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What 1s Statistics?

A branch of math --- calculation, derivative, proof, ...

* A collection of many statistics (formula/algorithm) W“-
* A useful tools for extracting (What ?je{ Information
information/knowledge from the data Flow 2 Je—| Knowledge
5 i 4 Real Life Why ?}e—{Wisdom
¢ " F Statistics G Dk
B &4 Statisticians ‘ar%m%n]
oK b IR Data +— 5 52 ”ﬁ";ﬁ’
R ePF A Information  4— 7 O > RrR*
see wakch ~>graphs
aim of statistics: pr0V1de msz§ ht by means of data
B R RER . - »
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Basic Procedures of Statistics |Recall Linear Models
(STAT5410) LNp/-2 ~I2

- Statistics divides the study of data into five steps:‘J

a stotistical model is a
a‘omi: distribution

description of data, i
 (goint cdf/pdf/pmS)

RUZ « parameters

define the
“important information
for data |

enumerial

* graphical

2. Survey Sa.mplms
3. Observational Data
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Distinction between Survey Sampling and DOE

* Survey sampling: interested in “distribution”

b [

(each
| individual has |
Y © same probability
(say. | - Ofbeingcbosinb){ ‘
blood | :
Qressure)

X (say. age) o joint: distribution (X¥) [V

« DOE: terested in “relationship’; o Conditional distribution YIX |V

— Bo+BiX (from _L) ﬁggggg_r_t-type mg@gml_dxstnbuhonXorY V||x
: R e
- %

X (assume known)
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how to collect data such . .
that ¥01& s more Experimentation

@pparent when pE}%:-ew'st '

» Experimentation: one of the most common activities that people

engage in
< B AT &> trial-and-error experiment j
HEEFE - pB- L4 FFAfRLT
»Experiment: a learning process for e DOE
» knowledge gathering * DAE (Design &
- Analysis of
= problem solving ]
__E_xpenmem‘:s)

= conjecture testing L J
« Modern experimental design dates back to 1930s (systematic approach)

v ° The results of an experiment often contains two parts:

/4 . . . = < S -
12 > deterministic component}¢ both components appear in statistical
ﬁ ? b models (conceptual & empirical) eqg.,

PEFE: > random component | Yg=Fu, X+ € 5 Gyt €
l&veri:i-lrlying or lack of §it 2
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Conceptual model

] F—'E—(controllable) {Xm - - 1 @
~~~~~~~~ oo o0
Material or ~ ==~ Y Y Product
Experimental —> ~rocuct
{Units (EUs) F - fWa y)
ﬂ LI ) ﬂ‘ =
Z, koo orukiun 7.,
(uncontrollable) L
{
&l %?m \ - E(&) P!
A~ A
e:%a f(Xl,XQ,... ) 6 =dxt+ &
; ) EPP“”‘ '"Mﬁ- fixed Function (unknown) =
3
p3 Bi 3;()(, e, Xm) deterministic/systematic crror.
== ' component random
e j?_ P component
known function (eﬂ-‘a_c'l: y F 150
L l:{et‘l:}gzlg)n parameter% codmé) l *ﬁ_. 1’? F;E ‘f*g
X == often gualitative factors = obgectives in vt
ET—{_ >4 Historical perspectives-u\ pecforming expits
large @ #* types of d6¢ ns
causing large variation in EUs & Z —»large Var(€)|e

4 Agricultural Experiments : Comparisons and selection of varieties (and/or
ﬁ:’ treatments) in the presence of uncontrollable field conditions, Fisher’s

pioneering work on design of experiments and analysis of variance

(ANOVA). T eg., replication , blocking .randomization '
3‘? &multtgle coﬂw_'ison examme whether there exist 'difference”
oo btwn, treatments (comparative exp't) [more)

Industrial Era : Process modeling and optimization, Large batch of | x

materials, large equipments, Box’s work motivated in chemical industries

and applicable to other processing industries, regression modeling and

response surface methodology. _I % source of variations
E(Yx) more 1 R* -3 & L
_@f §.. Xim) [+ ompiorted 2. SS in ANOVA

SS variokion
EUs : *ing omal:tc
=2 physical vs. 3.different sources off SS« components

~'bd:i statistical variation Tn errors SSg e«—waration

—mary guantibobive Significance (e.g.. splib-pot exp't) ' errors

Foctors
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R)aineert Historical perspectives (Contd.)

EU:;-—al:_'j—»g noise factors N

Z)"in normal condition o o
e Quality Revolution : Quality and productivity improvement, variation

reduction, total quality management, Taguchi’s work on robust parameter

o design, Six-sigma movement. L[ E(Yx)= §(x,--, Xm) H

——e study E(Jx) in industrial era. Tary(4x)=A (X1, Xm)
e A lot of successful applications in manufacturing (cars, electronics, home

appliances, etc.)

e Current Trends and Potential New Areas : Computer modelling and

experiments, large and complex systems, applications to biotechnology,

@’—‘nanotechnology, material development, etc.
s physical experiment /
X | @ strong interaction

between X & N
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(X iti leg neck back
3 Some DeﬁnltlonsmbIﬁﬂ

= vabbit 1] o[rbbit2 ) *ee | rabbit2 [ED4)[ED3)[ET6
B3 @-‘S’ E01 E02 : D:J

Factor : variable whose influence upon a response variable is being studied

in the experiment. T temp. C&/E) : 20°C, 50°C < 2 levels
— _4~-Pressure (75) : 500, 1000, /500 ppm

*+ 3 levels
e Factor Level : numerical values or settings for a factor. i L
Lot e [2ssignment ™\ (Ev) [Eo) -
L@ Experimental unit : object to which a treatment is applied| . v
' ' {EO‘
Lenzn !

e Trial (or run ) : application of a treatment to an experimental unit.

e Treatment or level combination : set of values for all factors in a trial.
T s (GR20°%, [E:500pPM) , Ta: (CR50%,/E1500 ppm) | ooe
e Randomization : using a chance mechanism to assign treatments to

experimental units or run order.

jointly made by Jeff Wu (GT, USA) and S.-W. Cheng (NTHU, Taiwan)



