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Common Questions

 What is Statistics?
e |s Statistics a part of Mathematics?
 What’s the relation between Statistics and Probability?

 What’s the relation between Statistics and Machine Learning?



What is Statistics?
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What is Statistics?

* A discipline that deals with data

* Descyriptive

e Collection

* Organization

e Presentation




In high school
Sampling(JiHt+/H1F)
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In high school

Correlation coefficient(fH < A %X) & Scatter plot(E{ = [E])
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What is Statistics?

ATERE fHitFE NAZRTE

ANEEM £ B T Thomas J. Sargent TA TEREH MRS T,
Collection B3 22
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Organization

* Descyriptive
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What is Statistics?

Significance
level (a)

e Collection

* Organization

* A discipline that deals with data
e Presentation
Fail to reject | Reject

* Descriptive
(not significant) | (significant)

* Analysis

* Inkevrential 4

* [nterpretation



In high school

Scatter plot(gi = [E)

e Can we do more about that?
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In high school

Linear Regression
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In high school

Least squares method(&/)'\ _ %)
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In high school
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Statistical Inference

Reference: https://statisticsbyjim.com/hypothesis-testing/statistical-inference/



Problems

» Classification
 Parameter Estimation
 Hypothesis Testing
* Regression Analysis and Correlation Analysis

e Our mission:

¢ sample — population



Probability vs. Statistics

* Probability

* Previous studies showed that the drug was 80% effective. Then for a study on 100
patients,

* In average 80 will be curead
» at least 65 will be cured with 99.99% chances
o Statistics
 Observe that 78/100 patients were cured

 We (will be able to) conclude that we are 95% confident that for other studies the
drug will be effective on between 69.88% and 86.11% of patients

Adapted from MIT 18.650 Statistics for Applications



Basic Concepts

» Population (214): the set of similar items or events which is of interest for
some question or experiment

 Similar to the sample space €2 in probability theory

« Sample (1£7<): a subset of population, which are viewed as random variables

% n’

o Statistic (Zi1T=): any quantity computed from values in a sample

1 ¢ 1 & _
ed. X=— ) X, §?= X — X)?
. &9 nlzz1 l n—lg(l )

Reading: https://statisticsbyjim.com/basics/population-vs-sample/



Parameter Estimation

All models are wrong® But some are usefulw

« \We assume that the population follows a distribution £ from a set of
distribution F(®)

e« Parameter: ®
e E.Q.
¢ N(u,c”)

« Poisson(A)



Hypothesis Testing
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Example: Lady Tasting Tea

* The lady tasting tea Iis a randomized experiment devised by Ronald Fisher
e reported in his book The Design of Experiments (1935)
* [he lady claimed that

* she could tell whether the tea or the milk was added first to a cup

e How to validate it?

Reference: https://en.wikipedia.org/wiki/Lady_tasting_tea



Example: The 1970 draft lottery

Table 3.3. Draft numbers assigned by lottery.

day Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.

305 086 108 032 330 249 093 111 225 359 019 129

159 144 029 271 298 228 350 045 161 125 034 328

251 297 267 083 040 301 115 261 049 244 348 157

215 210 275 081 276 020 279 145 232 202 266 165

101 214 293 260 364 028 188 054 082 024 310 056

224 347 139 253 155 110 327 114 006 087 076 010

306 091 122 147 035 085 050 168 008 234 051 012

199 181 213 312 321 366 013 048 184 283 097 105

194 338 317 219 197 335 277 106 263 342 080 043

325 216 323 218 065 206 284 021 071 220 282 041 Table 3.4. Average draft number per month.
329 150 136 014 037 134 248 324 158 237 046 039
221 068 300 346 133 272 015 142 242 072 066 314
318 152 259 124 295 069 042 307 175 138 126 163
238 004 354 231 178 356 331 198 001 294 127 026
017 089 169 273 130 180 322 102 113 171 131 320
121 212 166 148 055 274 120 044 207 254 107 096 March 225.8 September  157.3
235 189 033 260 112 073 098 154 255 288 143 304 April 203 .7 October 1825
140 292 332 090 278 341 190 141 246 005 146 128

058 025 200 336 075 104 227 311 177 241 203 240 May 208.0 November 148.7
280 302 239 345 183 360 187 344 063 192 185 135 June 195.7 December 121.5
186 363 334 062 250 060 027 291 204 243 156 070
337 290 265 316 326 247 153 339 160 117 009 053
118 057 256 252 319 109 172 116 119 201 182 162
059 236 258 002 031 358 023 036 195 196 230 095
052 179 343 351 361 137 067 286 149 176 132 084 , , y >
092 365 170 340 357 022 303 245 018 007 309 173 q ‘L' C d

355 205 268 074 296 064 289 352 233 264 047 078 Sit a oclaerce:!
077 299 223 262 308 222 088 167 257 094 281 123

349 285 362 191 226 353 270 061 151 229 099 016

164 217 208 103 209 287 333 315 038 174 003

211 030 313 193 011 079 100 20
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Parameter Estimation



Parameter Estimation

 Assume a set of models with unknown parameters

* e.g. normal distribution with expectation ¢ and variance c*

e Some common methods

« Method of Moments ((8{&117%)
e MLE (& RAUZATETT)

o MAP (s X[E%{H1T)



Method of Moments

» Distribution: p(x; 0, ..., 0,) with mth moment ¢, (0,,...,0,), m=1,2,...,k
» Sample X, ..., X with mth momenta,,m=1,2,...,k
e Solve Equation

a, =a,(0,....,0,),m=12,...k

e Get

A\

0, =g (X,X5....,.X)



Maximum Likelihood Estimate(MLE)
What is likelihood?

» Distribution: p(x; ©®)

e Sample: X, ..., X,
e Likelihood function:
LX), ....X,:0) = | | X ©)
i=1
e Maximum likelihood:
max L(X;, ..., X, ; ©O)

©



Maximum Likelihood Estimate(MLE)

« Maximize p(Data | ®)

« Sometimes it is too difficult or impossible to calculate
e ill-posed problem (AN & 7E [o]&R)
e Solutions: Approximation

)

)44

+ e.g. EM Algorithm when there are latent variable (f&3



Bayesian vs. Frequentist
MLE vs. MAP

. MLE: max p(Data | ®)
®

. MAP: max p(® | Data)
®



Maximum A Posteriori (MAP)

p(Data | ©)p(0O)

p(Data)
e Difference between MLE and MAP:

. P(O|Data) =

» The a priori part p(®)

» A certain p(®) makes MLE and MAP with same result



Hypothesis lesting




Hypothesis Testing

e Null Hypothesis H,

» If strong enough evidence again H,, is founad:
e reject H,,

« Else: accept H,

e A little bit like Presumption of innocence (FcSE#EE R NI)

 How to measure or quantify “strong enough”?



Two kinds of errors

* Type | error (false positive)

[, is true but reject

» Type Il error (false negative) Rejects H, Accept H,,
« H, is false but accept |
Null is True [Type | Error Correct
Null is False |Correct Type Il error

Reference: https://statisticsbyjim.com/hypothesis-testing/types-errors-hypothesis-testing/



Significance level

* The significance level a is the probabillity of rejecting the null hypothesis when
It Is true

 |.e. the probability of making type | error

* The researcher determines the significance level before conducting the
experiment

 Normally, a takes 0.1, 0.05, 0.01, ..., etc.

e How to set a?



p-value

* The probability that you would obtain the effect observed in your sample, if
the null hypothesis is true for the populations

* | ower p-values indicate greater evidence against the null hypothesis

* |f the p-value is less than the significance level o
* reject the null hypothesis

» conclude that the effect is statistically significant

Reference: https://statisticsbyjim.com/glossary/p-value/



Example: Lady Tasting Tea

* The lady claimed that
e she could tell whether the tea or the milk was added first to a cup

* The experiment provides a subject with 8 randomly ordered cups of tea

e 4 prepared by pouring milk and then tea (MT)
e 4 by pouring tea and then milk (7M)
. The lady is asked to pick 4 cups of 7'M from these 8 cups

 The lady did it successfully

Reference: https://en.wikipedia.org/wiki/Lady_tasting_tea



Example: The 1970 draft lottery

Table 3.3. Draft numbers assigned by lottery.

day Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.

305 086 108 032 330 249 093 111 225 359 019 129

159 144 029 271 298 228 350 045 161 125 034 328

251 297 267 083 040 301 115 261 049 244 348 157

215 210 275 081 276 020 279 145 232 202 266 165

101 214 293 260 364 028 188 054 082 024 310 056

224 347 139 253 155 110 327 114 006 087 076 010

306 091 122 147 035 085 050 168 008 234 051 012

199 181 213 312 321 366 013 048 184 283 097 105

194 338 317 219 197 335 277 106 263 342 080 043

325 216 323 218 065 206 284 021 071 220 282 041 Table 3.4. Average draft number per month.
329 150 136 014 037 134 248 324 158 237 046 039
221 068 300 346 133 272 015 142 242 072 066 314
318 152 259 124 295 069 042 307 175 138 126 163
238 004 354 231 178 356 331 198 001 294 127 026
017 089 169 273 130 180 322 102 113 171 131 320
121 212 166 148 055 274 120 044 207 254 107 096 March 225.8 September  157.3
235 189 033 260 112 073 098 154 255 288 143 304 April 203 .7 October 1825
140 292 332 090 278 341 190 141 246 005 146 128
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Example: The 1970 draft lottery

Table 3.5. Index numbers for the 1970 draft lottery.

9 10 11 12

month 8
O 10 7 11 12

| e 1 2 3 4 5 6 7
« Hj: the lottery is fair i e s 241 3 2 € 8

* Then this permutation would have to be a “random” permutation

» For a random permutation ¢ = (o4, 05, ..., 6;,) of the numbers 1,...,12,

12
. We define the distance measure d(o) by d(o) = Z |0, — i
=1

e d(c*) = 18, for 6* from Table 3.5
« A Monte Carlo study shows that Pr(d(c) < 18) =~ 0.009

» Reject H,, if our significance level a > 0.009



L et’s recap those common questions



Common Questions

 What is Statistics?
o |s Statistics a part of Mathematics?
 What’s the relation between Statistics and Probability Theory?

 What’s the relation between Statistics and Machine Learning?
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Statistics vs. Mathematics

e Statistics is a rather independent discipline & = = o
* which uses many mathematical tools You may +ake 3 look o+ the first chapter of +his book
 For example
* Probability Theory

o Statistics is about data with randomness

e Optimization

 Parameter Estimation is often modeled as an optimization problem

Y ML W Tk HH RR #
¥ China Machine Press




Common Questions

 What is Statistics?
e |s Statistics a part of Mathematics?
 What’s the relation between Statistics and Probability?

 What'’s the relation between Statistics and Machine Learning?



Statistics vs. Machine Learning

* No essential difference
» Many ML theories and algorithms are developed by statisticians
» Key elements of ML (new scenarios)
 Computer: powerful computing
 Data: big data
 More samples

e More dimensions



Statistics vs. Machine Learning

 Therefore, ML is different from traditional statistics
 Which focus on models but not data

 And there are differences between different communities (CS and Stat)
* |nstead of asking “differences between Statistics and ML”
* |t is more interesting to ask

» “Differences between CS community and Stat community in terms of ML
research”



ML.: Statistics vs. CS

giEZE firFE 8FY HENRE fJirEY

51t PhD F1 CS PhD A machine learning BAl A~ [E?
BUREE: B3 FIEXRSHITERNR LEBWELEARRE?
BxiE

[ /s 5O& ]

2. BIFEE ] b 377 @3KTE 4HE

Reference: https://www.zhihu.com/question/48706077

i
2,476

BN BT
506,535

wiwxzTizEE Q@

KiEe A

T——

*FHEIL{RIUE (Theoretical Guarantees)

FRITNRATEE
RARRIE L

(nm

FTACSHIE AR D451

ACSARBEMIRIR,

M=

EMMABIEISIRIE, BMEXERIERIGEMIMEELERIE, LEANAROLAIEER —1

IBRIE, AR SRSIEEIRT,

—ME 4K burning brain

— N84 BURNING NVIDIA
RE#F 2022-04-1110:20

it

CS:

CSEEBAN T HERT ARG E BRI E 1

251X E AR T iEbound{t 4 assumptionEB ELFE

2 E

- 2017-03-2111:54




ML.: Statistics vs. CS

From Statistical Modeling: The Two Cultures by Leo Breiman

 “There are two cultures in the use of statistical modeling to reach conclusions
from data.”

* “One assumes that the data are generated by a given stochastic data model.”

* “The other uses algorithmic models and treats the data mechanism as unknown.”

* “The statistical community has been committed to the almost exclusive use of
data models.

 “This commitment has led to irrelevant theory, questionable conclusions”

* “and has kept statisticians from working on a large range of interesting
current problems.”



ML.: Statistics vs. CS

From Statistical Modeling: The Two Cultures by Leo Breiman

* “If our goal as a field is to use data to solve problems, then”

* “we need to move away from exclusive dependence on data models and
adopt a more diverse set of tools.”






Further Readings:
https://statisticsbyjim.com/hypothesis-testing/interpreting-p-values/

Interesting Topics

That we do not cover here

 Misuse and Misinterpretation of Statistics

* History of Mathematical Statistics, Statistical Learning and Machine Learning

* The relation between ML Theory and TCS Reference: Boosting® SR E — — — MEHIB0EMINE by ErstE
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https://dl.ccf.org.cn/article/articleDetail.html?id=4883630033684480&type=xhtx_thesis

