Chapter 1

· Statistics is the science of collecting, organizing, presenting, analyzing, and interpreting data to assist in making more effective decisions
Types of Statistics
Descriptive Statistics
· Methods of organizing, summarizing, and presenting data in an informative way
· Frequency distributions
· Chart forms
· Central tendency measures
· Data clustering
Inferential Statistics
· The methods used to determine something about a population, based on a sample
· A population is the entire set of individuals or objects of interest or the measurements obtained from all individuals or objects of interest
· A sample is a portion, or part, of the population of interest.
Types of Variables
Qualitative
· The characteristic being studied is non-numeric
· EXAMPLES: Gender, religious affiliation, type of automobile owned, country of birth, eye color
Quantitative
· Information is reported numerically 
· EXAMPLES: Balance in your chequing account, ages of company CEOs, life of a battery, number of children in a family
Quantitative Variables:    Classifications
[image: ]Discrete Variables
· Can only assume certain values and there are usually “gaps” between values
· EXAMPLES: number of bedrooms in a house, number of cars arriving at a shopping center, number of students in a statistics course section
Continuous Variables
· Can assume any value within a specified range
· EXAMPLES:  tire pressure, weight of shipment of grain, amount of Raisin Bran in a box, duration of a flight
Summary of the Variable Types

Important Properties
· Mutually exclusive
· A property of a set of categories such that an individual or object is included in only one category
· Exhaustive
· A property of a set of categories such that each individual or object must appear in at least one category




Levels of Measurement
Nominal
· The variable of interest is divided into mutually exclusive categories or outcomes
· There is no natural order to the outcomes 
· EXAMPLES:  colours of M&Ms, gender
Ordinal
· Data classifications are represented by labels or names (high, medium, low) that are mutually exclusive
· Data classifications are ranked or ordered according to the particular trait they possess
· EXAMPLES:  professor ratings, terrorist attack risk levels
Interval
· Data classifications are mutually exclusive and exhaustive
· Data classifications are ordered according to the amount of the characteristic they possess
· Equal differences in the characteristic are represented by equal differences in the measurements
· EXAMPLES:  temperature, shoe size, IQ scores
Levels of Measurement: Summary of Major Characteristics
[image: ]Ratio
· Data classifications are mutually exclusive and exhaustive
· Data classifications are ordered according to the amount of the characteristics they possess
· Equal differences in the characteristic are represented by equal differences in the numbers assigned to the classifications
· The zero point is the absence of the characteristic and the ratio between two numbers is meaningful
· EXAMPLES:  wages, weight, height





















Chapter 2

Frequency Distribution
 A grouping of data into mutually exclusive classes showing the number of observations in each class
Relative Frequency Distribution
· Class frequencies can be converted to relative class frequencies to show the fraction of the total number of observations in each class 
· A relative frequency captures the relationship between a class total and the total number of observations

Graphic Presentation of Data: Bar Charts
· The horizontal axis shows the variable of interest and the vertical axis the amount, number or fraction of each of the possible outcomes
· A distinguishing characteristic of a bar chart is that there is a distance or gap between the bars
· Can depict any of the levels of measurement—nominal, ordinal, interval, or ratio

Graphic Presentation of Data: Line Charts
· Effective for business data because we can show the change in a variable over time
· The variable is scaled along the vertical axis and time along the horizontal axis

Graphic Presentation of Data: Pie Charts
· Shows the percent or proportion that each class represents of the total number of frequencies

Relative Frequency Distribution
· A relative frequency distribution converts the frequency to a percent
· To convert a frequency distribution to a relative frequency distribution, each of the class frequencies is divided by the total number of observations

Graphic Presentation of a Frequency Distribution
· Three most common forms:
1. Histogram
· Very similar to the bar chart showing the distribution of qualitative data
· Classes are marked on the horizontal axis and the class frequencies on the vertical axis
· Quantitative data is usually measured using scales that are continuous, not discrete
             - The horizontal axis represents all possible values, and the bars are drawn adjacent to each other
2. Frequency polygon
· Shows the shape of a distribution and is similar to a histogram
· Consists of line segments connecting the points formed by the intersections of the class midpoints and the class frequencies
· The midpoint of each class is scaled on the X-axis and the class frequencies on the Y-axis
· To complete the frequency polygon, midpoints are added to both ends of the X-axis to “anchor” the polygon at zero frequencies
                      3. Cumulative frequency polygon
· Also called an ogive
· There are two types
1. Less-than cumulative frequency distribution 
2. More-than cumulative frequency distribution

A stem-and-leaf display is an alternative to a frequency distribution


Chapter 3
[image: 0304]
Numerical Descriptive Measures
· Measures of Location
· Arithmetic Mean
· Weighted Mean
· Median
· Mode
· Geometric Mean
· [image: 0306]Measures of Dispersion
· Range
· Mean Absolute Deviation
· Variance
· Standard Deviation
The Median
[image: 0309]The median is the midpoint of the values after they have been ordered from the smallest to the largest
· [image: ]There are as many values above the median as below it in the data array
· For an even set of values, the median will be the arithmetic 
· average of the two middle numbers
The Mode
· The mode is the value of the observation that appears most frequently
[image: 0318]The Relative Positions of the Mean, Median and the Mode
Mean Deviation
· The mean deviation is the arithmetic mean of the absolute values of the deviations from the arithmetic mean
· All values are used in the calculation
· It is easy to understand because it is the average of the deviations from the mean
· Major drawback is the use of absolute values
[image: ]MD=∑│X-ẋ│/n

σ2 is called sigma squared
[image: ]μ is the arithmetic mean of the population
X is the value of an observation
N is the number of observations
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Chebyshev’s Theorem
· For any set of observations (sample or population), the proportion of the values that lie within k standard deviations of the mean is at least 1-1/k2, where k is any constant greater than 1
· Allows us to determine the minimum proportion of the values that lie within a specified number of standard deviations of the mean
· Concerned with any set of values; that is the distribution of values can have any shape
The Empirical Rule
· For a symmetrical, bell-shaped frequency distribution:
· Approximately 68 percent of the observations will lie within ±1 standard deviation of the mean
· About 95 percent of the observations will lie within ±2 standard deviations of the mean
· Practically all (99.7 percent) will lie within ±3 standard deviations of the mean
Relative Dispersion
· [image: ]In order to make a meaningful comparison of different measures, we need to convert each of these measures to a relative value—that is, a percent
· The coefficient of variation is the ratio of the standard deviation to the arithmetic mean, expressed as a percentage

Skewness
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Box Plots
· A box plot is a graphical display, based on quartiles, that helps to picture a set of data
· Five pieces of data are needed to construct a box plot
1. Minimum value
2. First quartile
3. Median
4. Third quartile
5. Maximum value
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Chapter 4
Probability
· A probability is a measure of the likelihood that an event in the future will happen
· It can only assume a value between 0 and 1
· A value near zero means the event is not likely to happen
· A value near one means it is likely
· Three approaches to assigning probabilities
· Classical
· Empirical 
· Subjective

1. Classical Probability
[image: ]



Terms:
· Events are mutually exclusive if  occurrence of one event means that none of the other events can occur at the same time
· Events are collectively exhaustive if at least one of the events must occur when an experiment is conducted 
· If the set of events is collectively exhaustive and the events are mutually exclusive, the sum of the probabilities equals 1
                            2.      Empirical Probability
· The probability of an event happening is the fraction of the time similar events happened in the past
· Based on what is called the law of large numbers
· Over a large number of trials, the empirical probability of an event will approach its true probability
[image: ]


3. Subjective Probability
· The likelihood (probability) of a particular event happening that is assigned by an individual based on whatever information is available
· Illustrations of subjective probability are:
1. Estimating when the next provincial election will be
2. Estimating the likelihood you will be married before the age of 30
3. Estimating the chance of the Maple Leafs winning the Stanley Cup
[image: ]












Principles of Counting
· There are three principles of counting the number of outcomes
· The multiplication formula
· Permutations
· Combinations
[image: ]


· If there are m ways of doing one thing and n ways of doing another thing, there are     m x n ways of doing both
· For three events m, n, o: 
· The total number of arrangements = (m)(n)(o)
[image: ]






· Any arrangement of r objects selected from a single group of n possible objects
· The order of arrangement is important in a permutation
[image: ]
A combination is the number of ways to choose r objects from a group of n objects without regard to order

Rules for Computing Probabilities
1. Special rule of addition
2. General rule of addition
3. Complement rule 
4. Special rule of multiplication
5. General rule of multiplication
[image: ]
Special Rule of Addition 
     If two events A and B are mutually exclusive, the probability of one or the other events occurring equals the sum of their probabilities. 
[image: ]
The General Rule of Addition 
     If A and B are two events that are not mutually exclusive
[image: ]
· Used to determine the probability of an event occurring by subtracting the probability of the event not occurring from 1
· Useful because sometimes it is easier to calculate the probability of an event happening by determining the probability of it not happening and subtracting the result from 1
· Notice that the events A and ~A are mutually exclusive and collectively exhaustive. Therefore, the probabilities of A and ~A sum to 1

[image: ]
Special Rule of Multiplication 
·  The special rule of multiplication requires that two events, A and B, be independent
· Two events are independent if the occurrence of one does not alter the probability of the occurrence of the other event
[image: ]
The General Rule of Multiplication 
· Used to find the joint probability that two events will occur when the events are not independent (i.e. they are dependent)
· It states that for two events, A and B, the joint probability that both events will happen is found by multiplying the probability that event A will happen by the conditional probability of event B occurring given that A has occurred
Contingency Tables
· A table used to classify sample observations according to two or more identifiable characteristics
· Level of measurement can be nominal
· Makes it easy to figure out probabilities
· E.g. A survey of 150 adults classified each as to gender and the number of movies attended last month. Each respondent is classified according to two criteria—the number of movies attended and gender
Tree Diagrams
· The tree diagram is a graph that is helpful in organizing calculations that involve several stages
· Each segment in the tree is one stage of the problem
· The branches of a tree diagram are weighted by probabilities


Summary
· A probability is a value between 0 and 1 inclusive that represents the likelihood a particular event will happen
· Probabilities involve experiments, outcomes, and events
· There are three definitions of probability including classical, empirical, and subjective
· Two events are mutually exclusive if by virtue of one event happening the other cannot happen
· Events are independent if the occurrence of one event does not affect the occurrence of another event
· There are three counting rules that are useful in determining the number of outcomes in an experiment, including the multiplication rule, permutations, and combinations
· The rules of addition refer to the union of events and include the general and special rule of addition, as well as the complement rule
· The rules of multiplication refer to the product of events and include the general and special rule of multiplication
· A joint probability is the likelihood that two or more events will happen at the same time
· A conditional probability is the likelihood that an event will happen, given that another event has already happened





Chapter 5

Probability Distributions
· Gives the entire range of values that can occur based on an experiment
· Similar to a relative frequency distribution. 
· However, instead of describing the past, it describes how likely some future event is
· A probability distribution shows the possible outcomes of an experiment and the probability of each of these outcomes
Characteristics of a Probability Distribution
1. The probability of a particular	outcome is between 0 and 1 inclusive
2. The outcomes are mutually exclusive events
3. The list is exhaustive. The sum of the probabilities of the various events is equal to 1
Random Variables
· In any experiment of chance, the outcomes occur randomly
· A random variable is a variable whose value is determined by the outcome of a random experiment
Types of Random Variables
Discrete
· A variable that can assume only certain, clearly separated values
· Usually the result of counting something
· Examples:
· The number of heads appearing when a coin is tossed three times
· The number of students earning an A in this class
Continuous
· Can assume an infinite number of values within a given range
· It is usually the result of some type of measurement
· Examples:
· The length of each song on the Best of the Beatles album
· The height of each student in the class

[image: ]
· The mean is a typical value used to represent the central location within a probability distribution
· It also is the long-run average value of the random variable
· The mean of a probability distribution is also referred to as its expected value
· It is a weighted average where the possible values are weighted by their corresponding probabilities of occurrence
[image: ]
· Measures the amount of spread in a distribution
· The computational steps are:
1. Subtract the mean from each value, and square this difference
2. Multiply each squared difference by its probability
3. Sum the resulting products to arrive at the variance
· The standard deviation is found by taking the positive square root of the variance




[image: ]
Characteristics of a Binomial Probability Distribution
1. An outcome on each trial of an experiment is classified into one of two mutually exclusive categories—a success or a failure
2. The random variable counts the number of successes in a fixed number of trials
3. The probability of success and failure stays the same for each trial
4. The trials are independent, meaning that the outcome of one trial does not affect the outcome of any other trial
[image: ]
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1. If a sample is selected from a finite population without replacement
2. And if the size of the sample n is more than 5 percent of the population N
· [image: ]Then the hypergeometric distribution is used to determine the probability of a specified number of successes or failures
· It is especially appropriate when the size of the population is small










· The Poisson probability distribution describes the number of times some event occurs during a specified interval. The interval may be time, distance, area, or volume
· Characteristics:
1. The random variable is the number of times some event occurs during a defined period
2. The probability of the event is proportional to the size of the interval
3. The intervals do not overlap and are independent
Chapter 6
Continuous Probability Distributions
· Usually results from measuring something
· Usually interested in information such as the percentage of data above or below a certain point; or the percentage of data in a certain range
· Important continuous probability distribution is the normal probability distribution
· Describes the likelihood that a continuous random variable with an infinite number of possible values lies within a specified range
Normal Probability Distribution Characteristics
1. It is bell-shaped and has a single peak at the center of the distribution
a) The arithmetic mean, median, and mode are equal
b) The total area under the curve is 1.00; half the area under the normal curve is to the right of this center point and the other half to the left of it
2. It is symmetrical about the mean
3. It is asymptotic: The curve gets closer and closer to the X-axis but never actually touches it 
a) To put it another way, the tails of the curve extend indefinitely in both directions.
4. The location of a normal distribution is determined by the mean(), the dispersion or spread of the distribution is determined by the standard deviation (σ)
The Standard Normal Distribution
[image: ]
· The standard normal distribution is a normal distribution with a mean of 0 and a standard deviation of 1
· It is also called the z distribution 
· A z-value  is the signed distance between a selected value, designated X, and the population mean , divided by the population standard deviation, σ

The Empirical Rule
· For a symmetrical, bell-shaped frequency distribution:
· Approximately 68 percent of the observations will lie within ±1 standard deviation of the mean
· About 95 percent of the observations will lie within ±2 standard deviations of the mean
· Practically all (99.7 percent) will lie within ±3 standard deviations of the mean
[image: 0716]



Summary of Normal Curve Applications
1. To find the area between 0 and z (or -z), look up the probability directly in the table
2. To find the area beyond z or (-z), locate the probability of z in the table and subtract that probability from 0.5000
3. To find the area between two points on different sides of the mean, determine the z values and add the corresponding probabilities
4. To find the area between two points on the same side of the mean, determine the z values and subtract the smaller probability from the larger
The Normal Approximation to the Binomial
· As n gets large, the binomial distribution gets time-consuming to use
· As n increases, a binomial distribution gets closer and closer to a normal distribution
The Normal Approximation to the Binomial – When To Use
· When np and n(1 - p) are both at least 5
· All binomial criteria are met:
1. There are only two mutually exclusive outcomes to an experiment: a “success” and a “failure”
2. The distribution results from counting the number of successes in a fixed number of trials
3. Each trial is independent
4. The probability,  p, remains the same from trial to trial
The Continuity Correction Factor
· The value 0.5 subtracted or added, depending on the question, to a selected value when a discrete probability distribution is approximated by a continuous probability distribution
· Only four cases may arise. These cases are:
1. For the probability that at least X occur, use the area above (X - 0.5)
2. For the probability that more than X occur, use the area above (X + 0.5)
3. For the probability that X or fewer occur, use the area below (X + 0.5)
4. For the probability that fewer than X occur, use the area below (X - 0.5)


Chapter Summary

· The normal distribution is a continuous probability distribution with the following characteristics
· It is bell-shaped and the mean, median, and mode are equal
· It is symmetrical
· It is asymptotic, meaning the curve approaches but never touches the X-axis
· It is completely described by the mean and standard deviation
· There is a family of normal distributions. Each time the mean or standard deviation changes, a new distribution is created
· The area under a normal curve expresses the probability of an outcome
· The standard normal distribution is a particular normal distribution
· It has a mean of 0 and a standard deviation of 1
· By standardizing a normal distribution, we can report the distance from the mean in units of the standard deviation
· The normal distribution can approximate a binomial distribution under certain conditions
[bookmark: _GoBack]
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where:
X is the sample mean. It is read “X bar.”
n is the number of values in the sample.
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B $122000; $133 000; and $140 000. Consider this a population.

L a. Whatis the range?

b. What is the arithmetic mean income?

c. What is the population variance? The standard deviation?

d. The annual incomes of officers of another firm similar to TMV Industries were also studied.

‘The mean was $129 000 and the standard deviation $8612. Compare the means and dispersions
in the two firms.

IFS

Sample Variance The formula for the populaton mean is w = ZX/N. We just changed

the symbols for the sample mean, that is X = XX/z. Unfortunately, the conversion from

the population variance to the sample variance is not as direct. It requires a change in the
denominator. Instead of substituting » (number in the sample) for N (number in the popula- ~ —
tion), the denominator is # — 1. Thus the formula for the sample variance is:

— v\2
SAMPLE VARIANCE, DEVIATION FORMULA 2= XX =X [3-10]

n—1

where:

s is the sample variance.
X is the value of each observation in the sample.
X is the mean of the sample.

(Z n is the number of observations in the sample.

5 ‘Why is this change made in the denominator? Although the use of  is logical, it tends to &
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‘Why is this change made in the denominator? Although the use of z is logical, it tends to
underestimate the population variance, 0. The use of (z — 1) in the denominator provides
the appropriate correction for this tendency. For example, in a sample, if we did not have
to estimate the population mean using the sample mean, then we could divide by . But the
first estimate we make is the sample mean, and so, we lose a degree of freedom, and hence
use (n — 1).

An easier way to compute the variance follows. This formula is much easier to use, even
with a hand calculator, because it avoids all but one subtraction. Hence, we recommend for-
mula (3-11) for calculating a sample variance.

IFS

EXz_(EX)z 3
_ n

SAMPLE VARIANCE, DIRECT FORMULA [3-11]

s2=
n—1

11/5/2008 12:11
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Sample Standard Deviation The sample standard deviation is used as an estimator of the
population standard deviation. As noted previously, the population standard deviation is the
square root of the population variance. Likewise, the sample standard deviation is the square root
of the sample variance. The sample standard deviation is most easily determined by:

STANDARD DEVIATION, DIRECT FORMULA [3-12]

The sample variance in the previous example involving hourly wages was computed to
W20 be 10$”. What is the sample standard deviation?

,The samnle srandard deviation is $3.16. fonnd hy /10 Nate again rhat the samnle variance
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absent from work. In order to make a meaningful comparison of the dispersion in incomes and
B absenteeism, we need to convert each of these measures to a relative value—that is, a percent.

Karl Pearson (1857-1936), who contributed significantly to the science of statistics, developed

a relative measure called the coefficient of variation (CV). Itis a very useful measure when:

1. The data are in different units (such as dollars and days absent).
2. The data are in the same units, but the means are far apart (such as the incomes of the

top executives and the incomes of the unskilled em;

In terms of a formula for a sample:

COEFFICIENT OF VARIATION V= % (100) «

loyees).

Multiplying by 100
converts the decimal
to a percent

[3-13]

A study of the amount of bonus paid and the years of service of employees at Sea Pro Marine
Inc. resulted in these statistics: The mean bonus paid was $200; the standard deviation was
$40; the mean number of years of service was 20 years; the standard deviation was 2 years.
Compare the relative dispersion in the two distributions using the coefficient of variation.
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CHART 3-8 Shapes of Frequency Polygons

There are several formulas in the statistical literature used to calculate skewness. The
simplest, developed by Professor Karl Pearson, is based on the difference between the mean
and the median.

b 3(X — Median)
s

PEARSON'S COEFFICIENT OF SKEWNESS [3-14]
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Describing Data: Numerical Measures 89

Quartiles, Deciles, and Percentiles

To formalize the computational procedure, let L, refer to the location of a desired percentile.
So if we wanted to find the 33rd percentile we would use Ly; and if we wanted the median,
the 50th percentile, then Lg,. The number of observations is #, so if we want to locate the
middle observation, its position is at ( + 1)/2, or we could write this as ( + 1)(P/100), where
Pis the desired percentile.

LOCATION OF A PERCENTILE L,=(n+ l)% [3-15]

An example will help to explain further.
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The Arithmetic Mean of Grouped Data

The mean of a sample of data organized in a frequency distribution is computed by:

ARITHMETIC MEAN OF GROUPED DATA X= ETfX [3-16]

where:

X is the designation for the sample mean.
X is the midpoint of each class.
f is the frequency in each class.
fX is the frequency in each class times the midpoint of the class.
3fX is the sum of these products.
7 is the total number of frequencies.

The computations for the arithmetic mean of data grouped into a frequency distribution
will be shown based on the real estate data, from the south east area of Edmorm)n Recall
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Recall that the median is defined as the midpoint of the observations after they have been
ordered from the lowest to the highest. If the data is grouped some of the raw data values
may not be available, and so we cannot necessarily determine the exact value of the median.
But we can estimate the median by first finding the position of the median (which class it
falls in), and then calculating an estimate of the median within this median class.

N

5 c
MEDIAN, GROUPED DATA Median =1+ 2 = (@) [3-17]

where:

L is the lower limit of the median class.

N is the size of the population.

f is the frequency of the median class.

f. is the cumulative frequencies up to but excluding the median class.

In the following example, the raw data is available.

Professor Law lists the following quiz marks for his class of 30 students. Determine the

9.29x1183in ¢
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STANDARD DEVIATION, GROUPED DATA [3-18]

where:

s is the symbol for the sample standard deviation.
X is the midpoint of a class.

f is the class frequency.

7 is the total number of sample observations.

Refer to the frequency distribution for the real estate data reported in Table 3-1. Compute
the standard deviation of the list prices.
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B Two approaches to probability will be discussed, namely, the objective and the subjective =

viewpoints. Objective probability is subdivided into (1) dassical probability and (2) empirical
probability.

Classical Probability

DEFINITION OF Probability — Number of favourable outcomes
CLASSICAL PROBABILITY ofan event  Total number of possible outcomes

[4-1]

Consider an experiment of rolling a six-sided die. What is the probability of the event “an even
number of spots appear face up”?

‘The possible outcomes are:

a one-spot E] a four-spot @

% atwo-spot [* a five-spot
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™| In terms of a formula:

IFS

Number of times event occurred in past

Probability of event happening Total number of observations e

The empirical approach to probability is based on what is called the law of large n
ers. The key to establishing probabilities empirically is that more observations will pro
more accurate estimate of the probability.

To explain the law of large numbers, suppose we toss a fair coin. The result of ¢
bss is either a head or a tail. With just one toss of the coin, the empirical probability
eads is either zero or one. If we toss the coin a great number of times, the probabilit
e outcome of heads will approach 0.5. The following table reports the results of an exp
rent of flipping a fair coin 1, 10, 50, 500, 1000, and 10 000 times, and then computes
tlative frequency of heads. Note as we increase the number of trials the empirical prob:
v of a head appearing approaches 0.5, which is its value based on the classical approac

robability.

Number of Trials  Number of Heads  Relative Frequency of Heads

. 1 0 0.00
g 10 3 0.30
L 50 2 0.52 s
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CHART 4-1 Summary of Approaches to Probability
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If the number of possible outcomes in an experiment is small, it is relatively easy to count
them. There are six possible outcomes, for example, resulting from the roll of a die, namely:

() 9 B 69 69 6

If, however, there are a large number of possible outcomes, such as the number of heads and
tails for an experiment with 10 tosses, it would be tedious to count all the possibilities. They
could have all heads, one head and nine tails, two heads and eight tails, and so on. To facili-
tate counting, three counting formulas will be examined: the multiplication formula (not to
be confused with the multiplication 7ule described earlier in the chapter), the permutation
formula, and the combination formula.

The Multiplication Formula

In terms of a formula:
MULTIPLICATION FORMULA Total number of arrangements = (1) (1) [4-2]

‘This can be extended to more than two events. For three events #, z, and o:

Total number of arrangements = (12) (2)(0)
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DATES Can be assentbled m any order. TN qUeston Myolving COUnting 15: I Tow Many 4
different ways can the three parts be assembled?

¢ A machine operator must make four safety checks before starting his machine. It does
not matter in which order the checks are made. In how many different ways can the
operator make the checks?

One order for the first illustration miiht be: the transistor first, the LEDs second, and the

Note that the arrangements # b ¢ and b « ¢ are different permutations. The formula to
count the total number of different permutations is:

_ n!
i dairrs ]

PERMUTATION FORMULA [4-3]

where:

n is the total number of objects.
7 is the number of objects selected.

Before we solve the two problems illustrated, note that permutations and combinations
(to be discussed shortly) use a notation called # factorial. It is written ! and means the prod-
uct n(n — 1)(n — 2)(m — 3) - -+ (1). For instance, 5! = 5.4.3.2.1 = 120.

Many of your calculators have a button with «! that will perform this calculation for you.
It will save you a great deal of time.

ha fantarial natarian can alen ha cancallad whan tha cama numhar annanre in hath tha ¥

1101 AM




image26.png
o [inB0357_ch04. pdf - Adobe Reader

Fle Edt Vew Document Tools Window Help

L e esw & @ o o

Find

B

Chapter 4

The Combination Formula

If the order of the selected objects is not important, any selection is called a combination.
The formula to count the number of 7 object combinations from a set of # objects is:

COMBINATION FORMULA

For example, if executives Able, Baker, and Chauncy are to be chosen as a committee to
negotiate a merger, there is only one possible combination of these three; the committee of
Able, Baker, and Chauncy is the same as the committee of Baker, Chauncy, and Able. Using

7)) the combination formula:

- n!
s29xitan <
*J start

fe =
ri(n—r)!
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Special Rule of Addition To apply the special rule of addition, the events must be mutually
exclusive. Recall that mutually excusive means that when one event occurs, none of the other
events can occur at the same time. An illustration of mutually exclusive events in the die-tossing
experiment is the events “a number 4 or larger” and “a number 2 or smaller.” If the outcome
is in the first group (4, 5, and 6), then it cannot also be in the second group (1 and 2). Another
example is a part coming off the assembly line. It cannot be both defective and non-defective
at the same time.

If two events 4 and B are mutually exclusive, the special rule of addition states that the
probability of occurrence of one event o the other equals the sum of their probabilities. This
rule is expressed in the following formula:

SPECIAL RULE OF ADDITION P(4 or B) = P(4) + P(B) [4-5]

For three mutually exclusive events designated 4, B, and C, the rule is written:
P(A or Bor C)=P(A)+ P(B) + P(C)
An example will help to show the details.

An automatic Shaw machine fills plastic bags with a mixture of beans, broccoli, and other
vegetables. Most of the bags contain the correct weight, but because of the variation in

tha ciza of tha hoanc and athar vamatahlac a naclaca micht ha nindarwaicht ar avarwaichr
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‘When two events both occur, the probability is called a joint probability. The prob-
ability that a tourist visits both attractions (0.30) is an example of a joint probability.

In summary, the general rule of addition refers to events that are not mutually exclusive.
This rule for two events designated A4 and B is written:

GENERAL RULE OF ADDITION P(A or B)=P(A)+ P(B) — P(Aand B) [4-71

For the expression P(4 or B), the word or suggests that 4 may occur or B may occur. This
also includes the possibility that 4 and B may occur. This use of or is sometimes called
inclusive. You could also write P(4 or B or both) to emphasize that the union of the events
includes the intersection of A and B.

If we compare the general and special rules of addition, the important difference is
determining if the events are mutually exclusive. If the events are mutually exclusive, then the
joint probability P(4 or B) is 0, and we could use the special rule of addition. Otherwise, we

must acconnt for the inint nrohahilitv and nse the oeneral mile of addition

IE3
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COMPLEMENT RULE P(4)=1- P(~A) [4-6]

This is the complement rule. It is used to determine the probability of an event occurring

by subtracting the probability of the event not occurring from 1. This rule is useful because
sometimes it is easier to calculate the probability of an event happening by determining the
probability of it not happening and subtracting the result from 1. Notice that the events

A and ~A are mutually exclusive and collectively exhaustive. Therefore, the probabilities of =
A and ~A4 sum to 1. A Venn diagram illustrating the complement rule is shown as:

g Recall the probability a bag of mixed vegetables is underweightis 0.025 and the probability of

an overweight bag is 0.075. Use the complement rule to show the probability of a satisfactory
JS- R P R ; i S

@ 2, 1S

929 11,83 "<
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SPECIAL RULE OF MULTIPLICATION P(A and B) = P(A)P(B) [4-8]

For the experiment of tossing two coins, the probability of two heads, P(H and H) = ('/2)
(/2) =1/,

For three independent events, 4, B, and C, the special rule of multiplication used to
determine the probability that all three events will occur is:

P(A and B and C) = P(4)P(B)P(C)

For the experiment of tossing three coins, the probability of three heads, P(H and Hand H) =
(1) 12)(12) = s

A survey of the final grades in an advanced statistics course reveals that 60 percent of the
students are successful. Two students are selected at random. What is the probability that
both are successful in the advanced statistics course?

The probability that the first student is successful is 0.60, written as P(S|) = 0.60, where S|
& refers to the fact that the first student is successful. The probability that the second student
is successful is also 0.60, written as P(S,) = 0.60. Since students are required to work on their

L own assignments and tests, S, and S, are independent. Consequently, using formula (4-8), v
929x 11830 & m |

< D 2
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probability of two events when the events are not independent. For example, when event
B occurs after event A occurs, and 4 has an effect on the likelihood that event B occurs, then
A and B are not independent.

The general rule of multiplication states that for two events, 4 and B, the joint probability
thatboth events will happen is found by multiplying the probability event 4 will happen by the
conditional probability of event B occurring given that4 has occurred. In the formula, “given
that” is represented by a vertical line, “I”. Symbolically, the joint probability, P(4 and B),
is found by:

GENERAL RULE OF MULTIPLICATION P(Aand B)=P(A)P(B | A) [4-9]

Example A golfer has 12 golf shirts in his closet. Suppose nine of these shirts are white and
the others blue. He gets dressed in the dark, so he just grabs a shirt and puts it on. He plays
golf two days in a row and does not do laundry. What is the probability that he has selected
white shirts two days in a row?
B W W W B W
W W B W W W

9/1 2 because

The event that the first shirt selected is white is 1#,. The probability is P(1)) =

0 AFtha 17 chisee aensrhicn Tha avane chae thn cannnd chive calanead o alon o
9.29x11.83in < i
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tion, we identify the mean of a probability distribution by the Greek letter mu () and the
standard deviation by the Greek letter sigma (o).

The mean is a typical value used to represent the central location within a probability distri-
bution. It also is the long-run average value of the random variable. The mean of a probabil-
ity distribution is also referred to as its expected value. It is a weighted average where the
possible values are weighted by their corresponding probabilities of occurrence.

‘The mean of a discrete probability distribution is computed by the formula:

MEAN OF A DISCRETE PROBABILITY DISTRIBUTION p = 2[aP(x)] [5-1]

where P(x) is the probability of a particular value x. In other words, to find the mean, multi-
ply each x value by its probability of occurrence, and then add these products.

Variance and Standard Deviation

As noted, the mean is a typical value used to summarize a discrete probability distribution.
However, it does not describe the amount of spread (variation) in a distribution. The vari-
ance does this. The formula for the variance of a probability distribution is:

9.29x1183in ¢ |

>
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Variance and Standard Deviation

As noted, the mean is a typical value used to summarize a discrete probability distribution.
However, it does not describe the amount of spread (variation) in a distribution. The vari-
ance does this. The formula for the variance of a probability distribution is:

VARIANCE OF A DISCRETE PROBABILITY DISTRIBUTION o2 =3[(x —p)2P(x)] [5-2]

The computational steps are:

1. Subtract the mean from each value, and square this difference.
2. Multply each squared difference by its probability.
3. Sum the resulting products to arrive at the variance.

"The standard deviation, o, is found by taking the square root of ¢’%; thatis, o= Vo?
An example will help explain the details of the calculation and interpretation of the mean
and standard deviation of a probability distribution.

]ohn Ragsdale sells developed new cars for Pelican Ford. ]oh.n usua.lly se].ls the la.rgest num-
s29xt183in < T " — —— m _ - 5
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B and (2) the probability of success on each trial. For example, if an examination consists of 20~ *
multiple-choice questions, the number of trials is 20. If each question has five choices and
only one choice is correct, the probability of success for a person with no knowledge of the
subject on each trial is 1/5 = 0.20. Thus, the probability is 0.20 that a person with no knowl-
edge of the subject matter will guess the answer to a question correctly. So the conditions of
the binomial distribution are met.

The binomial probability distribution is computed by the formula:
BINOMIAL PROBABILITY DISTRIBUTION P@)=,Cop™A=p)"™" [5-3]
where:
C denotes a combination.
7 is the number of trials.
« is the number of successes.
p s the probability of a success on each trial.
Toss a coin three times. What s the probability of getting exactly two heads?
&

‘We can use the probability rules from Chapter 4 to solve the above problems. We will start
c with tossing the coin three times.

s29xian ¢ m ] >
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Chapter 5

‘The mean () and the variance (o) of a binomial distribution can be computed in a “shortcut”
fashion by: F

MEAN OF A BINOMIAL DISTRIBUTION r=mnp [5-4]

VARIANGE OF A BINOMIAL DISTRIBUTION o =up(l— p) [5-5]

For the example regarding the number of late flights, p = 0.20 and » = 5. Hence:
w=mnp=(5)(0.20)=1.0
a2 =np(l- p)=5(0.20)(1 — 0.20) = 0.80

The mean of 1.0 and the variance of 0.80 can be verified from formulas (5-1) and

929’<1TZ3\ ’T‘(ho nrohahility dietrihtion fram Tahle 5_7 and detailed calenlatiane uro‘ chawn sl
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The formula for the hypergeometric distribution is:

HYPERGEOMETRIC DISTRIBUTION P(x)= % [5-6]

NYa

where:

N is the size of the population.

S is the number of successes in the population.

& is the number of successes in the sample. It may be 0, 1,2, 3, .. ..

7 is the size of the sample or the number of trials. r
C is the symbol for a combination.

The following example illustrates the details of determining a probability using the
hypergeometric distribution.

929x 1183 < B
start 1@ nbox - M,
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This distribution has many applications. It is used as a model to describe the distribution  »
L] of errors in data entry, the number of scratches and other imperfections in newly painted
car panels, the number of defective parts in outgoing shipments, the number of customers
waiting to be served at a restaurant or waiting to get into an attraction at the CNE, and the
number of accidents on the Trans-Canada Highway during a three-month period.
The Poisson distribution can be described mathematically using the formula:

Fom

POISSON DISTRIBUTION P)="" [5-7]
B

where:

w (mu) is the mean number of occurrences (successes) in a particular interval.
¢ is the constant 2.71828 (base of the Napierian logarithmic system).
« is the number of occurrences (successes).
P(x) is the probability for a specified value of x.

‘The mean number of successes, ., can be determined by 7p, where  is the total number of ~ —
trials and p the probability of success.

MEAN OF A POISSON DISTRIBUTION n=mnp [5-8]

The variance of the Poisson distribution is equal to its mean. If, for example, the probabil-
and 10 000 cheanes are ra‘ched the

IE3
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[ tions suchas the binomial and the Poisson, providing tables for the infinite number of normal
distributions is impossible. Fortunately, one member of the family can be used to determine
the probabilities for all normal distributions. It is called the standard normal distribution,
and it is unique because it has a mean of 0 and a standard deviation of 1.

Any normal distribution can be converted into a standard normal distribution by subtract-
ing the mean from each observation and dividing this difference by the standard deviation.
The results are called z values or z scores.

So, a z value is the distance from the mean, measured in units of the standard deviadon.

In terms of a formula:

X-p [6-1]

STANDARD NORMAL VALUE z=

where:

X is the value of any particular observation or measurement.
. is the mean of the distribution.
o is the standard deviation of the distribution.

As noted in the above definition, a z value expresses the distance or difference between
a particular value of X and the arithmetic mean in units of the standard deviation. Once the
normally distributed observations are standardized, the z values are normally distributed with

5 amean of 0 and a standard deviation of 1. The table in Appendix D (also on the inside back
b j
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Chart -3 Summarizes the major Characteristics of the various [evels of measurement.

Levels of Data

Nominal Ordinal Interval Ratio
Data may only be Data are ranked Meaningful difference Meaningful 0 point and
classified between values ratio between values

© Jersey numbers.
of football players
* Make of car

« Your rank in class
© Team standings in
the NHL

* Temperature
 Shoe size
* 1Q scores

© Number of patients
seen

* Number of sales
calls made

« Distance to class

[Z1 CHART 1-3 Summary of the Characteristics for Levels of Measurement
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where:

represents the population mean. It is the Greek lowercase letter “mu.”

is the number of values in the population.

represents any particular value.

is the Greek capital letter “sigma” and indicates the operation of adding.
2X is the sum of the X values in the population.
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