QUANTITATIVE METHODS FOR MANAGEMENT DECUUIONS

NATIONAL AMERICAN UNIVERSITY
.....l-... MA 6600 - WINTER 2007

Week 3: Probability and Statistics

v' Quiz:
In general, probabilities refer to events in the future, and statistics refer to
events in the past. Give two examples of activities, jobs, or businesses
that rely heavily on each and briefly explain why.

v Quiz for next week:
When should you use a deterministic approach to solve business
problems? When should you use a stochastic approach?

v' Assignments due this week:
o Biography: Leonhard Euler
o Paper: “Normal Distribution”
o Spreadsheet: Features

v' Assignments due next week:

o Biography: Henry Gantt

o Paper: “Deterministic Processes versus Stochastic Processes”

o Spreadsheet: We want to start our own lottery business. We need
to decide how many numbers to use in our drawing. To help us
understand the odds, create a spreadsheet that compares the
probability of a player picking the winning numbers if we use one,
two, three, four, or five numbers in our lottery. Assume that each
number drawn must be in the range from 0 to 9.

v Bayesian Decision Theory
o Probabilities
o Distributions

v" Probabilities
o A probability is a numerical statement about the likelihood that an

event will occur.
o The probability that an event will occur is a number between zero
and one.
= An event with a probability of zero is not expected to occur.
An event with a probability of one is certain to occur.
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» In order to make it faster to communicate this idea, it is
common to use the letter P and a letter or word in
parentheses that symbolizes an event, to represent a
probability. So using the mathematical shorthand, we could
write this statement as:

0 =< P(Event) <1
o The sum of all possible outcomes of an activity must be equal to 1.
o Example: Coin Toss

= We can think about this in terms of a coin toss. There are
only two possible outcomes (events), heads or tails, and
they are equally likely. Let’s call the probability of the coin
coming up heads “H,” and the probability of the coin coming
up tails “T.” Remember that the probability of all possible
outcomes must add up to 1.0. So to find the probability of H
or T we divide 1.0 by the number of alternatives:

PH)=1/2
P(T)=1/2

* In decimal form, 1/2 = 0.5. So we can rewrite this as:
P(H)=0.5
P(T)=0.5

=  We can confirm completeness by checking to see if P(H) +
P(T) =1.0.

o Example: Scenarios
» What is the probability of rolling a three with a six-sided die?

P@3)="7?
How about the probability of rolling a one?
P(1)=7?

= What is the probability of drawing a spade from a deck of
cards? P(s) =7
o Adding Events
» Mutually Exclusive Events: Both cannot happen.
e P(AorB)=P(A) + P(B)
= Not Mutually Exclusive Events: Both could happen.
e P(AorB)=P(A) + P(B)— P(A and B)
o Example: Mutually Exclusive Events
= What is the probability of drawing either a spade or a heart
from a deck of cards?
P(a or v) = P(#) + P(v)
o Example: Not Mutually Exclusive Events
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= What is the probability of drawing either a spade or a jack
from a deck of cards?
P(aorJ) = P(4) + P(J) - P(Je)
= There is a 13/52 probability that you would draw a . There
is a 4/52 probability that you would draw a J. If we add these
together, we would have a probability of 17/52 of drawing a
card that matches either of the criteria. But this is wrong,
because # and J are not mutually excusive. There is one
card that is both a # and a J... the jack of spades. So we
account for this overlap by subtracting the probability of
drawing a card that meets both criteria... 1/52. If you are still
struggling with this, make a spreadsheet showing all of the
cards in a deck, and count how many meet our criteria.
o Statistical Dependence
= Statistically Dependent Events
e Past events do have an impact on future events. For
example, if you are drawing cards from a deck. When
you draw the first card, there is a probability of 13/52
(0.25) that it will be a spade [P1(#) = 0.25]. But the
outcome has an impact on the probability of future
events. If it is a spade, then there is a 12/51 (0.2352)
chance that the next card will also be a spade
[Po(#) = 0.2352]. If it is not a spade, then there is a
13/51 (0.2549) chance that the next card will be a
spade [P2(#) = 0.2549]. Pulling a spade randomly
from the deck on the first draw lowers the probability
that you will draw another on the second. So the
events are statistically dependent.
» Statistically Independent Events
e Past events have no impact on future events. For
example, no matter how many times you roll a die, the
probability of the next roll being a two is always the
same.
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v" Distributions (Used for both Statistics and Probabilities)
o Normal Distribution Curve
= Also called Gaussian distribution
=  68% of events fall within one standard deviation
=  95% of events fall within two standard deviations
= Distribution function is the “bell curve”
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= Mean ()

e The mean, or average, tells you where the peak is
located. It answers the question, “What value is at the
middle of the distribution?”

= Standard Deviation (SD) (o)

e The standard deviation describes the shape of the
bell curve. It answers the question, “How wide is the
bell?”

o Binomial Distribution (Bernoulli Distribution)
= Give the number of successes given a number of trials.
There are only two possible outcomes of the trial — success
or failure — hence the name “binomial.”
o The more trials, the closer it comes to a Normal Distribution
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= Normal Curve Table
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e Old fashioned, textbook way of calculating probability
distributions. Today you can do this much more easily
with Excel.

Normal
Deviate
z 00 01 02 03 04 05 06 A7 08 09

-4.0 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
-39 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
-3.8 0000 0000 0000 0000 0000 0000 0000 0000 0000 .0ooo
-3T7 0001 0001 0000 0000 0000 .0o0a 0000 .0o0a 0000 0000
-3.6 o0z 0002 0001 0001 0001 0001 0001 0001 0001 0001
S35 ooz 0002 ooz .0ooz ooz .0ooz2 0002 .0ooz2 0002 0oz
-34 0003 0003 0003 .ooo3 0003 ooz 0003 ooz 0003 ooz
-3.3 D005 0005 D005 0004 0004 0004 0004 0004 0004 0003
-3.2 0007 oo D006 0006 0006 D006 0006 0005 0005 0005
231 0010 0009 0009 0009 0008 0008 0008 0008 0007 .ooo7
-3.0 0013 0013 0013 .oo1z2 nolz 0011 0011 0011 0010 .oo1o
-2.9 0019 o018 0018 0oLy 0016 016 0015 0015 0014 0014
-2.8 noz6 0025 0024 0023 noza .onzz2 noz1 o021 nozo o019
27 0035 0034 0033 o032 0031 0030 nozo 0028 0027 0026
-2.6 0047 0045 0044 0043 0041 0040 0039 0038 0037 0036
-2.5 0062 0060 0059 0057 0055 0054 0052 0051 0049 0048
-2.4 nogz2 0080 noTs 0075 0073 0071 0069 D0GE D066 D064
-2.3 17 0104 nioz 0099 0096 0094 0091 0089 0087 D084
-2.2 0139 0136 n13z 0129 0125 0122 nr1e {0116 0113 0110
-2.1 0179 0174 0170 0166 0162 0158 0154 0150 0146 0143
-2.0 0228 n222 0217 0212 0207 0202 o1a7 .01a2 0188 0183
-1.9 0287 0281 0274 0268 nz262 {0256 0250 0244 0230 0233
-1.8 0359 0351 0344 {0336 n3zo .n3zz2 0314 0307 0301 0294
-L7 0446 0436 0427 0418 0409 0401 0392 0384 0375 0367
-L6 0548 0537 0526 0516 0505 0485 0485 0475 0465 0455
-15 D68 (G55 0643 D630 D618 D606 0594 0582 D571 0559
-14 D808 0793 0778 {0764 0749 0735 0721 0708 D694 D681
-1.3 D968 0951 o34 0918 0901 D885 0869 D853 D838 0823
-1.2 A151 1131 d112 1043 1075 1056 1038 1020 1003 D985
-1.1 1357 1335 1314 1292 1271 1251 1230 210 1180 170
-1.0 1587 1562 1530 1515 1492 1469 1446 1423 1401 1379
-9 1841 1814 1788 1762 1736 AT1L 1G85 1660 1635 611
-8 2119 2090 2061 .2033 2005 1977 1949 1922 1804 1867
-7 2420 2380 2358 2327 2206 2266 2236 2206 2177 2148
-6 2743 2709 2676 L2643 2611 (2578 2546 2514 2483 L2451
-5 3085 .3050 3015 L2081 2046 2012 2877 L2843 2810 2776
-4 3446 3409 aar2 2336 L3300 2264 3228 .A1e2 156 121
-3 szl a7e3 4745 AT07 3669 632 L3504 JAG5T 3520 B3
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