Chapter 01 : What is Statistics ?

Feras Awad

Data: The information coming from observations, counts, measurements, and re-
sponses.

Statistics: The science of collecting, organizing, analyzing, and interpreting data in
order to make decisions.

Population: the collection of all outcomes, responses, measurements, or counts that
are of interest.

Sample: Subset or part from the population.

?oPULATIO/\/

Parameter: Numerical description of population characteristic. For example, average
age of all people in Jordan.

Statistic: Numerical description of sample characteristic. For example, average age of
people from three cities in Jordan.

Branches of Statistics:

1. Descriptive Statistics: Involves organizing, summarizing, and displaying data by
tables, graphs and averages.

2. Inferential Statistics: Involves using sample data to draw conclusions about
population.

Types of Data:

1. Qualitative: Consists of all attributes, labels, or nonnumerical entries. For ex-
ample: major, place of birth, eye color, ID number. Note that the mathematical
computations between data are not meaningful.

* There are two types of quantitative data:

(a) Nominal: No order. For example: blood type, hair color.
(b) Ordinal: Can be ordered. For example: best five football team in the world.

2. Quantitative: Numerical measurements or counts. For example: ages, tempera-
ture, weights, study-year.
* There are two types of quantitative data:

(a) Discrete: the data that takes certain values like study-year: 1, 1, 5, 4, 3, 2,
3,1,4,2, 4, -

(b) Continuous: the data that takes any value in a range or interval like weights:
63, 41, 56, 58, 49, 81, 104, 99, - --



Chapter 02 : Data and Data Organizing

Feras Awad

1 Raw Data

Raw Data is the data that recorded in the sequence in which they are collected and before
they are processed or ranked.

Example 1. The following is a sample of the final grade of 20 students.
78 82 79 79 82 80 80 82 85 70
80 88 83 79 87 78 60 90 84 90

Note We can order data either in ascending order (from smallest to largest) or in descending
order (from largest to smallest).

Example 2. The data in example (1) can be ordered in ascending order as follows.

60 70 78 78 79 79 79 80 80 80
82 82 82 83 84 85 87 83 90 90

Dot Diagram It is a graph of the values on the number line, where each value is represented
by a dot. For example, the dot plot for the data in example (1) is as follows.
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Stem-Leaf Plot Each number is separated into a leaf (the right most digit) and a stem
(the remaining left most digits).

Example 3. Draw a stem-leaf plot for the data in example (1).

1. Number of leaves = number of data. Stem | Leaf
6 0
2. Siane the Z\inimugodita ish60 and thle 7 088999 Key: 6]7—67
maX|mu.m ata Is then the stem val- 8 00022234578
ues begin by 6 and end by 9. 9 00

3. The leaves are in ascending order.

4. Writing the key of the plot is so impor-
tant.



Example 4. Use a stem-leaf plot to display the following data.

08 15 16 18 21 23 24 25 30 39 40 40

Stem | Leaf
0 8
1 |568 |[Key: 2|3=23
2 1345
3 09
4 00

2 Frequency Distributions and their Graphs

Frequency Distribution is a table that shows classes or intervals of data entries with a
count of the number of entries in each class called frequencies.

Example 5.
Major | Frequency * Relative ** Cumulative
(Class) F Frequency Frequency
Math 17 17/50 = 0.34 = 34% 17
Genetics 23 23/50 = 0.46 = 46% | 23 + 17 = 40
T 10 10/50 = 0.20 = 20% | 10 + 40 = 50
| Total [ 50 | 1=1.00=100% | |

) Class frequenc F
* Relative frequency of a class = d - y_o
Sample Size n

** Cumulative frequency of a class = the sum of frequencies of that class and all previous
classes.

e The sum of all frequencies = the sample size = the cumulative frequency of the last
class.

Example 6. [Qualitative Data]
The following is the blood type of 40 students. Summarize the data in frequency distribution.

0O B AOOOAOA B
AB A B O A A A OB A
O A AOAOAAADO
0O OA A OO O A A AB

Blood Type | Frequency | Relative | Cumulative
(Class) F Frequency | Frequency
0] 16 0.40 16
A 18 0.45 34
B 4 0.10 38
AB 2 0.05 40
’ Total \ 40 \ 1 \ ‘

Homework 1. Fill-in the blanks for the given frequency distribution.

Class | F | Rel. F | Cum. F
A 32
B 0.27
C
D |21 100




Note Two common methods for graphically displaying qualitative or discrete data: Pie and
Bar charts.

e Pie Chart: is a circle that is divided into sectors that represent classes.
— The area of each sector is proportional to the frequency (or relative frequency) of
each class.
— Find the central angle 6 for each sector using the corresponding frequency or relative

frequency of that class, where

F
0 — requency

= ————— X 360° = Relative Frequency x 360°
Sample Size

Example 7. Draw a Pie chart for the data in example (6).
O

0o = 0.40 x 360° = 144°
Op = 0.45 x 360° = 162°

N 6 = 0.10 x 360° = 36°

AB Oas = 0.05 x 360° = 18°
B

40%

A

Homework 2. The given pie chart, shows the distribution of various land and water in
a certain country. Calculate:

the area of woodland,
the angle of the urban sector,

the area and the angle of the lakes,

i

the total area of the country.

e Bar Chart: displays the distinct data classes on a horizontal axis and either the fre-
quencies or relative frequencies of those classes on a vertical axis. For example, the bar
chart of the data in example (6) is

10+ N




Example 8. [Discrete Data]
Summarize the following data using a frequency distribution, then draw bar
data.

chart for these

11 4 3 4313 21
331 23134 32
8,‘ |
Value | Frequency | Relative | Cumulative
(Class) F Frequency | Frequency
1 6 0.30 6 61 i
2 3 0.15 9
3 8 0.40 17
4 3 0.15 20 41 )
Total | 20 | 1 | | - m
1 2 3 4

3 Frequency Distribution of Continuous Data

The Goal
of the intervals.

is to group the observations according to intervals and recording the frequencies

Example 9. The table below shows regular frequency distribution of continuous data. There

are six classes, and the frequencies for each of the six classes are 5, 8, 6, 8, 5,

Class | Frequency
1-5 5
6—10
11-15
16—20
21-25
26—30

&~ OC1 00 O 0

Notes
e The classes do not overlap.

e Each class has a

and 4.

— lower class limit, which is the /east number that can belong to the class,

— an upper class limit, which is the greatest number that can belong to the class.

For example, in the frequency distribution in example (9), the lower class limits are 1,

6, 11, 16, 21, and 26, while the upper class limits are 5, 10, 15, 20, 25,

e Class Length = Upper Limit of a Class — Lower Limit of that Class.

and 30.

e Class Width = distance between lower (or upper) limits of consecutive classes.
For instance, the class width in the frequency distribution shown is 6 — 1 = 5.

e Class Length = Class Width — 1.

e Range = Maximum Data — Minimum Data.



To Construct a Frequency Distribution for Continuous Data:

1.

Decide on the number of classes to include in the frequency distribution. The number of
classes should be between 5 and 20; otherwise, it may be difficult to detect any patterns.

Find the class width using the formula

Class Width — [ Range w

Number of Classes
where [-] is the ceiling function. For example, [2.8] =3, [1.5] =2, and [6.1| = 7.
Find the class limits.

(a) You can use the minimum data entry as the lower limit of the first class.

(b) To find the remaining lower limits, add the class width to the lower limit of the
preceding class.

(c) Then find the upper limit of the first class.

(d) Remember that classes cannot overlap.

4. Find the frequency F for each class.

Example 10. [Quantitative Continuous Data]
For the following set of data, construct a frequency distribution that has seven classes.

128 100 180 150 200 90 340 105 85 270
200 65 230 150 150 120 130 80 230 200
110 126 170 132 140 112 90 340 170 190

The number of classes = 7 which is stated in the problem.

The minimum data entry is 65 and the maximum data entry is 340, so the range equals
340 — 65 = 275.

) Range 275
. Class Width = = |—| ~ [39.286] = 40.
ass i [Number of Classes-‘ [ 7 —‘ ( 1
The minimum data entry is a convenient lower limit for the first class. To find the

lower limits of the remaining six classes, add the class width of 40 to the lower limit
of each previous class. So, the lower limits of the other classes are 65 + 40 = 105,
105 + 40 = 145, and so on. The upper limit of the first class is 104, which is one
less than the lower limit of the second class. The upper limits of the other classes are
104 + 40 = 144, 144 4+ 40 = 184, and so on.

Make a tally mark for each data entry in the appropriate class. For instance, the data
entry 128 is in the 105 — 144 class, so make a tally mark in that class. Continue until
you have made a tally mark for each of the 30 data entries.

. The number of tally marks for a class is the frequency of that class.

Class Frequency
65 — 104 6
105 — 144 9
145 — 184 6
185 — 224 4
225 — 264 2
265 — 304 1
305 — 344 2




The midpoint of a class is the sum of the lower and upper limits of the class divided by two.
The midpoint is sometimes called the class mark.

(Lower class limit) + (Upper class limit)
5 .

You can use the formula shown above to find the midpoint of each class, or after finding the
first midpoint, you can find the remaining midpoints by adding the class width to the previous
midpoint. For instance, the midpoint of the first class in Example (10) is

65 + 104

midpoint = — = 84.5.

Using the class width of 40, the remaining midpoints are

midpoint =

84.5 + 40 = 124.5

1

124.5 + 40 = 164.5

1

164.5 + 40 = 204.5

l

204.5 + 40 = 244.5

and so on. The midpoints, relative frequencies, and cumulative frequencies for the data in
Example (10) are shown in the expanded frequency distribution below.

Class Frequency | Relative F | Cumulative F | Midpoint
65 — 104 6 0.200 6 84.5
105 — 144 9 0.300 15 1245
145 — 184 6 0.200 21 164.5
185 — 224 4 0.133 25 204.5
225 — 264 2 0.067 27 2445
265 — 304 1 0.033 28 284.5
305 — 344 2 0.067 30 3245

Homework 3. Construct a frequency distribution for the following data set using the 5 classes.
In the table, include the midpoints, relative frequencies, and cumulative frequencies. Which
class has the greatest frequency and which has the least frequency?

7 39 13 9 25 8 22 0 2 18 2 30 7
3 12 15 8 6 5 29 0 11 39 16 15

Homework 4. What Would You Do? You work at a bank and are asked to recommend
the amount of cash to put in an ATM each day. You don’t want to put in too much (security)
or too little (customer irritation). Here are the daily withdrawals (in hundreds of dollars) for
30 days.

72 84 61 76 104 76 8 92 80 88 98 76 97 82 84
67 70 81 82 89 74 73 86 81 8 78 82 80 91 83

1. Construct a frequency distribution for the data. Use 8 classes.

2. If you put $9000 in the ATM each day, what percent of the days in a month should you
expect to run out of cash? Explain.

3. If you are willing to run out of cash on 10% of the days, how much cash should you put
in the ATM each day? Explain.



Histogram Sometimes it is easier to discover patterns of a data set by looking at a graph
of the frequency distribution. One such graph is a frequency histogram. So, a frequency
histogram is a bar graph that represents the frequency distribution of a data set. A histogram
has the following properties.

1. The horizontal scale is quantitative and measures the data entries.
2. The vertical scale measures the frequencies of the classes.

3. Consecutive bars must touch.

Because consecutive bars of a histogram must touch, bars must begin and end at class bound-
aries instead of class limits. Class boundaries are the numbers that separate classes without
forming gaps between them. For data that are integers, subtract 0.5 from each lower limit to
find the lower class boundaries. To find the upper class boundaries, add 0.5 to each upper
limit. The upper boundary of a class will equal the lower boundary of the next higher class.

Example 11. Draw a frequency histogram for the frequency distribution in Example (10).
First, find the class boundaries. Because the data entries are integers, subtract 0.5 from each
lower limit to find the lower class boundaries and add 0.5 to each upper limit to find the upper
class boundaries. So, the lower and upper boundaries of the first class are as follows.

First class lower boundary = 65 — 0.5 = 64.5
First class upper boundary = 104 + 0.5 = 104.5

The boundaries of the remaining classes are found in the same manner. To construct the his-
togram, choose possible frequency values for the vertical scale. You can mark the horizontal
scale either at the midpoints or at the class boundaries. Both histograms are shown.

Frequency
Frequency
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Broken axis

Homework 5. True or False ?

1. In a frequency distribution, the class width is the distance between the lower and upper
limits of a class.

2. The midpoint of a class is the sum of its lower and upper limits divided by two.

3. Class boundaries ensure that consecutive bars of a histogram touch.

Homework 6. Use the frequency distribution shown below to find the class width, class
midpoints, and class boundaries.

Class | Frequency
20-30 19
31-41 43
42—-52 68
53—-63 69
64—74 74
75—85 68
86—96 24




4 The Mean (Average)

The mean of raw data: Consider a sample z1, x5, -+ ,x, of data of size n. The sample

mean is
The sum of data =, + 20+ ---+2, > @

Sample Size n n

Example 12. Find the mean of the data 26, 20, 40, 24, 30.

Tr =

264+20+40+24+30 140
5 5

T = 28.

Note = can be negative, positive, or zero. Also, Z cannot be used for qualitative data.
Homework 7. If the mean of the data 13, 8, 19, a, 1, 14 is x = 10, find the value of a ?

Homework 8. Find the mean of the following data.

Stem | Leaf
1 |05 Key: 2|4=24
2 3469
3 838

Example 13. The mean of 10 numbers is 8. If an eleventh number is now added to the data,
the mean becomes 9. What is the value of the new number?

Denote the new number by b. Note that b= (> z)  — (> x)_,. But

_ (g

Tog = 5 LM = 8= == = (> x),,=8x10=80
= (Zx>new (Zx)new
xnew:W:QZTj (Zx)neW:9X11:99

= ()= (D) gy = 99— 50 =19

Homework 9. The mean of n numbers is 5. If the number 12 is now removed from the n
numbers, the mean is 4. Find the value of n.

Example 14. The mean of 4 numbers is 5, and the mean of 3 other numbers is 12. What is
the mean of the 7 numbers together?
Y ), +(Cx)y  mTitmedy  (5)(4) +(3)(12) _ 56

n

n1+n2 nl—l—ng 4+3 7

T =

The mean of discrete frequency distribution:

> (Class Value x Class Freq.) > (z-F)
T = —

> Frequencies SF

Example 15. Find the mean of the following distribution.

Value | Frequency x-F
1 2 2
2 5 10 ST =176/20 = 3.8
4 7 28
6 6 36
Total | > F' =20 Y (x- F) =76




Homework 10. For each of the following distributions, find the value of b for the given value
of T.

@) (b)
alue | Frequency Value | Frequency
-2 5 2 2
0 2 z=1.05 b 5 T=254
1 b 8 2
3 9 9 1

The mean of continuous frequency distribution:

_ >~ (Class Midpoint x Class Freq.) > (m-F)
T = —

> Frequencies SF

Example 16. Find the mean of the continuous distribution of the data in example (10).

Class Frequency | Midpoint | m - F
65 — 104 6 84.5 507
105 — 144 9 124.5 1120.5
145 — 184 6 164.5 987 o =4855/30 =971/6 ~ 161.83
185 — 224 4 204.5 818
225 — 264 2 2445 489
265 — 304 1 284.5 284.5
305 — 344 2 3245 649

Total 30 4855

. . 4783 .
Note that, the actual mean of the original data is 7 = —— =~ 159.43. The difference occurs

between the two means because we replace the actual data inside each class by the class
midpoint.

Homework 11. Find the mean of the following continuous distribution.

Class | Frequency
1-5 9
6—10 11
11-15 16
16—20 14

5 The Mode and the Median

Mode The mode is the value that occurs with the highest frequency in a data set.
Example 17. 1. The data 77, 82, 74, 81, 79, 84, 74, 78 has mode — 74.

2. The data 18, 19, 27, 22, 29, 19, 25, 21, 22, 30 has two modes: 19 and 22.

3. The following data has no mode: 5, 9, 2, 4, 3, 8.

4. The mode of the following distribution is the category " Genetics”.

Major | Frequency
Math 17
Genetics 23
IT 10




5. The mode of the following distribution is the value = = 4.

Value | Frequency
1 2
2 5
4 7
6 6

Median The median is the value of the middle term in a data set that has been ranked in
ascending (or descending) order. To evaluate the median of a data of size n:

1. Sort the data in ascending order.

2. e |If the number of observatilons n is odd, then the median is the value of the
n —+

observation numbered

e If the number of observations n is even, then the median is the mean (average)
: n n
of the observations numbered 5 and — + 1.

Example 18. Find the median of each of the following data sets.

(1) 312, 257, 421, 289, 526, 374, 497.

e Sort the data in ascending order: 257, 289, 312, 374, 421, 497, 526

1 1
e Since n — 7 is odd, then the median is the data in position "; _ 7‘; -y
So, median = x4 = 374.
(2) 7,8,9, 10, 11, 12, 13, 13, 14, 17, 17, 45.
e The data is already sorted in ascending order.
e Since n = 12 is even, then the median is the mean of the data in positions
n 12 n 12 B . xetaxr 12413
5—?—6and2—|—1—2—|—1—7.So,med|an— 5 = 9 = 12.5.
Value | Frequency
1 2
(3) 2 5
4 7
6 6

e The data is already sorted in ascending order.

e Since n =) F = 20 is even, then the median is the mean of the data in positions
20 20 444
g—?—loandg—i-l—?—l—l—ll.So,median—xmgxu— ;— = 4.

Homework 12. Find the mode and the median of the following data.

Stem ‘ Leaf
1 |05 Key: 2|4=24
2 3469
3 88

Homework 13. If the median of the data 9, 1, =, 12 is 7, what is the value of z ?

Note Both median and mode can be positive, negative, or zero.

10



6 The Sample Variance and Standard Deviation

The standard deviation (and the variance) is the most-used measure of dispersion.

The value of the standard deviation tells how closely the values of a data set are clus-
tered around the mean.

Lower value of the standard deviation for a data set indicates that the values of that
data set are spread over a relatively smaller range around the mean. Larger value of the
standard deviation for a data set indicates that the values of that data set are spread
over a relatively larger range around the mean.

The sample variance is denoted by s? and given by the formula
2
2y >2)
o Y-ap 2@
n—1 n—1

The quantity x — Z in the above formulas is called the deviation of the x value from
the mean. The sum of the deviations of the x values from the mean is always zero;
that'is, > (z — z) = 0.

Standard Deviation = v/Variance = s.

Both the variance and the standard deviation cannot be negative.

Example 19. Find the variance and standard deviation of each of the following samples.

(1)

(2)

(3)

3,33, 3,3
Without doing any calculations, s? = s = 0.

7,3,9,15.
7T+3+9+15 34

First of all, z = 1 1= 8.5.
z |z—z|(z—2)
7 —1.5 2.25
3 | =55 | 3025 s =75/3 =25 =5=1+/25="5.
9 0.5 0.25
15 6.5 42.25
Total | 0.0 75
7,12, 1, 10, 4, 8
AR
7149
12 | 144
1|1
10 | 100
4 | 16
8 | 64
Total 42 [ 374
$ (22) — (& )" gy (4D
s? = n__ — 6 —16=s5=116=4.
n—1 5

11



Homework 14. Find the variance and standard deviation of the sample: 19, 13, 25, 9.

Example 20. For a set of 10 numbers, > x = 270 and >_ (2%) = 9054. Find the mean and
the variance.

L Ta_m_
n 10
2 2
2
2 _ n _ 10
s4 = — = 9 = 196.

Homework 15. For a set of 18 numbers, Z = 23 and s = 12. Find >_ x and >_ (z?).

Example 21. The numbers a, b, 6,4, 7 have mean 5 and variance 4. Find the values of a, b.

b+6+4+7
P s atb=8=[a=8-0]

2 (a—5)2+(b—5)2+(6—5)2—|—(4—5)2—1—(7—5)2:4
4

= (a—5)?2+(b—5)?2=10

= (3—b)?+(b—5)?2=10

= -8 +12=0

= (b-2)(b—6)=0

= If b=2then a =6, and if b = 6 then a = 2.

Homework 16. For a set of 20 numbers, >~ 2 = 20 and >_ (2?) = 96. For a second set of
30 numbers, >z = 60 and > (2%) = 236. Find the mean and standard deviation for the
combined set of 50 numbers.

> (x — p)?

Note The population variance is given by the formula 02 = =N where p is the

population mean, and N is the population size.

The Variance of Discrete Frequency Distribution
2 gy (D@ F)°
S (-2 ="
QCF) -1 QCF) -1

Example 22. Find the variance of the following distribution.

52:

Value (z) | Frequency (F) v-F|2* F

1 2 2 2
2 9 18 36
3 6 18 54
4 8 32 128

Total 25 70 220

70)?
. 2_220—(2—5) 220196
*T T o1 T 24

Homework 17. Find the standard deviation of the following distribution.

Value (z) | Frequency (F)
3 4
4 5
5 8
6 3

12



7 Percentiles and Quartiles

Percentiles The kth percentile P, is a value in a data set such that about &% of the
measurements are smaller than the value of P, and about (100 — k)% of the measurements
are greater than the value of P;.

Notes
1. The data should be sorted in increasing (ascending) order to compute percentiles.

2. Each sorted data set has 99 percentiles that divide it into 100 equal parts.

Each of these portions contains 1% of the observations of a data
l l l set arranged in increasing order l l l

1% | 1% {f 1% | 1% | 1%
Py Py Py Pg;  Pgg  Pgg

1%

3. median = P5,.

Calculating Percentiles The (approximate) value of the kth percentile, denoted by Py, for
a ranked data in increasing order, is

k k
The data in location [—n—‘ if non-integer, where (W is the ceiling function.
P, = 100 100 i
The average of the data in locations % and Fré) +1if FT(L) is integer.

Example 23. For the data 2, 5, 16, 21, 21, 22, 24, 26, 27, 28, 29, 32, 33, 35, 35, 37, 38,
39, 45, 50, find

1. the 36th percentile,

. kno36x20 720
100 100 100
e The location is {7.2} = &.

° SO, P36:26.

= 7.2 which is not integer.

2. the 85th percentile.
kn — 85x20 1700

° — = = = 17 which is integer.
100 100 100

e The locations are 17 and 18.

° SO, P85 = 38439 = 38.5.

Homework 18. Find the 53rd and 70th percentiles of the following data.

Stem ‘ Leaf
1 |056 Key: 2|4=24
2 3469
3 889

Finding Percentile Rank of a Value

Number of values less th
Percentile rank of 2 — —oer Of Values 1688 than & 10
Data Size

13



Note In finding the percentile rank of a value, round your final answer to the nearest integer

value.
Example 24. For the data 14, 21, 26, 27, 28, 32, 35, 35, 38, 45, 48, 50, 51, 51, 57, find
1. the percentile rank of x = 48.
Percentile rank of 48 = 1—(5) x 100 ~ 66.667 which is rounded to 67

2. the percentile rank of x = 35.
Percentile rank of 35 = 1% x 100 = 40.

Homework 19. Find the percentile rank of the number 27 for the data given in homework
(18).

Quartiles are three summary measures that divide a ranked (in ascending order) data set
into four equal parts. The three numbers are

1. The 1st Quartile = )1 = 25th Percentile.
2. The 2nd Quartile = Q2 = 50th Percentile = Median.

3. The 3rd Quartile = (3 = 75th Percentile.

Each of these portions contains 25% of the
observations of a data set arranged in increasing order

| ! ! ¢

25% 25% 25% 25%
04 0> O3

Note The difference between the third quartile and the first quartile for a data set is called
the interquartile range (IQR). This means 50% of the data are between @); and Q3.

Example 25. For the data set 7, 8, 9, 10, 11, 12, 13, 13, 14, 17, 17, 45, find @1, @2, Q3
and the IQR.
9+10

1. Ql - P25 == 2 95
12+1
2. ()2 = median = —; 5 = 12.5.
14 + 17
3. Q3:P75: —;_ —155

|7 8 9 I 10 11 I'_’I IIIS 13 14 I 17 | & 45'
9 + 10 12 413 144 17
0 ="——=95 Q=""F—"=15 y=——— =155

Also the median

Homework 20. Find @, @2, @3 and the IQR of the following data.

Stem ‘ Leaf
1 (05 Key: 2|4=24
2 346
3 89

14



Outlier is a data entry that is far removed from the other entries in the data set. One way
to identify outliers is to use the interquartile range as follows:

1. Find the IQR = Q5 — Q1.
2. Find the lower and upper fences of the data using:

e Lower Fence = Q1 — (1.5 X IQR)
e Upper Fence = Q3 + (1.5 X IQR)

3. Any data entry x is an outlier if x > Upper Fence or x < Lower Fence.

First Third
quartile quartile An
Median outlier
Smallest value 1 ,|, Largest value
within the two —l l_within the two
inner fences inner fences

*

Example 26. Are there any outliers for the data set 6, 7, 8, 9, 10, 15, 16, 16, 20, 20, 23, 33,
50, 58, 104 7

1. SinceQ1:P25:9and Q3:P75:33, then IQR:Q3—Q1:33—9:24
2. The lower fence = Q1 — 1.5 x IQR =9 — 1.5 x 24 = —-27.
3. The upper fence = Q3+ 1.5 x IQR =33 + 1.5 x 24 = 69.

4. Since x = 104 > 69 then the data entry 104 is an outlier.

Homework 21. Does the data set 22, 24, 25, 28, 31, 32, 34, 35, 36, 41, 42, 43, 47, 49, 52,
55, 58, 59, 61, 61, 63, 65, 73, 98 contain any outliers ?

Distribution Shapes When one is describing data, it is important to be able to recognize
the shapes of the distribution values. A distribution can have many shapes: Bell-Shaped
(or Symmetric or Normal), positively or right-skewed shape, and negatively or left-skewed

N L\

bell-shaped positively or right-skewed shape. negatively or lefi-skewed shape

e In a normal distribution, mean = median = mode and Q)3 — Q) = () — Q1.
e In a negatively-skewed distribution, mean < median < mode and Q05— Q2 > Q> — Q1.

e In a positively-skewed distribution, mode < median < mean and ()35 — ()2 < Q2 — Q1.

mean —mode 3 (mean — median) ()3 —2Q: +
standard deviation ~ standard deviation Qs — Q1

e Coefficient of Skewness =

Example 27. For a skewed distribution, the mean is 16, the median is 20 and the standard

deviation is 5. Find the coefficient of skewness.
3 (16 — 20)

5
Homework 22. For a skewed distribution, the mean is 86, the mode is 78 and the variance
is 16. Find the coefficient of skewness.

Answer: Coefficient of Skewness = = —-24.
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8 Use of Standard Deviation

To compare variation in different data sets, you can use standard deviation when the data sets
use the same units of measure and have means that are about the same. For data sets with
different units of measure or different means, use the coefficient of variation.

The Coefficient of Variation (CV) of a sample data is CV = 2 % 100%.

x
Example 28. The mean of the number of sales of cars over a 3-month period is 87, and the
standard deviation is 5. The mean of the commissions is $5225, and the standard deviation is
$773. Compare the variations of the two.

OVers = 5 5 100% = 2 x 100% ~ 5.7%

T 87
S 773
commissions — — 1 = —— 1 ~ 14.
CV, = % 00% Foor % 00% 8%

Since the coefficient of variation is larger for commissions, the commissions are more variable
than the sales.

Homework 23. The yearly salaries of all employees who work for a company have a mean of
$62,350 and a standard deviation of $6820. The years of experience for the same employees
have a mean of 15 years and a standard deviation of 2 years. Is the relative variation in the
salaries larger or smaller than that in years of experience for these employees?

Chebyshev’s theorem The proportion of values from a data set that will fall within &

standard deviations of the mean will be at least 1 — where k is a number greater than 1

ﬁv
(k is not necessarily an integer).

At least 1 — 1/k2
of the values lie in
the shaded areas

u—kc u u+ ko

At least 75% of

the values lie in for example, if £ = 2, then
the shaded areas

1~ 25 =50t75%

uw—2c U u+2c

At least 89% of R .
the values liein  If &£ = 3, then,

the shaded areas
1 1 1

e =
K i 9

=1 — .11 = .89 or 89% approximately

p-3c u u+ 30
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Example 29. The mean price of houses in a certain neighborhood is $50000, and the standard
deviation is $10000. Find the price range for which at least 75% of the houses will sell.
Answer. Chebyshev's theorem states that 75% of the data values will fall within & = 2
standard deviations of the mean. Thus,

Z — 2s = 50000 — 2(10000) = 30000,
Z + 2s = 50000 + 2(10000) = 70000.

Hence, at least 75% of all homes sold in the area will have a price range from $30000 to
$70000.

Homework 24. Jordanians spend an average of 3 hours per day on social media applications.
If the standard deviation is 32 minutes, find the range in which at least 84% of the data will
lie. Use Chebyshev's theorem.

Example 30. The mean of a distribution is 80 and the standard deviation is 10. At least
what percentage of the values will fall between 65 and 95 7
Answer. Note that 65 = 80 — 10k and 95 = 80 + 10k. In both cases, k = 1.5. Using

1
Chebyshev's theorem, at least 1 — W ~ 56% of values will fall between 65 and 95.

Homework 25. The mean of a distribution is 20 and the standard deviation is 2. At least
what percentage of the values will fall between 12 and 28 7

The Empirical (Normal) Rule Chebyshev's theorem applies to any distribution regardless
of its shape. However, when a distribution is symmetric bell-shaped (normal), the following
statements, which make up the empirical rule, are true.

e Approximately 68% of the data values will fall within 1 standard deviation of the mean.

e Approximately 95% of the data values will fall within 2 standard deviations of the mean.

e Approximately 99.7% of the data values will fall within 3 standard deviations of the
mean.

Bell-Shaped Distribution

99.7% within
3 standard deviations

re———————— 05% within ———
2 standard deviations

=<— 68% within —=i
1 standard
deviation

34% 34%

13.5%

o R e s

1
1
1
1
1
1 1
1 1
1 1
[} 1
1 1
[} 1
1 1
| ]
T T
— X

1
1
1
1
1
1
1
f
x=3s - 2s X X+s X+ 25 x+3s

=|

s

Example 31. The age distribution of a sample of 5000 persons is bell shaped with a mean

of 40 years and a standard deviation of 12 years. Determine the approximate percentage of

people who are 16 to 64 years old.

Answer. We know that & = 40 and s = 12. We find k; and k; in the following.
16=x—kis=16=40 — 12k = k; =2

Since the distance of the two points, 16 and 64, and the mean z = 40 is each equal to

2s = 24, then the interval [16, 64] contains approximately 95% x 5000 = 4750 observations.
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Homework 26. Consider a collection of 500 observations with mean 60 and standard deviation
2. Find:

1. an interval centered at 60 which contains at least 450 observations,

2. the number of observations in the interval [56,62] assuming the distribution of the
observations is bell-shaped (normal).

Standard z—Scores

e There is an old saying, “You can't compare apples and oranges.” But with the use of
statistics, it can be done to some extent.

e Suppose that a student scored 90 on a Statistics exam and 45 on an English exam.
Direct comparison of raw scores is impossible, since the exams might not be equivalent
in terms of number of questions, value of each question, and so on.

e A comparison of a relative standard similar to both scores can be made. This comparison
uses the mean and standard deviation and is called a standard score or z—score.

e A z—score or standard score for a value z is given by the formula

value — mean T —7T

Z o - - g
standard deviation S

e Note that if the z—score is positive, the score is above the mean. If the z—score is 0,
the score is the same as the mean. And if the z—score is negative, the score is below
the mean.

Example 32. A student scored 65 on a calculus test that had a mean of 50 and a standard
deviation of 10; she scored 30 on a statistics test with a mean of 25 and a standard deviation
of 5. Compare her relative positions on the two tests.

Answer. Note that Tealculus = 90, Scalculus = 10, Tstatistics = 29 and Sstatistics = O- So,

65 — 50
Zcalculus = —10 =1.5

30 —25

Zstatistics — 5 1

Since the z—score for calculus is larger, her relative position in the calculus class is higher than
her relative position in the statistics class.

Homework 27. Find the z—score for each test in the following, and state which is higher.

Test A | X =38
Test B| X =94

&I
Il

40 | s=5
100 | s =10

&I
Il
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Chapter 03 : Correlation and Regression

Feras Awad

In this chapter, you will study how to describe and test the relationships between two
variables when data are presented as ordered pairs (z,y).

1 Correlation

If a researcher wishes to see whether there is a relationship between number of hours of study
and test scores on an exam, he must select a random sample of students, determine the hours
each studied, and obtain their grades on the exam. A table can be made for the data, as

shown here.
Student A B C D E F
Studied Hours z | 6 2 1 5 2 3
Grade y 82 63 57 88 68 75

The two variables for this study are called the independent variable and the dependent
variable.

The independent variable is the variable that can be controlled or manipulated. In this
case, the number of hours of study is the independent variable and is designated as
the x variable. The dependent variable is the variable that cannot be controlled or
manipulated. The grade the student received on the exam is the dependent variable,
designated as the y variable.

We assume that the grade the student earns depends on the number of hours the student
studied. Also, you assume that, to some extent, the student can regulate or control the
number of hours he or she studies for the exam.

The independent and dependent variables can be plotted on a graph called a scatter
plot. The independent variable x is plotted on the horizontal axis, and the dependent
variable y is plotted on the vertical axis.

Scatter Plot A scatter plot is a graph of the ordered pairs (a:, y) of numbers consisting of
the independent variable x and the dependent variable .

¥

85T

80 T

Grade

70 T

60 T

2 3 4
Hours of Study



e After the plot is drawn, it should be analyzed to determine which type of relationship,
if any, exists between the independent variable = and the dependent variable y.
— Positive relationship: as x increases, y also increases.
— Negative relationship: as x increases, y decreases.

— No specific type of relationship.

Correlation A correlation is a relationship between two variables (m,y) where x is the
independent variable and vy is the dependent variable.

y

y As x increases,
e_0
v tends to e *
., . . oo
e W decrease. ‘*‘i-
[ ] [ ]
Q‘ o ® XY T
et %%, |As xincreases,
] [ ]
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® * L] ° B
. . increase.
e® ® a?
.‘ X

Positive Linear Correlation

RER B $ivess
o .o e 'a **a
b % ¢ 3 v oV’ ﬁ.
. o’ * . ¢ %
L L) o’ e T o*
y '.... X —I;. L x

No Correlation Nonlinear Correlation

Linear Correlation is a measure of association between two variables. It measures the
strength of the linear relationship between two variables. Several statistics can be used to
measure the correlation between two variables, but the one most commonly used is the Pear-
son’s correlation coefficient, which is denoted by 7.

Pearson’s Correlation Coefficient (r) It is a measure of the strength between two quan-
titative variables; x and y that has the following properties:

1. 7 is unit free.
2. The value of r is between —1 and 1. So, r € [ — 1,1].

3. e r =0 means no linear relationship exists between the two variables x and y.
e 1 near zero means a little (or weak) linear relationship exists between x and y.

e 1 close to —1 or 1 means a strong linear relationship exists between = and y.
4. The sign of r provides important information about the direction of association.

e If r is positive, then as x increases, y increases linearly.

e If r is negative, then as x increases, y decreases linearly.
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Calculating the Pearson’s Correlation Coefficient () Suppose that we have a sample
of n paired observations (z1,v1), (2,y2),- -, (Zn, yn) then, r is computed as follows.

S
r=—-='__ where

/Sez X Sy’

Syy:Z((y—?jf) :Z(y2)— (Zy)2

Example 1. Calculate the correlation coefficient for the studying hours and final grades given
in the following table. Interpret the result in the context of the data.

Student A B C D E F

Studied Hours x | 6 2 1 5 2 3

Grade y 82 63 57 88 68 75

Answer:
e |y |y |22

19 x 433 6 | 82 | 492 | 36| 6724
192 1 | 57 57 1 3249
Sy =79 — e ~ 18.83 5 | 88 | 440 | 25| 7744
4332 2 63 136 4 4624
Syy = 31935 — ~ 686.83 3|75 | 225 | 9| 5625
104.83 Total 19 | 433 | 1476 | 79 | 31935

r= =
V/18.83 x 686.83

The result » = 0.92 suggests a strong positive linear correlation. So, as the studying hours
increases, the final grades tend to increase.



Homework 1. Calculate the correlation coefficient for the number of absences and final grades
given in the following table. Interpret the result in the context of the data.

Student

A B C D E F G

Number of Absences z

Grade y

6 2 15 9 12 5 8
82 86 43 74 58 90 78

Homework 2. Calculations from a data set of pairs of n = 36 pairs of (z,y) values have

provided the following results.

 (w—2)?=5307 , Y (y-9)?=2354 , ) (z—1)(y—7) = —2043

Obtain the correlation coefficient r.

Homework 3. Evaluate the value of r for the data with the following properties.

n = 30
>y =996

S 2 = 630 .
S (y?) = 34670

S (22) = 20154
> (xy) = 24844

2 Simple Linear Regression

o After verifying that the linear correlation between two variables is significant, the next
step is to determine the equation of the line that best models the data.

Regression line

20 40

60

80

100

20 40 60 80 100

e This line is called a regression line, and its equation can be used to predict the value

of y for a given value of .

e The equation of regression line is § = Ax + B where

7 is the predicted value of y.

Sy . .
A = = is the amount that y increases or decreases

rxr

whenever x is increased by one unit (slope).

B = i — Az is the height of the line above or below the origin (intercept)

e If the slope A of the regression line is negative, then a one unit increase in = will result
in A units decrease in y. And if the slope is positive, then a one unit increase in z will

result in A units increase in y.

decrease in y

1 unit
increase in x

The Regression Line
§=Az + B

J/

Slope <0

The Regression Line
9= Ar+ B A units
1 increase in y

_‘>
1 unit

increase in x
Slope >0




Example 2. Find the equation of the regression line that best fits the following data. Then
predict the value of y when 2z = 2.5.

N

r oy T xy
0 1 0 0
1 5 1 5
2 3 4 6
3 9 9 27
4 7 16 28

Total 10 25 30 66

Since

2 2
Sew = (2%) — (2.2) :30—% — 10 and,

n
_2) Xy 10 x 25
Spy = — = =" =66——— =16
Y Z(ZU?/) n 5
then the equation of the regression line is y = Ax + B where
S. 16
A="2=_"2=16
Sez 10
25 10
B=y—Arz=——[16x — | =18.
-a=5- (1043

Hence, the equation is y = 1.8 + 1.6z, and the predicated value of y when z = 2.5 is
y=18+ (1.6 x2.5) =5.8.

Example 3. Find the equation of the regression line that best fits the following data. Then

find x if § = 3.
Ty 2 xy
8 1 64 8
1 4 1 4
4 2 16 8
7 6 49 42
5 3 25 15
Total 25 16 155 77
252 2 1 —
Since Sy, = 155—% _30and S,y = 77— 2510 3 then 4 = 3—5’ — 0.1 and
15 25
B = T~ (—0.1) x 5 = 3.5. So, the regression equations is y = —0.1z + 3.5. Now, if
3.5—-3
) = 3 th = = 5.
7 en x 01

Homework 4. Find the equation of the regression line for each data given in homework 1
and 3.

Homework 5. In a regression calculation for five pairs of observations, one pair of values was
lost when the data were filed. The four known pairs are

z[01 02 04 03
y |01 03 07 04

If the regression line was calculated as y = 2z — 0.1, find the missing pair of values.



Chapter 04 : Probability and Counting
Feras Awad

In this chapter, you will learn how to determine the probability of an event.

Basic Concepts

Probability as a general concept can be defined as the chance of an event occurring.

A probability (random) experiment is a chance process that leads to well-defined
results (cannot be predicted with certainty) called outcomes.

An outcome is the result of a single trial of a probability experiment. A trial means for
example flipping a coin once, rolling one die once, or the like.

A sample space is the set of all possible outcomes of an experiment and it is usually
denoted by the letter S or €2. For example,

Experiment Sample space

Toss one coin Head (H), Tail (T) (finite)
Roll a die 1,2,3,4,5,6 (finite)
Answer a question True, False (finite)
Baby gender Male, Female (finite)
Toss a coin until a head appears H, TH, TTH, TTTH, --- (infinite)

e Each outcome in a sample space is called an element of the sample space.
Example 1. Find the sample space of each of the following experiments.

1. Tossing a coin twice.
Answer. S = {HH, HT TH, TT}

1st Toss 2nd Toss List
H HH
H<
il HT
H TH
T<
T N

2. Tossing two coins.
Answer. Same as tossing a coin twice.

3. Rolling a die twice. (Same as rolling two dice)

Die 2
Die 1 1 2 3 4 5 6

SorRB ™=
RN
Sorw N3
N N NN NN
IS SIS
SO RSN
Lewe s
SorEB PN
sa2222s
S8 P =
CRCRCRCRC N
SoEBN =
e R )

D OB LW N




4. Tossing a coin and then rolling a die.
Answer. S = {H1,H2 H3,H4A H5 H6,T1,72,T3,T4,T5,T6}

H | T
| I

SENRNSNNDY

1 H2 H3 H4 HS5 H6 1 T2 T3 T4 T5 T6

)

[\

Homework 1. Find the sample space for the gender of the children if a family has three
children. Use B for boy and G for girl.

An event is a subset of a sample space.

Example 2. When rolling a die, the sample space is S = {1,2,3,4,5,6}. Find the
following events.

1. An even number appears: A = {2,4,6}. (Compound Event)
2. A prime number greater than 4 appears: B = {5} (Simple Event)
3. A negative number appears: C' = { } = ®. (Impossible Event)
4. A number less than 10 appears: D = {1, 2, 3,4,5,6} =S. (Sure Event)

A Venn diagram is a picture (a closed geometric shape such as a rectangle, a square,
or a circle) that depicts all the possible outcomes for an experiment.

Example 3. Suppose we randomly select two workers from a company and observe
whether the worker selected each time is a man or a woman.

1. Find the sample space of this experiment.
Answer: S = {MM, MW, W M, WW}

2. Let A be the event that at most one man is selected. Find A then draw the Venn
diagram of A.
Answer: A = {MW, WM, WW}.

LSV

MM A
[ ]

Homework 2. Consider the experiment of choosing at random a digit from the digits
0,1,2,---,09.

1. What is the sample space of this experiment?

2. Find the elements of each of the following events, and draw Venn diagram of each.

(a) A = the number chosen is less than or equal to 3.

(b) B = the number chosen is between 4 and 6, inclusive.

(c) C' = the number chosen is greater than or equal to 7.

(d) D = the number chosen is less than 4 or larger than 7.
(e) E = the number chosen is an even number.



2 Probability of an Event

Calculating Probability The probability of an event is a numerical value that represents
the proportion of times the event is expected to occur when the experiment is repeated many
times under identical conditions. The probability of event A C S is given by

P(A) = number of elements in A n(A)
~ number of elements in S n(9)

Note The probability of any event A C S must satisfy:

1. 0 < P(A) <1 for all events A,

2. P(A)= Y Ple),

allein A

3. P(S)= Y  P(e)=1and P(®)=0.

allein S

Example 4. If we twice flip a balanced coin, what is the probability of getting at least one
head?

Answer: The sample space is S = {HH,HT,TH,TT}, where H and T denote head and

3
tail. Theevent Ais A={HH,HT,TH}. So, P(A) = 7
Example 5. The blood type of students are given by the following frequency table.

Blood Type ‘O A B AB ‘ Total
n(Students) [ 3 5 6 1 | 15

If one student is randomly selected, what is the probability that this person’s blood type is:

1. AB? )
Answer: P(AB) = —.
15
2. Either AorB?
5+6 11

Answer: P(A or B) = ? = E

3 Not 07 5+6+1 12 4
nswer: P(Not O) 1= Tl
Example 6. There are four elementary outcomes in a sample space S = {ej, eq,€3,e4}. If
P(e;) = 0.3, P(ezs) =04, and P (e3) = 0.2, Find P (ey).

Answer:
P(S) =1 :>P(€1)+P<€2)+P(€3)+P(64) =
=034+044024+P(ey) =1
= P<€4) =0.1
Note If S = {e1,eq, -+ ,e,} where P(e;) = P(e2) = --- = P (ey) then the elementary
events ey, ey, - -+ , e, are called equally likely and P (¢;) = — ; Vi=1,2,--- n.

n

Homework 3. A die is rolled once in such a way that each odd number is twice as likely to
occur as each even number. Find P(G), where G is the event that a number greater than 3
occurs.



Homework 4. A stack contains eight tickets numbered 1, 1, 2, 2, 2, 3, 3, 3. One ticket will
be drawn at random and its number will be noted.

1. List the sample space and assign probabilities to the elementary outcomes.
2. What is the probability of drawing an odd-numbered ticket?
Example 7. The probabilities of males and females in a statistics class is given by the ratio

3 : 7. If we randomly select one student, find the probability that this student is male?

Answer: P(male) = % = % = 0.3. Note that P(female) = F77 = 1—70 =0.7.

3 Event Relations and Laws of Probability

1. The Complement:

e The complement of an event A, denoted by A is the set of all elementary outcomes

that are not in A.
@ A

e The occurrence of A means that A does not occur.
e AUA=Sand ANA=03.

o P(A)+ P(A) = 1.

2. The Union:

e The union of two events A and B, denoted by A U B, is the set of all elementary
outcomes that are in A, B, or both.

e The occurrence of AU B means that either A or B or both occur.
e P(AUB)=P(A)+ P(B) — P(ANB).
e P(AUB)=P(BUA,).

3. The Intersection:

e The intersection of two events A and B, denoted by A N B, is the set of all
elementary outcomes that are in A and B.

e The occurrence of AN B means that both A and B occur.
e P(ANB)=P(BNA).




4. Disjoint Events:

e Two events A and B are called disjoint or mutually exclusive if their intersection

ANB=29.

e Because disjoint events have no elementary outcomes in common, they cannot
occur at the same time.

e P(ANB)=0and P(AUB) = P(A) + P(B).

5. Exhaustive Events:
e Two events A and B are called exhaustive if AUB = 5.
° P(A U B) =1.

6. The Difference:

e The difference of two events A and B, denoted by A— B, is the set of all elementary
outcomes that are in A but not in B.

D

e The occurrence of A — B means that A occurs but B does not occur.
e P(A—B)=P(ANB) =P(A)— P(ANB).
e In general, P(A — B) # P(B — A).

7. De Morgan Laws:

e ANB=AUB. e AUB=ANB.

(0O (0

8. Distributive Law:

e AN(BUC)=(ANB)U(ANC).
e AU(BNC)=(AUB)N(AUC).

Example 8. The accompanying Venn diagram shows three events A, B, and C' and also the

probabilities of the various intersections.

27




Determine:

1. P(A).
Answer: P(A) =0.13+0.07=0.20

2. P(B—C).
Answer: P(B — () =0.10+0.07 = 0.17

3. P(AUCQ).
Answer: P(AUC) =0.20+0.43 = 0.63

4. the probability thit e@ctly one of thelhree eVE]tS_A, B, C will occur.
Answer: P(ANBNC)+P(ANBNC)+P(ANBNC) =0.134+0.10+0.28 = 0.45

Homework 5. The accompanying Venn diagram shows three events A, B, and C' and also
the probabilities of the various intersections.

a
&

0.02

Determine:
1. the probability that neither B nor C occur.
2. PLAn(BUQ)).
3. P(ANB)U(ANB)).

1 2 4
Example 9. If A and B are two events such that P(A) = 3—3 P(B) = o and P(AUB) = £
Find P(AN B).
Answer:

P(AuB)=P(A)+P(B)— P(ANB)

4 19 2
= +Z_-PANB
5305 Ll )

19 2 4 7

P(ANB) = — +2— - = .

ANB)=35+5-5" 3

Example 10. If A and B are two events satisfy P(A) = 0.3, P(B) = 0.4, and P(ANB) = 0.1.
Find:

1. P(A—B)
Answer: P(A— B)=P(A)—P(ANB)=03-0.1=0.2

2. the probability that at least one of the events A and B ocuurs.
Answer: P(AUB)=P(A)+ P(B)— P(ANB)=03+04—-0.1=0.6

3. P(ANB)
Answer: P(ANB)=P(AUB)=1-P(AUB)=1-0.6=04

6



Example 11. For the disjoint events A and B, if P(A) = 0.50 and P(B) = 0.25, find:

1. P(AUB)

Answer: P(AUB) = P(A)+ P(B) =0.50+0.25 = 0.75
2. P(B-A4)

Answer: P(B—A)=P(B)—P(ANB)=0.25-0=0.25

Homework 6. For the events A and B, if P(A) = P(B), P(AUB) =0.7,and P(ANB) =
0.1, find P (A).

Homework 7. Given that P (4) = =, P(B) = % and P(AN B) = 1—12 Find P(AU B).

GV )

2
Homework 8. If A and B are two events such that P(A) = % P(B) = 3 and P(ANB) =

1
5 Are A and B exhaustive events?

Ho_mework 9. For two events A and B defined on a sample space S, n(A N E) = 15,
n(AN B) =50, and n(AN B) = 2. Given that n(S) = 120, how many outcomes belong to
neither A nor B?

Homework 10. Events A and B are defined on a sample space S such that P(AU B) = 0.5
and P(AN B) = 0.2. What is the probability that either A or B but not both will occur?

Homework 11. Punnett square is a diagram that shows all possible gene combinations in a
cross of parents whose genes are known. When two pink snapdragon flowers (RW) are crossed,
there are four equally likely possible outcomes for the genetic makeup of the offspring: red
(RR), pink (RW), pink (WR), and white (WW), as shown in the Punnett square below. When
two pink snapdragons are crossed, what is the probability that the offspring will be (a) pink,
(b) red, and (c) white?

Homework 12. A shopping mall has set up a promotion as follows. With any mall purchase
of $50 or more, the customer gets to spin the wheel shown below. If a number 1 comes up,
the customer wins $10. If the number 2 comes up, the customer wins $5; and if the number
3 or 4 comes up, the customer wins a discount coupon. Find the following probabilities.

1. The customer wins $10.
2. The customer wins money

3. The customer wins a coupon.




4 Independence and Conditional Probability

1
Consider a fair die being rolled, with A defined as the event "6 appears.” Clearly, P(A) = 6

But suppose that the die has already been rolled-by someone who refuses to tell us whether or
not A occurred but does enlighten us to the extent of confirming that B occurred, where B
is the event “Even number appears.” What are the chances of A now? Here, common sense
can help us: There are three equally likely even numbers making up the event B-one of which

. T |
satisfies the event A, so the updated probability is —.

Notice that the effect of additional information, such as the knowledge that B has occurred,
is to revise-indeed, to shrink-the original sample space S to a new set of outcomes S’. In this
example, the original S' contained six outcomes, the conditional sample space, three.

/B o

Se i
|

S' (= B)

P (6, relative to S) = 1/6 P (6, relative to S') = 1/3

Independent Events (Multiplication Rule 1) Two events A and B are independent
events if the fact that A occurs does not affect the probability of B occurring. When two
events are independent, the probability of both occurring is

P(ANB) = P(A) - P(B)

Example 12. A coin is flipped and a die is rolled. Find the probability of getting a head on
the coin and a 4 on the die.

Answer: Let A be the event “a head appears on the coin”, and B be the event “a 4 appears
1 1 1

on the die". Then P(ANB)=P(A)-P(B) == X = = —.

2 6 12
Example 13. An urn contains 3 red balls, 2 blue balls, and 5 white balls. A ball is selected
and its color noted. Then it is replaced. A second ball is selected and its color noted. Find

the probability of selecting

1. two blue balls.
2 2 1

Answer. P(BHB):EXE:%ZOOZL

2. one blue ball and then one white ball,

2 1
Answer. P(BNW) = 0 0=10" 0.10

3. one red ball and then one blue ball.

3 3
Answer. P(RNB) = 0510 = 50— 0.06

Homework 13. Let A and B be two mutually exclusive events. Are A and B independent
events? Explain your answer.

1
Homework 14. Let A, B be two independent events with P(A) = P(B) and P(AUB) = o
Find P(A).



Result: It can be shown that if A and B are independent events, then the following events
are also independent.

1. Aand B. Then P (ANT) = P (A) - P (B).
2. Aand B. Then P (ANB) =P (A)-P(B).
3. Aand B. Then P (ANB) =P (A)- P (B).
Example 14. Two men, A and B are shooting a target. The probability that A hits the target

1 1
is P(A) = 3 and the probability that B shoots the target is P(B) = - one independently
of the other. Find the probability that

1. A misses the target.

Answer. P(Z):l—P(A):l—%:;
2. both men hit the target.
1 1 1
A . P(ANB)=P(A)-P(B)==-x-=—
nswer. P(A1B) = P(A)- P(B) = 5 % & = 1=

3. at least one of them hits the target.
Answer. P(AUB) =P(A)+ P(B)— P(ANB) =

4. none of them hits the target.
Answer. P(ANB) = P(A)- P(B) =

Note: The multiplication rules can be used with the complementary event rule to simplify
solving probability problems involving “at least.” The following examples illustrate how this is
done.

Example 15. A coin is tossed 4 times. Find the probability of getting at least 1 tail.
Answer. Let A is the event of getting at least 1 tail, then A is the event of getting no tail.

So, P(A)=1—P(A)=1— P(HHHH) =1 — (1)4 15

2) 16
The sample space S A = at least 1 tail
HHHH HHHT HHTH HHTT HHHT HHTH HHTT

HTHH HTHT HTTH HTTT  HTHH HTHT HTTH HTTT
THHH THHT THTH THTT  THHH THHT THTH THTT
TTHH TTHT TTTH TTTT  TTHH TTHT TTTH TTTT

Homework 15. A couple is planning on having three children. Assuming that each child is
equally likely to be of either gender and that the genders of the children are independent, find
the probability that

1. all three children will be girls.

2. at least one child will be a girl.

Example 16. A certain type of missile hits its target 30% of the time. Determine the minimum
number of missiles that must be shot at a certain target in order to obtain a change higher
than 80% of hitting the target.

Answer. The probability that all the n missiles miss the target is (0.7)". So, the probability
that at least one of the n missiles hits the target is 1 — (0.7)". Hence, we need

1— (0.7)" > 0.8 = (0.7)" < 0.2 = In ((0.7)") < In (0.2)
In(0.2) _

~ 4.51
In (0.7)



Homework 16.

1.
2.

Find the probability of obtaining at least one six when n dice are thrown.

How many dice must be thrown so that the probability of obtaining at least one six is
at least 0.997

Conditional Probability (Multiplication Rule 2)

When the outcome or occurrence of the first event affects the outcome or occurrence
of the second event in such a way that the probability is changed, the events are said to
be dependent events.

The probability of an event A must often be modified after information is obtained as
to whether or not a related event B has taken place.

The revised probability of A when it is known that B has occurred is called the condi-
tional probability of A given B and is denoted by P(A|B).

The probability that the second event B occurs given that the first event A has occurred
can be found by the formula

P(ANB)

P(BIA) = —5rp

When two events are dependent, the probability of both occurring is

P(AN B) = P(A) - P(B|A)
= P(B) - P(A|B)

Example 17. When a die was thrown the score was an odd number. What is the probability
that it was a prime number?

P(PrimenOdd) 2/6 2

Answer. P(Prime|Odd) = =.

P(Odd) - 3/6 3

Example 18. A recent survey asked 100 people if they thought women in the armed forces
should be permitted to participate in combat. The results of the survey are shown.

Gender | Yes No | Total
Male 32 18 50
Female | 8 42 50
Total 40 60 100

Find the probability that

1.

the respondent answered yes, given that the respondent was a female.

P(YesN Female) 8 0.16
P(Female) 50

Answer. P(Yes|Female) =

. the respondent was a male, given that the respondent answered no.

P(No N Mal 18
Answer. P(Male|No) = (;(—No)ae) =60 = 0.30.

the respondent was a female.

50
Answer. P(Female) = 100 = 0.50.

the respondent answered no.

Answer. P(No) = % = 0.60.

10



Homework 17. The following table gives the two way classification of 500 students based on
gender and whether or not they suffer from math anxiety.

Gender | Yes No
Male 145 95
Female | 190 70

If a student randomly selected. What is the probability that this student

1. is female given that she does not suffer from math anxiety?

2. suffers from math anxiety given that he is a male?

3. is a male?

4. does not suffer from math anxiety?
Note: The events A and B are independent if and only if P(A|B) = P(A), P(B|A) = P(B)
or PLANB) = P(A)- P(B).

Example 19. Let A and B be two events such that P(A|B) = 0.40, P(B) = 0.25 and
P(A) = 0.20. Find

1. P(B|A)
Answer.

P(B|A) - P(A) = P(A|B) - P(B)
P(B|A) x 0.20 = 0.40 x 0.25
0.40 x 0.25

P(B|A) = === = 05.

2. Determine whether A and B are independent or not.
Answer. Since P(A|B) # P(A) then the events are not independent (dependent).

3. P(ANB)
Answer. P(AN B) = P(A|B) - P(B) =0.40 x 0.25 = 0.1.

Homework 18. Let A and B be two events such that P(A) = 0.45, P(B) = 0.35 and
P(AUB) = 0.70. Find P(A|B).

Homework 19. Let A and B be two independent events such that P(B) = P(A)+0.20 and
P(ANB) =0.15. Find P(A|B).

1 2
Homework 20. If A and B be two exhaustive events such that P(A|B) = 2 and P(B) = 3
find P(A).

1 1
Homework 21. Two events A and B are such that P(A) = % P(B) = 3 and P(A|B) = B
find P(A). Calculate the probabilities that

1. both events occur,
2. only one of the two events occur,

3. neither event occurs.

Note: If A and B are two events, then A = (A N B) U (A HE). Also,

P(A)=P(ANB) + P(ANB)

11



4 — 1
Example 20. Let A and B be two events such that P(A) = - and P (ANB) = 3 Find

P(ANB).
Answer.
P(A)=P(ANB) + P(ANB)
4 1
?:P(A B)+g
P(ANB) =

21

Example 21. Box (1) contains 2 red balls and 1 blue ball. Box (2) contains 3 blue balls
and 1 red ball. A coin is tossed. If it falls heads up, box (1) is selected and a ball is drawn.
If it falls tails up, box (2) is selected and a ball is drawn. Find the probability of selecting a
red ball.
Answer.

P(Red) = P(Red|Box 1) - P(Box 1) + P(Red|Box 2) - P(Box 2)

2V () (1) (L
- \3/\2 47\ 2
11
24
Ball it :
E\% Red 2°3°%8
p\?\\\
Box
Box 1
o)
&
(/‘@ 1.1 _ 1
Blue 23 EF
1 Red %%:%
KR\E\
Box 2
3
7 4
(&
/(g) . 3_8
Blue 9t Ty

Homework 22. Refer to example (21), what is the probability of selecting a blue ball.

Homework 23. Urn (1) contains 5 red balls and 3 black balls. Urn (2) contains 3 red balls
and 1 black ball. Urn (3) contains 4 red balls and 2 black balls. If an urn is selected at random
and a ball is drawn, find the probability it will be red.

Example 22. An urn contains 8 black balls and 3 white balls. We draw two balls without
replacement. What is the probability that

1. both balls are black?

8 7 28

A . P(BiNBy)=P(By) -P(By|B]) = — X — = —

nswer ( 1 M 2) ( 1) ( 2| 1) 11 X 10 55
2. both balls are of the same color? 0% 5 a1
A . P Color) =P (ByNB P — = —
nswer. P(Same Color) (BiNBg)+P(WinNW,) = EE + AT

3. both balls are of different colors?
31 24

Answer. P(Different Colors) = 1 — P(Same Color) =1 — T

12



5 Counting Rules

Since probability problems require knowing the total number of ways one or more events can
occur, it is necessary to have a way to compute the number of outcomes in the sample spaces
for a probability experiment. This is especially true when the number of outcomes is large. In
order to do the computation, we use the fundamental counting rule, the permutation rules,
and the combination rule.

5.1 The Fundamental Counting Rule (Product Rule)

For a sequence of n events in which the first event can occur in k; ways and the second event
can occur in ko ways and the third event can occur in k3 ways, and so on, the total number
of ways the sequence can occur is k1 X ky X k3 X -+ X k.

Example 23.

1. A die is rolled then a coin is tossed. Then there are 6 x 2 = 12 elements in the sample
space, see part (4) from example (1).

2. Suppose there are 3 roads from city A to city B and 5 roads from B to C. Then the
total number of ways (possibilities) you can get from city A to Cis 3 x 5 = 15.

3. If you have 6 shirts of different colors and 4 pants of different colors, then there are
4 x 6 = 24 possibilities (ways) to wear a shirt and a pants together.

Example 24. The employees of a company are given a 4—digit identification number. How
many different numbers are available if repetitions are

1. allowed ?
Answer. 10 x 10 x 10 x 10 = 10* = 10000.

2. NOT allowed ?
Answer. 10 x 9 x 8 x 7 = 5040.

Homework 24. A license plate consists of 2 letters and 3 digits. How many different plates
can be made if repetitions are allowed? How many can be made if repetitions are not allowed?

Example 25. How many 3—digit numbers are there if repetition between digits is

1. allowed ?
Answer. 9 x 10 x 10 = 900.

2. NOT allowed ?
Answer. 9 X 9 x 8 = 648.

Example 26. From the set of 3—digit numbers, what is the probability of getting an even
number if repetition between digits is not allowed 7
Answer.

P(3 — digits even) = n(3 — digits even)

n(3 — digits)
C(9x8x1)+(8x8x4) 328 4l
B 9x9x8 -~ 648 81

Homework 25. From the set of 3—digit numbers, what is the probability of getting a number
greater than 335 if repetition between digits is allowed.

Homework 26. From the set of 4—digit numbers, what is the probability of getting a number
contains two 7's if repetition between digits is allowed.

13



5.2 Factorial Rule
In mathematics, the factorial of a positive integer n, denoted by n!, is the number
nl=nxn—-1)xn—-2)x--+x3x2x1.

For example, 1! =1,3!'=3x2x 1,and 6! =7 x 6 x5 x4 x 3 x 2 x 1 ="T20.

Properties
o 0l =1.
enl=nn—1)!=nn-1)n-2)=---=nn-1)(n-2)---(3)(2)(1).

|
Homework 27. What is the value of % ?

The Rule Suppose that n distinct objects are to be drawn sequentially, or ordered in a row.
Then, the number of ways to arrange n distinct objects in a row is n!.

Example 27. In how many ways you can arrange the letters A, B, and C 7
Answer. There are 3! = 6 ways: ABC, ACB, BAC, BCA, CAB, and CBA.

Homework 28. In how many ways you can arrange the numbers 1, 5 and 7 7 What is the
probability of getting a number greater than 400 ?

Example 28. A witness reported that a car seen speeding away from the scene of the crime
had a number plate that began with V or W, the digits were 4, 7 and 8 and the end letters
were A, C, E. He could not however remember the order of the digits or the end letters. How
many cars would need to be checked to be sure of including the suspect car?

Answer. 2! x 3! x 3! =T72.

Example 29.

1. How many ways can 3 boys and 2 girls form a line?
Answer. 5! = 120.

2. What would the answer be if the two girls must be together?
Answer. We treat the two girls as one girl, and note that the two girls may change
places. So we have 2! x 4! = 48 ways.

3. What would the answer be if the boys must be together and the girls must be together?
Answer. 2! x (3! x 2!) = 24.

Homework 29. How many ways can we arrange 4 statistics books, 3 mathematics books, 2
biology books, and 1 computer science book on a bookshelf so that all the statistics books
are together, all the mathematics books are together, all the biology books are together.

Homework 30. Ten students are placed at random in a line. What is the probability that the
two youngest students are separated 7

Note: The number of different arrangements of n objects in which k; objects of them are

|
the same, k5 objects of them are the same, and so on, is L.
kil kol k)
Example 30. In how many ways you can arrange the letters A, A, B, C ?
A 4!_4><3><2!_12
nswer. E = T = .

Example 31. How many ways can we arrange the letters of the word MISSISSIPPI?

Answer. The word MISSISSIPPI contains 11 letters such that there are 4 I's, 4 S's, 2 P’s,

11!
and 1 M. So, the total number of ways is T A % 2l 11 = 34650.

Homework 31. How many ways can we arrange the letters of the word STATISTICS?

14



Circular Arrangements:

e The number of ways of arranging n distinct objects in a circle (ring) is (n — 1)! if
clockwise and anticlockwise arrangements are different.

e If clockwise and anticlockwise arrangements are the same, then the number of ways of
(n—1)!
5

Example 32. The number of different arrangements of four men A, B, C, D around a table
is 3! = 6.

arranging n distinct objects in a circle (ring) is

5.3 Permutations Rule
The number of ways of selecting m objects from n distinct objects where order is important is

!
o P = — if selection without replacement.

™ (n—m)!

e n'" if selection with replacement.

Example 33. In how many ways can we choose 3 letters out of the 5 letters A, B, C, D, E if
order is important and selection is

1. without replacement?

51 51 Hx4x3x2
Answer.P§:—|:§:%:

5-3) 60.

2. with replacement?
Answer. n™ = 53 = 125.

Example 34. A school musical director can select 2 musical plays to present next year. One
will be presented in the fall, and one will be presented in the spring. If she has 9 to pick from,
how many different possibilities are there?

9b 9 9x8x T

= = 72.
9—2) 7 7!

Answer. P =
Homework 32. How many 4-letter code words can be made using the letters in the word

pencil if repetitions are allowed? If repetitions are not allowed?

Homework 33. Six students are running for the positions of president and vice-president, and
five students are running for secretary and treasurer. If the two highest vote getters in each
of the two contests are elected, how many winning combinations can there be?

5.4 Combinations Rule

The number of ways of selecting m objects from n distinct objects where order is NOT
important is

o O] = ——— if selection without replacement.
m!(n —m)!
n+m-—1) . . :
o Crtm—l — g if selection with replacement.
" m!(n —1)!

Example 35. In how many ways can we choose 3 letters out of the 5 letters A, B, C, D, E if
order is NOT important and selection is

15



1. without replacement?
5! 5/ 5x4x3l

5 __ _
Answer. C5 = S5 —3i ~ sz~ a0
2. with replacement?
7! 7! 7Tx6x5 x4l
7T __ _ _ _
Answer. C5 = srm—ay — 3141 a4 o>

Example 36. How many ways can an adviser choose 4 students from a class of 12 if they are

all assigned the same task?
12!
12 _ _
Answer. C;° = T 495.
Homework 34. In example (36), how many ways can the students be chosen if they are each
given a different task?

Example 37.
1. How many ways can a committee of 6 people be selected from a group of 10 people?
10!
10 _ _
Answer. C;° = aral 210.

2. In a club there are 7 women and 5 men. A committee of 3 women and 2 men is to be

chosen. How many different possibilities are there?
7! 5!
7 5 _ _ _
Answer. C§ x C5 = TR ET 35 x 10 = 350.
Homework 35. There are 7 women and 5 men in a department. How many ways can a
committee of 4 people be selected? How many ways can this committee be selected if there
must be 2 men and 2 women on the committee? How many ways can this committee be

selected if there must be at least 2 women on the committee?

Example 38. A parent-teacher committee consisting of 4 people is to be formed from 20
parents and 5 teachers. Find the probability that the committee will consist of these people.

1. All teachers.

5 20
1
Answer. P(AII Teachers) = Ci x G =

C% 2530

2. 2 teachers and 2 parents.
CyxC30 38
A . P(2 teach d2 ts) = 22 —
nswer ( eachers and 2 paren s) 7 553

Homework 36. In a company there are 7 executives: 4 women and 3 men. Three are selected
to attend a management seminar. Find these probabilities.

1. All 3 selected will be men.
2. 1 man and 2 women will be selected.

Homework 37. A drawer contains 11 identical red socks and 8 identical black socks. Suppose
that you choose 2 socks at random in the dark. What is the probability that you get 2 matched
socks?

16



Chapter 05 : Probability Distributions and
Densities

Feras Awad

In Chapters 2 and 4, you learned how to collect and describe data and how to find the
probability of an event. These skills are used in many different types of careers. In this
chapter, you will learn how to create and use probability distributions and probability densities.

Knowing the shape, center, and variability of a probability distribution enables you to make
decisions in inferential statistics. For example, a saleswoman can compute the probability that
she will make 0, 1, 2, or 3 or more sales in a single day. Once these probabilities are assigned,
statistics such as the mean, variance, and standard deviation can be computed for these events.
With these statistics, various decisions can be made. The saleswoman will be able to compute
the average number of sales she makes per week, and if she is working on commission, she
will be able to approximate her weekly income over a period of time, say, monthly.

1 Random Variables

The outcome of a probability experiment is often a count or a measure. When this
occurs, the outcome is called a random variable.

A random variable X represents a numerical value associated with each outcome of a
probability experiment.

The word random indicates that X is determined by chance.

There are two types of random variables:

— Discrete: A random variable is discrete when it has a finite or countable number
of possible outcomes that can be listed. For example, the number of heads appear
when tossing 3-coins is X = {0, 1,2, 3}.

— Continuous: A random variable is continuous when it has an uncountable number

of possible outcomes, represented by an interval on a number line. For example,
the life-time of a light bulb is 0 < X < 3000 days.

2 Discrete Probability Distributions

A discrete probability distribution lists each possible value the random variable X can
assume, together with its probability P(X = x). A discrete probability distribution must
satisfy these conditions:

1. The probability of each value of the discrete random variable is between 0 and 1, inclusive.
So, 0 < P(X =x) <1 for all z.

2. The sum of all the probabilities is 1. So, Z P(X =x)=1.

for allz

Example 1. If the random variable X represents the number of heads appear when 3-coins
is tossed, then the probability distribution of X is given by

1



X=z|0 1 2 3
P(z) |5 § % s
No heads One head Two heads Three heads
1 B TTH THT HTT HHT HTH THH HHH
I 1 1 1 1 1
8 8 H 8 8 8
L . S A >

ool < 0 |—

I
8
Example 2. A probability distribution can be written in formula notation such as

1
P(X =1x) = — where X = 2,3,6.
x

The distribution is shown as follows:

X:x‘2

3 6
I 1
3 6
Homework 1. Construct a probability distribution for a family with 4 children. Let X be the

number of girls.

Example 3. The discrete random variable X has probability distribution shown below.

X=:c\—3 -2 -1 0 1
P(z) 010 025 030 0.15 c

Find:

1. the value of c.
Answer.
Y P(X =) =1= P(-3)+ P(=2) + P(=1) + P(0) + P(1) = 1
=0.10+025+0.30+0.15+c=1
= ¢ =0.20.

2. P(-3< X <0).
Answer. P(—3 < X < 0) = P(=3) + P(=2) 4+ P(—1) = 0.10 + 0.25 + 0.30 = 0.65.

3. P(X > —1).
Answer. P(X > —1) = P(0) + P(1) = 0.15+ 0.20 = 0.35.

4. P(-1< X <1).
Answer. P(—1 < X <1)= P(0) =0.15.

Homework 2. The discrete random variable X has probability distribution given by the for-
mula
P(X =z)=c(3—1) X =0,1,2,3.

Find the value of ¢, then evaluate P(X < 2).



3 Continuous Probability Densities

A function with values f(x), defined over the set of all real numbers, is called a probability
density function of the continuous random variable X if and only if

b
P(angb):/ f(z) dz where a,b € R and a <.

A function can serve as a probability density of a continuous random variable X if its values,
f(x), satisfy the conditions

1. f(z) >0 for all x € R.

2. /_Zf(:c) dr = 1.

Note: If X is a continuous random variable and a and b are real constants with a < b, then
P(X=a)=0=P(X =0) and

Pa<X<bh)=Pa<X<b)=Pla<X<b=Pla<X<b).
Example 4. A continuous random variable X has probability density function

fx) =

kx? 0<2<3
0 : otherwise

Find:

1. the value of k. 5

0 3
k 1
Answer./ f(x)dx:1:>/kx2dx:1:>§x3 :1:>9k:1:>k:§.
—00 0 0

2. PO< X <1).

! 1
Answer. P(0< X <1) = /0 §x2 dr = 77
3. P(X <2).
21, 8
Answer. P(X <2)= | —z‘dor=—.
) 9 27
4. P(X >1).
Answer. P(X > 1) /3 L2 d 20
. = [ —a"dr=—.
- 19 27

Homework 3. A continuous random variable X has probability density function

fz) =

{k‘x 0<z <4
0  :otherwise
Find:
1. the value of k.
2. P1 <X <25).
Homework 4. A continuous random variable X has probability density function

f(x):{k:c‘3 0<zx<c

0 : otherwise

1 1
such that P (X < 5) = 6 Find the values of the constants ¢ and k.



4 The Expected Value (Mean) and the Variance

You can measure the center of a probability distribution for a discrete random variable X with
its mean and measure the variability with its variance and standard deviation. The mean and
the variance of a discrete random variable X are defined as follows.

e The expected value (mean) of X is given by ux = E(X) = > xP(x).

e The variance of X is 0% = Var(X) =3 (z — p)* P(z).
Note: The variance of a discrete random variable can be evaluated using the formula
Var(X) = E (X2) — (E(X))? where E (X2) = 3" 22P(x).

Example 5. In a family with two children, let X be the number of girls. Find the mean and
the variance of X.
Answer. Since the possibilities of the two children are BB, BG, GB, GG then the probability
distribution of X is

X=z|0 1 2
Pl [4 3 1
. 1 1 1
1. The meanis px = E(X) = > xP(x) = (0 X 1) + (1 X 5) + <2 X 1) = 1.
: 2 2 2, 1 2, 1 2, 1 3 :
2. Since E (%) = > x*P(z) = | 0% x 2 +( 1% x 5 +( 2% x 1) = éthenthevanance
1
is Var(X) = E(X2) — (E(X))* = g -(r=
Example 6. A random variable X has probability distribution given below. Find E(X) and
Var(X).
x| P(z) rP(z) | 2*P(x)
-2 1 0.30 —0.60 | 1.20
—110.10 —0.10 | 0.10 LE(X)=-02
0] 0.15 0 0 o Var(X) =2.10 — (—0.2)? = 2.06
1| 0.40 0.40 | 0.40
2| 0.05 0.10 | 0.40
—-0.2 | 210

Homework 5. Find the mean and the variance of each random variable in examples (1, 2, 3)
and in homeworks (1, 2).

Homework 6. A random variable X can take the values 10 and 20 only. If E(X) = 16, find
the probability distribution of X.

Homework 7. The discrete random variable X can take the values 0, 1, 2, and 3 only. Given
P(X <2)=09. P(X<1)=0.5,and E(X) =14, find P(X =0).

Mean and Variance for Continuous Random Variables: If X is a continuous random
variable with probability density function f(x), then

. B(X) :/OO +f(z) dz.

[e.e]

o Var(X) = / T f(z) de — (B(X))*.

—00



: . . : —a® 0<x<4
Example 7. A random variable X has probability density function f(z) = ¢ 64

0 : otherwise
Find E(X) and Var(X).
Answer.
1. E(X):/ xf(z dx—/—x dxr = 3.
2. Var(X):/ 2’ f(z) do — (E / —z* dx — (3) :520.6.

Homework 8. Find the mean and the variance of each random variable in example (4) and
in homework (3).

Note: If ¢ and b are constants, then
1. E(a) = a and Var(a) = 0,

2. E(aX +b) =aE(X)+b and Var(aX + b) = a? Var(X) where X is a random variable
either discrete or continuous.

Example 8. Let X be a random variable with mean E(X) = 1 and variance Var(X) = 0.5.
Then

1. E(2X —3)=2E(X) - 3= -1
2. Var(4 — 5X) = (=5)2 Var(X) = 12.5

Homework 9. Find the mean and the variance of the random variable X with £(2—X) = 0.5
and Var(4X +1) = 12.

5 The Binomial Distribution

Many types of probability problems have only two outcomes or can be reduced to two outcomes.
For example, when a coin is tossed, it can land heads or tails. When a baby is born, it will
be either male or female. In a basketball game, a team either wins or loses. A true/false
item can be answered in only two ways, true or false. Other situations can be reduced to two
outcomes. For example, the number 5 can be classified as appears or does not appear when a
die is rolled. A multiple-choice question, even though there are four or five answer choices, can
be classified as correct or incorrect. Situations like these are called binomial experiments.

A binomial experiment s a probability experiment that satisfies the following four require-
ments:

1. There must be a fixed number of trials.

2. Each trial can have only two outcomes or outcomes that can be reduced to two outcomes.
These outcomes can be considered as either success or failure.

3. The outcomes of each trial must be independent of one another.

4. The probability of a success must remain the same for each trial.

Binomial Probability Formula: In a binomial experiment, the probability of exactly &
successes in n trials is

P(X =k)=Cyp*(1—p)" ™
where p is the probability of a success, and 1 — p is the probability of a failure.
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Example 9. A coin is tossed 3 times. Find the probability of getting exactly two heads.
1N\’ /1\" 3
A : P(2 heads) =C3 | = — ] =-.
nswer: P(2 heads) = C3 (2) <2) g

Example 10. A die is tossed 4 times. Find the probability of getting at most 3 fives.
Answer:

P(at most 3 fives) = P(no five) + P(1 five) + P(2 fives) + P(3 fives)

NN /5\° 1295

Homework 10. Is this a binomial distribution? Explain.

X | o 1 2 3
P(X)|0.064 0288 0.432 0.216

Homework 11. A student takes a 10-question, multiple-choice physics exam with four choices
for each question and guesses on each question. Find the probability that the student will pass
the exam. Hint: your answer should be approximately 0.078.

Example 11. If X ~ B(n =4,p) and P(X = 4) = 0.0256, find the value of p.
Answer. Since P(X = 4) = 0.0256 = C{p*(1 — p)* then p* = 0.0256. Hence, p =
v/0.0256 = 0.4.

Homework 12. If X ~ B(n,p = 0.6) and P(X < 1) = 0.0256, find the value of n.

Note: If X ~ B(n,p) then E(X) = np and Var(X) = np(1 — p).

Example 12. A die is rolled 480 times. Find the mean and variance of the number of 3s that
will be rolled. 1 5 20

1
Answer. E(X) =480 x 6= 80 and Var(X) = 480 x 656" 3

Homework 13. If X ~ B(n,p) with mean 5 and variance 4, find the values of n and p.

6 Normal Probability Distributions

A normal distribution is a continuous, symmetric, bell-shaped distribution of a variable. The
mathematical equation for a normal distribution curve is

2

1/x—
fz) = ! e§< Uﬂ) ; © € (—00,00)

)

Curve 2
AN
Curve1\ 0y >0y

1 = o



Properties of Normal Distributions:
e A normal distribution curve is bell-shaped.
e The mean, median, and mode are equal and are located at the center of the distribution.
e A normal distribution curve is unimodal (it has only one mode).

e The curve is symmetric about the mean, which is equivalent to saying that its shape is
the same on both sides of a vertical line passing through the center.

e The curve is continuous; that is, there are no gaps or holes.
e The curve never touches the z axis.

e The total area under a normal distribution curve is equal to 1.

The Standard Normal Distribution is a normal distribution with mean . = 0 and variance
2
o*=1.

| | |
+1 +2 +3

All normally distributed variables can be transformed into the standard normally distributed
variable by using the formula for the standard score:

value — mean X —pu

z = — =
standard deviation o

After you use the formula above to transform an x—value to a z—score, you can use the
Standard Normal Table. The table lists the cumulative area under the standard normal
curve to the left of z for z—scores from —3.49 to 3.49. So,

e P(Z < a) is evaluated directly from the table.

T T or T T
0 +Z -Z 0

e P(Z>a)=1—-P(Z<a)=P(Z< —a).

— or 1 1
-z 0 0 +Z

I I I
= (1] +Z 0 zz -2-2, 0




Example 13. Let Z ~ N(u = 0,0 = 1). Then:

1. P(Z < 1.15) = 0.8749.

z .00 01 .02 .03 .04 .05 .06
0.0 5000 5040 5080 5120 5160 5199 5239
0.1 5398 5438 5478 5517 5557 5596 5636
0.2 5793 5832 5871 5910 5948 5987  .6026
0.9 8159 8186 8212 8238 8264 8289  .8315
1.0 8413 8438 8461 8485 8508  .8531  .8554
1.1 8643 8665 8686 8703 8729 8770
12 8840 8860 .8888  .8907 .8925  .8944  .8962
13 9032 9049  .9066  .9082 9099 9115 9131
14 9192 9207 9222 9236  .9251 9265  .9279
2. P(Z < —-0.24) = 0.4052.

z 00 .08 07 .06 .05 04 .03
-3.4 | 0002 0003 .0003 .0003 0003 0003 .0003
—-3.3 | 0003 .0004 0004 .0004 0004  .0004 .0004
-3.2 | 0005 .0005 .0005 .0006 .0006  .0006 .0006
—-0.5 | 2776 2810 2843 2877 2912 2946 2981
-0.4 | 3121 3156 3192 3228 3264 3300 3336
—-0.3 | 3483 3520 3557 3594 3632 3669 3707
-0.2 | 3859 3897 3936 3974 4013 4090
—0.1 | 4247 4286 4325 4364 4404 4443 4483
-0.0 | 4641 4681 4721 4761 4801 4840 4880

3. P(Z>—-184)=1—P(Z < —1.84) =1—-0.0329 = 0.9671. Note that, since normal
distributions are symmetric, then P(Z > —1.84) = P(Z < 1.84) = 0.9671.

4. P(0.21 < Z < 1.07) = P(Z < 1.07) — P(Z < 0.21) = 0.8577 — 0.5832 = 0.2745.

Homework 14. Evaluate each of the following probabilities.

1. P(Z < —1.71)
2. P(Z > 0.89)
3. P(0 < Z < 243)

Example 14. Find the value of ¢ in each of the following if Z ~ N(u = 0,0

1. P(Z < ¢) = 0.2709.

Answer. From the table, ¢ = —0.61

2. P(Z > ¢)=0.1038.

Answer.

P(Z>c¢)=01038 = 1— P(Z < ¢) = 0.1038
= P(Z < ¢) =0.8962 = ¢ = 1.96

3. P(—0.60 < Z < ¢) = 0.4991.

Answer.

~1).

P(—0.60 < Z < ¢) = 0.4991 = P(Z < ¢) — P(Z < —0.60) = 0.4991

Homework 15. Let Z ~ N(u = 0,0 =1). Find ¢ if P(Z > ¢) = 0.5987.

= P(Z < ¢) — 0.2743 = 0.4991

= P(Z<¢)=0.7734=c=0.75



Example 15. Given that X ~ N(u = 60,0 =4), find P(55 < X < 63).
Answer.

55—60 X —60 _ 63— 60
< <

4 = 4 T4
=P(-1<Z2<075)=P(Z<0.75) —P(Z<-1)
= 0.7734 — 0.1587 = 0.6147

P(55§X§63):P(

Homework 16. Given that X ~ N(u = 50,0 = 4), find
1. P(X < 46.4)
2. P(39 < X < 56)

Example 16. Given that X ~ N(u = 10,0 = 2), find the value of ¢ if P(c < X < 12) =
0.6826.
Answer.

X—10<12—1O
2 - 2

~10
Plc < X <12) = 0.6826 = P (C — < ) = 0.6826

<Z< 1) = 0.6826

c—10

) = 0.6826

Homework 17. Given that X ~ N(u = 50,0 = 4), find ¢ if P(X > ¢) = 0.2266.



Table

—Standard Normal Distribution

Area |

z

0

)

z .09 .08 .07 .06 .05 .04 .03 .02 .01 .00
—3.4 | .0002 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003
—3.3 | .0003 .0004 .0004 .0004 .0004 .0004 .0004 .0005 .0005 .0005
—3.2 | .0005 .0005 .0005 .0006 .0006 .0006 .0006 .0006 .0007 .0007
—-3.1 .0007 .0007 .0008 .0008 .0008 .0008 .0009 .0009 .0009 .0010
—3.0 | .0010 .0010 0011 0011 0011 .0012 .0012 .0013 .0013 .0013
—29 | .0014 .0014 .0015 .0015 .0016 .0016 .0017 .0018 .0018 .0019
—2.8 | .0019 .0020 .0021 .0021 .0022 .0023 .0023 .0024 .0025 .0026
—2.7 | .0026 .0027 .0028 .0029 .0030 .0031 .0032 .0033 .0034 .0035
—2.6 | .0036 .0037 .0038 .0039 .0040 .0041 .0043 .0044 .0045 .0047
—2.5 | .0048 .0049 .0051 .0052 .0054 .0055 .0057 .0059 .0060 .0062
—2.4 | .0064 .0066 .0068 .0069 .0071 .0073 .0075 .0078 .0080 .0082
—2.3 | .0084 .0087 .0089 .0091 .0094 .0096 .0099 .0102 .0104 .0107
—2.2 | .0110 0113 0116 0119 0122 0125 .0129 .0132 .0136 .0139
—-2.1 .0143 .0146 .0150 .0154 .0158 .0162 .0166 .0170 .0174 .0179
—2.0 | .0183 0188 0192 0197 .0202 0207 0212 0217 .0222 .0228
—-1.9 | .0233 .0239 .0244 .0250 .0256 .0262 .0268 .0274 .0281 .0287
—-1.8 | .0294 .0301 .0307 0314 0322 0329 .0336 .0344 .0351 .0359
=17 | .0367 .0375 .0384 .0392  .0401 .0409 .0418 .0427 .0436 .0446
—1.6 | .0455 .0465 .0475 .0485 .0495 .0505 0516 0526 0537 .0548
—1.5 | .0559 .0571 .0582 .0594 .0606 .0618 .0630 .0643 .0655 .0668
—-1.4 | .0681 0694 .0708 0721 0735 0749 0764 .0778 .0793 .0808
—-1.3 | .0823 .0838 .0853 .0869 .0885 .0901 .0918 .0934 .0951 .0968
—-1.2 | .0985 .1003 .1020 .1038 .1056 .1075 .1093 1112 1131 1151
-1.1 1170 .1190 1210 1230 1251 1271 1292 1314 1335 1357
-1.0 | .1379 .1401 1423 .1446 1469 .1492 1515 1539 1562 .1587
—09 | .1611 1635 .1660 .1685 A711 1736 1762 .1788 1814 1841
—-0.8 | .1867 .1894 1922 .1949 1977 .2005 .2033 .2061 .2090 2119
—0.7 | .2148 2177 2206 2236 2266 2296 2327 2358 2389 .2420
—0.6 | .2451 .2483 2514 .2546 2578 2611 .2643 .2676 2709 2743
—0.5 | .2776 2810 2843 2877 2912 2946 .2981 3015 .3050 .3085
—-0.4 | 3121 3156 3192 3228 3264 .3300 3336 3372 .3409 .3446
—0.3 | .3483 3520 .3557 .3594 3632 .3669 .3707 .3745 .3783 .3821
—0.2 | .3859 .3897 .3936 3974 4013 4052 4090 4129 4168 4207
—0.1 4247 4286 4325 4364 4404 4443 4483 4522 4562 4602
—0.0 | 4641 4681 4721 4761 4801 4840 4880 4920 4960 .5000




Table —Standard Normal Distribution (continued)

0

.

Z

z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 .5000 .5040 .5080 5120 5160 5199 5239 5279 5319 .5359
0.1 .5398 .5438 .5478 5517 .5557 .5596 .5636 5675 5714 .5753
0.2 5793 5832 5871 5910 5948 .5987 6026 6064 6103 6141
0.3 6179 6217 6255 6293 .6331 .6368 .6406 .6443 .6480 .6517
0.4 6554 6591 6628 6664 6700 6736 6772 .6808 6844 6879
0.5 .6915 .6950 6985 7019 .7054 .7088 7123 7157 .7190 7224
0.6 7257 7291 7324 7357 .7389 7422 .7454 .7486 7517 .7549
0.7 .7580 7611 7642 7673 7704 7734 7764 7794 .7823 .7852
0.8 .7881 7910 7939 7967 7995 .8023 .8051 .8078 .8106 8133
0.9 8159 8186  .8212 .8238 8264  .8289 8315 .8340 .8365 .8389
1.0 8413 .8438 8461 .8485 .8508 8531 8554 8577 .8599 8621
1.1 .8643 .8665 .8686 .8708 8729 8749 8770  .8790  .8810 .8830
1.2 .8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 9015
1.3 .9032 .9049 .9066 .9082 .9099 9115 9131 9147 9162 9177
1.4 9192 9207 9222 9236 9251 9265 9279 9292 .9306 9319
1.5 9332 .9345 .9357 .9370 .9382 9394 9406 9418 .9429 .9441
1.6 .9452 .9463 9474 .9484 .9495 9505 9515 9525 9535 9545
1.7 .9554 .9564 9573 .9582 9591 9599  .9608 9616 9625 9633
1.8 9641 9649 .9656 9664 9671 9678 .9686 .9693 .9699 .9706
1.9 9713 9719 9726 9732 9738 9744 .9750 9756 9761 9767
2.0 9772 9778 .9783 .9788 .9793 .9798 .9803 .9808 9812 9817
2.1 .9821 .9826 .9830 9834 9838 .9842 .9846 .9850 .9854 .9857
2.2 9861 9864 .9868 9871 9875 9878 9881 .9884 .9887 .9890
23 .9893 .9896 9898  .9901 9904  .9906 .9909 9911 9913 9916
24 9918 .9920 9922 9925 9927 .9929 9931 9932 9934 9936
25 .9938 .9940 9941 9943 9945 9946 .9948 9949 9951 .9952
2.6 9953 9955 .9956 .9957 .9959 .9960 9961 9962 9963 .9964
2.7 .9965 .9966 .9967 .9968 .9969 .9970 9971 9972 9973 9974
2.8 9974 9975 9976 9977 9977 9978 9979 9979 .9980 .9981
29 .9981 .9982 .9982 .9983 9984 9984 9985 .9985 .9986 .9986
3.0 .9987 .9987 .9987 .9988 .9988 .9989 .9989 .9989 .9990 .9990
3.1 .9990 9991 29991 29991 .9992 .9992 .9992 .9992 9993 9993
3.2 .9993 .9993 .9994 .9994 .9994 .9994 .9994 .9995 .9995 .9995
33 .9995 .9995 .9995 .9996 .9996 .9996 9996 .9996 .9996 .9997
3.4 .9997 .9997 .9997 .9997 .9997 .9997 .9997 .9997 .9997 .9998
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