Openlntro Statistics
Third Edition

David M Diez

Quantitative Analyst
david@openintro.ory

Christopher D Barr
Graduate Student
Yale School of Management
chris@openintro.org

Mine Cetinkaya-Rundel
Assistant Professor of the Practice
Department of Statistics
Duke University

mine @openintro.org



Contents

1 Introduction to data 7
1.1 Case study: using stents to prevent strokes . . . . .. .. ..o L. i
1.2 Databasics . . 0 0 0 0 i v it i i et e e e s e e e et e e e e ]
1.3 Overview of data collection principles . . . . ... .00 00000 15
1.4 Observational studies and sampling strategies . . . . . ... ... ...... 19
15 Experiments. . . o o o v v v v vt o v v o v s e e e e e e e e e e e 24
1.6 Examining numerical data . . . . . 0. .00 oL 0oL o oL 26
1.7 Considering categorical data . . . . . . . ... Lo L 0oL 43
1.8 Case study: gender discrimination (special topic) . . . .. .. ... ... 50
L T 55

2 Probability (special topic) T6
2.1 Defining probability (special topic) . . . . . . . .. L Lo o, 76
2.2 Conditional probability (special topic) . . .. ... .00 0oL HH
2.3 Samphng from a small population (special topic) . . . ... ..o, 102
24 Random vanables (special topic) . . . .. .. L Lo ool 104
25 Continuous distributions (special topie) . .. ..o .. oL 0oL 113
26 EXErclSes . . v i v v i i i i e s e e e e e e e e e e e e e e e 116

3 Distributions of random variables 127
3.1 Normal distribution . . . . . . 00 00 L e e e e e 127
3.2  Evaluating the normal approcamation . . . . . .. .0 0000000000 137
3.3 Geometric distribution (special topic) . . . . . L0000 00y 141
3.4 Bimnomial distribution (special topie) . . . .. ..o oL 0oL 145
3.5 More discrete distributions (special topie) . . . . . .. oo Lo 152
3.6 Exercizses . . . L L L i i e i e e e e e e e e e e e e e 158

4 Foundations for inference 168
4.1 Vanabibty mestimates. . . . . . . o . . . 0.0 h i i s o e e e e e e 169
4.2 Confidence mtervals . . . . . . .. L L e e e e e 174
4.3 Hypothesistesting . . . . . . . . . . . L i e e e 180
4.4 Examinng the Central Limit Theorem . . . . . . . .. ... 0000 ... 194
4.5 Inference for other estimators . . . . . . . 0L L Lo L 00l 197

4B Exercises . . . . . L i e et e e e e e e e e e e e e e e e e e e e e e e 03



Inference for numerical data 219

5.1 Onpe-sample means with the t-distnbution . . . .. .. ... .00 L. 2148
52 Paweddata ... . . . . . e e e 228
53 IDhfferenceoftwomeans . . . . .. ... .. o0l oo 230
54 Power calculations for a difference of means (special topic) . . . . . ... L. 230
5.5 Comparing many means with ANOVA (special topie) . . . . . .. . ... .. 246
5.6 Exercizses | .. L L L L e e e e e e e e e e e e 257
Inference for categorical data 274
6.1 Inference forasingle proportion. . . . . .. ... . . 0. 274
6.2 Ihfference of two proportlons . . . . . . 0 0 i i b i d e e e e e e 280
6.3 Testing for goodness of fit using chi-square (special topic) . . . . . ... .. 286
6.4 Testing for independence in two-way tables (sp. topic) . .. ... ... ... 207
6.5 Small sample hypothesis testing for a proportion (special topic) . . . . . .. 302
6.6 Randomization test (special topic) . . . . . . . 0 i it i e 307
6.7 Exercizses . . . . . L e e e e e e e e e e e e 312
Introduction to linear regression 331
7.1 Line htting, remiduals, and correlation . . . . . .. .o 0 000 0oL 333
7.2 Fitting a hine by least squares regression . . . . . . .. ... .00 ... .. 340
7.3 Types of outhers in linear regression . . . . . . .. 000t o0 349
7.4 Inference for hnear regression . . . . .. .. ... oL 0000 351
7.0 Exercises . .0 L L L e e e e e e e e e e e e 356
Multiple and logistic regression 372
8.1 Introduction to multiple regression . . . . ... ... ... .. 0000, 372
B2 Modelselection . . . . . . . 0 0 0 L e e e e e 378
8.3 Checking model assumptions using graphs . . . . ... ... ......... 382
8.4 Introduction to logistic regression . . . . . . ..o L 0L 0Ll e e o e e e JE6
BO Exercises . .. . . L i e e e e e e e e e e e e e e e e e e 305
A End of chapter exercise solutions 405
Distribution tables 427
B.1 Normal Probability Table . . . . . . ... ... ... 0. 427
B.2 t-Probability Table . . . . . . . .. 0 . . e e 430

B.3 Chi-Square Probability Table . . . . . . . .. ... .0 o0, 432



