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Chapter 1  

Introduction 

• Goals of the course 

• Some basic principles and terminology 

• The strategy of experimentation 

• Guidelines for planning, conducting and 

analyzing experiments 

 

• HW#1: run MiniTab software and Practice 

Session Two: Entering and Exploring data 
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Introduction to DOX 

• An experiment is a test or a series of tests in which 

purposeful changes are made to the input variables of a 

system so we may observe and identify the reasons for 

changes of the output response 

• Experiments are used widely in the engineering world  

– Process characterization & optimization 

– Evaluation of material properties 

– Product design & development 

– Component & system tolerance determination 

• “All experiments are designed experiments, some are 

poorly designed, some are well-designed” 



General model of a process or 

system 

• The objectives of an experiment may 

include Determining: 

1. which variables are most influential on 

the response y 

2. where to set the influential x’s so that y 

is almost always near the desired 

nominal 

3. where to set the influential x’s so that 

variability in y is small 

4. where to set the influential x’s so that 

the effects of the uncontrollable 

variables z1, z2, …, zq are minimized 
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Benefits of DOX 

• Reduce time to design/develop new 

products & processes 

• Improve performance of existing processes 

• Improve reliability and performance of 

products 

• Achieve product & process robustness 

• Evaluation of materials, design 

alternatives, setting component & system 

tolerances, etc. 
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Strategy of Experimentation  

• “Best-guess” experiments 

– Used a lot 

– More successful than you might suspect, but there are 
disadvantages… 

• Disadvantages: 
1. Initial best guess does not produce the desired result 

2. Initial best guess produces acceptable results 

 



Strategy of Experimentation  

• One-factor-at-a-time (OFAT) experiments 

– Sometimes associated with the “scientific” or 
“engineering” method 

– Devastated by interaction, also very inefficient 

• Statistically designed experiments 

– Based on Fisher’s factorial concept 

– Factors are varied together instead of one at a time 
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Factorial Designs 

• In a factorial experiment, all 
possible combinations of 
factor levels are tested 

• The golf experiment: 

– Type of driver 

– Type of ball 

– Walking vs. riding 

– Type of beverage 

– Time of round 

– Weather  

– Type of golf spike 

– Etc, etc, etc… 
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Factorial Design 
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Factorial Designs with Several Factors 
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Factorial Designs with Several Factors 

A Fractional Factorial 
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The Basic Principles of DOX 

• Two aspects to any experimental problem: 

1. The design of the experiment 

2. Statistical analysis of the data 

• Three basic principles of experimental design 

1. Replication 

2. Randomization 

3. Blocking 



The Basic Principles of DOX 

 Replication 
• Replication: repeatition of the basic experiment. 

• Replication has two important properties: 

1. Allows to obtain an estimate of the experimental error 

2. If the sample mean is used to estimate the effect of a factor, 

replication permits to obtain a more precise estimate of this 

effect 

• Repeated measurements: is a direct reflection of the 

inherent variability in the measurement system or 

gauge.  

• Replication reflects sources of variability both between 

runs and within runs 
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The Basic Principles of DOX 

 Randomization 
• Randomization: both the allocation of the experimental 

material and the order in which the individual  runs or 

trials of the experiment are to be performed are 

randomly determined. 
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The Basic Principles of DOX 

 Blocking 
• Blocking is a design technique used to improve the 

precision with which comparisons among the factors of 

interest are made. 

• Used to reduce or eleminate the variablity transmitted from 

nuisance factors. 

• Nuisance factors: factors that may influence the 

experimental response but in which we are not directly 

interested. 

• A block is a set of relatively homogeneous experimental 

conditions 
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Planning, Conducting & 

Analyzing an Experiment 

1. Recognition of & statement of problem 

2. Choice of factors, levels, and ranges 

3. Selection of the response variable(s) 

4. Choice of design 

5. Conducting the experiment 

6. Statistical analysis 

7. Drawing conclusions, recommendations 
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Planning, Conducting & 

Analyzing an Experiment 

• Get statistical thinking involved early 

• Your non-statistical knowledge is crucial to 

success 

• Pre-experimental planning (steps 1-3) vital 

• Think and experiment sequentially 


