Contents

1 Introduction to Machine Learning Part Two............................ 1
T SUummary ... e 1
1.1 Machine Learning Is Convenient ....................oooeeeennn. 1
1.2 LimitationsS .....oooiiiiiiiiiii e 1
1.3 Wonderful Methods ... 1
1.4 Important Methods Reviewed in Volume I ...................... 2
1.5 Important Methods Reviewed in Volume 2 ...................... 2
2 Introduction, What Is so Convenient About Machine Learning....... 2
3 Limitations of Machine Learning, Advantages
of Traditional Statistical Methods...................oiiiiiiiii, 3
4 Machine Learning and Megadata ...............cooiiiiiinnnn.. 4
5 The Machine Learning Methods Already Reviewed
in the First Volume of This Publication..................oooooiiiiiiin, 4
6 The Basic Models for Machine Learning............................... 5
7 The Machine Learning Methods to Be Reviewed
in the Second Volume of This Publication.............................. 5
8 CONCIUSIONS ...ttt ettt et 6
R OIENCES . . . . 7
2 Two-Stage Least Squares ...............ccooiiiiiiiiiiiiiiiiiiiiiennns 9
I Summary ...ooon e 9
1.1 Background ........ ... 9
1.2 ODBJECHIVE .t e e 9
1.3 Methods ....oveiiii e 9
1.4 Result .o 9
1.5 ConcCluSionS .....oouuuuiiiii it e 10
I U 015 (0 Ta 10 U1 5 () PP 10
3 Example Path AnalysiS .........ooooiiiiiiiiiiiiiii i 10
4 Multistage Least Squares Method.....................oooa. 13

vii



viii

Contents

5 DISCUSSION ...ttt et 14
6 CONCIUSIONS ...ttt e 15
RefEIeNCES .. .. ceiii e 15
Multiple Imputations...............cooiiiiiiiiiiiiiiiiiiiiiiia 17
T SUMMATY .ot 17
1.1 Background .........o.c.ooiiiiiiii 17

1.2 Objective and Methods ...........cceeiiiiiiiiiiiiiiiiiiean. 17

1.3 RESUIES oeetetiie e 17

1.4 CoNCIUSIONS ..ttt et e 18

2 INtrOAUCHION ...ttt et e 18
3 Current Methods for Missing Data Imputation......................... 19
4 EXample . .oooin e 19
5 DISCUSSION ... uett ettt e 23
6 CONCIUSIONS ...ttt e 23
RefeIeNCES .. .. ceiei e 26
Bhattacharya Analysis ............ ..o 27
T SUMMATY .ot 27
1.1 Background .........o.ooiiiiiiiiii 27

1.2 ODBJECHIVE ..ttt et e 27

1.3 Methods . .ovveeeeie e 27

14 ReSUILS ..uettiiiii e 27

1.5 CoNCIUSIONS ..ttt et 28

2 INtrOAUCHION ...ttt et e 28
3 Unmasking Normal Values .............ccoooiiiiiiiiiiiiiiiiiii i, 28
4  Improving the p-Values of Data Testing ............ccccovvieeennnn. 31
5 Objectively Searching Subsetsinthe Data .....................ooiie 33
6 DISCUSSION ... .utttett et 36
T CONCIUSIONS .. .vveeetee e 37
RefEIeNCES .. .. ceiei e 38
Quality-of-Life (QOL) Assessments with Odds Ratios ................. 39
I Summary ..o e 39
1.1 Background ........ ... 39

1.2 ODBJECHIVE .. veee e 39

1.3 Methodsand Results ..., 39

1.4 ConcCluSIONS ..oovviiiiii 40

2 Introduction, Lack of Sensitivity of QOL-Assessments ............... 40
3 RealData Example ... 40
4 Odds Ratio AnalysiS........c.oeeiiiiiiiiiiiiiiii e 41
S DASCUSSION . ..ttt ettt e 43
6 CONCIUSIONS ...ttt eeeeeeeeeeeeees 43

R OTENCES ..ttt 44



Contents ix

6 Logistic Regression for Assessing Novel Diagnostic Tests

Against Control ........ ... ... o i 45

T SUMMATY .o e 45

1.1 Background .........o..ooiiiiiiii 45

1.2 ODBJECHIVE .. ettt et e e 45

1.3 Methods . ..vveeieee e 45

14 ReSUILS ..ottt 45

1.5 ConCIUSIONS .. ettt et 46

2 INtrOAUCHION ...ttt et e 46

3 EXaMPIe . 47

4 Comparison of the Tests with Binary Logistic Regression ............ 47

5 Comparison of the Tests with Concordance (c)-Statistics ............. 49

6 DISCUSSION ... .uettte et 50

6.1 ConCluSIONS «...uueeet ettt 52

A 03 Ted 18 () 52

RefeIeNCES ... ceiei e 52

7  Validating Surrogate Endpoints .......................................... 53

T SUMMATY .ot 53

1.1 Background .........o.ooiiiiiiiii 53

1.2 ODBJECHIVE .. veeteee et e 53

1.3 Methods .ovveeieee e 53

14 ReSUILS . .ueteiiit i 54

2 INtrOAUCHION ...ttt e et e 54

3 Some Terminology.........ueeeeiiiiii et 55

4 Validating Surrogate Markers Using 95 % Confidence Intervals...... 56

5 Validating Surrogate Endpoints Using Regression Modeling ......... 58
6 Calculating the Required Sample Size in a Trial

with Surrogate Endpoints..............cooiiiiiiiiiiiiiiiiiiiii 60

T DISCUSSION ... .eet ettt e 62

8 CONCIUSIONS ... eeeteett ettt ettt 63

RefEIeNCES .. ..ot 64

8 Two-Dimensional Clustering .......................iiiiiiiiiiiiiiinn.. 65

T SUMMATY .ot 65

1.1 Background ..........oooiiiiiiiiii 65

1.2 ODBJECHIVE .. eveeeeee et e e 65

1.3 Methods . ..vveeieee e 65

14 ReSUILS . .uettiiii i 65

1.5 ConCIUSIONS ..ttt et 66

2 INrOAUCHION ...ttt et e 66

3 Three Clustering Methodologies ............ooouiieiiiiiiiiieiniinn. 67

4 ExXample ...oooinn 68

4.1 Hierarchical Cluster AnalysiS.........ccooovvuiiieiiniiiieeennn. 68

4.2 K-means Cluster AnalysiS..........ceeeeiiiiiiiiiiiiiiiieeennn. 71

4.3 Density-Based Clustering ...........ccoovviiiiiieiiniieeeennnn. 72



Contents

X
5 DISCUSSION ...ttt et 73
6 CONCIUSIONS ...ttt e 74
RefEIeNCES .. .. ceiii e 74
9  Multidimensional Clustering ......................oooiiiiiiiiiiiiiiiinnn.. 77
T SUMMATY .ot 77
1.1 Background .........o.c.ooiiiiiiii 77
1.2 ODBJECHIVE .. eeeeteee et e 77
1.3 Methods . ..vveeieii e 77
14 ReSUILS . .ueteiii i 77
1.5 CoNCIUSIONS .. ettt et e e 78
2 INtrOAUCHION ...ttt e e e 78
3 Three Clustering Methodologies, as Available in SPSS
Statistical SOftware ..........ccooiiiiiiii 79
4 EXample ...oooin e 80
4.1 Hierarchical CIustering.............ccceeeiiiiiiieiiiiiiiieeenn. 80
4.2 K-means CIUStering .......coovvuuiiieieiiiiiiieeeiiiiieeeannn. 83
4.3 Two-Step CIUStering .. .....covvuuiiieieiiiiieiiiiiiiieeeen. 85
5 DISCUSSION ... .uttteee et e 86
6 CONCIUSIONS ...ttt e 90
RefEIeNCES ... et 90
10 Anomaly Detection .............. ..o 93
I SUMMATY .ot e 93
1.1 Background .........ocoiiiiiiiiii 93
1.2 ODBJECHIVE ..ttt et e 93
1.3 Methods . ..vveeieee e 93
14 ReSUILS ..ottt e 93
1.5 ConCIUSIONS .. ettt et e e 94
2 INrOAUCHION ...ttt et 94
3 Identifying Outliers Using BIRCH Clustering, Some Theory ......... 95
4  Simulated Data Example ...........oooiiiiiiiiiiiiiiiii i 95
5 RealData Example .........cooiiiiiiiii i 99
6 DISCUSSION .. ...ttt 100
A 03 Te] 18 ) 102
RefEIeNCES .. .. coiii e 103
11 Association Rule Analysis ... 105
T Summary ...oooee e 105
1.1 Background ........ ... 105
1.2 ObBJECHIVE ..t e e 105
1.3 Methods ... 105
1.4 ReSUILS ..ot e 105
1.5 CONCIUSIONS ..ttt e ieea e e eaenns 106
B2 331 76 10T 6 (o o U 106
3 Some Theory ......oovii i e 107



Contents xi

12

13

14

4 EXaMPIES .o e 108
5 DISCUSSION ...ttt ettt e 111
6 CONCIUSIONS ...ttt e 112
RefEIeNCES ... e 112
Multidimensional Scaling ... 115
T SUMMATY .ot 115
1.1 Background .........o.c.ooiiiiiiiii 115
1.2 ODBJECHIVE ...ttt e 115
1.3 Methods . .ovveeieie e 115
14 ReSUILS . .ueetiiii i e 116
1.5 CoNCIUSIONS ..ttt et e e 116
2 INtrOAUCHION ...ttt e 116
3 S0ME ThEOIY .. .eveeeee e 117
3.1 Proximity Scaling ........ooveuiiiiiiiiiiiii i 117
3.2 Preference Scaling.........oouuuiiiiiiiiiiiiiiiiiiiie s 119
4 Data Analysis Using SPSS ... 119
4.1 Proximity Scaling .........cooiiiiiiiiiiiiiiiiii e 119
4.2 Preference Scaling..........oooviiiiiiiiiiiiiiiiiiiiiiiiiiiiea, 123
5 DISCUSSION ...ttt e e 126
6 CONCIUSIONS ...ttt e 127
RefeIeNCeS .. .. coiii e 127
Correspondence Analysis ..............c.cuviiiiiiiiiiiiiiiiiieennnns 129
T SUMMATY .ot 129
1.1 Background .........o.oooiiiiiiiii 129
1.2 ODBJECHIVE ..ttt e 129
1.3 Methods . ..vveeieei e 129
14 ReSUILS .oueeetiiii i 129
1.5 ConCIUSIONS ..ttt e e 130
2 INtrOAUCHION ...ttt e et 130
3 S0ME ThEOIY ...ttt 131
4 EXample . .oooini e 133
5 DISCUSSION .. ..ttt et e 135
6 CONCIUSIONS ...ttt 135
APPENAIX ...ttt e 136
ReferenCes ... covii e 137
Multivariate Analysis of Time Series..................................... 139
T SUmMmMary ..o 139
1.1 Background ........ ... 139
1.2 ODBJECHIVE ..eeeei e e 139
1.3 Methods .. 139
1.4 ReSUILS ..ottt e 139
1.5 CONCIUSIONS ..ttt ettt et ieee e eenns 140

2 INtrodUCHON ...t s 140



xii

15

16

17

Contents

3 S0ME ThEOIY ...ttt 141
4 EXample ...oooini e 146
5 DISCUSSION ...ttt ettt e 146
6 CONCIUSIONS ...ttt e 149
APPENAIX .. et 149
RefeIeNCES .. ..o 152
Support Vector Machines ..................cooiiiiiiiiiiiiiiiiiiiinnns 155
T SUMMATY .ot 155
1.1 Background ..........ooiiiiiiiii 155
1.2 Objective and Methods ...........cceeiiiiiiiiiiiiiiiiiieean. 155
1.3 RESUIES ouetttiii e 155
1.4 CONCIUSIONS .. ettt et e e e 156
2 INtrOdUCHION ...ttt et e 156
3 ExampleData .......oooiiiiiiii 156
4 Methodological Background of Support Vector Machines ............ 157
5 Results of Fitting a Support Vector Machine to Our Example Data... 160
6 CONCIUSIONS ...ttt 160
RefeIeNCES .. .. ceiii e 161
Bayesian Networks .......... ... 163
T SUMMATY .ot e 163
1.1 Background ...........c.ooiiiiiiiii 163
1.2 ODBJECHIVE ..ttt et e 163
1.3 Methods . ..vveeeeie e 163
14 ReSUILS . .uetteiii i 163
1.5 CoNCIUSIONS .. ettt et e 164
2 INrOAUCHION ...ttt e e 164
3 ExampleData .......oooieiiiiiiiii 164
4 Methodological Background of Bayesian Networks................... 165
5 Results of Fitting a Bayesian Network to Our Example Data ......... 168
6 DISCUSSION ... .uetttt et 169
T CONCIUSIONS ...ttt e 170
RefeIeNCeS ... oo 170
Protein and DNA Sequence Mining ..................ccooiiiiiiein... 171
I Summary ...oooee e 171
1.1 Background............ooiiiiiiii 171
1.2 ODBJECHIVE ..t e i e 171
1.3 MethOdS .ueeeeie e 171
1.4 Results .oooiiiiiii 171
1.5 ConcClusionS .....ooviiiiiiiii 172
I U015 (0 T4 10U 51 ) PP 172
3 Gene Expression Analysis.........cooeiiiiiiiiiiiiiiiiiiii i, 173
4 Sequence Similarity Searching................coooiiiiiiiiiiiiien. 176

4.1 Example L. ..o 180



Contents xiii

18

19

20

42 Example 2... oo 181
43 Example3.... oo 182
4.4 Exampled.....ooooi 182
5 DISCUSSION ...ttt et e 183
6 CONCIUSIONS ...ttt 184
RefEIeNCES ... et 184
Continuous Sequential Techniques ......................ooooiiiiiiii 187
T SUMMATY .ot e 187
1.1 Background ...........cooiiiiiiiiii 187
1.2 ODBJECHIVE .. eveeeete et e 187
1.3 Methods . ..vveeieei e 187
14 RESUILS ..ottt 187
1.5 ConCIUSIONS .. ettt et 188
2 INrOAUCHION ...ttt e 188
3 Parallel and Triangular Sequential Sets............ccoooiiiiiiiiiinnn. 189
4 Data Example of a Parallel Sequential Set ............................. 190
5 Triangular Sequential Sets........oouuuieiiiiiiii i 192
6 DISCUSSION ... .eettet ettt 193
T CONCIUSIONS ...ttt 194
RefEIeNCES .. .. ceii e 194
Discrete Wavelet Analysis................coooiiiiiiiiiiiiiiiiiiiiiiiiin 195
T SUMMATY .ot e 195
1.1 Background ...........coiiiiiiiii 195
1.2 ODBJECHIVE .. eeeeeeee et 195
1.3 Methods . ..vveeieei e 195
1.4 ReSUILS . .eettiii i 196
1.5 CoNCIUSIONS ..ottt e e e 196
2 INtrOAUCHION ...ttt e e 196
3 S0ME ThEOIY ...ttt e 197
4 Clinical Relevance of Discrete Wavelet Analysis ...................... 199
5 First Example, a Single Heart Beat’s Electrocardiogram .............. 199
6 Second Example, Trends and Patterns in a Patient’s Blood
Glucose Levels....oooiunuiiii it 200
7 Third Example, Health Institutions’ Ongoing
Consumption Patterns ...t 202
8 DHSCUSSION ...ttt eeeet ettt et e 204
O CONCIUSIONS ...ttt et et 205
RefeIeNCeS .. .. coiii e 205
Machine Learning and Common Sense .........................ooounee. 207
T SUummary ..o e 207
1.1 Background and Objective ............ccooiiiiiiiiiiiiiieannne. 207
1.2 Methodsand Results ..., 207

1.3 CoNCIUSIONS .. vttt e e 207



Xiv Contents
2 INtrOdUCHION . vve et 207
3 The Performance of a Validated Test in Everyday Practice............ 208
4 RealData Example .........c.ooiiiiiiiiiiiiiiiiiiii e 209
S DS CUSSION . . ettt et e et 210
6 CONCIUSIONS ..ttt ettt e e e e 211
R OIENCES ...ttt 211
Statistical Tables....... ...t 213
I EX .. 219



2 Springer
http://www.springer.com/978-94-007-6886-4

Machine Learning in Medicine
Part Two

Cleophas, T.).; Zwinderman, AH.
2013, XN, 231 p.,

ISBM: 978-94-007-6886-4



	Contents



