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Question 

What is Statistics?

哈利波特 Real Life

aim of statistics: provide insight by means of data

Statistics

Statisticians

Data

Information

占卜學

崔老妮

水晶球

未來的資訊

• A branch of math --- calculation, derivative, proof, …

• A collection of many statistics (formula)

• A useful tools for extracting 
information/knowledge from the data
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Data

Collection
Statistical Modeling

(empirical)

Data

Analysis

Decision

Making

• Statistics divides the study of data into five steps:

Basic Procedures of Statistics

Problem Formulation & 

Modeling (conceptual )
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Distinction between Survey Sampling and DOE

• Survey sampling: interested in “distribution”

• DOE: interested in “relationship”
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• Experimentation: one of the most common activities that people 

engage in

<神農本草經> : 

“神農嘗百草，日遇七十二毒，得荼而解之”

Experiment: a learning process for

 knowledge gathering 

 problem solving 

 conjecture testing

• Modern experimental design dates back to 1930s

• The results of an experiment often contains two parts: 

 deterministic component

 random component
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Treatment Comparison

treatment: a combination of factor levels
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Variable (Factor) Screening

Objective: identify important factors or screen out 

unimportant factors

H, A: important

D, B, E: moderate

H+A: 50%

H+A+D+B+E: 65%

When to use?: usually in the preliminary stage of the study of 

a system/process
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Response Surface Approximation

response surface: the relationship between a response 

and the factors

true response surface approximate response surface

Objective: 
develop a good approximation of the response surface
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System/Process Optimization
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Variation Reduction

Q: which one will 

you choose?

Objective: adjust treatment factors to make the 

system/process robust against noise variation

Concept: Besides optimizing the response, variation 

reduction is important in quality improvement.
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Replicates and Experimental Errors

• Q: Why do we need to understand the magnitude of exp’tal error?
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replicate: replication of same treatment
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Effect Aliasing/Confounding

• pros & cons

• Q: Is aliasing/confounding always a bad thing?

A B C AB

2 low low high high

3 low high low low

5 high low low low

8 high high high high

A B C Operator

1 low low low Peter

2 low low high Peter

3 low high low Peter

4 low high high Peter

5 high low low John

6 high low high John

7 high high low John

8 high high high John

Q: what if operators have an effect 

on response?
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Randomization

A B C operator A B C operator

1 low low low Peter 5 high low low Peter

2 low low high Peter 2 low low high Peter

3 low high low Peter 8 high high high Peter

4 low high high Peter 4 low high high Peter

5 high low low John 3 low high low John

6 high low high John 1 low low low John

7 high high low John 6 high low high John

8 high high high John 7 high high low John

Randomization provides protection against extraneous factors that 

are unknown to the experimenter, but may impact the response

• what should be randomized?

 allocation of exp’tal materials to treatments; the order of 
applying treatments; the order of measuring responses; ...

Q: what if operators have an effect on response?
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Blocking

block what you can & randomize what you cannot

block factor : factors that are controllable and may influence the 

response but in which we are not directly interested. 

(cf. treatment factors)

Q: If operator effect is 

identified as significant 

before exp’t, what can 

we do?

Examples of blocking factors:

lot-to-lot, brand-to-brand, operator-to-operator, day-to-day, ...

A B C operator

1 low low low Peter

2 low low high John

3 low high low John

4 low high high Peter

5 high low low John

6 high low high Peter

7 high high low Peter

8 high high high John

Orthogonality
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 Reading: textbook, 1.1, 1.2, 1.3


