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1. Correlation, Scatter Plots, Linear Regression

A correlation is a relationship between two variables. The independent variable x is
(usually)the variable that can be controlled or manipulated while the dependent variable y
is the one that cannot be. The determination of the x and y variables is not always clear-
cut. The values of the independent and dependent variables can be used to form ordered
pairs (X, y). A scatter plot is the graph of the ordered pairs (X, y) in which the
independent variable x is plotted on the horizontal axis and the dependent variable y is
plotted on the vertical axis. The scatter plot is a visual way to describe the relationship
between the variables. That is, by inspecting the scatter plot one can determine whether a
linear (straight line) correlation exists between the two variables (or an exponential
correlation, a quadratic correlation, etc.).

Example. Construct a scatter plot for the sample data below by hand and check your
work by constructing it on the calculator.

x| 1]2]475
y | 4 [24]8 32

The (population) correlation coefficient p is a measure of the strength and the direction
(positive or negative) of a linear relationship between two variables. The symbol r
denotes the sample correlation coefficient and is given by

- n>xy) -0 y)
I xH -0 n S yH -y

To calculate r:

a) Calculate Zx, the sum of the x-values;
b) Calculate Xy, the sum of the y-values;
c) Multiply each x-value by its corresponding y-value and calculate the sum Xxy.

d) Square each x-value and calculate the sum £x?, the sum of the squares of the x-
values.

e) Square each y-value and calculate the sum Zy?, the sum of the squares of the y-
values.

f) Use (a) - (e) to calculate r.

Example. Calculate r for the sample data above.



Properties of r
1. -1<r<1.

2. Ifris close to 1 (resp. -1), there is a significant positive (resp. negative) linear
correlation  between x and y, i.e., there is strong evidence that the relationship is linear
and the line of the best fit has a positive (resp. negative) slope. If r is close to 0, there is
no linear relationship between x and y.

3. The value of r does not change if all values of either variable are converted to a
different scale.

4. The value of r remains unchanged if we swap the choices of x and y.

5. r only measures the strength of a linear relationship between x and y.

6. The value of r” is the proportion of the variation in y that is due to its linear

relationship ~ with x. The rest, 1 - r*, is due to random variation of the data and other
factors not  included in the study.

Rule of Thumb

Perfect Correlation < [r|=1

Good Correlation — 0.7< 1] <1
Fair Correlation & 04< 1 <1
Poor Correlation = 0< ] <04
No Correlation = r=0

Example. Determine the percentage of the variation in y that is due to its linear
relationship
with x.

Given a set of paired sample data (xi, y1), (X2, ¥2), ..., (Xn, ¥n), the linear regression
equation is given by

(*) § =mx+b
in which

e N xy) - Q)0 Y) nd b = ORLORIEORIORY
nQ x) -0’ N x)-Q %’ '




The centroid ( x, y)inwhich x is the average of the x-values and y is the average of

the y-values, must lie on the regression line and can be used together with m to calculate
b.

The linear regression equation describes the linear relationship between x and y and its
graph is called the regression line (or the least-squares line or the line of best fit) for the
data.

Example. Calculate and graph the regression line for the sample data.

We can use the regression line to ’predict” a value of y corresponding to a given value of
x. The farther the x-value is from x, the less trust we should place in the predicted
value. In fact, the regression line should not be used to predict values of y for any
values of x that lie outside the limits of the data values of x, i.e., you cannot
extrapolate. See the graphs in

Fig. 12.12.

Example. Use the regression equation to predict the value of y corresponding to x =3
and x = 6.

For a given sample data point (X, y), the residual e is the difference y — y betweeny, the
observed y-value, and VY, the value of y that is predicted for x using the regression
equation.

Example. Compute the residuals for each data point.
What is the sum of the residuals?

The regression equation Yy =mx + b is the linear equation that minimizes the sum of the
squares of the residuals, i.e., minimizes 612 bt erz1 =(y1— Y, Y it (Yo — A ),

in which (x;, y;) is the ith data point and y, =mx; +b,1=1,2, ..., n.

Example. Compute the sum of the squares of the residuals for the regression line of the
example. What do the residuals signify graphically?

Example. Now use the LinReg (ax + b) on the TI-84+ to determine the linear regression
line, r and r*. Does this agree with your work?

Linear Regression on the TI1-84+:
To obtain a scatterplot:
Clear the lists

2nd Mem

4:ClrAllLists

ENTER



or

STAT
4:ClrList
2nd[L1],[L2]



Specify the plot:
2nd STAT PLOT
1:Plotl
On
Ist plot (scatterplot)
Xlist:2nd[L1]
Ylist:2nd[L2]
Mark:+

Obtain the scatterplot
ZOOM
9:Z00OMSTAT

To obtain a scatterplot and a plot of the regression line:
2" [CATALOG]

Diagnostic On (so that you compute r and 1* also)
Calculate the regression line

STAT

CALC

4:LinReg(ax+b)

2" L1y, 2™ [L2],

VARS

Y-VARS

1:FUNCTION

ENTER

(The result is the regression line together with r and r2.)

To obtain the graph of the scatter plot together with the regression line:
2nd[STAT PLOT]

Select Plot1

On

Ist plot (scatterplot)

Xlist:2nd[L1]

Ylist:2nd[L2]

Mark:+

Z00M

9:ZO00OMSTAT



Class Example. Consider the sample data below.

1{3}5
3

a. Construct a scatter plot for the data.

b. Compute the linear correlation coefficient r.

c. Determine the percentage of the variation in y that is due to its linear relationship
with x.

d. Compute and graph the regression line. ANS: y=0.7x+2.2

e. If possible, use the regression equation to predict the value of y corresponding to
x=4.

f. Compute the residuals for each data point.

g. Compute the sum of the squares of the residuals.

h. Check your work by using the linear regression routine on your TI84+.

Class Example. We are interested in using data to predict a student's GPA at the end of
the freshman year based on his or her high school GPA.

Student HighSchool  Freshman

GPA,x GPA,y
1 2.00 1.60
2 2.25 2.00
3 2.60 1.80
4 2.65 2.80
5 2.80 2.10
6 3.10 2.00
7 2.90 2.65
8 3.25 2.25
9 3.30 2.60
10 3.60 3.00
11 3.25 3.10

a) Determine the percent of variation in y that is due to its linear relationship with x.
b) Determine the regression line for the data.

c) Graph the scatterplot and the regression line.

d) If possible, predict the freshman GPA of a student whose high school GPA is 3.00
(2.00).



Remark: You must turn stat plots off before trying to graph ordinary functions, else you
will get a dimension error. The commands are:

[2"] [STAT PLOT]

1:Plotl

Off

(repeat using arrows for any other stat plots)
ENTER

Correlation and Causation

The fact that two variables are strongly correlated does not in itself imply a cause-and-
effect relationship between the variables. To decide, one should consider the following
questions:

1) Is there a direct cause-and-effect relationship between the variables?

2) Is there a reverse cause-and-effect relationship between the variables?

3) Is it possible that the relationship between the variables can be caused by a third
variable or perhaps a combination of several other variables?

4) Is it possible that the relationship between two variables may be a coincidence?



2. Exponential Regression

Suppose that we wish to find the best exponential fit (rather than the best linear fit).
(**) y =Ce™, where C = y(0) =y, > 0.

for a set of paired sample data (x;, y1), (X2, y2), ..., (Xn, ¥n) in Which , y;> 0. Taking
natural logs, the equation (**) can be transformed into the linear equation

(***¥) Y =kx+b

inwhich Y =In ¥ and b = In C. Thus, the paired data has an exponential fit (**) if and
only if the transformed paired data (x;, Inyi),1=1, ..., n, has a linear fit (***) . The
equation (**) will then be the exponential fit that minimizes the sum of the squares of
the residuals r =In y — In y . The correlation coefficient r is computed from the
transformed data. r* is the percentage of variation in y that is due to its exponential
relationship with x.

x |-1]12]5
Example. For the data

yee4e

find the best exponential fit § = C ¢ (on your calculator) by first finding the best linear

fit for the transformed data. Then determine the percentage of variation in y that is due to
its exponential relationship with x. Also, find the best exponential fit and graph the
scatter plot along with the best exponential fit using 0: ExpReg on your calculator.
Compare the two 1 values.

Example. Repeat for the

Class Example. Repeat for

Class Example. Repeat for




REMARK. If we seek a best fit of the form y =a p*, note that this is equivalent to an
exponential fit since p* = (¢"P)* .



3. Power Regression

Suppose that we wish to find the best power fit

($)y =ax’,a>0

for a set of paired sample data (x;, y1), (X2, ¥2), ..., (Xn, Yn) in Which x;, yi> 0, i=1,..., n.
Taking natural logarithms, the equation ($) can be transformed into the linear equation

($$) Y =cX+b

in which Y =1In ¥, X =1Inx, and b = In a. Thus, the paired data has a power fit ($) if and

only if the transformed paired data (In x;, In y;), i = 1,..., n, has a linear fit ($3$). The
correlation coefficient r is computed from the transformed data.

Example. Use linear regression to find the best power fit y =a x° for the data

2 4 5
. Check your answer by using A:PwrReg to find the best
y 50 | 750 | 1800
power fit.
Example. Repeat for
X 1 3 4 7
y 4 |05 (0.25]0.08
Class Example. Repeat for
0.1 2 5 7
y | 450 0.2 ]0.1
Class Example. Repeat for
1 3 4 7
4 105 (0.25]0.08




4. Geometry with Determinants

I. Areas and Distances with Determinants

A formula for the area of the triangle with vertices (xi, y1), (X2, ¥2), and (X3, y3).

e How would you write a formula for the area of the parallelogram with (xi, y1), (X2, ¥2), and (X3,
y3) as three of its four vertices?

e How would you check the collinearity of the three points (xi, y1), (X2, ¥2), and (X3, y3)?
e How would you find the area of a quadrilateral?
e How would you find the (perpendicular) distance from a point to straight line?

e How would you find the distance between two parallel straight lines?

Atriangle



1. Find the area of the triangle with the given vertices.
(a) (_19 '1)9 (67 6)9 and (77 5)

(b) (3, -4), (5, 10), and (-9, 12)

2. Find the area of the parallelogram with the three given points as three of its four vertices.
(a) (-1’ 0)7 (6> 5)’ and (-2’ 4)

(b) (2, -3), (5, -1), and (-3, 10)

3. For the given four points A, B, C, and D, find the area of the quadrilateral ABCD.
(@A @3, 1),B(5,1),C4,5),and D (1, 6)

(b) A(-2,1),B4,-1),C(-3,-5),and D (-6, 0)

4. Find the distance from the given point to the given straight line.
(a) (-1,2); 3x -4y =24

(b) (2, -5); 12y = 5x - 2

5. Find the distance between the given two parallel straight lines.
(a)3x-4y=23 and 3x-4y=3

(b)2y=5x-3 and 4y=10x+5



5. Curve Fitting with Determinants *

1. Find the equation of the straight line passing through the two points (1, 3) and (4,7).

e Ax+By+C=0 (A, B, and C to be found!)
e x(A)+y(B)+ 1(C)=0

What is the equation of the line passing through the two points (x;, y1) and (x2, y2)?

2. Find the equation of the vertical parabola that fits the three points (-1, 3), (2, 1), and (3, 5).

y=ax’+bx+c (a,b, and ¢ to be found)
Ay + Bx’+Cx+D=0 (A, B, C, and D to be found)
y(A) + x*(B) + x(C) + (D) =0

What is the equation of the vertical parabola passing through the three points (xi, yi), (X2, y2), and
(X37 Y3)(7

3. Find the equation of the circle that contains the three points (-1, 5), (5, -3), and
(6, 4).

e AX’ + Ay’ +Bx+Cy+D=0
e How would you write the l.h.s. as a determinant?

What is the equation of the circle that contains the three points (X1, y1), (X2, y2) and (X3, y3)?

4. Are the three points (-1, 2), (1, 8), and (3, 14) along the same line? (Are they collinear?)

e Think of the circle, A(x* + y*) + Bx + Cy + D = 0, that contains the three points.

How would you check the collinearity of the three points (xi, y1), (X2, y2), and
(X37 Y3)(7




1. Find the equation of the straight line that passes through the two given points.
(@) (1, 1)and (3, 7)

(b) (-1, 11) and (2, -10)

2. Find the equation of the vertical parabola that passes through the three given points.
(a) (0, 3), (1, 1), and (2, -5)

(b) (-1, 1), (1, 5), and (2, 16)

3. Find the equation of the circle that passes through the three given points.

(a) (-1, -1), (6, 6),and (7, 5)

(b) (3, -4), (5, 10), and (-9, 12)

4. Are the given three points collinear?

(a) (1, 0), (0, -5), and (-5, -4)

(b) (4, -3), (-2, 9), and (7, -9)

* Most of the problems in this section are taken (with minor changes, if any) from:
Elementary Linear Algebra, C. H. Edwards, Jr. and David E. Penny.



6. Measures of Center and Variability; Empirical Rule

A. Measures of Center

Previously, we looked at frequency tables and graphs that illustrated the (frequency)
distribution of data. Here, we are interested in finding values that represent the center of
a data set.

A measure of center is a value at the center or middle of a data set. The primary
measures of center are the (arithmetic) mean, the median, the mode, and the midrange.

The average or arithmetic mean or, simply, the mean x of a data set is obtained by
summing the values and dividing by the total number of values. It is the most commonly
used measure of center. Its advantage is that it takes each value into account.
Geometrically, the mean is the balance point of the data, i.e., the sum of the deviations
from the mean is zero.

sample mean=  x = —
n

Example: 3,7,1,11,8; 3,1,7,1,2,10

Sample statistics are usually denoted with English letters and population parameters with
Greek letters. The population mean is denoted by p .

p= % where N is the size of the population.

The median X of a data set if the middle value when the data is arranged in increasing
or decreasing order. It is the middle value if n is odd and the average of the middle
values if n is even. Because the mean is greatly affected by extremely large (or small)
observations and the median is not, the median is preferred in locating the center of
skewed distributions. Skewed distributions often arise in economic or sociological data.
For large sets of measurements, the median is often a better measure of center than the
mean.

The mode M of a data set is the most frequent value. There may be more than one mode,
but a set in which each value occurs once is said to have no mode. The mode is not
usually used with numerical data, but is the only measure of center when dealing with
nominal data. The mode is very useful in business planning to identify those products
that are in greatest demand. When the data is described with a relative frequency
histogram, the mode is the midpoint of the class interval having the largest relative
frequency.

The midrange MR is the average of the largest and smallest values and is thus a measure
of center, but is seldom used since it only uses 2 values from the data set and is very
sensitive to extremes, even more so than the mean.

(The range R is the highest value less the smallest value and is a measure of variability).



B. Measures of Variation

1) Variation refers to the spread of the data.

2) Values relatively close together have lower measures of variation, while those spread
farther apart have higher variation.

Range:
The range R = (largest value) - (smallest value).

Thus, the range depends upon only two values and is very susceptible to extremely large
or small values. So we prefer a measure of variation that includes all data values. What
about the sum of the deviations from the mean, i.e., 2(X - X)?

Population Standard Deviation (Variance)
The population variance is denoted 6> while its square root, the population standard
deviation, is denoted by G.

&= 2(x - H)z
N

Sample Standard Deviation (Variance)

The sample variance is denoted s while its square root, the sample standard deviation, is
denoted by s. (On your calculator, 6x denotes the population standard deviation and Sx
denotes the sample standard deviation.)

%\2 2 2
§2 = 2(x-%)" Short-cut Formula: s® = nx7) - (2%)
n-1 n(n-1)

Justification: Why do we divide by n - 1 rather than n? The sample variance s” is an
unbiased estimator of the population variance o, i.e., the values of s” target the value of
o’, rather than systematically overestimating or underestimating. If we divide (instead)
by n, we get a biased (under-shooting each time) estimate of 02, the population variance.

Example: Calculate the range, sample variance (two ways) and sample standard
deviation for the data setsa) 3,7, 1, 11,8,andb) 3, 1,7, 1, 2, 10. Then calculate the
population variance and population standard deviation for these two data sets.

p. 85-87, Larson/Farber



C. Range Rule of Thumb

This rule is based on the principle that, for a bell-shaped distribution, 95% of the sample
values lie within 2 standard deviations from the mean. That is, 95% lie between X - 2s
and x +2s. Thus, since the range equals the maximum minus the minimum,

range = max - min = ( X +2s) - ( X - 2s) = 4s so that

S~ rajge (This is called the range rule of thumb.)

The range rule of thumb can be used to check the plausibility of your calculated value

fors.

Example: Use R to estimate s in the first example on p. 23 of the notes. Then calculate
x and s on your calculator.

Class Example: Use R to estimate s in the second example on p. 23 of the notes. Then

calculate x and s on your calculator.

Using p and o (_x and s) in inferential statistics

X -2sand x + 2s are called the minimum "usual" value and the maximum "usual"
value, respectively. The closed interval with these values as endpoints is called the
interval of usual observations.

Example: Weights of men have a mean of 160 1b and a standard deviation of 8 Ib. Use
the range rule of thumb to find the minimum and maximum "usual" weights and the
interval of usual observations. Based on these assumptions, would it be unusual for a
man to weigh 180 1bs?

Class Example: For the female blood pressure example, calculate the minimum and
maximum usual blood pressures and the interval of usual observations. Would a systolic
blood pressure of 150 be unusual?

Class Example: Chilean women have a mean height of 65 inches and a standard
deviation of 2.5 inches. Find the minimum and maximum usual heights and the interval
of usual observations. Would it be unusual to find a Chilean woman with a height of 58
inches?

D. Empirical Rule (valid for data with a bell-shaped or normal frequency distribution)
1) Approximately 68% of all values fall within 1 standard deviation of the mean.

2) Approximately 95% of all values fall within 2 standard deviations of the mean.

3) Approximately 99.7% of all values fall within 3 standard deviations of the mean.




This holds true for both the normally distributed population and samples taken from the
population. These percentages can also be interpreted as the probability that a randomly
selected observation falls in the interval. For example, P(u-oc<x<pu+0)=0.68. Itis
advantageous to draw a sketch and label it.

Example: Heights of men have a bell-shaped distribution with a mean of 70 inches and a
standard deviation of 3 inches. Then,

a) 68% of the heights are between and inches.
b) 95% are between and inches.
c) 99.7% are between and inches.

Class Example: The life of a brand of light bulbs has a bell-shaped distribution with a
mean of 150 hours and a standard deviation of 6 hours.

a) 68% of the bulbs last between and hours.
b) 95% are between and hours.
c) 99.7% are between and hours.

Example: Weights of men have a bell-shaped distribution with a mean of 160 1b and a
standard deviation of 6 Ib. Then,

a) % of the heights are between 148 and 172 Ib.
b) % are between 142 and 178 1b.
C) % are between 154 and 166 1b.

Class Example: The weight of a loaf of bread has a bell-shaped distribution with a mean
of 16 oz and a standard deviation of 2 oz.

a) % of the loaves weight between 10 and 22 oz.

b) % of the loaves weight between 14 and 18 oz.

C) % of the loaves weigh between 12 and 20 oz.

Examples

1. Water buffalo have weights that have a bell-shaped distribution with a mean of
1240 1b and a standard deviation of 60 Ib. Would it be unusual to encounter a
1350 Ib water buffalo?

2. Times for the 100 meters for the top athletes are bell-shaped with a mean of 9.52

seconds and a standard deviation of 0.08 seconds. Would it be unusual for one of
these athletes to run 100 meters in 9.35 seconds?



Great white sharks have jaw widths that are normally distributed with a mean of
15.7 inches and a standard deviation of 2.8 inches. Sketch a normal curve
showing the jaw widths at one, two, and three standard deviations from the mean.
Use the sketch to find the percentage of sharks having jaw widths of

a) between 12.9 and 21.3 inches.
b) less than 10.1 inches.

c) greater than 18.5 inches.

d) between 15.7 and 18.5 inches.
e) less than 12.9 inches.

f) greater than 7.3 inches.

A college entrance exam has two parts: mathematical and verbal. The scores for
each part are normally distributed with a mean of 500 and a standard deviation of
100. Find the percentage of scores on the verbal part that are

a) less than 400.

b) more than 700.

c¢) between 300 and 600.
d) more than 300.

e) less than 800.

f) between 600 and 700.



7. Counting Principles

Larson and Farber: Sec. 3.4
Statistics Handbook for the TI-83: Activity 6, Topic 22

e The Fundamental Counting Principle

Fundamental Counting Rule

In a sequence of n events in which the first one has k; possibilities and the second event
has k; and the third has k3, and so forth, the total number of possibilities of the sequence
will be

ki -k - ks --- Kk,

e Permutations
e Permutations of n DISTINCT objects taken r at a time
e Permutations of n DISTINCT objects
¢ Distinguishable permutations of n objects
(some of type 1, some of type 2, ...)
e Combinations of n objects taken r at a time

1. a) How many different ID cards can be made if there are 6 digits on a card and no
digit can be used more than once?

b) How many different ID cards can be made if there are 6 digits on a card?

2. From a pool of 14 candidates, the offices of president, vice-president, secretary, and
treasurer will be filled. How many ways the offices can be filled?

3. How many different ways can 9 trophies be arranged on a shelf?

4. How many ways can a person select 8 videotapes from 10 tapes?

5. a) In how many ways can the letters A, B, C, D, E, F, and G be arranged for a seven —
letter security code?

b) In how many ways can 4 letters A and 3 letters B be arranged to for a seven—letter

security code?

6. How many ways can a jury of 6 women and 6 men be selected from 10 women and 12
men?

7. Problem 40, p. 159 from Larson and Farber.



8. Basic Concepts of Probability

Larson and Farber: Sec. 3.1-3.4
Exploring Mathematics with the Probability Simulation Application: Activity 1

A. Sample Spaces and Probability
Probability is the chance of an event occurring.

A probability experiment is a chance process that leads to well-defined results.

An outcome is the result of a single trial of a probability experiment.
The sample space of a probability experiment is the set of all possible outcomes.

A tree diagram is a schematic which is used to determine the sample space of a
probability experiment.
Draw tree diagrams for the examples below.

An event is any collection of outcomes or simply a subset of the sample space. A simple
event is one consisting of a single outcome. A compound event is any event consisting of
2 or more outcomes.

Examples: 1) Flip a coin.
2) Roll a die.
3) Draw a card from a standard deck.
4) Roll a pair of dice.

Notation: P denotes probability.
A, B, C, ... denote events.
P(A) = probability of event A.

Equally likely events are events that have the same probability of occurring.




1) Classical Probability:

In classical probability we make the assumption that a procedure has n possible
outcomes, each of them equally likely. If this assumption does not hold, the probabilities
determined by the classical interpretation of probability will not be accurate. The
probability of an event E under the classical interpretation of probability is computed by
taking the ratio of the number ng of outcomes favorable to E and the total number of
outcomes n. That is,

P(E) = HTE .

ROUNDOFF RULE: When expressing the value of a probability, either give the exact
fraction or round off to 3 significant digits (ignoring leading zeros).

Examples of Classical Probability:

1. A jar contains 3 red balls, 5 blue balls, 7 yellow balls, and 9 black balls. You draw a
ball at random. What is the probability you get

a) a red ball.

b) a non-blue ball.

C) a red ball or a yellow ball.

d) Homework: a yellow ball.

e) Homework: a non-red ball.

f) Homework: a blue ball or a red ball.

2. Card Problems: a standard deck of cards has 52 cards, divided into 4 suits: Spades
and clubs (both black) and hearts and diamonds (both red). Thus, each of the four suits
has 13 cards which consist of aces, face cards (kings, queens, and jacks) and spot cards
(2's, 3's, ..., 9's,and 10's). You draw a card from a standard deck; what is the probability
itis

a) a face card?

b) an ace?

C) a spot card?

d) a non-face card?

e) Homework: a spot card between 5 and 9, inclusive?
f) Homework: a non-ace?

g) Homework: a non-spot card?

3. Dice problems

A single die is a cube and has 6 sides numbered 1 to 6. Assuming the die is fair, each
side is equally likely to turn up. You roll a die. What is the probability you get

a) a3?

b) an even number?

C) Homework: a 5?

d) Homework: an odd number?



You roll a pair of dice. This can be considered a multi-stage event and a tree diagram can
be used to determine the sample space; then you can list them in a table. You roll a pair
of dice. What is the probability that you get a sum

a) of 7?

b) of 10?

C) less than 6?
d) that is even?
Homework:

e) of 3?2  f) of 6?7  g) greater than 77  h) that is odd?

2) Empirical Probability - the Relative Frequency Approach to Probability:

In empirical probability we repeat the experiment a large number of times, observe the
frequency of an event, and use this frequency to determine the probability. If a procedure
is repeated a large number of times and event E occurs p% of the time, then p% should be
a good approximation to the actual probability of event E.

Symbolically, if a procedure is conducted n different times and if event E occurs on f of
these trials, then the probability P(E) of event E is approximated by

n
We say approximately because we think of the actual probability P(E) as being the
relative frequency of the occurrence of event E over a very large number of observations
or repetitions of phenomenon. The fact that we can check probabilities that have a
relative frequency interpretation (by simulating many repetitions of the procedure) makes
this interpretation very appealing.

Law of Large Numbers: As a procedure is repeated again and again, the empirical
(relative frequency) probability of an event E approaches the actual (classical)
probability.

3) Subjective Probabilities:
The probability of an event is found by simply guessing or by estimating its value based
upon knowledge of the relevant circumstances.

Probability Rule 1: The probability of any event E is a number (either a fraction or
decimal) between and including 0 and 1. This is denoted by 0 < P(E) < 1.

Probability Rule 2: If an event E cannot occur (i.e., the event contains no members in the
sample space), its probability is 0.

Probability Rule 3: If an event E is certain to happen, then the probability of E is 1.

Probability Rule 4: The sum of the probabilities of the outcomes in the sample space is 1.

The complement of an event A, denoted by _A, is the set of all outcomes in which A does
not occur.




Class Examples:
1. If a family has three children, find the probability that all the children are girls.

2. If the probability that a person lives in an industrialized country of the world is 1/5,
find the probability that a person does not live in an industrialized country. You may use
the fact that P(A)=1-P( A).

3. Consider a company that selects employees for random drug tests. The company uses a
computer to randomly select an employee number that ranges from 1 to 6296. Find the
probability of selecting a number that is not divisible by 1000.

4. Hospital records indicated that maternity patients stayed in the hospital for the number
of days shown in the distribution.

Number of
Days stayed Frequency
3 15
4 32
5 56
6 19
7 5
Find the probability that
a) a patient stayed at most 4 days b) a patient stayed at most 5 days

B. The Addition Rule

Two events A and B are mutually exclusive, (or disjoint) if (when the procedure is
performed a single time) the occurrence of one of the events precludes the possibility of
the occurrence of the other. That is, they cannot occur simultaneously.

Addition Rule 1: (The Addition Rule for Mutually Exclusive Events)
If two events A and B are mutually exclusive, then the probability that either event will
occur is

(1) P(A or B) = P(A occurs or B occurs) = P(A) + P(B)

Examples:

a) You draw a card from a standard deck. What is the probability it is a king or a
spot card? Homework: a club or a red card? 3/4

b) A jar contains 4 red balls, 3 blue balls, 5 yellow balls, and 2 black balls. You
draw a ball at random. What is the probability you get a red ball or a yellow ball.
Homework: a blue ball or a red ball? 1/2

c) You roll a pair of dice. What is the probability that you get a total of 7 or a total >
10? Homework: a total of 9 or a total < 6? 7/18



Addition Rule 2: (The General Addition Rule)
If A and B are two events, then the probability that A or B occurs is

P(A or B) = P(A occurs or B occurs or both occur)
(2) P(A or B)=P(A) + P(B) - P(A and B)
where P(A and B) denotes the probability that A and B occur simultaneously.

Observe that the second rule reduces to the first when A and B are mutually exclusive.
Note the generalization on the bottom of page 190.

Examples:
1) You draw a card from a standard deck. What is the probability that

a) itis a face card or a spot card?
b) itis red or a face card?
Homework:
c) it is black or a non-face card? 23/26
d) itis an ace or a spot card? 10/13

2) Youroll a pair of dice. What is the probability you get a total
a) of 5or9?
b) of 7 or an even total?
c¢) less than 5 or an even total?
Homework:
d) of30r4? 5/36
e) of 4 or an odd total? 7/12
f) less than 10 or an odd total? 8/9
g) less than 9 or an even total? 5/6

Examples:

a) Given P(A)=2/5, P(B)=1/2, and P(A or B) =4/5, P(A and B) =?

b) Given P(A and B) = 3/5, P(B) = 2/5, and P(A and B) = 1/5, P(A or B) =?
Homework:

c) Given P(A)=1/3, P(B)=1/2, and P(A or B) =2/3, P(A and B) =?

d) Given P(A and B) =2/3, P(B) =4/5, and P(A and B) =3/4, P(A or B) =?
Answers: 1/6, 43/60

Application of the (Simple) Addition Rule: The Probability of A:
Recall that A is the event that A does not occur.
P(Aor A)=1 (why?)

P(A) + P( A) =1 (why?)

SoP( A)=1-P(A) or, equivalently, P(A) =1 - P( A)



Example: If P(A) =3/11, whatis P( A)?
IfP( A) =7/16, what is P(A)?

Class: a) You draw a card from a standard deck. What is the probability
1) itis a non-face card?
2) Homework: it is a non-spot card?

b) You roll a pair of dice. What is the probability

1) you do not get doubles?

2) you do not get a total of 4?

3) Homework: you do not get a total > 11? 11/12

4) Homework: you do not get a total divisible by 4?7 3/4

C. The Multiplication Rule; Conditional Probability

Two events A and B are independent if the occurrence of one does not affect the
probability of the occurrence of the other. Otherwise, we say A and B are dependent. An
example of 2 independent events is the roll of a pair of dice or successive rolls of a pair
of dice.

Multiplication Rule 1: (The Multiplication Rule For Independent Events)
If A and B are independent events, then

P(A and B) = P(A) P(B)

In general, the probability of any sequence of independent events is simply the product of
their individual probabilities.

Example: You roll a pair of dice and draw a card from a standard deck. What is the
probability you get

a) atotal of 7 and a face card?

b) atotal <5 and an ace?

c) Homework: a total of 10 and a spot card? 3/52

d) Homework: an even total bigger than 2 and a heart? 17/144

Multiplication Rule 2: (The General Multiplication Rule) (for dependent events)
If A and B are (dependent) events, then

P(A and B) = P(A) P(B | A)

where P(B | A) represents the probability of B occurring given that A has occurred, read
"the probability of B given A."

If we draw items with replacement, we are dealing with independent events. On the other
hand, if we draw items without replacement, we are dealing with dependent events.




Example: Draw two cards from a standard deck with replacement. What is the
probability you get

a) 2 kings?

b) no face cards?

c) Homework: 2 spot cards? 0.479

d) Homework: no spot cards? 0.0947

Repeat the problem drawing without replacement. 0.475; 0.905

e) Homework: 2 red cards? 0.25

f) Homework: 2 hearts? 0.0625

Repeat €) and f) drawing without replacement. e) 0.245 f) 1/17

Example: You draw 3 cards without replacement.
Homework: What is the probability that all 3 are hearts? 0.0129
Repeat with replacement. 0.0156

More on Complements: The probability of "at least one"
"At least one" is equivalent to "one or more." Thus, the complement of "at least one" is
"none." Therefore, to find the probability of at least one, we find the probability of none
and subtract this probability from 1. That is,
P(at least one) = 1 - P(none).
Class Example:
1) A jar contains 5 red balls, 3 blue balls, 4 yellow balls, and 3 black balls. Draw 2 balls
from the jar with replacement. What is the probability you draw
a) at least one black ball.
b) at least one red ball.
c) Homework: at least one yellow ball. 0.462
d) Homework: at least one non-blue ball. 0.960
Repeat without replacement. 0.476; 0.971

2) Draw 2 cards from a standard deck with replacement. Find the probability you obtain
a) at least one ace.

b) at least one face card.

c) Homework: at least one spot card. 0.9053

Repeat without replacement. 0.9095

Conditional Probability
If we solve the general multiplication formula for P(B | A) by dividing by P(A), we
obtain

The Formula for the Conditional Probability of B given A

P(AandB)

P(B|A)= N



Examples:

1. A jar contains 6 red balls, 2 blue balls, 3 yellow balls, and 5 black balls. You draw a
ball at random. What is the probability you get

a) ared ball given that you did not draw a blue ball.

b) a blue ball given that you did not draw a red ball.

c) ayellow ball given that you did not draw a blue ball nor a black ball.

d) Homework: a yellow ball given that you drew a non-blue ball. 0.214

e) Homework: a red ball given that you did not draw a black ball. 0.545

f) Homework: a blue ball or a red ball given that you did not draw a yellow ball. 0.615

2. Draw a card from a standard deck. Find the probability you draw
a) ared spot card > 8 given that you drew a spot card.

b) ajack given that you drew a non-ace.

c¢) Homework: a king given that you drew a face card. 0.333

d) Homework: an ace given that you did not draw a face card. 0.100

Venn Diagram for Conditional Probability:

What does the conditional probability formula mean in terms of the Venn diagram?
Answer: Since we are assuming that event A has occurred, we are restricting our sample
space to the outcomes comprising event A. Thus, the outcomes favorable to event B in
this revised sample space are the outcomes comprising event A N B, i.e., the outcomes
that are favorable to both A and B.

Condition for Independence
A and B are independent if and only if P(A and B) = P(A) P(B)
if and only if P(B | A) = P(B)

Examples:
1. A recent survey asked 100 people if they thought women in the armed forces should be
permitted to participate in combat. The results of the survey are shown.

Gender Yes No Total

Male 32 18 50

Female 8 42 50
Total 40 60 100

Find the probability that
a) arespondent answered yes
b) arespondent answered yes, given that the respondent was a female
c) the respondent was a male
d) the respondent was a male, given that the respondent answered no

Are the events of answering yes and being female independent or dependent?



2. The following table shows the results of a study in which researchers examined a
child’s IQ and the presence of a specific gene in the child.

Gene present Gene not present  Total
High IQ 33 19
Normal 1Q 39 11

Total

Find the probability that
e) achild does not have the gene
f) achild does not have the gene, given that the child has a normal 1Q
g) achild has a high 1Q
h) a child has a high IQ, given that the child has the gene

Are the events of presence of the gene and the child having a high IQ independent or
dependent?

3. An urn contains 3 red balls, 2 blue balls, and 5 white balls. A ball is selected and its
color is noted. Then a second ball is selected (without replacing the first selection) and its
color is noted.

Find the probability of

a) selecting 2 blue balls b) selecting a blue ball and then a red ball
4. Three cards are drawn from a deck without replacement. Find the probability that
a) all are clubs b) all are red cards
5. A coin is tossed 5 times. Find the probability of getting at least one tail.
6. A multiple-choice quiz has three questions, each with five answer choices. Only one of
the choices is correct. You have no idea what the answer is to any question and have to
guess each answer. Find the probability of answering
a) all three questions correctly
b) none of the questions correctly

c) at least one of the questions correctly

7. The probability that a person in the United States has type O blood is 83%. Three
unrelated people in the United States are selected at random. Find the probability that

a) all three have type O" blood
b) none of the three has type O blood
¢) at least one of the three has type O" blood



8. In a statistics class there are 18 juniors and 10 seniors; 6 of the seniors are females and
12 of the juniors are males. If a student is selected at random, find the probability of
selecting

a) ajunior or a female
b) asenior or a female

C) ajunior or a senior

9. Three cable channels (6, 8, and 10) have quiz shows, comedies, and dramas. The
number of each is shown here.

Type of Show Channel6 Channel 8 Channel 10

Quiz show 5 2 1
Comedy 3 2 8
Dramas 4 4 2

If a show is selected at random, find the probability that
a) the show is a quiz show or it is shown on channel 8
b) the show is shown on channel 10 or it is a drama
c) the show is a drama or a comedy

10. If P(A)= 0.35, P(B) =0.35, P(C) =0.30, P(A and B) = 0.15, P(A and C) = 0.25,
P(B and C) =0.19, and P(A and B and C) = 0.03. Find P(A or B or C).

11. Urn 1 contains 5 red balls and 3 black balls. Urn 2 contains 3 red balls and 1 black
ball. Urn 3 contains 4 red balls and 2 black balls. If an urn is selected at random and a
ball is drawn, find the probability it will be red.

12. Three people are selected at random. Find the probability that (a) all three share the
same birthday and (b) none of the three share the same birthday. Assume 365 days in a
year.



APPENDIX

Continuous Probability Distributions: Uniform, Normal

Continuous Random Variables
A continuous random variable x is one that can assume any value within some interval or
intervals.

A function f(x) is a probability density function (probability distribution) for x if
a) fis defined for all real numbers x,

b) f(x) > 0 for all x, and

c) the area under the graph of f between two points a and b is P(a <x <b), the
probability that x assumes a value between a and b.

Note that:

1) Because there is no area over a point, say x = a, it follows that P(x = a), the
probability associated with a particular value of x, is zero.

Thus, Pa<x<b)=Pa<x<b)=Pla<x<b)=Pla<x<b).

2) Because areas over intervals represent probabilities, it follows that the total area under

a probability distribution, the probability assigned to the set of all possible values of x is
1.

The Uniform Distribution

Perhaps the simplest of all probability distributions is the uniform probability
distribution, in which the continuous random variable x has equally likely outcomes over
its range of possible values. It is useful to study uniform distribution first since the
calculations of probabilities involves only the areas of rectangles in this case. Suppose
that the uniform random variable x can assume values only in the interval a < x <b.
Then, since each outcome is equally likely, the distribution will have a rectangular shape.
This forces f(x) to have the following form:

1
y=fx)={b-a
0 otherwise.

ifa<x<b

Then, P(c <x < d) = the area of the rectangle over the interval [c, d].

Example: Monthly rainfall X ranges from 3 to 23 inches with a uniform distribution.
a) Give the density function for X.

b) P(7<X<9)=

c) P(12<X<19)=

d) P(X<14)=

e) P(X>16)=



Class Examples:

1) In Santa Domingo, daily temperature X ranges from 65 degrees F to 115 degrees F
with a uniform distribution.

a) Give the density function for X.

b) P(69<X<75)= 0.12

c) P(78 <X <92)= 0.28

d) P(X<86)= 0.42

e) P(X>76)= 0.78

2) The length of time X waiting for a cab has a uniform distribution with times ranging
from 2 minutes to 32 minutes.

a) Give the density function for X.

b) P(7<X<16)= 0.3

c) P(13<£X<19)= 0.2

d) PX<14)= 0.4

e) PX>17)= 0.5

The Normal Distribution
The most important continuous distribution is the normal distribution. Its probability
density function for a given mean p and standard deviation G is

o [(x—w)/cT /2

=fx)= ——
y = 1(x) T

In this case, the random variable X is N(u, 6), i.e., normally distributed with mean p and
standard deviation c.

Computing areas over intervals for a normal distribution is a difficult task.
Consequently, we will use tables for the computed areas in the case where

pn =0 and ¢ = 1 (called the standard normal distribution); a random variable with a
standard normal distribution is typically denoted by the symbol z. In this case,

1 _ 2
y=1f(z) = —me( 9z

We will learn how to convert all normal random variables to the standard normal (and
then use the standard normal tables).

Properties of a Normal Distribution

1) The mean, median, and mode are equal.

2) The normal curve is bell-shaped and is symmetric about the mean.

3) The total area under the normal curve is equal to one.

4) The normal curve approaches, but never touches, the x-axis as it extends farther and
farther away from the mean.




The tables in Larson/Farber give the area under the standard normal curve to the left of z,
in which z is rounded to two decimal places. That is, they give P(Z < z) in which Z is
N(0, 1). This is called the cumulative distribution for Z.

Probabilities Corresponding to z-scores

Assume that the reading on thermometers is normally distributed with a mean of 0.00°C
and a standard deviation of 1.00°C. A thermometer is randomly selected and its reading
z is recorded. In each case, draw a sketch and find the probabilities.

Examples:
a) P(z<1.54°) =

b) P(z<-2.75°) =
c) P(-0.97°<z<1.24°) =
d) P(0.55°<z<2.16°) =
e) P(-1.57°<z<-1.11°) =
f) P(z>1.23°) =

g) P(z>-0.47°) =

Examples:
p. 225-228, Larson/Farber

Finding z scores corresponding to probabilities:
We have been finding the probability that corresponds to a given z score; now we will do
the reverse. That is, given a probability, we will find the corresponding z score.

Key fact: The numbers in the body of the table correspond to areas or probabilities while
the numbers on the boundary correspond to z-scores.

Procedure:

A) Find the number in the BODY of the table (NOT the boundary) that is closest to the
given probability.

B) Take the z-score (on the boundary of the table, right?) that corresponds to this
number. If the probability is equally close to two numbers, average the two
corresponding z scores. It is important to draw a graph with the relevant labels as before.
You can then use common sense to see if your results are reasonable.




Class Examples: (from Triola's Elementary Statistics)

h) Find Py, the 90th percentile. This is the temperature reading separating the bottom
90% from the top 10%. Answer: 1.28

1) Find Py, the 20th percentile. Answer: -0.84
j) Find Qy, the temperature reading that is the first quartile. Answer: -0.67
k) Find Ds, the temperature reading that is the third decile. Answer: -0.52

1) If 5% of the thermometers are rejected because they have readings that are too low, but
all other thermometers are acceptable, find the reading that separates the rejected
thermometers from the others. Answer: - 1.645

m) If 12% of the thermometers are rejected because they have readings that are too high,
but all other thermometers are acceptable, find the reading that separates the rejected
thermometers from the others. Answer: 1.18

n) A troubleshooter wants to examine thermometers that give readings in the bottom 3%.
What reading separates the bottom 3% from the others? Answer: - 1.88

o) If2.5% of the thermometers are rejected because they have readings that are too high
and another 2.5% are rejected because they have readings that are too low, find the two
readings that are cutoff values separating the rejected thermometers from the others.
Answer: -1.96,1.96

Finding Probabilities From x-values
Recall that the z-score of a measurement x is given by

(*)z= X—U (Z: x—i]
c S

Property of Normal Distributions
If x is a normal random variable with mean p and standard deviation o, then the random
variable z defined by the formula

X1 — XH —
1 “andzzz 2 —H
(¢} (e}

has a standard normal distribution. In particular, if z; = , then

P(x; <x<x;)=P(z; <z <2).



Procedure for Finding Probabilities Corresponding to x-values

1) Sketch the normal distribution with its mean p. Then shade the area corresponding to
the probability you seek.

2) Convert the boundaries of the shaded area from x-values to z-values. Show these
z-values under the corresponding x-values in your sketch.

3) Use the tables to find the areas corresponding to the z-values.

Assume that women's weights are normally distributed with mean p = 143 Ib and
standard deviation ¢ = 29 1b (based on data from the National Health Survey). Assume
that a woman is randomly selected and her weight x is recorded. Draw a graph and find
the indicated probabilities.

Class Examples: (from Triola's Elementary Statistics)

a) P(143Ib<x <172 1b) Answer: 0.3413

b) P(150 Ib <x <180 1b) Answer: 0.3049

c) P(x>1501b) Answer: 0.4052

d) P(x>1301b)

e) P(x <186.51b) Answer 0.9332

f) P(x <140 1b)

g) The Beanstalk Club, a social organization for tall people, has a requirement that
women must be at least 70 in. (or 5 ft 10 in.) tall. What percentage of women meets that
requirement:

Answer: 0.52%

h) In order to fit into a Russian Soyuz spacecraft, an astronaut must have a height
between 64.5 in. and 72 in. What percentage of women meets that requirement?
Answer: 35.93%

1) The lengths of pregnancies are normally distributed with a mean of 268 days and a
standard deviation of 15 days. If we stipulate that a baby is premature if born at least
three weeks early, what percentage of babies is born prematurely? Answer: 8.08%

Examples: p. 235, #13-30, Larson/Farber

Finding x-values corresponding to probabilities
We can solve the z-score formula for x and obtain

(**) X =u+zo.

So, given a probability, first find the z-score corresponding to that probability, then find
the x-score that corresponds to the z-score via (**).

Examples: p.243-244, #39-48, Larson/Farber



Class Examples:
Assume that women's weights are normally distributed with mean p = 143 1b and

standard deviation ¢ = 29 1b (based on data from the National Health Survey). Assume
that a woman is randomly selected and her weight x is recorded. Draw a graph and find
the indicated weights. Determine the women's weight x that

a) corresponds to the 35th percentile P3s

b) corresponds to the 22nd percentile Py,

c) corresponds to the 80th percentile Pg

d) corresponds to the 63rd percentile Pg3

e) 42% of the women's weights are above Ib
f) 28% of the women's weights are above 1b
g) 14% of the women's weights are above 1b
h) 68% of the women's weights are above 1b
1) 92% of the women's weights are above 1b

J) To be eligible for the U.S. Army, a woman's height must be between 58 in. and 80 in.
If that requirement is changed so that only the shortest 1% and tallest 1% are excluded,
find the minimum and maximum acceptable heights. Answer: 57.8 in., 69.4 in.

k) The lengths of pregnancies are normally distributed with a mean of 268 days and a
standard deviation of 15 days. If we stipulate that a baby is premature if the length of
pregnancy is in the lowest 4%, find the length that separates premature babies from those
who are not premature. Answer: 242 days

1) IQ scores are normally distributed with a mean of 100 and a standard deviation of 15.
If we redefine the category of "intellectually very superior" to be scores in the top 2%,
what does the minimum score become? Answer: 131



Probabilities corresponding to z-scores using the T184+:

To compute P(z; <Z < z,):

2nd[DISTR]

2:mormalcdf (z;, z,

ENTER

Examples: P(-1.25<Z<2.13)= ;P(Z<-1.45)=
Class Examples: P(1.02 <Z <2.43)= ; P(Z < 1.86)=

Probabilities corresponding to x-values using the T184+:
To compute P(x; < X <x;) where X =N (U, 6)
2nd[DISTR]

2:normalcdf (xi, X2, U, ©
ENTER

Examples: X =N(10, 2); P(- 7.50 <X < 14.38) =

Class Examples: X =N(7.50, 1.20); P(6.00 < X <9.60) =

z-scores corresponding to probabilities using the T184+:
To compute z; so that P(Z <z;) = A:

2nd[DISTR]

3:invNorm (A

ENTER

Examples: P(Z <z;)=0.26; P(Z> z,) =0.32

Class Examples: P(Z <z;) =0.65; P(Z>z;) =0.30

x-values corresponding to probabilities using the T184+:

To compute x; so that P(X <x;) = A where X = N(l, 6):
2nd[DISTR]

3:invNorm (A, W,

ENTER

Examples: X =N(10, 2); P(X <x;)=0.10; P(X>x,) =0.25

Class Examples: X =N(15,5); P(X<x;)=0.72; P(X>x3) =0.77

s P(Z2>1.37)=

P(Z>-2.10) =



Problems (from Triola's Elementary Statistics):

1. Assume that heights of women are normally distributed with a mean of 63.6 inches
and a standard deviation of 2.5 inches. The Beanstalk Club, a social organization for tall
people, has a requirement that women must be at least 70 inches (or 5 ft 10 in) tall. What
percentage of women meet that requirement? Answer: 0.52%

2. The U.S. Army requires women's heights to be between 58 inches and 80 inches. Find
the percentage of women meeting that height requirement. Are many women being
denied the opportunity to join the Army because they are too short or too tall?

Answer: 98.74%

3. Assume that human body temperatures are normally distributed with a mean of
98.60°F and a standard deviation of 0.62°F. Bellevue Hospital in New York City uses
100.6°F as the lowest temperature considered to be a fever. What percentage of normal
and healthy persons would be considered to have a fever? Does this percentage suggest
that a cutoff of 100.6°F is appropriate?

4. The heights of the Rockette dancers at New York City's Radio City Music Hall must
be between 65.5 inches and 68.0 inches. If a woman is randomly selected, find the
probability that she meets the height requirement to be a Rockette. Answer: 0.1844

5. The combined math and verbal scores for females taking the SAT-I test are normally
distributed with a mean of 998 and a standard deviation of 202 (based on data from the
College Board). If a college includes a minimum score of 900 among its requirements,
what percentage of females do not satisfy that requirement? Answer: 31.21%

6. One classic use of the normal distribution is inspired by a letter to "Dear Abby" in
which a wife claimed to have given birth 308 days after a brief visit from her husband,
who was serving in the Navy. The lengths of pregnancies are normally distributed with a
mean of 268 days and a standard deviation of 15 days. Given this information, find the
probability of a pregnancy lasting 308 days or longer. What does the result suggest?

7. 1Q scores are normally distributed with a mean of 100 and a standard deviation of 15.
Mensa is an organization for people with high 1Qs, and eligibility requires an 1Q above
131.5.

a) If someone is randomly selected, find the probability that he or she meets the Mensa
requirement. Answer: 0.0179

b) In a typical region of 75,000 people, how many are eligible for Mensa?

Answer: 1343

8. To be eligible for the U.S. Army, a woman's height must be between 58 inches and 80
inches. If that requirement is changed so that only the shortest 1% and tallest 1% are
excluded, find the minimum and maximum acceptable heights.

Answer: 57.8 in., 69.4 in.



9. Scores for the combined math and verbal portions of the SAT-I test have a mean of
1017 and a standard deviation of 207, and the distribution is approximately normal (based
on data from the College Board). If the College of Newport wants to consider only those
applicants in the top 42%, what is the minimum required score? What is the problem
with the college telling applicants that they must score in the top 42%? Answer: 1058

10. Replacement times for CD players are normally distributed with a mean of 7.1 years
and a standard deviation of 1.4 years (based on data from "Getting Things Fixed,"
Consumer Reports). If you want to provide a warranty so that only 2% of the CD players
will be replaced before the warranty expires, what is the time length of the warranty?

11. Healthy people have body temperatures that are normally distributed with a mean of
98.6°F and a standard deviation of 0.62°F.

a) If a healthy person is randomly selected, what is the probability that he or she has a
temperature below 100°F? Answer: 0.9981

b) The Newport Hospital wants to select a minimum temperature for requiring further
medical tests. What should that temperature be, if we want only 1.5% of healthy people
to exceed it? Answer: 99.55°F

12. The lengths of pregnancies are normally distributed with a mean of 268 days and a
standard deviation of 15 days. If we stipulate that a baby is premature if the length of
pregnancy is in the lowest 4%, find the length that separates premature babies from those
who are not premature. Answer: 242 days

13. 1Q scores are normally distributed with a mean of 100 and a standard deviation of 15.
a) People are considered to be "intellectually very superior" if their score is above 130.
What percentage of people fall into that category? Answer: 2.28%

b) If we redefine the category of "intellectually very superior" to be scores in the top 2%,
what does the minimum score become? Answer: 131
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