Lecture 14:
Lesson and Activity Packet

MATH 232: Introduction to Statistics
November 16, 2016

Homework and Announcements

Homework 13 due in class Monday (check Canvas)

Post on book discussion forum on Canvas before 11:59 p.m. Wednesday next week

Submit book summary on Canvas before 11:59 p.m. Wednesday next week

Submit exam corrections in class on Friday (optional)

Submit election make-up on Canvas before 11:59 p.m. on Friday (optional)

Today

e Descriptive vs. Inferential Statistics
e Random Variables (Discrete and Continuous)
e Probability Distributions

e Mean, Variance, and Standard Deviation for a Probability Distribution



Question 1 ks ,
‘ How would you compute the mean roll of a die? The standard deviation?

In the first part of the course, we would have rolled the die a number of times, and put
together a data set—perhaps representing it using a frequency table. For example, you
might have the following results after 40 rolls of the die:

In this case, the mean and standard deviation can be computed using the formulas from
Chapter 3 of the text. The mean is Z = 3.5 and the standard deviation is s = 1.7.

But instead of constructing a frequency distribution and finding a mean and standard devi-
ation based on actual observed data, we can develop a theoretical model of the distribution
of results, and then find the mean and standard deviation of this theoretical model:

z| 1 2 3 4 5 6
Plz)[1/6]1/6]1/6|1/6|1/6|1/6

In essence, the probability distribution above describes the relative frequency table for a
die rolled an infinite number of times. With this knowledge of the population of outcomes,
we are able to find important characteristics, such as the mean and the standard deviation.
The remainder of this class and the core concepts of inferential statistics are based on
probability distributions.

For the particular probability distribution corresponding to the rolling of a die, the mean is
u = 3.5 and the standard deviation is o = 1.7. We will learn how to compute these by the
end of this class, but first, we begin with some key concepts.




Definition 1 (Random Variable)

A random variable is a variable (typically represented by = that has a single numerical value,
determined by chance, for each outcome of a procedure.

/Example 1 !

. e The age of a rock sample randomly chosen from an archaeological site;

e The score a randomly chosen student earns on an exam;

e The age or weight of a randomly chosen respondent of a survey
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Definition 2 (Probability Distribution)

A probability distribution is a description that gives the probability for each value of the
random variable. It is often expressed in the format of a graph, table, or formula.

I '
|Example 2

\ i
\For the example of tossing a die, the random variable is e & ‘HM*S W“a{ and the!
| probability distribution is '

P(z) | 1/6 | 1/6 | 1/6 | 1/6 | 1/6 | 1/6

“ z] 1 ] 21 31 4] 5] 6
|

Note that random variables are typically not perfectly random. Strictly speaking, neither
are they variables. But some people still refer to avocados as “alligator pears”, and avocados
are neither alligators nor pears. That is to say, be cautious of the nomenclature.
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Random variables come in two categories: discrete and continuous.

Definition 3 (Discrete Random Variable)

A discrete random variable can take on a finite number of values or a countably infinite
number of values (as many values as there are whole “counting” numbers). For nearly all
discrete random variables, the possible values form a subset of the integers.
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Definition 4 (Continuous Random Variable)

A continuous random variable arises when we deal with quantities measured on a continuous
scale without gaps or interruptions, and can take on uncountably many values.

I
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Example 3 “

e Discrete: Let & be the number of eggs that a bird lays in a day. This is a discrete|
random variable, because its only possible values are 0, 1, 2, 3,.... No bird can lay;
2.8546584 eggs, for example, which would have had to have been possible had the

variable been continuous. ‘
|

e Discrete: The head count of students in class today is a whole number, and is therefore|
a discrete variable.

o Continuous: Let x be the time it takes for a runner to finish a race. This is a|
continuous random variable, because it can have any value over a continuous span;
a runner might finish a hundred-meter dash in a time between 10 and 30 seconds.
It would be possible to get 12.354452 seconds, because the time is not restricted to‘:
discrete numbers of seconds like 10, 11, 12,.. .. [Finite precision of measurement devices|
may limit the practical ability to observe any continuous random variable in real life.! '
But pretend we have infinitely precise measuring equipment if you must.] ?\

o Continuous: The measurement of voltage for a particular smoke detector battery can }
be any value between 0 and 9 volts. It is therefore a continuous random variable. ‘
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Group Exercise 1 , i i

Suppose you buy one Iottery t1c1\et every Week over a year (for a total of 52 t1ckef;s) Over
those weeks, you count the number of times you win something. In f;lns context, what is the
random vanable and what are its poss:b]e values? : - i

Ramd, varioble 1 4, o wing. Codd A

0] '} 2, 2/ ves 50/ 5f)5_2

Group Exercise 2

Determine whether each random Variable is dxscrete or contmuous
D e The number of people Who are, at this moment dr:vmg a'car in leand

C o The We:ghf; of all the pzstacmos in Turkey;
C

The height of f:he Iast alrplane that departed from Hamman & West Anport;

The number of cans of soft drmks that you consumed in the last year

o

D

The cost of making a randomly selected movie

@

The running time of a randomly selected movie; :

() Nuwdoer o cans b subjectine — cam yow diink hatf a oot
0{' Soda? It 4t Conhinurug —-.}-ﬁ mo, +hw disde .
@ R/Wn.wihﬁ Hot o Wm@‘j cavth'wwmzi/ bt X L Al
hatl n ﬂ&wﬂa dQ””“" rate (24 fps, 48 fps, etc. ) , than

T Ywmv\.o L tam Nf,g fe o AMSauck mwinde, -

L:) C&H.M,'f'u,l,/(l_ [



For now, we will consider only discrete random variables, and will pick up with continuous
random variables after the end of Chapter 5.

There are various ways of representing a probability distribution of a discrete random vari-
able. We saw a way of representing the distribution of the numbers rolled on a die by a table

of values.

Another way of representing the probability distribution is with the probability histogram.
This is best illustrated with an example.

}| Example 4

|| Consider the offspring of peas from parents both having the green/yellow combination of|
. pod genes. Under these conditions, the probability that the offspring has a green pod is 3/4,1
\or 0.75 (remember Punnett squares?). That Is, P(green) = 0.75. If five such offspring are|
| obtained, and if we let x be the number of peas with green pods among 5 offspring peas, I
| then x is a random variable because it depends on chance. M

In the table is a probability distribution giving the probability for each value of the randomi
W‘ variable . [We will see how to use a binomial distribution to compute these values beforel
' the end of Chapter 5.] |
| |

z] 0 1 2 3 Z 5
| P(z) | 0.001 | 0.015 | 0.088 | 0.264 | 0.396 | 0.237 |
| |
1‘

[ T
| This probability distribution can also be represented by the probability histogram: i
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Theorem 1 (Reguirements for a probability distribution)

1. The sum of all probabilities in the distribution of a discrete random variable must be
1. [That is, 3, P(z;) = 1, where z;, &, ... are the values the variable can take on.]

2. Each probability in the distribution of a discrete random variable must be between 0
and 1 inclusive. [That is, 0 < P(xz;) < 1 for all values x1, %, ... that the variable can

take on.]

e Requirement 1 arises from the fact that the random variable z represents all possible -
events in the entire sample space, so we are certain (with probability 1) that one of
the events is bound to occur.

e Sometimes rounding errors force a particular distribution to violate Requirement 1 by
a small amount. For example, in the given distribution corresponding to green/yellow
pea pods, the probabilities sum to 1.001. This is fine.

Group Exercise 3
‘Based on a survey conducted by a high-school student you're tutormg, the probabilities for
the number of ceﬂ phones in use per household is shown in the foﬂowmg ‘table:

(o 0 s e s 2.8
| Plz) | 0.19 | 0.26 | 0.33 ] 0.13

Does this table consiututse a probathty distribution? Why or Why not?

”-‘/1 L m*lSﬁal bwr 010) fo %w %3+ulz > 0.9l 7 1

‘Group Exercise 4 o

Does Plz) = 16 Where z € {O 1y 2 3, ,4}, constitute a probabzllty d15tr1but1on'7 Why or Wby

not? ‘ :
{%. Qu[.gl‘to S“’HSWIM 0+|:01+3+41:_Z:l)5’&1'l
%‘MMS‘MM‘M, 7

aloft]2]3 [t
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The mean, variance, and standard deviation for a probability distribution can be computed
using the following formulas:

Theorem 2
o Mean: u= Z [@s - P(z4)]

e Varance: 0® =Y  [(zm: — u)* - P(z)]

i

e Standard Deviation: o = \/i [(z; — p)? - Pxi))

!Example 5 |
Usmg the data in the distribution of the random variable predlctmg the number of peas W1th|
| green pods in a sample of five randomly selected peas. .

i!
3-; 2 II
*? T (PR < P@) G—0 - P@ 5:
0 10.001]0-0.001 = 0.000 | (0—3.752)% - 0.001 = 0.014078 !%
1 [ 0.015] 1-0.015 =0:680 | (1 — 3.752)2 - 0.015 = 0.113603 !
‘ 2 [ 0.088 | 2-0.088 =-000 | (2 — 3.752)7 - 0.088 = 0.270116 i’
| 3 [ 0.264 | 3-0.264 = QQQQ (3=3.752)7 - 0.264 = 0.149293 ;!
| 4 | 0.396 | 4-0.396 = Q690 | (4 — 3.752)% - 0.396 = 0.024356 |
| 5 | 0.237 | 5-0.237 = U.000 (5 — 3.752)% - 0.237 = 0.369128 |
;i Total = 3.752 o% = 0.040574 = o o1& + 0. 113403 +
|

+0.270l b + O. 1492.%13 +
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Group Exercise 5

Based on past results found in tbe Informatmn Please Almanac, there is a O 1919 probability
‘that a baseball World Series contest will last four games, a 0.2121 probabzhty that it will
last five games, a 0.2222 probability that it will last six games, and a 0.3737 probabu:ty that,

it will Jast seven games

e Does the glven mforma.tmn describe a probablhty dmtrxbutxon?

e If it does descr.:be a probabxbty distribution, find the mean and standa.rd deviation forf
the numbers of games in World Ser:es contests.

050.1917:51 : 050.1[7,15:, 0$o.22,2?,f{} 040.3731 <,

So /&? 2 w M?ﬁw(, alse, 01919102121 10,2222 +0.333F = 0.999 , wheek
Ly 't rawhd,dﬁ{—W (!L o g - pwoly. dast.
. \ 2
2 | P> | 2P (-p) " Plx)

—
4% /o. 1919 4-0.1919= 0. 7L (4-5-???2)2- 0.1919 = 0.t0C104¢05

2 .
5 o212 5-0212 | = [ Qbog (7—9.??72)-o.z|74-0-f23”695

0.22 2
b 02222 L-ﬁ;é_ =1.3332 (6-5.3272-)-0.2222 = 0.0ll029972

T | 03337 ‘?-0.3?3;:1,01;7 (?—5,???2)2-0.3%?= 0. 055832128
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