
Chapter 7: Statistics, Probability, and 

Interpolation
• Engineers use statistics to predict behavior of physical 

systems that have randomness. 

• Histograms are used to present the frequency that data 

occurs.

• The Normal Distribution is a particular way of modeling 

randomness. 

• Random number generators within MATLAB can be used 

to generate models for accounting for randomness. 

• Engineers often have to use interpolation between data 

points for analysis. 



Histograms

Histograms show the frequency 

of the occurrence of the data 

versus the data itself.

The data are grouped into

subranges called Bins.

The shape of the histogram can be 

affected by the width of the bins. 



Histograms
The Absolute Frequency is the number of times a particular value for a 

variable has been observed to occur. 

The Relative Frequency is calculated by dividing the Absolute Frequency 

by the total number of values for the variable. 

A Scaled Frequency Histogram is the Absolute Frequency Histogram 

divided by the total area of the histogram. Since the total area under the 

histogram rectangles is one, the area under the rectangles for a particular 

range is the probability of occurrence. 



Normal Distribution
For Scaled Frequency Histograms with vast amounts of data, the plot can 

be approximated as a continuous variable as opposed to discrete 

rectangles (Bell-Shaped Curve). The Normal Probability Function is:

𝑝 𝑥 =
1

𝜎 2𝜋
𝑒− 𝑥−𝜇 2/2𝜎2

where 𝜇 is the Mean, 𝜎 is the Standard Deviation, and 𝜎2 is the Variance. 



For a Normal Probability Distribution Curve, it can be shown that 

approximately 68 percent of the area lies between the limits of:

𝜇 − 𝜎 ≤ 𝑥 ≤ 𝜇 + 𝜎
Approximately 96 percent of the area lies between the limits of

𝜇 − 2𝜎 ≤ 𝑥 ≤ 𝜇 + 2𝜎
Approximately 99.7 percent of the area lies between the limits of 

𝜇 − 3𝜎 ≤ 𝑥 ≤ 𝜇 + 3𝜎

Normal Distribution



Normal Distribution
For Normally Distributed outcomes, the probability that a random 

variable 𝑥 is less than or equal to 𝑏 is:

𝑃 𝑥 ≤ 𝑏 =
1

2
1 + erf

𝑏 − 𝜇

𝜎 2

The probability that the random variable 𝑥 is no less than 𝑎 and no 

greater than 𝑏 is:

𝑃 𝑎 ≤ 𝑥 ≤ 𝑏 =
1

2
erf

𝑏 − 𝜇

𝜎 2
− erf

𝑎 − 𝜇

𝜎 2

where erf (𝑥) is the Error Function. 



Random Number Generation
MATLAB can generate random numbers that are uniformly distributed 

or normally distributed. These sets of random numbers can be used to 

analyze outcomes. 

x = rand(n): generates uniformly distributed random numbers in the 

range [0,1]. To generate uniformly distributed random numbers over the 

interval [a,b]:

𝑦 = 𝑏 − 𝑎 𝑥 + 𝑎

x = randn(n): generates normally distributed random numbers that have 

a mean of μ = 0 and a standard deviation of σ = 1. To generate normally 

distributed random numbers that have a mean of μ and a standard 

deviation of σ:

𝑦 = σ𝑥 + μ



Interpolation
To estimate values between data points, several types of Interpolation 

can be used. 

Linear Interpolation: The straight line connecting the two points are used 

for estimates of intermediate values.

Cubic Spline Interpolation: A third-order equation is derived between  

successive sets of three data points.

Piecewise Continuous Hermite Interpolation Polynomials (PCHIP): Less 

Overshoot than Cubic Spline. 



Interpolation



A B C D F

Grade >= 90.0 89.9 to 80.0 79.9 to 70.0 69.9 to 60.0 < 60.0

# of 

Students
12 9 10 9 18

The grade data below show how many students received A’s, B’s, etc. 

Download the student grade data to your computer. Place the file into the 

same folder as your matlab file: 

http://cecs.wright.edu/people/faculty/sthomas/studentgrades.xlsx

Each grade can be thought of as a Bin. The number of 

grades in each Bin is called the Absolute Frequency. A 

plot of the Absolute Frequency versus the Bin Range is 

called a Histogram. 

http://cecs.wright.edu/people/faculty/sthomas/studentgrades.xlsx


This method simply 

divides the Range into 

10 Bins and plots the 

Absolute Frequency 

in each Bin. 

Use the following MATLAB Script file to create a Histogram Plot of 

the data:



In this Histogram Plot, 

we have specified the 

number of Bins to be 20. 

Modify the MATLAB file as follows:



In this Histogram Plot, 

the Bin Centers are 

defined by the vector x, 

and the Bin Width is the 

distance between centers. 

The Ranges of the Bins

are:

Grade ≤ 5

5 < Grade ≤ 15

15 < Grade ≤ 25

⋮
105 < Grade ≤ 115

Grade > 115 

Modify the MATLAB file as follows:



This type of Histogram 

Plot was created as a Bar 

Plot. The function histc

was used because it made 

sense to define the Bins

in terms of Edges instead 

of Centers for this 

problem. The Ranges of 

the Bins are:

0 ≤ Grade < 10

10 ≤ Grade < 20

⋮
100 ≤ Grade < 110

110 ≤ Grade < 120

Modify the MATLAB file as follows:



This type of Histogram 

Plot specifies the Edges of 

the Bins. 

The Ranges of the Bins

are:

< 60

60 ≤ Grade < 70

70 ≤ Grade < 80

80 ≤ Grade < 90

Grade ≥ 90 

Modify the MATLAB file as follows:



The total number of students in 

the class was 58. The Relative 

Frequency can be calculated by 

dividing the number in each bin 

by the total number of students. 

Modify the MATLAB file as follows:



Problem 7.4:

For the data given in Problem 1: 

a. Plot the Absolute Frequency Histogram, the Relative Frequency 

Histogram, and the Scaled Frequency Histogram.

b. Compute the mean and standard deviation and use them to estimate 

the lower and upper limits of gas mileage corresponding to 68 

percent of the cars of this model. 

Go to the following webpage to download the data for this problem:

www.cs.wright.edu/~sthomas/prob7_1.xlsx

http://www.cs.wright.edu/~sthomas/prob7_1.xlsx


Problem 7.4:

Step 1: Read in the data with the xlsread command and use the hist

command to plot the Absolute Frequency Histogram. 



Problem 7.4:

Step 2: Change the bin centers using the hist command as shown, then 

plot the Absolute Frequency Histogram using the bar command. 



Problem 7.4:

Step 3: The Relative Frequency is calculated by dividing the Absolute 

Frequency (the number of values in each bin) by the total number of 

values for the variable. Calculate the number of values and use it to plot 

the Relative Frequency Histogram. 



Problem 7.4:

Step 4: The Scaled Frequency is calculated by dividing the Absolute 

Frequency by the total area of the histogram (Bin Width × ∑ Number of 

Values). Since the total area under the histogram rectangles is one, the 

area under the rectangles for a particular range is the probability of 

occurrence. 



Problem 7.4:

Step 5: For a Normal Probability Distribution Curve, it can be shown 

that approximately 68 percent of the area lies between the limits of:

𝜇 − 𝜎 ≤ 𝑥 ≤ 𝜇 + 𝜎

where 𝜇 is the Mean, 𝜎 is the Standard Deviation. The Normal 

Probability Function is:

𝑝 𝑥 =
1

𝜎 2𝜋
𝑒− 𝑥−𝜇 2/2𝜎2

where 𝜎2 is the Variance. Plot this equation onto the bar plot for the 

Scaled Frequency Histogram. 



Problem 7.4:



Problem 7.4:



Problem 7.7:



Problem 7.7:

𝑝 𝑥 =
1

𝜎 2𝜋
𝑒− 𝑥−𝜇 2/2𝜎2



Random Number Generation
MATLAB can generate random numbers that are uniformly distributed 

or normally distributed. These sets of random numbers can be used to 

analyze outcomes. 

x = rand(n): generates uniformly distributed random numbers in the 

range [0,1]. To generate uniformly distributed random numbers over the 

interval [a,b]:

𝑦 = 𝑏 − 𝑎 𝑥 + 𝑎

x = randn(n): generates normally distributed random numbers that have 

a mean of μ = 0 and a standard deviation of σ = 1. To generate normally 

distributed random numbers that have a mean of μ and a standard 

deviation of σ:

𝑦 = σ𝑥 + μ



Problem 7.13:



Problem 7.15:

𝑦 = 𝜎𝑥 + 𝜇



Problem 7.15:



Interpolation
To estimate values between data points, several types of Interpolation 

can be used. 

Linear Interpolation: The straight line connecting the two points are used 

for estimates of intermediate values.

Cubic Spline Interpolation: A third-order equation is derived between  

successive sets of three data points.

Piecewise Continuous Hermite Interpolation Polynomials (PCHIP): Less 

Overshoot than Cubic Spline. 



Problem 7.22:



Problem 7.22:



Problem 7.24:



Problem 7.24:


