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Figure 1.1 The engineering method 



The field of statistics deals with the collection, 
presentation, analysis, and use of data to 

•  Make decisions 

•  Solve problems 

•  Design products and processes 
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•  Statistical techniques are useful for describing and   
understanding variability. 

•  By variability, we mean successive observations of a 
system or phenomenon do not produce exactly the same 
result. 

•  Statistics gives us a framework for describing this 
variability and for learning about potential sources of 
variability. 
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 Engineering Example 

An engineer is designing a nylon connector to be used in an 
automotive engine application. The engineer is considering 
establishing the design specification on wall thickness at 3/32 
inch but is somewhat uncertain about the effect of this decision 
on the connector pull-off force. If the pull-off force is too low, the 
connector may fail when it is installed in an engine. Eight 
prototype units are produced and their pull-off forces measured 
(in pounds): 12.6, 12.9, 13.4, 12.3, 13.6, 13.5, 12.6, 13.1. 
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 Engineering Example 

• The dot diagram is a very useful plot for displaying a small 
body of data - say up to about 20 observations.  
•  This plot allows us to see easily two features of the data; the 
location, or the middle, and the scatter or variability. 
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 Engineering Example 

•  The engineer considers an alternate design and eight prototypes 
are built and pull-off force measured. 
•  The dot diagram can be used to compare two sets of data 

Figure 1-3 Dot diagram of pull-off force for two 
wall thicknesses. 
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 Engineering Example 

•  Since pull-off force varies or exhibits variability, it is a 
random variable. 

•  A random variable, X, can be model by 

X = µ + ε 

where µ is a constant and ε a random disturbance. 
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Three basic methods for collecting data: 
–  A retrospective study using historical data 

•  May not be useful 
–  An observational study 

•  Cannot tell the cause-effect 
–  A designed experiment 

•  Make deliberate changes to observe response 
•  Can tell the cause-effect  

1-2 Collecting Engineering Data 



1-3 Mechanistic and Empirical Models 
A mechanistic model is built from our underlying 
knowledge of the basic physical mechanism that relates 
several variables. 

 Ohm’s Law:  Current = voltage/resistance 

I = E/R  or    I = E/R + ε 

An empirical model is built from our engineering and 
scientific knowledge of the phenomenon, but is not 
directly developed from our theoretical or first-
principles understanding of the underlying mechanism. 





Figure 1-15  Three-dimensional plot of the wire and pull 
strength data. 



1-3 Mechanistic and Empirical Models 

In general, this type of empirical model is called a 
regression model. 

The estimated regression line is given by 



Figure 1-16  Plot of the predicted values of pull strength 
from the empirical model. 



4-6 Normal Distribution 

Definition 



4-6 Normal Distribution 

Figure 4-10 Normal probability density functions 
for selected values of the parameters µ and σ2. 



4-6 Normal Distribution 

Definition : Standard Normal 



4-6 Normal Distribution 
Example 4-11 

Figure 4-13 Standard normal probability density 
function. 



4-6 Normal Distribution 

Standardizing 



4-6 Normal Distribution 
Example 4-13 



4-6 Normal Distribution 

Figure 4-15 Standardizing a normal random 
variable. 



4-6 Normal Distribution 

To Calculate Probability 



4-6 Normal Distribution 

Example 4-14 (continued)  



4-6 Normal Distribution 

Example 4-14 (continued)  

Figure 4-16 Determining the value of x to meet a 
specified probability. 



5-5 Linear Combinations of Random 
Variables 
Definition 

Mean of a Linear Combination 
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Variance of a Linear Combination 
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Example 5-33 



5-5 Linear Combinations of Random 
Variables 

Mean and Variance of an Average 
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Variables 

Reproductive Property of the Normal Distribution 



5-5 Linear Combinations of Random 
Variables 

Example 5-34 



Some useful results to remember 

For any normal random variable 

– 3 x! ! – 2µ ! – ! ! ! +! ! + 2! ! + 3! !
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