Lecture 5:
Lesson and Activity Packet

MATH 232! Introduction to Statistics
September 23, 2016

Homework and Announcements

* Don’t leave class today without submitting Homework 3.

¢ Homework 4 due Monday in class.

Recap

Last time, we discussed:
» Tractiles (measures of position)

— Median (this is not new)
— Quartiles
— Deciles

— Percentiles
+ Interguartile range

» Box-and-Whisker Plot

Questions?

If not, then today, we begin Chapter 4: Probability.

To preface owr study of probability, we should speak in a standard way about what is
generatly possible in the world; we can’t predict the outcome of a soccer game if we don't
know who's playing, {or example, just as we can's predict an election without knowing who's
Tunning,

We start with some terminology.

Definition 1

o An experiment is any operation or procedure whose outcomes cannot be predicted with
certainty.

o The sct of all possible ontcomes for the experiment is ecalled the sample spacc of the

experiment. The sample space is a set {1.c., an unordered list), and is usuafly given
the name 5.

Example 1
The single toss of a coin is an expertment, because its outcomes (heads, tails) cannot be

predicted with certainty. The sample space of the coin-toss experiment can be written as
S = {H,T}.

Example 2

The single toss of a die is an experiment with one of six outcomes. Here, the sample

space is § = {1,2,3,4,5,6}.
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Sometimes events consist of more than one trial or component: each outcome can be
decomposed into one or more outcomes.

xample 3
Nhen classifying people by their blood type, ususlly the antigen type (A, B, AB, or O) is
iven along with the Rhesus factor (+,-). Your instructor’s blood type is O+, for example.

A tree diegram is a visual represcotation of the mumber of possible ontcomes of multi-step
experiments.
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For the blood type data, the trec diagram is:
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Theorem 1 (The basic principle of counting)

Suppose that two experiments are to be performed. If experiment 1 ean result in any,
ane of m possible outcomes and if for cach result of experiment 1, experiment 2 can result

in n possible outcomes, then taken together there are mn possible outcotnes of the two
experiments.

Example 5
There were four ways to cheose the antigen type, and two ways to choose the Rhesus factor;
so there are 4 -2 = 8 possible blood types.

Example 6

If an ice cream shop has 20 flavors to choose from with 8 choices of toppings, then there are

a total of 20 - 8 = 160 different combinations you can choose from.




Theorem 2 (The generalized principle of counting) Definition 2

If k experiments are to be performed, and the first one may result in any of n, possible
outcomes; the second may result in ny possible outcomes, and so o, then there is & total of; e An event is any collection of results or outcomes of a procedure. An event is a set, and
7y - Mg+ -+ - - Wi possible outcomes of the k experiments. it is a subset of the sample space (i.e., each member of an event must have appeared
in the sample space first). Bvents are usually given the name E. We therefore write
e E C 8, prononnced “F is a subset of §".

Example 7 A simple event. is a set with exact] '
T op s ; o A simple event is a set with exactly one cutcome.
: How many 7-place License plates are possible if the first three places are lotters, and the fin 1

 four places are numbers? e A compomd event contains more than one cutcome.
- z,
262626 10 1010 10 = 26 o = |FE 240,000 e s e
_— — T T / f Example 11
o If an experiment/procedure consists of fipping two coins, then the sample space
s - . contains the following four points: S .= {(H,H),(H,T),(T,H),(T,T}}.
iExample 8

» A simple event could be E = (H, H) (both coins come up heads).

57 .5]-50-49.4§ = m:\.fmwwoc

:  « A compound event might be E = {{H, H),{II,T)} {the event that a kead appears
d on the first coin}.

mem.ﬂ_vmm 12

: Example 9

.o If an experiment consisis of tossing two dice, then the sample space consists of the
Hew many license plates would be possible if repetition among letters or numbers were 36 ordered pairs in the set Ss := {(i, 1), where i,j are among1,2,3,4,5,6}.
: prohibited? - ‘

e i .4 compound event might be E = {{1,6), (2,5),(3,4), (4,3}, (5,2}, (6,1)} (the evont
that the sum of the dice is 7).

204-25-24 - 10:9-§-F = 7624000 S

.
Example 10
mwmﬂci many ways are there to arrange 10 objects from left to right on a shelf?
;

BeG-Fdb 54220 = [0l < 2.2 %800
[ /
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There are several other important variations on the permutation problem. Here are examples
of two more variations:

M
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H have 10 different books that I want to put on my bookshelf: 4 arc mathematics books, 33
mm:w language books, 2 are history books, and 1 is a chemistry bock. But I want to keep m_:w
_voerm with the same subject together. How many different mﬁmumﬁcnﬁw are ?umm:imc
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Combinations are a special case of the “choosing r ohjects from n many” problem, where
the order of the chosen objects doesn't matter.
Remember the example:

e
iExample 17
{In how many different ways can our class (which we can assume has 26 students) sclcet a
i bwmm_amnn a vice president, a secretary, and a treasurer, assuming that no single student can;
LSE more than ore wcm_aab.w
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Consider the similar example:

xample 18
In how many different ways can our class (which we can assume has 26 students) select
onncil of four students to represert us at a statistics conference?

[T~ |

TFhe crucial difference here is that in the first example, the four positions were distinct. I
Eannah is the president, Mykacla is the vice president, Nicole is the treasurer, and Tim
is the secretary, then this is a different situation than having Mykaela be the president,
Hannah the vice president, Nicole the treasurer, and Tim the secretary.

However, in the sccond example, order does not matter. If the group consists of Tiffany,
Kaitlyn, Paul, and Akira, then the group with Kaitlyn, Alira, Paul, and Tiffany is exactly
the same.

So, lot’s answer the question: how many ways can 4 students represent 267
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The number of combinations of #» many objects taken  at a time is denoted ,C;. or QY and

is given by the formula
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Recap

¢ Experiment, outcome, samptle space
¢ Sets and subscts
« Counting

— Tree diagrams

— Basic principle of counting
— Generalized principle of counting

» Events

— Simple events

— Compound events
* Permutations

— Permutations for sets of distinet items

— Selecting  ordered items from r distinct items

— Groups of permutations (bookshelf problem}

— Permutations for sets of non-distinet, items (PEPPER problem}
= nlr

— Factorials

« Combinations
— Selecting + unordered ifems from n distinet items

—aCe=(0)
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