
The field of statistics deals with the collection, 

presentation, analysis, and use of data to 

• Make decisions 

• Solve problems 

• Design products and processes 

General 



• 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. 

 

Concept of Variability 



 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. 

 

Concept of Variability 



 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 variability or the scatter 

Concept of Variability 



 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. 

Concept of Variability 



 Engineering Example 

 

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

random variable. 

• A random variable, X, can be model by 

 

 

where µ is a constant and ε  is a random disturbance. 

Concept of Variability 



Dot Diagram 

Whenever data are collected over time it is important to plot 

the data over time. Phenomena that might affect the system 

or process often become more visible in a time-oriented plot 

and the concept of stability can be better judged. 

The dot diagram illustrates variation but does not identify 

the problem. 



Time Series 



  

Types of Data 

 Quantitative data  

 numbers representing counts or measurements. 

 Example:  The weights of supermodels 



  

Types of Data 

Qualitative (or categorical or   

 attribute) data 

 can be separated into different categories  

 that are distinguished by some nonnumeric 

 characteristic 

 Example:  The genders (male/female) of   

 professional athletes 



Types of Data 

Quantitative data can further be 

described by distinguishing between 

discrete and continuous types. 



 Discrete data 

             result when the number of possible values is either 

a finite number or a ‘countable’ number   

 (i.e. the number of possible values is 

    0, 1, 2, 3, . . .) 

 

 Example:  number of accidents 

Types of Data 



 Continuous (numerical) data 

   result from infinitely many possible values that 

correspond to some continuous scale that covers a 

range of values without gaps, interruptions, or 

jumps 

Types of Data 

Example:  concrete strength  230.4 kg/cm2 



Levels of Measurement 

Another way to classify data is to use levels 

of measurement.  Four of these levels are 

discussed in the following slides. 



 Nominal level of measurement   

 characterized by data that consist of names, labels, or 

categories only, and the data cannot be  arranged in an 

ordering scheme (such as low to high) 

 Example:  Survey responses yes, no, undecided 

Definition 



 Ordinal level of measurement  

 involves data that can be arranged in some order, but 

differences between data values either cannot be 

determined or are meaningless 

 Example: Classroom # A, B, C, D, or F 

Definition 



 Interval level of measurement  

    like the ordinal level, with the additional property that 

the difference between any two data values is 

meaningful, however, there is no natural zero starting 

point (where none of the quantity is present) 

 Example:  Years 1000, 2000, 1776, and 1492 

Definition 



 Ratio level of measurement 

 the interval level with the additional property that 

there is also a natural zero starting point (where zero 

indicates that none of the quantity is present);  for 

values at this level, differences and ratios are 

meaningful 

 Example:  Prices of college textbooks ($0 represents 

no cost) 

Definition 



Summary - Levels of Measurement 

 Nominal - categories only 

 Ordinal - categories with some order 

 Interval - differences but no natural starting 

point 

 Ratio - differences and a natural starting point 



Misuses of Statistics 



Misuse # 1- Bad Samples 

Voluntary response sample 

    (or self-selected sample) 

 one in which the respondents themselves decide 

whether to be included 

 In this case, valid conclusions can be made only 

about the specific group of people who agree to 

participate. 

 



Misuse # 2- Small Samples 

Conclusions should not be based on 

samples that are far too small.   

Example:  Basing a school suspension rate 

on a sample of only three students 



To correctly interpret a graph, you must analyze the 

numerical information given in the graph, so as not to be 

misled by the graph’s shape. 

Misuse # 3- Graphs 
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Design of Experiments 



Key Concept 

  If sample data are not collected in an   

appropriate way, the data may be so 

completely useless that no amount of 

statistical tutoring can salvage them. 

 

  



 Observational study  

 observing and measuring specific   

 characteristics without attempting to modify  the 

subjects being studied 

Definition 



 Experimental 

 apply some treatment and then observe its effects on 

the subjects; (subjects in experiments are called 

experimental units) 

Definition 
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Sampling 



 Random Sample  

 members of the population are selected in such a way 

that each individual member has an equal chance of being 

selected 

  

Definitions 



Random Sampling  
selection so that each  

individual member has an  

equal chance of being selected 



Systematic Sampling 
Select some starting point and then  

select every  k th element in the population 



Convenience Sampling 
use results that are easy to get 



Stratified Sampling 
subdivide the population into at  

least two different subgroups that share the same 

characteristics, then draw a sample from each subgroup (or 

stratum) 
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Models 



Mechanistic/ DeterministicModels 

A mechanistic model is built from our underlying 

knowledge of the basic physical mechanism that relates 

several variables. 

Example:  Ohm’s Law 

Current = voltage/resistance 

I = E/R 

I = E/R + ε 



Empirical Models 

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. 



Empirical Models 

Example 

Suppose we are interested in the number average 

molecular weight (Mn) of a polymer. Now we know that Mn 

is related to the viscosity of the material (V), and it also 

depends on the amount of catalyst (C) and the temperature 

(T ) in the polymerization reactor when the material is 

manufactured. The relationship between Mn and these 

variables is 

Mn = f(V,C,T) 
say, where the form of the function f is unknown. 

 

 

where the b’s are unknown parameters. 



In general, this type of 

empirical model is called a 

regression model. 

 

The estimated regression 

line is given by 

Empirical Models 



Probability Models 

• Probability models help quantify the 

risks involved in statistical inference, that 

is, risks involved in decisions made every 

day. 

• Probability provides the framework for 

the study and application of statistics. 


