
Contents

Preface XV

Editors xvii

Contributors xix

1 Introduction 1
1.1 W hy th is  b o o k ? ...................................................................................................................... 1
1.2 D efin ing big data and its  v a l u e .......................................................................................  2
1.3 The im portance o f in fe re n c e .............................................................................................. 4

1.3.1 D e s c r ip t io n .............................................................................................................  5
1.3.2 C a u s a tio n .................................................................................................................  6
1.3.3 P re d ic tio n .................................................................................................................  7

1.4 The im portance o f understand ing  how data  are g e n e ra te d ...................................  7
1.5 New tools fo r new d a ta ........................................................................................................  9
1.6 The book’s “use case” ........................................................................................................  10
1.7 The s truc tu re  o f the b o o k .................................................................................................. 15

1.7.1 Part I: Capture and cu ra tion  ...........................................................................  15
1.7.2 Part II: M odeling and a n a ly s is ...........................................................................  17
1.7.3 Part III: Inference and ethics ...........................................................................  19

1.8 R esources................................................................................................................................  20

Part I Capture and Curation 23

2 Working with Web Data and APIs 25 
Cameron Neylon
2.1 In t r o d u c t io n .......................................................................................................................... 25
2.2 Scraping in fo rm a tion  from  the w e b ................................................................................  27

2.2.1 O bta in ing  data from  w e b s ite s ...........................................................................  27
2.2.1.1 C onstructing  the U R L ..........................................................................  28
2.2.1.2 O bta in ing  the contents o f the page from  the U R L .....................  28
2.2.1.3 Processing the HTML response .........................................................  29

v



vi Contents

2.2.2 Program m atically ite ra ting  over the search r e s u l t s .................................... 33
2.2.3 L im its  o f s c r a p in g .................................................................................................. 34

2.3 App lica tion  program m ing in te r fa c e s ............................................................................. 35
2.3.1 Relevant APIs and re s o u r c e s .............................................................................  35
2.3.2 RESTful APIs, re turned data, and Python w ra p p e rs ...................................  35

2.4 Using an A P I .......................................................................................................................... 37
2.5 A no ther example: Using the ORCID API v ia  a w r a p p e r ..........................................  39
2.6 In tegra ting  data from  m u ltip le  s o u rc e s .........................................................................  40
2.7 S u m m a ry ................................................................................................................................  41

3 Record Linkage Xх  43
Joshua Tokle and Stefan Bender
3.1 M o t iv a t io n .............................................................................................................................  43
3.2 In troduction  to  record lin k a g e ........................................................................................... 44
3.3 Preprocessing data fo r record lin k a g e .............................................................................  49
3.4 Indexing and b lo c k in g ........................................................................................................  51
3.5 M a tc h in g ................................................................................................................................  53

3.5.1 Rule-based a p p ro a c h e s .......................................................................................  54
3.5.2 P robabilis tic  record l in k a g e ................................................................................  55
3.5 .3  M achine learn ing  approaches to record l in k a g e ..........................................  57
3.5 .4  D isam biguating n e tw o rk s .................................................................................... 60

3.6 C la s s if ic a tio n .........................................................................................................................  60
3.6.1 T h re s h o ld s ...............................................................................................................  61
3.6.2 One-to-one l i n k s .....................................................................................................  62

3.7 Record linkage and data p ro te c t io n ................................................................................  63
3.8 S u m m a ry ................................................................................................................................  64
3.9 R esources................................................................................................................................  64

4 Databases 67 
Ian  Foster and Pascal Heus
4.1 In t r o d u c t io n .........................................................................................................................  67
4.2 The DBMS: When and w h y .............................................................................................. 68
4.3 Relational D B M S s ...............................................................................................................  74

4.3.1 S tructu red  Q uery Lan gu ag e ................................................................................  76
4.3.2 M an ipu la ting  and querying d a t a ......................................................................  76
4.3.3 Schema design and d e f in it io n .............................................................................  79
4.3.4 Loading d a t a ............................................................................................................ 82
4.3.5 Transactions and crash re c o v e ry ...................................................................... 83
4.3.6 Database o p t im iz a t io n s .......................................................................................  84
4.3.7 Caveats and c h a lle n g e s .......................................................................................  87

4.3.7.1 Data c le a n in g .......................................................................................  87
4.3.7 .2  M issing v a lu e s .......................................................................................  87
4.3.7.3 Metadata fo r categorical v a r ia b le s .................................................  87



Contents vii

4.4 L ink ing  DBMSs and o ther t o o ls ........................................................................................  88
4.5 NoSQL databases ..............................................................................................................  91

4.5.1 Challenges o f scale: The CAP th e o r e m .......................................................... 91
4.5.2 NoSQL and key-value s t o r e s ...........................................................................  92
4.5.3 O ther NoSQL d a ta b a s e s .....................................................................................  94

4.6 Spatial databases ..............................................................................................................  95
4.7 W hich database to u s e ? ................................................................................................... 97

4.7.1 Relational D B M S s ................................................................................................ 97
4.7.2 NoSQL D B M S s ....................................................................................................... 98

4.8 S u m m a ry .................................................................................................................................  98
4.9 R esources.................................................................................................................................  99

5 Scaling up through Parallel and Distributed Computing 101 
Hay Vo and C laudio Silva
5.1 I n t r o d u c t io n ..........................................................................................................................  101
5.2 M apR ed u ce .............................................................................................................................  103
5.3 Apache Hadoop M apR educe ..............................................................................................  105

5.3.1 The Hadoop D is tribu ted  File S y s te m .............................................................  105
5.3.2 Hadoop setup: B ring ing  com pute to  the d a t a .............................................  106
5.3.3 Hardware p ro v is io n in g ......................................................................................... 108
5.3.4 Program m ing in  H a d o o p .....................................................................................  109
5.3.5 Program m ing language s u p p o r t ........................................................................ I l l
5.3.6 Benefits and lim ita tio n s  o f H a d o o p ................................................................. 112

5.4 O ther MapReduce Im plem entations .............................................................................  113
5.5 Apache S p a rk .......................................................................................................................... 114
5.6 S u m m a ry ................................................................................................................................. 116
5.7 R esources................................................................................................................................. 117

Part II Modeling and Analysis 119

6 Information Visualization 121 
M. A d il Yalgin and Catherine P laisant
6.1 In t r o d u c t io n ..........................................................................................................................  121
6.2 Developing effective v isua liza tions .................................................................................  122
6.3 A  data-by-tasks ta x o n o m y .................................................................................................. 127

6.3.1 M u ltiva ria te  d a ta ...................................................................................................  129
6.3.2 Spatia l d a ta .............................................................................................................. 130
6.3.3 Tem poral d a t a ......................................................................................................  131
6.3.4 H ierarch ica l d a ta ...................................................................................................  133
6.3.5 Network d a t a ..........................................................................................................  134
6.3.6 Text d a t a ................................................................................................................. 136



viii Contents

6.4 C h a lle n g e s ............................................................................................................................. 138
6.4.1 Sca lab ility  ...............................................................................................................  138
6.4.2 E v a lu a t io n ...............................................................................................................  139
6.4.3 V isua l im p a irm e n t .................................................................................................  140
6.4.4 V isua l l i t e r a c y ........................................................................................................  140

6.5 S u m m a ry ................................................................................................................................  141
6.6 R esources................................................................................................................................  141

7 Machine Learning 143
R ayid Ghani and M alte Schierholz
7.1 In t r o d u c t io n .......................................................................................................................... 143
7.2 W hat is m achine le a r n in g ? ..............................................................................................  144
7.3 Types o f a n a ly s is ..................................................................................................................  147
7.4 The m achine learning p ro ce ss ..........................................................................................  147
7.5 Problem fo rm u la tion : M apping a problem  to m achine learning m ethods . . . .  150

7.5.1 F e a tu r e s ...................................................................................................................  151
7.6 M e th o d s .................................................................................................................................... 153

7.6.1 Unsupervised learn ing  m e th o d s .......................................................................... 154
7.6.1.1 C lu s te r in g ..............................................................................................  154
7.6.1.2 The к -means c lu s te r in g ......................................................................  155
7.6.1.3 Expectation-m axim ization c lu s te r in g ............................................  157
7.6.1.4 Mean sh ift c lu s te r in g .......................................................................... 157
7.6.1.5 H ierarch ica l c lu s te r in g ......................................................................  158
7.6.1.6 Spectral c lu s te r in g .............................................................................  158
7.6.1.7 P rinc ipa l components a n a ly s is ........................................................  160
7.6.1.8 Association r u l e s ................................................................................  160

7.6.2 Supervised le a r n in g ..............................................................................................  161
7.6.2.1 T ra in ing  a m o d e l ................................................................................  163
7.6.2.2 Using the model to  score new data ..............................................  163
7.6.2.3 The к -nearest n e ig h b o r ......................................................................  163
7.6.2.4 Support vector m a c h in e s ................................................................... 165
7.6.2.5 Decision t r e e s .......................................................................................  167
7.6.2.6 Ensemble m e th o d s .............................................................................  169
7.6.2.7 B a g g in g .................................................................................................. 169
7.6.2.8 B o o s t in g .................................................................................................. 170
7.6.2.9 Random fo r e s ts ....................................................................................  171
7.6.2.10 S ta c k in g .................................................................................................. 172
7.6.2.11 Neural networks and deep le a r n in g ...............................................  172

7.6.3 B ina ry  vs. m u ltic lass  c lassifica tion p r o b le m s ..............................................  174
7.6.4 Skewed or im balanced c lassifica tion p ro b le m s ..............................................  175
7.6.5 Model in te rp r e ta b i l i t y ...............................................................  176

7.6.5.1 G lobal vs. ind iv idua l-leve l e x p la n a tio n s ......................................... 176



Contents ix

7.7 E v a lu a t io n ........................................................................................................................... 178
7.7.1 M e th o d o lo g y ..........................................................................................................  178

7.7.1.1 In-sam ple e v a lu a t io n .......................................................................... 178
7.7.1.2 O ut-of-sam ple and ho ldou t s e t ........................................................  179
7.7.1.3 C ro ss -va lid a tio n ....................................................................................  179
7.7.1.4 Tem poral v a lid a t io n ............................................................................. 180

7.7.2 M e t r ic s ....................................................................................................................  181
7.8 Practical t i p s .......................................................................................................................  185

7.8.1 Avoiding le a k a g e ....................................................................................................  185
7.8.2 M achine learn ing  p ip e lin e ...................................................................................  187

7.9 How can social scientists benefit from  m achine le a rn in g ? ...................................... 187
7.10 Advanced t o p i c s ................................................................................................................  189
7.11 S u m m a ry ..............................................................................................................................  191
7.12 R esources..............................................................................................................................  191

8 Text Analysis 193
Evgeny K lochikh in and Jordan B oydG raber
8.1 U nderstand ing hum an-generated t e x t .......................................................................  193
8.2 How is text data d ifferent th a n  "s tru c tu re d ” d a ta ? ...................................................... 194
8.3 W hat can we do w ith  tex t d a ta ? .......................................................................................  194
8.4 How to analyze t e x t .......................................................................................................... 196

8.4.1 In it ia l p ro ce ss in g ...................................................................................................  197
8.4.1.1 T o k e n iza tio n ........................................................................................... 197
8.4.1.2 Stop words ...........................................................................................  198
8.4.1.3 The iV-grams .......................................................................................  198
8.4.1.4 Stem m ing and le m m a t iz a t io n ......................................................... 199

8.4.2 L ingu is tic  a n a ly s is ................................................................................................ 199
8.4.2.1 Part-of-speech t a g g in g ......................................................................  199
8.4.2.2 O rder m a t te r s ........................................................................................ 200

8.4.3 T u rn ing  tex t data in to  a m atrix : How m uch  is a word w orth? ............. 200
8.4.4 A n a ly s is ....................................................................................................................  201

8.4.4.1 Use case: F ind ing  s im ila r d o c u m e n ts ........................................... 202
8.4.4.2 Example: M easuring s im ila rity  between d o c u m e n ts ...............  203
8.4.4.3 Exam ple c o d e ........................................................................................ 203
8.4.4.4 Augm enting s im ila rity  ca lcu la tions w ith  external knowledge

re p o s ito r ie s .......................................................................................... 203
8.4.4.5 Eva luating "find  s im ila r” m e th o d s .................................................. 205
8.4.4.6 The F  s c o r e ...........................................................................................  206
8.4.4.7 E x a m p le s ............................................................................................... 206
8.4.4.8 Use case: C lu s te r in g ..........................................................................  206

8.4.5 Topic m o d e lin g ......................................................................................................  208
8.4.5.1 In fe rring  "top ics” from  raw  text .....................................................  209
8.4.5.2 App lica tions o f top ic m o d e ls ............................................................  212



x Contents

8.5 W ord embeddings and deep le a r n in g .............................................................................  214
8.6 Text analysis t o o ls ................................................................................................................ 215

8.6.1 The n a tu ra l language t o o l k i t ............................................................................  216
8.6.2 S tanford C o re N L P ................................................................................................  216
8.6.3 The M A L L E T ........................................................................................................... 217

8.6.3.1 S p a c y . io ................................................................................................ 217
8.6.3.2 Pytorch ................................................................................................ 217

8.7 S u m m a ry .................................................................................................................................  218
8.8 R esources.................................................................................................................................  218

9 Networks: The Basics x 221
Jason Owen-Smith
9.1 In t r o d u c t io n ..........................................................................................................................  221
9.2 W hat are n e tw o rk s ? ............................................................................................................  222
9.3 S truc tu re  fo r th is  c h a p te r ..................................................................................................  224
9.4 T u rn in g  data in to  a n e tw o rk ..............................................................................................  224

9.4.1 Types o f n e tw o r k s ................................................................................................. 225
9.4.2 Induc ing  one-mode networks from  two-mode data ................................... 227

9.5 Network m e a s u re s ................................................................................................................  230
9.5.1 R e a c h a b il i ty ...........................................................................................................  231
9.5.2 W hole-network m e a s u re s ................................................................................... 232

9.5.2.1 Components and r e a c h a b i l i t y ......................................................  232
9.5.2.2 Path l e n g t h .........................................................................................  233
9.5.2.3 Degree d is t r ib u t io n ...........................................................................  236
9.5.2.4 C lustering  c o e ff ic ie n t ........................................................................ 236
9.5.2 .5  C en tra lity  measures ........................................................................ 238

9.6 Case study: Com paring co llaboration n e tw o rk s .........................................................  241
9.7 S u m m a ry .................................................................................................................................  246
9.8 R esources.................................................................................................................................  246

Part III Inference and Ethics 249

10 Data Quality and Inference Errors 251 
Paul P. Biemer
10.1 In t r o d u c t io n ..........................................................................................................................  251
10.2 The to ta l e rro r p a ra d ig m .....................................................................................................  252

10.2.1 The tra d itio n a l m o d e l .........................................................................................  253
10.2.1.1 Types o f errors .................................................................................. 254
10.2.1.2 Colum n e r r o r .....................................................................................  257
10.2.1.3 Cell e r r o r s ............................................................................................  258

10.3 Example: Google F lu  Trends ...................................................   260



Contents xi

10.4 E rro rs  in  data a n a ly s is ......................................................................................................  261
10.4.1 A na lys is errors despite accurate data ............................................................  261
10.4.2 Noise a c c u m u la t io n .............................................................................................  262
10.4.3 Spurious c o r re la t io n s .......................................................................................... 262
10.4.4 Inc iden ta l endogene ity .......................................................................................... 263
10.4.5 A na lys is errors resu lting  from  inaccura te  d a t a .........................................  264

10.4.5.1 Variable (uncorrelated) and correlated e rro r in  continuous 
v a r ia b le s ................................................................................................  264

10.4.5.2 Extending variable and correlated e rror to categorical data . 266
10.4.5.3 E rro rs  when analyzing rare popu la tion  g r o u p s ........................  267
10.4.5.4 E rro rs  in  corre la tion analysis .......................................................  269
10.4.5.5 E rrors in  regression a n a ly s is ........................................................... 273

10.5 Detecting and com pensating fo r data e r r o r s ............................................................. 275
10.5.1 T ab leP lo ts .................................................................................................................. 276

10.6 S u m m a ry ..............................................................................................................................  279
10.7 R esources..............................................................................................................................  280

11 Bias and Fairness 281
K it T. Rodolfa, Pedro Saleiro, and Ray id  Ghani
11.1 In t r o d u c t io n .......................................................................................................................  281
11.2 Sources o f b ia s ....................................................................................................................  282

11.2.1 Sample b ias ........................................................................................................... 282
11.2.2 Label (outcome) b ia s .............................................................................................  283
11.2.3 M achine learn ing  p ipe line b i a s ........................................................................  283
11.2.4 App lica tion  b i a s ....................................................................................................  285
11.2.5 Considering bias when deploying yo u r m o d e l ..............................................  286

11.3 Dealing w ith  b ia s ................................................................................................................  286
11.3.1 Define b i a s ..............................................................................................................  286
11.3.2 D e f in i t io n s ..............................................................................................................  287
11.3.3 Choosing b ias m e t r ic s .......................................................................................... 289
11.3.4 Punitive e x a m p le ....................................................................................................  291

11.3.4.1 C ount o f false p o s it iv e s .....................................................................  291
11.3.4.2 G roup size-adjusted false p o s i t iv e s ............................................. 291
11.3.4.3 False discovery r a t e ............................................................................ 292
11.3.4.4 False positive r a te ...............................................................................  292
11.3.4.5 Tradeoffs in  m etric  choice ..............................................................  292

11.3.5 Assistive example ................................................................................................  294
11.3.5.1 C ount o f false negatives .................................................................  294
11.3.5.2 G roup size-adjusted false n e g a tiv e s ............................................. 294
11.3.5.3 False om ission r a t e ............................................................................ 295
11.3.5.4 False negative rate  ........................................................................  295

11.3.6 Special case: Resource-constrained p ro g ra m s ............................................. 296



xii Contents

11.4 M itiga ting  b i a s ..................................................................................................................... 296
11.4.1 A ud iting  model re s u lts .......................................................................................... 297
11.4.2 Model s e le c tio n .......................................................................................................  297
11.4.3 O ther options fo r m itiga ting  b i a s .....................................................................  299

11.5 F u rthe r considerations .................................................................................................... 300
11.5.1 Compared to w h a t ? .............................................................................................  300
11.5.2 Costs to bo th  e r r o r s .............................................................................................  301
11.5.3 W hat is the relevant p o p u la t io n ? .....................................................................  301
11.5.4 C ontinuous o u tc o m e s .......................................................................................... 302
11.5.5 Considerations fo r ongoing m e a s u re m e n t.................................................... 302
11.5.6 E qu ity  in  p r a c t ic e ................................................................................................. 303
11.5.7 A dd itiona l term s fo r m e tr ic s ...............................  304

11.6 Case s t u d ie s ........................................................................................................................  305
11.6.1 Recidivism  pred ictions w ith  COMPAS ........................................................... 306
11.6.2 Facial r e c o g n it io n ................................................................................................. 307
11.6.3 Facebook advertisem ent targeting .................................................................  309

11.7 Aequitas: A  to o lk it fo r aud iting  bias and fairness in  m achine learning
m o d e ls ...................................................................................................................................  310
11.7.1 Aequitas in  the larger context o f the m achine learn ing p ipe line ............... 311

12 Privacy and Confidentiality 313 
Stefan Bender, Ron S. Jarm in, Franke Kreuter, and  Ju lia  Lane
12.1 In t r o d u c t io n ........................................................................................................................  313
12.2 W hy is access im p o r ta n t? ................................................................................................ 319

12.2.1 V a lida ting  the data-generating p ro c e s s ........................................................... 319
12.2.2 R e p lic a t io n ..............................................................................................................  320
12.2.3 B u ild ing  knowledge in f r a s t r u c tu r e .................................................................  320

12.3 Providing a c c e s s .................................................................................................................  321
12.3.1 S ta tis tica l d isclosure con tro l te c h n iq u e s .......................................................  321
12.3.2 Research data c e n te rs .......................................................................................... 323

12.4 N on-tabu la r d a ta .................................................................................................................  323
12.5 The new challenges ..........................................................................................................  326
12.6 Legal and e th ica l fra m e w o rk ............................................................................................. 328
12.7 S u m m a ry ...............................................................................................................................  329
12.8 R esources...............................................................................................................................  331

13 Workbooks 333 
B rian  Kim, Christoph Kern, Jonathan Scott Morgan,
C layton Hunter, and Avishek Kum ar
13.1 In t r o d u c t io n ........................................................................................................................  333
13.2 N otebooks.....................................................................................    334

13.2.1 Databases ..............................................................................................................  334
13.2.2 Dataset Exp lora tion  and V is u a liz a t io n ........................................................... 334



Contents xiii

13.2.3 A P Is ............................................................................................................................  335
13.2.4 Record L in k a g e .......................................................................................................  335
13.2.5 Text A n a ly s is ...........................................................................................................  336
13.2.6 N e tw o rk s ..................................................................................................................  336
13.2.7 M achine Learn ing—Creating L a b e ls .................................................................. 336
13.2.8 M achine Learn ing—Creating F e a tu r e s ........................................................... 337
13.2.9 M achine Learning—Model T ra in ing  and E v a lu a t io n ................................... 337
13.2.10 Bias and F a irn e s s ................................................................................................. 337
13.2.11 E rrors and In fe r e n c e .......................................................................................... 338
13.2.12 A dd itiona l w o rk b o o k s .......................................................................................... 338

13.3 R esources................................................................................................................................ 338

Bibliography 341

Index 381


