TABLE OF CONTENTS

INEFOAUCTION ..o e 1
1. The story behind the statisticS ..........cccocvvvvrivvi i, 13
2. TAKe CARE ..ottt 60
3. Understanding measurements.........ccocveveveieninieseseeeienennns 112
4. DesCribing ratios .......ccccoverueieinineneeis e 186
5. CoMPAring FatiOS......cccevvivereereieeri e 237
6. INTErpreting ratios ..........cccoveviineneieeeiseee s 284
7. Randomness and chance ...........c.ccocoeiviiiiniciie, 331
Table Of FIQUIES ...o..ovciiice e 371
Table Of TabIES.....cccoiiiieec e 375
Table Of STOFIES ..o 378
Table of EQUALIONS ..o 380
GHOSSANY ...ttt ens 381
INAEX .ot 390

Typography: Bold indicates a term that is being defined. Any term in bold
should be found in the Glossary. Italics indicate an important concept,

point or claim. In part-whole ratios, underscoring indicates a part while
SMALL CAPS indicates a whole.

The Story Behind the Statistics : 13

1. The story behind the statistics
TABLE OF CONTENTS FOR CHAPTER 1
INEFOAUCTION ..o e

CaUSALION ...
Causation Verified........cccorvreennnne.
ASSOCIALION ...vviic e
Association Defined...........ccccocevvvrennee.
Association as a useful tool
Kinds of Association.........cccceevvveeeninrnnns
Keywords for Association and Causation............c.cceeevrvreenenniseceiennns 24
Cases: Distinguishing Causation from Association ............cccceeeeennne. 26
Strength of evidence
Statistical Literacy Issues ....
C = CONTEXT .ot
Confounding......
Triangle diagrams.........ccceveveeeereene.
Common Cause ........c.cceureenene.
Mechanism.......cccoeeevivrreennnns
Confounding and arguments
REVIEW ...
A =ASSEMBLY ..ot
Data definition..........ccccovvvvveeicieierseenen,
Data presentation...........cccocveeerenirrennennn.
R = RANDOMNESS........ccociiiiiininenn
Coincidences: Too Unlikely To Be Due to Chance ...........cccceevrenviveecrenenn 48
E=ERRORS ... e
Analyzing Stories......
More Stories




60 : Chapter Two

2. Take CARE

TABLE OF CONTENTS FOR CHAPTER 2

C for Context: COMPAIISONS .......ccueerieieriiieieieeseesie et 61
Presenting statistical comparisons..

Order COMPAIISONS .......covivereriririirieieeereses et sse e eeseesenes
Arithmetic COMPAIISONS .......c.cuiiiiriieiiiires e
Ambiguous Comparisons................ .
Mistaken Comparisons in the News .67
Comparing Percentages........coovevevrvrerennas .69
Deducing test or base from a comparison .. .70
Problems with 100% wholes.............ccco..... .70
Change: Absolute versus Relative ... 70
A TOr ASSEMDBIY ... 72
Assembly Influences Perception...........ccccovveeeriinnceeninnseccces 72
Assembly: Choosing which Complement to Compare ... .74
Data Definition...........ccoceeiiininiiccees e .15
Wording.....ccoovevevevennne W77
C for Context: StUdY DESIGN........ccorvreireiiieieeese e 79
Minimizing Confounder Influence by Study Design .........cccccecvvriinnine 82
ODbServational STUTIES .........c.coeuriiriiiie e 85
RaNdom ASSINMENL.........coiiiiriieeiirre s 90
EXperiments.......ccccoevvrvverennn. .91

Identifying the kind of study .95

TYPES OF CONION ...t 96
Benefits of Study deSignS .........ceeiirieiieeee s 97
Assembly: Large NUMDETS .......ccovoveiiiiirceeenecseseiee e 97

R for Randomness (Random Sampling) .... s 99
ACCIAENTS ... .99

Too Unlikely to be due to Chance...... .99
Sampling Variability Due to ChancCe.......ccoovevveereriniceceiesseeeeessieiees 101
Statistical Significance and Margin of Error............ccccoevvveerciiininienns 102

E fOr Error (Bias) .....ccocevervierinieenieenisenisiesisieesienas .. 104
Three Kinds of bias.... .. 104
Minimizing bias..... ... 106
SUMIMAIY .ttt bbbttt b e bbb et st eetesbe e e nres 107

ANAIYZING STOTIES....eiiviieiiiieiee e e 108

112 : Chapter Three

3. Understanding measurements
TABLE OF CONTENTS FOR CHAPTER 3

DiIStHBULIONS. ... e
Column charts
RANKS ...t
PEICENTIIES ...t e
Calculating Percentiles from RanKS ...........cccoovivrirreieiiininseeieneressseenens 120
Comparing PercentilesS....... ..o 120
Percentile EXAMPIES........ccoveeriireeeess e 122
SEANINES ..ttt b ettt 126

MEASUIES OF CENEET ..cvveveevieieeiesie ettt et seenens 127
Standard measures Of CENLEN ........c.ccoviiiiiniiiiee s 127
Comparing Measures Of CENTEN ........covrvrriereeiiene e 129
Relation between center and Shape.............ccocovieieiinininccees 132
Evidence presented through measures of center ...........c.cccceevvvveeeeiernnnn 133
ComPAring groUp CENTETS........c.cucueuiriiiiririiitieieieieer e 135
Ch00SING @ CUL POINE .....veviiieieicicii et 137
Association between two sets 0f Measurements ..........c.cceceeennnnniiienes 138
Assembly of AVErages.........ccccovvvveeereninninnennn.
Mean versus median ....

Confounder influence.........cccoovvieninnne

Confounder Influence on Averages...
Weighted averages using arithmetic..

Weighted averages using graphs ........cccovrveeieerenneeienisese e e
Standardizing real QVErages .........covieririnieeceieseeee e
Percentage explained by a confounder
Common Problems With Weighted Averages ............ccooeveiccinnniinnn, 158
When will an assoCiation FEVEISE?..........ocvieeuierueieurinisinreseeeieie s 158
Controlling for a continuous confounder .
TO CONEION FOF .t
Examples of standardizing measurements ...........cocoeeererirreeerenesnieeeens 162
Spread
NOrmalizing MeasUIEMENLS ...........ceeirirrirrrieeirresiee e s 166
Standardizing MEASUIEMENTS .........cvovrveveeiirreesieeeseseeeeeeseseseeseeseeseseeseses 168
EFFECT SIZES o s 170

Coefficient of Variation and SKEWNESS ..........cccvrrrvnnieicincernesee 173
Normal distribution and prediction intervals............ccccoervrvvevenrnsennne 174
Internal comparisons of top and bottom extremes ............ccceeeevrvvveveeeeenene 175
Inter-group comparisons Of tOP EXIIEMES........ccovvrerereereererreee e 177
Mean vs. median: technical details..............ccccoovcrivinniniicc 180
Correlation and slope: technical details..........cccoveeiervrinrreeienrrreeenns 181
Sample Correlations.........ccvovriieeiinee e 184
SUMIMANY ..ttt sn et anenrenne s 184



186 : Chapter Four

4. Describing ratios
TABLE OF CONTENTS FOR CHAPTER 4

TADIES ...
Percent Grammar
Describing parts and WHOoIES ..o s 190
Parts and wholes in percent grammar...........ccccovevreiererenisseerereressseeeens 191
Evaluating percentage statements supported by tables... .. 193
Three kinds of 200% tables .........cccccrrrrriiiieeieinee e 195
Percentage GramMAr..........ocvierirerereeeee e 200
Decoding percentage grammar Statements...........ococeevveernreeneeierneennnnes 202
Reading percentages in 100% tables............. ... 203
Reading percentages in count tables............cccooovviviinciinsnicres 204
Sports and POrtion Grammar ..........cccoveeeeererinnereeneseseeeseeesesessesesanesenses 206
Percentage Grammar Problems ................ ... 206
Complex percentage grammar statements................... ...208
Convert between percent and percentage statements...... ..209
Eliminating relative clauses in percentage grammar sentences. ... .. 210
Convert percent and percentage grammar qUESEIONS ..........c.cocevevernrerinnnnns
Half tables Of PErCENtAgES. ... ..o i

One-way half-tables of percentages
Two-way half tables of percentages

Tables with missing Margins .........ccccovieriiinnenne s

RALE GraAMIMAT ... ..c.eiitiiieiiee et
Phrase rate grammar .........ccccoveeririeeeienenerne e sesesenens 225
Describing rates in tables using phrase grammar .. 227
RALES ... ... 228
Challenges in phrase-based rate grammar .... ... 228
Clause rate grammMar ...........ccovreurieieiernenerenee e eeseseseesesereseseseeseseeessssesesenens 229

ChanCe GraMMAY .........ccooeierieieeeeee e e et neene e neenean 231

RALIO GFaMMA ....ccviiiiiiciie ettt et sbee e be s srae e 235

Comparing Ratios : 237

5. Comparing ratios

TABLE OF CONTENTS FOR CHAPTER 5

ATTIDULADIE TO Lo 239
Percentage Attributable (Rate based) ...
Cases Attributable (Rate based)............

“Percentage Attributable To” vs. “Percentage Explained By” ..... ... 245
Classifying ratio COMPAriSONS..........cooviiirieireinirenisieese e 245
Decoding percentage, rate and chance comparisons ........c.ccoceveererierieenne. 248
Constructing percentage, rate, and chance COmMparisons ...........c.ccoueveeeen. 250

Constructing comparisons from descriptions................. ...250

Percentage Comparisons: A CONfUSION............cceeerirerieieeieninseeeiesesesiees 252

Constructing comparisons from table ratios...........cccccovvveieinscceeene 252

Generating short form comparisons

Spotting errors in COMPAIISONS ........coururverereririrrieeeeee e eeees
Comparing ratios using lKelY ..........cccovinninninii e

Decoding .....ccccovvvveerereinnenn

Constructing .

Conversions into Likely COMPAriSONS ..........ccvveeeiirinsinieenenensseeeenens 262

CommON PItFALIS ..o 264
Common Mistakes in Comparing Percentages...........ccocvevererinseresrenennnns 266
Switching part and WHOIE ..o e 268

OVEr-INVOIVEMENT ...ttt s 271
Comparing ratios with relative risk .... . 272

[ Too o Lo PSSP

CONSEIUCTING 1.ttt es
Attributable (Comparison based) .

Cases Attributable (Comparison Based)..........ccorrreereirinneerennineeenes 277

Comparing Relative Risks/Prevalences............cooeeirnnncecnnnscccns 279
Comparisons USiNG Graphs ... 281



284 : Chapter Six

6. Interpreting ratios
TABLE OF CONTENTS FOR CHAPTER 6

MiISUSE OF FALI0S.....vivieeieeiceeeee e eens 285
Comparing Two Ratios with Related Parts ... 285
Comparing Two Ratios with Related WhOIes..........cccccovvvvveiinininicens 286
INVEISE FALIOS ...veveiveiiieiieiee sttt 286
Three-term ratios.................. .. 288

Distinct and common parts .. ... 290
unclear WhOIES..........cccvicirinireceees e . 292
Comparing a Change in Ratios with Different Wholes . ... 293
Base rate fallaCy .........ooveveverririreecee e 297

Prediction, Explanation and Confirmation..............ccccceevevrereneieiennnnnn. 298
Prediction versus explanation.....................

Prediction versus confirmation in tests
Confounding and Simpson’s PAradoX .........ccvevreirneniereseeeriseneseneseesenns
Smoking and Lung Cancer
Simpson’s paradox for rates

Other eXAMPIES ....vveiiiirietee e
Seeing confounders
Standardizing RALIOS .......cceviiiiiieec e
Percentage Explained given Before/After Standardizing Ratios................ 323
Weighted average graphs: Standardizing given rates .................. ... 324
Plotting the data on standardization graphs.............ccccecovcvvnnnnne .. 327
Cases Attributable to Exposure Before and After Standardization ..... ... 327
Confounding in the Humanities and Social Sciences ............cc...... ... 328
Predicting confounder influeNCe ..........cccoveievii i 329
Necessary conditions for SImpson’s reversal...........ccccovvvniicncninne, 329

Confidence and Significance : 331

7. Randomness and chance

Table of Contents

The 1dea Of ChanCe .......cccooviriiiniicccc s 333
MEaSUNNG ChaNCE..........cevvririrrieeieres et senenens 333
Random Samples
Randomness and Patterns..........ccocuerrrrnninieneieieeieiesssese s 336
INAEPENENT EVENLS ...t 337

Value Expected Due to Chance........... ..338
Astrology: A Double Blind Test....... ...339
Law of Averages: Offset vs. Dilution............ccccceevevrvennee. ..340
#1: Truthful Answers on Sensitive Issues Using Chance. ..341
#2: Adjusting for Guessing using Chance..............cccov..... ...343
#3: Estimating Population Size Using Chance.. ..344

Unexpected if Due to Chance...........ccocovniicinee. ... 345

Unexpected #1: Regression to the Mean .
Unexpected #2: Evolution

Confidence INTEIVAIS........ccoovviirerec e
Margin of Error Formulae
Conservative Margin Of EITOr ........ccccoviiinireeiensseeseneses e 351
Confidence Intervals using Conservative Margin of Error ................... 352
Margin of Error for SUDGroups .........c.ccceeervrvvveeererenenenneenns ....352

Statistical Significance...........cc.ccoceeun.e. .. 354
Evaluating Differences for Statistical Significance... ..357

Closing Remarks on Statistical Inference.................... ... 360
Statistical Significance and IMportance............ccceevvvveeeiereresereereseenns 360
When Is Statistical Significance Applicable?..........ccccoovvvviinnincicnnnens 361
Rejecting the Null
Other Levels of CONfidenCe ...

Statistical Significance and Confounding...........ccoceveviiiininiinineneren
Confounder Influence on a Difference in Percentages.
Confounder Influence on Cases Attributed ...,

(@33 To) T o] Tod 1] T o

BOOK CONCIUSION ...ttt st ettt s e sre e s re s aeeen



