Exploring Theoretical and
Experimental Probability

Probability is a measure of the likelihood of
an event or outcome occurring.

Fred Dillon

This handout contains selected slides to use when reviewing this
tutorial topic with or without the video. To access all slides, open
thumbnail link on the tutorial interface.

Slides from Probability Basics (Tutorial 24)

The probability of an event or outcome
is a number 0 between 1.

Probabilities can be written as a
fraction, a decimal, or a percent.

For example, the probability of getting
“heads” when tossing a coin is

% or 0.5 or 50%

Animpossible event
has a probability of 0.

An event that is certain
has a probability of 1.

A probability cannot be greater
than 1 (or 100%) because an event
can’t be more likely than certain!

Theoretical Probability

List all the possible outcomes for an
event, called the sample space.

Count the number of possible
outcomes that match the outcome for
which you are finding the probability.

This assumes all of the possible
outcomes are equally-likely to happen.

Theoretical Probability

The ratio of favorable or desired
outcomes to all possible equally-
likely outcomes.

number of ways desired outcome can occur

P(desired outcome) =

ber of all possible equally-likely outcomes

Experimental Probability

A ratio based on data from repeated
trials of an event gathered through
an investigation or simulation.

number of ways desired outcome can occur
number of trials

P(desired outcome) =
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Slides from Probability Basics (Tutorial 24)

Finding Theoretical Probability

number of ways desired outcome can occur

P(desired outcome)=
number of all possible equally-likely ot

To find a theoretical probability, one
must find the number of all possible
outcomes.

Itis often helpful to make an organized
list or tree-diagram to find all possible
outcomes.

Finding Theoretical Probability

number with 2 boys and 2 girls
ber of possible ar ts of 4 children

P (2 boys & 2 girls) =

It is assumed the birth of each child is
anindependent event.

Two (or more) events are independent
when the outcome of the first event
does not affect the outcome of the
second event.

Finding Theoretical Probability

number with 2 boys and 2 girls

P (2 boys & 2 girls) =
number of possible arrangements of 4 children

6 “families” with 2 boys and 2 girls
16 possible “families” of 4 children

P(2 boys & 2 girls) =

P(2 boys & 2 girls) = % = % =0.375=37.5%

Finding Theoretical Probability

ber with 2 and 2 girl
P i Coowh 2 bovnand 2ab

number of possible arrangements of 4 children

What is the probability of a family with four
children having two boys and two girls?

Using a Tree Diagram to find the Possible Outcomes
1 2 39 4% Famles'ol G =Gt
Child  chid  Chid Child 4Chiden B=Boy

16 different “families” of
4 children are possible

B

G )

> SG 6 of the possible
+ “families” have
. BGGB 2 boys and 2 girls
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Finding Experimental Probability

Coin Tossing

& Number of tasses [100]
~ Longest run of heads [

Probability of heads = [0 5

Resume | I Clear ||Ei.”

*H=boyand T =girl 1

* Each group of 4 “tosses”
simulates one “family”

* One of the four “families” EU-;
has 2 boys and 2 girls.
nlvm.usu.edu
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Results of 100 trials (400 tosses)

~ Frequency of Girls in 100 Trials

Girls | Freq
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Slides from Probability Basics (Tutorial 24)

Finding Experimental Probability

number with trials with 2 boys and 2 girls

P(2 boys & 2 girls) =
( ¥ eins) number of trials

38 trials with 2 boys and 2 girls
100 trials

P(2 boys & 2 girls) =

P(2 boys & 2 girls) = % =0.39=39%

Experimental Probability

* Simulations may be used to model and
estimate the probability of an event.

* Many trials are needed to be confident
in the accuracy of the experimental
probability.

* Thegender of a child at birthis a
random event that is approximately
50% male and 50% female.

* The fact that a family has two boys in
arow does not mean the family is
“due” to have a girl as a third child.

* Each trial (or birth) has the same
probability — approximately 50%
male and 50% female.

Fundamental Counting Principle

If one event can happen in a ways
and a second independent event
can happen in b ways, the two can
occur together in a « b ways.

Fundamental Counting Principle

Find the number of possible outcomes
for “families” of four children:

224242 = 16 possible outcomes
B (“families” of 4 children)

bl 3
child child
21-5 dth
child child

Two possible outcomes
for each child: boy or girl
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Fundamental Counting Principle

How many different Ohio license
plates with three letters followed
by four single digits can be made?

26+26°26+10+10+10+10= 175,760,000
' ' ' | license plates
qst ard 2nd 4th
letter  5ng letter 4« digit 3u digit
letter digit digit
26 possible outcomes for each letter
10 possible outcomes for each digit

Slides from Probability Basics (Tutorial 24)

Finding Theoretical Probability

What is the probability of having an
exact match on the Ohio Pick Three
game?

10+ 10+ 10 = 1000 possible Pick Three numbers

2nd

1o digit 3

digit digit

Finding Theoretical Probability
What is the probability of having an
exact match on the Ohio Pick Three
game?

number of ways desired outcome can occur

(exact match) = mber of all possible Pick Three numbers

1
P(exact match) = % =0.001 = 0.1 %

Finding Theoretical Probability
What is the probability of winning

if you picked 7, 8 and 5 and “boxed”
your numbers?

number of 3-digit numbers witha 7, 8and 5

P(winning) =
( 9 number of all possible Pick Three numbers

Finding Theoretical Probability

Find the number of three-digit
numberswitha 7, 8,and 5

3+ 2+ 1 = 6 three-digit numbers with
i ' a7,8 and5

Possible
2o diigits
(bwo rernaining
digits)
Possible Possible
1st digits I digits
(7,8, 0r5) (one remaining digit)

Finding Theoretical Probability

What is the probability of winning
if you picked 7, 8 and 5 and “boxed”
your numbers?

number of 3-digit numbers witha 7, 8, and 5

number of all possible Pick Three numbers

P(winning) =

6
P(winning) = T5oo = 0.006=0.6%

© Ohio Resource Center for Mathematics, Science, and Reading, 2008




-/ Mathematies,

Slides from Probability I;a_;lcs (Tutorial 24)
Finding Theoretical Probability

A Punnett Square is a simple graphical
way of finding the potential outcomes

What if all the events in for a trait from two parents.
a sample. Space are nOt genetic contribution
equally likely? ofoneparent | l
B (0]
ti 5 =
gz:fri:ution{ B | B8 ‘ BO S;;sssi’glr;g s
E;:I;:lolher 0 OB ‘ 00 genotypes
Blood Type Example Finding Theoretical Probability
Qe SR Two parents, both with genotype
f t i l 4 -
ok L | & BO blood, have three children.
genetic - What is the probability that all
s B BB BO Offspri i
canbation bl ol three children have Type B blood?
of the other o OB 00 genotypes
parent
Legend: TypeB blood = yellow; Type O blood =pink 3 3 3 27 42 0/
number of genotypes resulting in typeB 3 0 T * 'Z' * "3- B a ~ o
F{ype R bipod) = number of all possible genotypes = T: 75 /U / l
P o \
_ number of genotypes resultingin type O 1 0 PO chig | havingypeB  Probabityof
Pltype O blood) = — o oTall posaibie genoypes.~ . 4 25% having type B havinatype B
e Somue  CRA eon . If the probability of an outcome (A)
o reed PR of an independent event is
/’ = 3'———-» o P@BO)= ngc: 1_9 P(A) =r
& PE)= PO)= T
ol i emed PRoE i then the probability of having A
. i occur n times in a row is:
5 ey, TEER BECH P(A occursntimesinarow)=r"
B 13 3 _ 89
PEI=3 POBE)= 44" 4" 64 ape.
’ oo For example, the probability of
B O 1 1.3 1_3 - - - -
_—ber-3 il % having A occur ten times in a row is:
Bt B3 oo il P(A occurs 10 times in a row)
et P 000 =rererererererererer=r
Pd-1  Pooor {4t 4= a4
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Slides from Probability Basics (Tutorial 24)

Summary

* Reviewed theoretical probability
and experimental probability

* Made simple counting arguments

* Found the probability of
independent events

© Ohio Resource Center for Mathematics, Science, and Reading, 2008



