 5.  Use a calculator. Round to the hundredths place.  The average calorie consumption of adults is normally distributed with a mean
of 2125 and standard deviation of 178. Jason consumes less than 81%.  How many calories does he consume?

1968.73 Calories



Lesson 4:  Exponential and Quadratic Regression

Regression is the process of fitting data to a function.

Determining if data is better represented by a line, quadratic or exponential function. (Without Graphing)
Step 1:  Find at least 5 ordered pairs so that the x-values are the same distance apart.
Step 2:  Find the difference between the consecutive y-values

a. If the first set of differences is constant (the same), then a line best fits the data.
b. If the second set of differences is constant, then a quadratic best fits the data.
c. If the third set of quotients is constant, then an exponential best fits the data.

Example 1:  Determine if the following data is better represented by a line, quadratic, exponential or none.

a. (0,0) (2,3) (4,15) (6,63) (8,255)

List the ordered pairs vertically in order from least to greatest x-value.
Then find the difference between each set of consecutive y-values.

Since the first set of differences is not constant, find the second set of
differences.

Since the second set of differences is not constant, find the third set of
quotients.

The third set of quotients are constant so this data is best represented by
an exponential.

b. (-1, 5) (0, 7) (1, 9) (2, 11) (3, 13)

List the ordered pairs vertically in order from least to greatest x-value.
Then find the difference between each set of consecutive y-values.

Since the first set of differences are the same (2), this data is best
represented by a line.

c. (-1,12) (0,7) (1,4) (2,3) (3,4)

Since the second set of differences are the same, this data is best
represented by a quadratic.



Finding the Regression Function (Using a Calculator)

Step 1:  Enter the Data into the Calculator (in L1 and L2)

Step 2:  Turn Plot1 On.  Make sure to choose the scatter plot and L1 for Xlist and L2 for Ylist.

Step 3: Graph the data

9

Step 4:  Look at the graph and determine what type of shape most fits the graph. (Line, Quadratic, Exponential, etc)

Step 5:  Choose the appropriate regression 5 for Quadratic and 0 for Exponential. L1,L2

Scroll to CALC & Choose Appropriate Regression

Step 6:  Write the equation with the information on your calculator

Example 2:  The value of a stock based on the years since purchased is as follows

Time (yrs) 0 2 3 4 6 7 8 11 12 15

Value ($) 150 320 425 575 720 890 1200 2700 3500 5000

a. Write the equation for the function that best fits the data.

This data looks like an exponential would be the best fit.
ExpReg:
y=a*b^x
a=190.77
b=1.26

Equation: 𝑦 = 190. 77(1. 26)𝑥



Check your equation.
Plug it into y= in the calculator.  Then graph.  Make sure the function
is close to the data.

b. Estimate the Value of the Stock after 20 years

𝑦 = 190. 77(1. 26)20 = 19405
The value of the stock after 20 years will be approximately $19405

Example 3:  The height of a thrown ball is as follows

Time (sec) 0 1 2 3 4 5 6 7 8

Height (ft) 5 8 15 21 20 13 7 4 0

a. Write the equation for the function that best fits the data.

A quadratic would best fit this data.

Quadratic Regression yields
𝑦 = 𝑎𝑥2 + 𝑏𝑥 + 𝑐
𝑎 =− 1. 006493506
𝑏 = 7. 118614719
𝑐 = 4. 672727273

Equation is 𝑦 =− 1. 01𝑥2 + 7. 12𝑥 + 4. 67

Check Equation

This equation does not fit perfectly but is somewhat close.

b. Estimate the height of the ball after 4.5 seconds.

𝑦 =− 1. 01𝑥2 + 7. 12𝑥 + 4. 67
𝑦 =− 1. 01(4. 5)2 + 7. 12(4. 5) + 4. 67 =  16. 258

Lesson 5:  Binomial Probability

Binomial Probability: The probability of an event being successful a set number of times.

For probability to be binomial it must meet the following criteria:
1. A given number (n) of repeated trials.
2. Each trial results in a success or failure.



3. Each trial is independent of each other.
4. The probability of success (p) is the same each time.

Binomial Probability Formula

𝑃(𝑋) =
𝑛
𝐶

𝑥
(𝑝)𝑥(𝑞)𝑛−𝑥

Where n is the number of trials, p is the probability of success, and q(which is equal to
1- p) is the probability of failure.

Example 1:  Determine if the following situation is considered Binomial.
a. Jordan is rolling a die 10 times and recording the value she lands on.

Not Binomial because there are more than two outcomes (1, 2, 3, 4, 5, 6)

b. A bag contains 4 blue, 3 yellow and 10 red.  Amanda pulls one marble at a time and replaces it.  She does this 10 times.  She records
whether she pulls a red or not.

Yes Binomial, because there are a set number of trials (10), there are two outcomes (red or not red), the probability of pulling a red
is the same each time (10/17), and each trial is independent since the marbles are replaced each time.

c. A vaccine for a virus has a 98% efficacy rate.  A trial is being conducted.  32 randomly chosen individuals are given the vaccine.
They are monitored for a year.  The scientists want to know the probability of the individuals contracting the virus.

Yes Binomial, because there are a set number of trials (32), there are two outcomes (contract the virus or not), the probability of
pulling an individual not contracting the virus is the same each time (98%), and each trial is independent since they are different
individuals.

Example 2:  The probability that a vehicle stops at a specific stop sign is 92%.  A camera is set up to record the traffic at this stop sign.  It
records 20 vehicles.

a. Write the formula for this situation.
n = 20, p = .92, q = 1-.92 = .08

Formula: 𝑃(𝑋) =
20

𝐶
𝑥
(. 92)𝑥(. 08)20−𝑥

b. Find the probability that exactly 15 vehicles stop at the stop sign.

= .0145𝑃(15) =
20

𝐶
15

(. 92)15(. 08)20−15

c. Find the probability that all 20 vehicles stop.

= .1887𝑃(20) =
20

𝐶
20

(. 92)20(. 08)20−20

d. Find the probability that at least 17 vehicles stop.
𝑃(17) + 𝑃(18) + 𝑃(19) + 𝑃(20)

= .1414 + = .2711 + = .3282 +𝑃(17) =
20

𝐶
17

(. 92)17(. 08)20−17 𝑃(18) =
20

𝐶
18

(. 92)18(. 08)20−18 𝑃(19) =
20

𝐶
19

(. 92)19(. 08)20−19

= .1887𝑃(20) =
20

𝐶
20

(. 92)20(. 08)20−20

.1414+.2711+.3282+.1887 = .9294



Lesson 6:  Venn Diagrams and Two Way Tables
Venn Diagram:  A visual tool used to show the relationship between two or more quantities.

Example 1:  500 students were surveyed about their favorite sport (between football and baseball). 298 responded that they like baseball.  72
like both baseball and football.  95 don’t like either.
Fill in the Venn Diagram.  Then state the union ( ), intersection( ) and the complements( ) and describe what they mean in𝐴 ∪ 𝐵 𝐴 ∩ 𝐵 𝐴, 𝐵
context.

, Students that like Football or𝐴 ∪ 𝐵 = 107 + 72 + 226 = 405
Baseball.

, Students that like both Football and Baseball.𝐴 ∩ 𝐵 = 72
, Students that don’t like Baseball.𝐴 = 107 + 95 = 202
, Students that don’t like Football.𝐵 = 226 + 95 = 321

Two-Way Table: A table that compares two dependent quantities.

Example 2:  Researchers are trying to see if there is a relationship between exercise and diabetes. They surveyed a sample of 750 adults.  115
have diabetes.  312 exercise on a regular basis. 22 exercise and have diabetes.  Fill in the table and then answer the questions.

Exercise on a Regular Basis (E) Does not Exercise Total

Have Diabetes (D) 22 93 115

No Diabetes 290 345 635

Total 312 438 750

a. Find the probability that a person has diabetes.

𝑃(𝐷) = 𝐻𝑎𝑣𝑒 𝐷𝑖𝑎𝑏𝑒𝑡𝑒𝑠
𝑇𝑜𝑡𝑎𝑙 𝑃𝑒𝑜𝑝𝑙𝑒 = 115

750 = 23
150 =. 1533 =15. 33%

b. Find the probability that a person does not exercise.

𝑃(𝐸) = 𝐷𝑜𝑒𝑠 𝑁𝑜𝑡 𝐸𝑥𝑒𝑟𝑐𝑖𝑠𝑒
𝑇𝑜𝑡𝑎𝑙 𝑃𝑒𝑜𝑝𝑙𝑒 = 438

750 = 219
375 =. 584 =58. 4%



c. Find the probability that a person exercises and does not have diabetes.

𝑃(𝐸 ∩ 𝐷) = 𝐸𝑥𝑒𝑟𝑐𝑖𝑠𝑒 𝑎𝑛𝑑 𝐷𝑜𝑒𝑠 𝑁𝑜𝑡 𝐻𝑎𝑣𝑒 𝐷𝑖𝑎𝑏𝑒𝑡𝑒𝑠
𝑇𝑜𝑡𝑎𝑙 𝑃𝑒𝑜𝑝𝑙𝑒 = 290

750 = 29
75 =. 3867 =38. 67%

d. Find the probability that a person exercises or does not have diabetes.

𝑃(𝐸 ∪ 𝐷) = 𝐸𝑥𝑒𝑟𝑐𝑖𝑠𝑒 𝑜𝑟 𝐷𝑜𝑒𝑠 𝑁𝑜𝑡 𝐻𝑎𝑣𝑒 𝐷𝑖𝑎𝑏𝑒𝑡𝑒𝑠
𝑇𝑜𝑡𝑎𝑙 𝑃𝑒𝑜𝑝𝑙𝑒 = 312+635−290

750 = 657
750 = 219

250 =. 876 =87. 6%

e. Of those that exercise, what is the probability that they have diabetes?

𝑃(𝐷/𝐸) = 𝑃𝑒𝑜𝑝𝑙𝑒 𝑤𝑖𝑡ℎ 𝐷𝑖𝑎𝑏𝑒𝑡𝑒𝑠 𝑎𝑛𝑑 𝐸𝑥𝑒𝑟𝑐𝑖𝑠𝑒
𝑇𝑜𝑡𝑎𝑙 𝑃𝑒𝑜𝑝𝑙𝑒 𝑊ℎ𝑜 𝐸𝑥𝑒𝑟𝑐𝑖𝑠𝑒 = 22

312 = 11
156 =. 0705 =7. 05%



Lesson 7:  Conditional Probability

Conditional Probability:  The probability of an event occurring given that another event has already occured.
ie.  The probability that a card is a Heart, given that it is Red.

:  The probability of A, given B.𝑃(𝐴|𝐵)

𝑃(𝐴|𝐵) = 𝑃(𝐴∩𝐵)
𝑃(𝐵)

Example 1:  Given a single card is pulled from a well-shuffled deck of 52 cards, Find the probability that the card is a heart, given that it is red.

You can solve this two ways

Method 1:  Use the Formula

Let A = Heart and B = Red, we need to find 𝑃(𝐴|𝐵)

𝑃(𝐴|𝐵) = 𝑃(𝐴∩𝐵)
𝑃(𝐵) =

13
52
26
52

= 13
26 = 0. 5 =50%

Method 2:

Since we know that the card is red, there are only 26 cards possible.
This means 26 will be our denominator.

Of the 26 red cards, 13 are hearts.  This means 13 will be our numerator.

P(Heart Given Red) = 13
26 = 𝑜. 5 = 50%

Example 2:  Given .  Also, explain why you cannot find .𝑃(𝐴 ∩ 𝐵) =. 32  ,  𝑃(𝐴) =. 78,  𝑓𝑖𝑛𝑑 𝑃(𝐵|𝐴) 𝑃(𝐴|𝐵)

𝑃(𝐵|𝐴) = 𝑃(𝐴∩𝐵)
𝑃(𝐴) = .32

.78 =. 4103 = 41. 03%

Cannot find because the formula is and you don’t have P(B)𝑃(𝐴|𝐵) 𝑃(𝐴|𝐵) = 𝑃(𝐴∩𝐵)
𝑃(𝐵)



Lesson 8:  Independent Events
Independent Events:  Two events that do not affect each other.

ie. Pulling a card from a deck, replacing it, then pulling another.  These two pulls are independent because the outcome of the first pull has no
impact on the second pull.

Dependent Events:  Two events in which the second event is impacted by the first.
ie. Pulling a card from a deck, not replacing it, then pulling another.  These two pulls are independent because the outcome of the first pull
impacts the second pull.

Two events are independent if the products of their probabilities is equal to the probability of their intersection.

Independent Events

𝑃(𝐴) • 𝑃(𝐵) = 𝑃(𝐴 ∩ 𝐵
Example 1:  Determine if the events are independent or dependent.

a. A bag of marbles contains 3 red, 8 blue and 2 white. One marble is drawn and the color is recorded. It is then returned to the bag and a
second marble is drawn and the color is recorded. Event A is the first draw.  Event B is the second draw.

Independent, since the marble is replaced each time
b. Drayton is rolling a die twice.  Event A is the first roll.  Event B is the second roll.

Independent, because the value of the first roll has no effect on the value of the second roll
c. Mrs. Ronald is giving out prizes.  Alton, gets to blindly choose a prize from a bag.  Then Jennifer gets to blindly choose a prize from the same

bag.  Event A is Alton’s choice.  Event B is Jennifer's choice.
Dependent, because Alton gets a prize and does not replace it, which affects the prizes that Jennifer can get

Example 2:  Use the formula to determine if A and B are independent events. 𝑃(𝐴) = 0. 52 𝑃(𝐵) = 0. 35 𝑃(𝐴 ∩ 𝐵) = 0. 87

If Independent, then 𝑃(𝐴) • 𝑃(𝐵) = 𝑃(𝐴 ∩ 𝐵)

𝑃(𝐴) • 𝑃(𝐵) = 𝑃(𝐴 ∩ 𝐵)
0. 52 • 0. 35 = 0. 87
0. 182 ≠. 087
This is an untrue statement, therefore events A and B are NOT independent.

Example 3:  Use the formula to determine if A and B are independent events. 𝑃(𝐴) =. 76 𝑃(𝐵) =. 87 𝑃(𝐴 ∪ 𝐵) = 0. 9688

If Independent, then 𝑃(𝐴) • 𝑃(𝐵) = 𝑃(𝐴 ∩ 𝐵)
We need to find .𝑃(𝐴 ∩ 𝐵)

Remember the formula, 𝑃(𝐴 ∪ 𝐵) = 𝑃(𝐴) + 𝑃(𝐵) − 𝑃(𝐴 ∩ 𝐵)

𝑃(𝐴 ∪ 𝐵) = 𝑃(𝐴) + 𝑃(𝐵) − 𝑃(𝐴 ∩ 𝐵)
0. 9688 = 0. 76 + 0. 87 −  𝑃(𝐴 ∩ 𝐵)
0. 9688 = 1. 63 − 𝑃(𝐴 ∩ 𝐵)
− 0. 6612 =− 𝑃(𝐴 ∩ 𝐵)
0. 6612 = 𝑃(𝐴 ∩ 𝐵)
Now use the independence formula, 𝑃(𝐴) • 𝑃(𝐵) = 𝑃(𝐴 ∩ 𝐵)

𝑃(𝐴) • 𝑃(𝐵) = 𝑃(𝐴 ∩ 𝐵)
0. 76 • 0. 87 = 0. 6612
0. 6612 = 0. 6612
This is a true statement, therefore events A and B are INDEPENDENT.



Lesson 9:  Sampling Techniques and Experiments/Observational Studies

Unbiased vs Biased Questioning
When conducting research, the use of questioning is very important.  Researchers must be careful to use unbiased questions in order to get the most
accurate data.  One of the most common types of biased questioning is leading questions.

Leading questions:  A question in which the person being asked is pushed or swayed to a particular response. (ie.  Don’t you think pizza is better than
spaghetti?)

Example 1:  State whether the question is biased or not biased.  If biased, state why.
a. What type of car do you prefer? Honda or Hyundai?

Not Biased
b. Don’t you think Madison should win the election instead of Parker?

Biased

Population:  The entire group being studied.
Sample: The subset of the population from which data is taken.

Example 2:  Describe the population and the sample.
Jackson is collecting data for his research assignment. He wants to find the mean driving time for citizens in his county.  He acquires a list of all the
registered voters in his county.  He then assigns a number to each and uses a random number generator to choose 150 numbers.  He then calls each
resident that was selected.

The population is all the residents of Jackson’s county
The sample is the 150 registered voters that he calls

When conducting research, statisticians want to get the most accurate picture possible.  In order to do this, they try to get an unbiased sample.  This
means that every subject in the population being studied has the same chance of being selected for the research. Below are different types of sampling
techniques.  The first four are unbiased methods, while the last two (voluntary and convenience) are biased.

Sampling Methods:

Unbiased:
Simple Random:  A sampling technique in which subjects are randomly chosen to be surveyed. (20 random subjects drawn from a hat)
Stratified Random: A sampling technique in which a selected number of random subjects are surveyed from every group. (ie. 5 random homeowners
from every neighborhood in a given zip code)
Cluster:  A sampling technique in which all subjects in a selected number of randomly chosen groups are surveyed. (ie. All homeowners from 5 random
neighborhoods in a given zip code)
Systematic:  A sampling method where every nth subject is selected. (ie. Every 10th student on a list of all students in a school)

Biased:
Voluntary Response: A sampling method where subjects choose to participate or not. (ie.  Fill out a survey, respond to an email, etc)
Convenience: A sampling method in which subjects that are most convenient are chosen and surveyed. (ie.  The first 20 people that walk by)

Example 3:  State what type of sampling method is being used.
a. Dawn wants to know the restaurant preferences for the citizens in her town.  She goes to the local park and asks the first 50 people she

encounters what their favorite restaurant is.
Convenience

b. Rusty is interested in the exercise habits of his co-workers.  He gets a list of all the employees at his job.  He then chooses every 16th person
on the list to survey.

Systematic
c. 1000 names are written on a piece of paper and thrown into a bowl.  72 names are chosen at random and those 72 individuals are surveyed.

Simple Random
d. A survey is being conducted to gauge the satisfaction at an apartment complex.  Buildings D and G are randomly chosen and every occupant

in those buildings is polled.
Cluster

Experiment: Research in which the researcher decides on groups and imposes the treatment.  The researcher has control over most variables.



Observational Study:  Research in which the researcher records data without imposing treatment.  The researcher merely observes and does not have
control over the variables.

Example 4:  State if the study is an experiment or an observational study.
a. Cholesterol levels of 140 subjects are taken.  The subjects are then split into two groups.  The first group is given a placebo and the second

group is given a new cholesterol medication.  Participants do not know which group they are in.  After 90 days, the cholesterol levels of each
participant are taken again and compared to their original levels.
Experiment, since the researchers are in control of the groups and treatments

b. A researcher is collecting data on the benefits of eating organically.  He finds 20 individuals that are organic eaters and 20 individuals that do
not eat organically.  He then has a doctor complete physical for each and results are compared.
Observational study, since the researcher is not in control of the groups or the treatments



Unit 6 Series Modeling & Data Analysis - Lesson 10: Parameters, Statistics and
Hypotheses

A parameter is a measure that describes the population.

A statistic is a measure that describes the sample.

Example 1:  Determine if the underlined value is a parameter or statistic.
The heights of adult men are normally distributed with a mean of 71 inches and a standard deviation of 3.5 inches.  A random sample of 200
adult men has a mean of 72 inches and a standard deviation of 2.7 inches.

71 and 3.5 are both parameters because they describe the population.
72 and 2.7 are both statistics because they describe the sample.

Null Hypothesis ( ):  A statement that there is no difference between the populations due to sampling error.  There will be no observed effect in our𝐻
0

experiment.

Alternative Hypothesis ( ):  A statement that there is a difference between the populations.  It is the alternative to the null hypothesis.  There will be an𝐻
𝑙

observed effect in our experiment.

Example 2:  A local Pizza Parlor claims that the mean delivery time is 33 minutes with a standard deviation of 6 minutes.  Connie believes that
the mean delivery time is more than 33 minutes.  Write the null and alternative hypothesis.

Null Hypothesis ( = The mean delivery time is 33 minutes.𝐻
0
)

µ = 33
Alternative Hypothesis ( = The mean delivery time is greater than 33 minutes.𝐻

1
)

µ > 33



Lesson 11:  Population Mean and Proportion
We can use sample mean ( ) and sample standard deviation( ) to get an idea of the population mean( ).𝑥 σ µ

We assume that the population mean is the same as the sample mean (based on the average mean from an infinite number of samples).
We then can estimate the error of the mean, which we call the standard deviation of the sample mean( ) (not the same as the standardσ

𝑥

deviation of the sample).  This gives us a window of where the population mean should fall.

*The larger the sample size (n), the smaller the standard deviation of the sample mean (error).  Simply, this means that the larger the sample, the more
accurate it should be.

Sample Size (n): The number of subjects in a sample

Estimate Population Mean ( ) from Sample Mean ( ), when the sample is large (over 30)µ 𝑥

Given and n > 30, then𝑥  µ = 𝑥

Estimate Standard Deviation of the Sample Mean ( ) from Sample Standard Deviation ( )σ
𝑥

σ

Standard Deviation of the Sample Mean

( ) =σ
𝑥

σ
𝑛

Example 1:  The reading level of 2nd graders is normally distributed.  A sample of size 50 was taken.  It had a mean of 93 wpm and a standard
deviation of 8.7 wpm. Estimate the population mean and standard deviation of the sample mean.

Population Mean: µ = 93
Standard Deviation of the sample mean: =σ

𝑥
8.7
50

= 1. 2304

Population Proportion (p)

Estimate Population Proportion (p) from Sample Proportion ( ), when the sample is large (over 30)𝑝

Given p and n > 30, then 𝑝 = 𝑝

Sample Proportion

𝑝 = 𝑥
𝑛

where n is the sample size and x is the number from the
sample that meet a given criteria

Estimate Standard Deviation of the Sample Proportion ( ) from Sample Proportion ( )σ
𝑝

𝑝

Standard Deviation of the Sample Proportion



σ
𝑝

= 𝑝(1−𝑝)
𝑛

Example 2:  The proportion of adults that own their home is normally distributed.  In a sample of size n= 89, 63 are homeowners.  Estimate the
population proportion and standard deviation of the sample proportion.

Sample Proportion: 𝑝 = 63
89 =. 71

Population Proportion: 𝑝 =. 71

Standard Deviation of the Sample Proportion: σ
𝑝

= .71(1−.71)
89 =. 0481



Unit 6 Series Modeling & Data Analysis - Lesson 12: Margin of Error & Confidence
Interval

Margin of Error: The degree of error in results from random sampling surveys.
Margin of Error is decreased by increasing sample size.  This in turns increases confidence level.

Margin of Error for Sample Mean

𝑧 * 𝑠
𝑛

where s is the sample standard deviation, n is the sample size, and z is the
desired confidence level.

Margin of Error for Sample Proportion

𝑧 * 𝑝(1−𝑝)
𝑛

where is the sample proportion, n is the sample size, and z is the desired𝑝
confidence level.

Percentage Confidence z* value

80 1.28

90 1.645

95 1.96

98 2.33

99 2.58

Example 1:  A sample of size 200 has a mean of 24.5 and standard deviation of 5.7.  Determine the margin of error:
a. 80% confidence

Step 1:  80% confidence corresponds to a z* value of 1.28

Step 2:  Plug into the formula: 1. 28( 5.7
200

) ≈ 𝑜. 516

b. 95% confidence

Step 1:  z* value is 1.96

Step 2: 1. 96( 5.7
200

) ≈ 𝑜. 79

Example 2:  A survey was sent to 2000 individuals about driving habits.  345 of the 2000 chose that they drive less than 1000 miles per month.
Determine the margin of error:

a. 90% confidence



Step 1: 𝑝 = 345
2000 = 0. 1725

Step 2:  90% confidence corresponds to a z* value of 1.645

Step 3: 1. 645 0.1725(1−0.1725)
2000 ≈ 0. 0139 = 1. 39%

b. 99% confidence

Step 1: 𝑝 = 345
2000 = 0. 1725

Step 2:  99% confidence corresponds to a z* value of 2.58

Step 3: 2. 58 0.1725(1−0.1725)
2000 ≈ 0. 0218 = 2. 18%

Confidence Interval: An interval for which we are fairly confident that the true mean (population mean) lies in.
ie.  If our 90% confidence interval is 75.6 - 89.4, this means that we are 90% confident that the true mean is somewhere between 75.6 and
89.4

Confidence Interval for Sample Mean

𝑥 ± 𝑀𝑂𝐸
where MOE is the margin of error

Confidence Interval for Sample Proportion

𝑝 ± 𝑀𝑂𝐸
where MOE is the margin of error

Example 3:  A sample of size 200 has a mean of 24.5 and standard deviation of 5.7.  Determine the 95% confidence interval. Then state the
meaning.

Step 1:  Find the MOE

𝑀𝑂𝐸 =1. 96( 5.7
200

) ≈ 𝑜. 79

Step 2:  Use Formula: 𝑥 ± 𝑀𝑂𝐸
24. 5 ± 0. 79
24. 5 + 0. 79 = 25. 29
24. 5 − 0. 79 = 23. 71

Confidence Interval:  23.71 - 25.29

We are 95% confident that the interval [23.71,25.29] contains the true population mean.

Example 4: A survey was sent to 2000 individuals about driving habits.  345 of the 2000 chose that they drive less than 1000 miles per month.
Determine the 99% confidence interval.  Then state the meaning.

Step 1:  Find the MOE

𝑀𝑂𝐸 =2. 58 0.1725(1−0.1725)
2000 ≈ 0. 0218 = 2. 18%

Step 2:  Use Formula: 𝑝 ± 𝑀𝑂𝐸

𝑝 ± 𝑀𝑂𝐸
0. 1725 ± 0. 0218
0. 1725 + 0. 0218 = 0. 1943
0. 1725 − 0. 0218 = 0. 1507
Confidence Interval: or 15.07% to 19.43%0. 1507 −  0. 1943



We are  99% confident that the interval [0.1507,0.1943] contains the true population proportion.


