NTHU STAT 5410, 2022

Lecture Notes

What 1s Statistics?
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* A branch of math --- calculation, derivative, proof, ... [Data
* A collection of many statistics (formula)

* A useful tools for extracting
information/knowledge from the data

(What?}e{ Information

v

How? kmw#e?ge

s 41k 3

Real Life

. 2

Why ? Wié;n‘

N Statistics L(ﬁpﬁ)ﬁ:i
78\
"l:rans{-’orma_nr‘onl

ALK Statisticians
e Data +— 52 ”}2—(:{7;?)
F R EOE Information  —4£ 20, > R*
see watch ~>graphs

aim of statistics: prov1de tnsz% ht by means of data
23

HE T R -

Basic Procedures of Statistics

s &

Data: X, ...,

stokistician
may get
\ n.volved
$£rom here

Statistics

® :How to find,
gwd, transformation ?
Recal| . mathematical

statistics
or 4phs

Transformations

9,(X,, ...,Xn)),jJ
o 7
9 X, o X, )e

»
»

Extract Information

- Statistics divides the study of data into five steps:

» Q: What is a statistical model?

» X,, ..., X, (random variables)

with parameters O
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1. Problem formulation & modeling (conceptual approach)

- g—key o problem,
» Problem formulation: use statistical/probabilistic/

mathematical language to “clearly” define the

L statistical problem
problem and the objective of study )
— r-domam lmow/edge

Key: good modeling (conceptual approach): use the information that
swrogate| WE possessed prior to obtaining data to develop a
representation of the underlying system, also account for
uncertainty in data deterministic

systematic componel + Tandom component
2. Data collection: producing %842 B REER
A : . signal + noise
. representative data for drawing
4-t‘ <.._—-/ . .
) correct information
] > surLVAey sampling Data.
(rEamE) @ may contuin wrong information,
» design of experiment @ may not contain useSul
(BEAEZET) information, about the problem .

> observational data

»
@, "

Statistical modeling (empirical approach): use empirical
information contained in the data to build a model or to ’

justify/adjust the (conceptual) model developed in 1., also
account for uncertainty in data

> a statistical model is a description 3 of pammeters =% 00
of the joint distribution of data

a statistical model may contain the following components:
nonparametric component — <— T
parametric component: (fixed, random) effects T

R distribution component | semi-parametric

3 ata analysis: mining information from data

probability > graphical methods —babout parameters (X#F)
subjective .

pravability’> numerical methods

* (point, interval) estimation
* hypothesis testing

5. Inference/decision making: drawing conclusions & answering
questions based on results obtained in 4.
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« Example (from Gilchrist, Statistical Modelling, 1984): -

“A range of problems related to the positioning of stores

and the planning of delivery routes requires information on

Q: P"""‘”"" the distances by road, y, between different places. Where a
clearly large number of such places are involved, finding these

defined? | - .. .
distances by driving or by direct measurement along the
L timal .5 » Problem: how to measure ro
7 roads on a map is time-consuming. distance Y > stores.

{_{5}1@@. “To avoid this problem, the usual approach is to

o stabistical rc?late the road distances y to the straight line

problem  distance, denoted by x, as measured using a scale
map. This relationship will be expressed
mathematically and will enable us to predict a
value of y given a corresponding value of x. This
relationship will be our quantitative model of the
situation. The fundamental question is: how do we @about & 2

obtain this relationship (model).”

p- 1-6
Let’s assume the following conditions (are they reasonable?):
X=I2 » XK=l o7

a) x=0=y=0 7 Y=I2 4'_/_.(3” Y=>12

b) If there is a straight road between two points, then x=y; otherwise, y=x

c) Generally, y should increase with x. However, because of randomness
in road patterns, places with same x’s may have different y’s.

d) Under similar situations, e.g. urban roads, the form of the relationship
should not depend strongly on the distances involved, i.e., if x is, say,
doubled, we would expect y is also approximately doubled.

Consider the following relationships (models):
1. y=x [satisfies a) and d), but not b) or ¢)]
. y=xt+& & random component [now allows c), but not b)]
systematic . :
component 3. y=a+x+¢, a: a constant [helps with b), but a) fails]
irandom,_component | . .
4. y=éx+§, [. a constant > 1 [satisfies all four conditions. true?]

5.  distribution assumption can be added on the £in 4, e.g., &/N(0, &%)
Note: The above (conceptual) model is derived without any data provided.

Problem formulation: Estimate and test parameters in y=/£x+&, where 8= 1

— lem * P 3 rvarables i,
L a statistical probem clearfv deﬁned ‘ u data cet
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Some Notes in Problem formulation & modeling (conceptual
gséwb‘sé:cs : EhRA%Y ,‘_—‘;, approach)

understand the physical/social/political/biological/medical/...
domgin~ | background to avoid the missing of important conditions that

knowledge [*should be included in model eq. Cox proportional hazard moded
o ‘ parametric part
« understand the objective Semi-pamametric - (za/d o ;i)
nonpasametric part
(FR1F not of

« state the problem in “statistical language” direct interest)

* make sure you know what the client wants

Albert Einstein. The formulation of a problem is often more
essential than its solution which may be merely a matter of
mathematical or experimental skill.
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Example (cont.): ¢ l ( large lewernge
* the collected data are given in the tabular. %07 o3

Is it a “representative” data set? @] 4 65| 5
(-Be.g. vecord dota on some dav HRP7;) 24 | 23
*Lobservational or experimental data? = x| 172 | 152

'L->-e.3., uniformly choose stores on the map. 123 E:
* Q: If you can design the experiment, what are the data 166 |11

collection issues that should be concerned in the example? [ »| »
40.5 | 28.2

142 | 12.1

» Consider the following situations:

11.7 | 9.8

» if there are hundred/thousand of places, how to choose 1>

a small number of appropriate locations? o5 | 3
geometrically uniform allocation? stratified sampling? |12

312 | 265

what if there are many routes that link any two places? ;j ;Zi

@ rep]ication required? /—-BCQIL be used to undersf:und “information” [ 265 | 18
= ~ about the variation caused by routes 1] 2

» who should be assigned to measure these y’s by
driving? randomization? blocking?
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Some Notes in Data Collection

 are the data observational or experimental?

* how to collect a representative data?

» is there non-response? | Tts also informative.

o missfnﬁ m-f’a’mation ,
° 9
are there m1ssm§ values’ MCAR . MAR , MNAR
» qualitative or quantitative?

£55) %l C X W,
* how a';?:' the datei%t)%gd?

* what are the units of measurement?

« beware of data entry errors <-|:‘Dal:o. sanity check.
Data clecuu?ngf

p. 1-10

Example (cont.):

« What empirical model will you suggest after examining the plot?

 should empirical model be identical to conceptual model?

« if the plot (or numeric analysis) reveals different patterns ...

» what if you find curvature or jump relationship Y= Bx+€,B=I

existing between x and y? 4l da: 42 X
» what if you find non-constant variance? . 4
3
A

how should the conceptual model be adjusted? 0

>
o

E] graphic analyses offer vivid and intuitive perception

numeric analyses present numeric summaries (such | : Z
0

as estimation and testing of parameters in the model) | ‘7 . ., , ¥
for making concrete conclusions. E.g., 3= 1.29 P
and 1s significant in ¢-test, and 7 =2.376 9 x ¢ s
génal Fitked model a3 | i A
Conclusion: § = 1.29x / Ty
(or offer confident interval of ¥) sl g=poxsplg € <N(o. 5%0)
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Statistical | Data Analysis Methods. =
Modeling, | — — — \
Analysis, and 49{ graphic methods

Making

Conclusion box plot T
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!
main effect plot —<tesulp————
el ———
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Some Notes in Statistical modeling, Data analysis, and
Decision making

« If possible, most available analysis methods should be
performed.  pgt, analysis < projection from different argles

« Assumptions and analysis results between different
( methods could be (slightly) differente-
hidden in stotistical models
« Data analysis is inherently interactive

* Conclusions should be summarized based on consistent

resu\lts/-v level of evidence

« Important information usually consistently appear in the
results of every methods

e quantitative ( Z_¥ ) and qualitative ( Z_{+) conclusions
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A successful data analysis usually requires

an Al is a mix of the three components:

a fitted model Statistical learning (machine /eamirg)
Computation Statistics
. progrcfmm:g o S'fnaﬁiﬁfcal
o numerical ¢
optimization o transformation
¢ processing & of data
managing massive * random
amounts d:f(: | mechanism,
complex
ki ° (¢ help inferpre{:aii;)bn of
# (exact & asymptotic) analysis results
Sampling distribution - bookstrap (cor!mcblvg the results
* MLE > EM algorithm with phenonmena)
. d. tr bu_h. . ° OH'-ET mformhon.
# posterior distribution Domain knowledge-+ that might not
. > MCMC be always
| ___available in dota

sJReading: Faraway (2005, 1% edition), 1.1

[
@‘?urther reading: D&S : Draper and Smith (1998)
@ « Statistical modelling (Gilchrist, 1984)

 Statistics: a guide to the unknown (edited by Tanur et al., 1972, 1978,
1989; Peck et al., 2005)

2y

<
Q

» Applied statistics: principles and examples (Cox & Snell, 1981)
¢ Some other reading:

« Lewis (2004), Moneyball (* % : A 3%).

+ Kahneman (2011), Thinking, Fast and Slow (¥ 2 : H#-L & #).

« Silver (2012), The Signal and the Noise (® ¥ : s} & 3 ).
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What aspects you should focus on in this course?

1. Understand analysis methods HoUH,: collection of
X moded : all the models (pammeters)
* objectiveis .7 T A FPBUE | (oidered in the test.

= Ho: =0
 for an estimator (parameter), what’s its meaning? j

« for a test, what are its H, and H,? A collection of models |

* how to find statistically significant results in outputs?

» assumptionsjand limitations in a statistical model?

. Enoé- only p-value > or < 0.05
level of evidence (LNp.I1-12)

2. Interpretation: for those significant results, how to
interpret them in the language that your clients use

3. How to implement the analysis method in softwares, such
as R, Splus, SAS, ...?
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