Contents at a Glance

INErOAUCTION...........coeaceeaariaccriaeineieieeacnececnreacseesnseasnseesnsessnsean 1
Part I: Getting Off to a Statistically Significant Start .................... 7
Chapter 1: Summarizing Categorical Data: Counts and Percents ..........c.ccoceceveiinnieneniniencnceneiene 9
Chapter 2: Organizing Categorical Data: Charts and Graphs .........c.cccccecevieiienieneeciecceceeeeeeeeeee 19
Chapter 3: Organizing Quantitative Data: Charts and Graphs ..........ccccoecievieniiniinennininierieneeneene 35
Chapter 4: Summarizing Quantitative Data: Means, Medians, and MoTe ..........ccccceeeeviercieevienceennenne 53

Part I1: Probability, the Normal Distribution, and the
Central Limit Theorem (Are Vou Having Fun Vet?) ......................09

Chapter 5: Understanding Probability BasiCs .........ccceeiieircieiiiieriiniiiieeeceeeete sttt seenens 71
Chapter 6: Measures of Relative Standing and the Normal Distribution ...........cccccecovvvinvinviencieniennne 79
Chapter 7: Demystifying Sampling Distributions and the Central Limit Theorem ......................... 101
Part I11: Guesstimating with Confidence ................cccccevueececcceace 115
Chapter 8: Making Sense of Margin of EXTOY ............ccccoiiiiiiiiieiiciececeeeeceese et 117
Chapter 9: Calculating Confidence INtervals ...........cocevieriiiiiiiiniiinieneeceeece et 129
Chapter 10: Deciphering Your Confidence Interval ..........ccccociriiniieniiinienienieseeeeie et 145
Part 1U: Putting a Claim to the (Hypothesis) Test .........cccccueene. 153
Chapter 11: Testing HYPOTRESES .....cc.ooiiiiiiieieiee ettt sttt ees 155
Chapter 12: Taking the Guesswork Out of p-Values and Type I and Il Errors .........ccccccvveureennnnneee. 175
Part U: Getting the Inside Scoop on Statistical Studies ............... 189
Chapter 13: Examining Polls and SUIVEYS .......cccceviiriiniiniiiinieniestestese ettt s e sie e s 191
Chapter 14: Evaluating EXPEriments .........ccccoevieeiiriiiienienieciieie ettt seeesaeesaessaesvessnes e enseensees 201

Part Ul: Exploring and Describing Relationships between
Two Variables ..............uuueeeeccaaaannneeeaacccaannnneeesssacasnnnseeessaaaas 2 | |

Chapter 15: Looking for Links in Categorical Data: Two-Way Tables .........cccccecvevveverenencereerenennn. 213
Chapter 16: Searching for Links in Quantitative Data: Correlation and Regression ....................... 235
Part Ull: The Part of Tens ...........ceccceeeeaeeeaieeeanseeeaeeessesaaseeesnees 251
Chapter 17: Math Review: Ten Steps to a Better Grade ..........cccocevieienininieieieieeeeeeeeeeeee e 253
Chapter 18: Top Ten Statistical FOrmulas ...........cccoociieiiiiiieeiiicecceeeeeeee e 263
Chapter 19: Ten Ways to Spot Common Statistical Mistakes ..........cccccoovveviiniineniiniinieniencceeenn 273






Table of Contents

JHEPOAUCEION ....eeeeeeeeeeeeeeeaaeeeeeennaaeeeeennnasaeesnnnssaeessnnnsseessnnssseeennnnss ]

ADBOUL ThiS BOOK .....cviiiiiiiiiiiieicee ettt s s 1
Conventions Used in This BOOK .......c.cccoiiiiiiiiriirieieceeeee et 2
FOOliSh ASSUIMPTIONS ....cocuiiiiiiieiieiieieeie ettt te et e s e st e st este e be e beesseebaessassaasssansean 2
How This BOOK IS Organized ..........cccccueeiiiiiiiiniiieieeieeieeteeeeee et se e svesaeesaeeaesaesseeseees 3
Part [: Getting Off to a Statistically Significant Start .........c.cccoevevvienvieniienennenceniene, 3

Part II: Probability, the Normal Distribution, and the Central
Limit Theorem (Are You Having Fun Yet?) .......cccoooveviniininieeeeeeeeee e 3
Part III: Guesstimating with Confidence ............ccccoceevievenininneeeeeee e, 3
Part IV: Putting a Claim to the (Hypothesis) Test .......ccccccccveviirviiniienienieeeeceee 3
Part V: Getting the Inside Scoop on Statistical Studies ..........cccoeceerverrerenvercrennenne. 3
Part VI: Exploring and Describing Relationships between Two Variables ............... 4
Part VII: The Part of TENS .....ccccooiiviiiiiiiiinieecteeeecee ettt s 4
Icons Used in This BOOK ....cc.coiiiiiiiiiiiieeiiettee ettt sttt st et s 4
Where t0 GO from HETE ........c.ooiiiiiiiiiee ettt 5

Part I: Getting Off to a Statistically Significant Start .....................7

Chapter 1: Summarizing Categorical Data: Counts and Percents ............cccocoeeevereuenne 9
Counting On the FIEQUENCY .....cccooviiiiiiiiirieietcieeteete ettt ettt st st st saeesaeesbeens 9
Relating with Percentages ...........oocueoiiieiiiccieeeee ettt e 11
Interpreting Counts and Percents with Caution ...........ccccoceveieiininininieneeeeeeeene 13
Answers to Problems in Summarizing Categorical Data ..........ccccceeeeviereenienienieieeieenen, 15

Chapter 2: Organizing Categorical Data: Charts and Graphs .........ccoceevvevrrcresnrnenne 19
Making, Interpreting, and Evaluating Pie Charts ..........ccccccoevieviiiienieiecececeeceeeeeee, 19
Making, Interpreting, and Evaluating Bar Graphs .........ccccccoecvevviiiienieneeceniecieeeeseeee, 25
Answers to Problems in Organizing Categorical Data .........cccccoecevviinvieniininnennieienienen, 29

Chapter 3: Organizing Quantitative Data: Charts and Graphs .........ccccoeoveerrccrenrnnnee. 35
Creating @ HISTOZTAIN ......ccvccieiiiiiiieiicccceteeste ettt ettt re et aesaesbeese e e e aessensessesseesnns 35
Making Sense of HiStOSIrams .........coovuiriiriiniiiieitcieeecceteet ettt st 38
Spotting a Misleading HiSTOZGIam ..........ccccueiieiiiiiiiiiiciecieceeeeeste ettt e ae e 43
Looking at Line Graphiis ......ccoocieiiiiiiiiiieiecee ettt sttt eneene 45
Answers to Problems in Organizing Quantitative Data ..........cccccceevveeiencienienienicieeieeee 48

Chapter 4: Summarizing Quantitative Data: Means, Medians, and More ................. 53
Using Histograms to Explore the Shape of Data ........c.cccceveeiiniiinienieniceceeeeeeeeeeeae 53
Finding and Interpreting Measures of CENtEr ...........cccuvvieiiiriiiniiiniienieneeeece e seeeee e 55
Finding and Interpreting Measures of Spread ..........ccccocevvieriiinienienieneceee e 57
Straightening Out SKEWEd DAt ........ccceceeieirieieieieseseeeereteee e ssesse e eneens 59
Understanding the Empirical Rule (a.k.a. the 68-95-99.7 Percent Rule) ............coceeennen. 61

Answers to Problems in Summarizing Quantitative Data ..........cccocovverinieienenenenenenen. 64



xii Statistics Workbook For Dummies

Part 1I: Probability, the Normal Distribution, and the
Central Limit Theorem (Are You Having Fun Vet?) ......................09

Chapter 5: Understanding Probability Basics .........cccoooreonnrcnnencscssesesessesesesesenns n
Grasping the Rules of Probability .........ccccccviiriiiriierieierieieeeeeeeeeee e 71
Avoiding Probability MiSCONCEPLIONS .....cccerviirieriiiiiiiiieeieeteeee et 73
Making Predictions Using Probability .........cccccoooiiiiiiiiiiiiiiiee e 75
Answers to Problems in Probability ........cccccceveriiiniiiiiiiiiiccieciccecteeeee e 77

Chapter 6: Measures of Relative Standing and the Normal Distribution .................. 19
Mastering the Normal DistribUtion ..........ccccccoeierieiiiiiinciiiieccecceeere e 79
Converting to the Standard Normal Distribution: Finding and Interpreting

StANAArd (Z) SCOTES ...ccueiieiiiiieeteeteeteste ettt ettt s e st e s e e s beesbesbesnsesasesnsessaessaense 82
Knowing Where You Stand with Percentiles .........ccccoocooviniiniiniiniiniiieeeeeeeneene 85
Finding Probabilities for a Normal Distribution ...........ccccooeeiiniiiniinnnnninneeeeeeneee 87
Determining the Original Score When Given the Percentile (Backwards Normal) ........ 90
Answers to Problems in Normal Distribution ..., 93

Chapter 7: Demystifying Sampling Distributions and the Central

T4 T T 101
Exactly What Is a Sampling Distribution? ..........cccccoeeeieiiieiieniiinieneeeciece e 101
Clearing Up the Central Limit Theorem (Once and for All) ........c.cccceevieeviinienienieenennens 104
Finding Probabilities for Means and Proportions with the Central Limit Theorem ........ 106
When Your Sample’s Too Small for the Central Limit Theorem:

Employing the T-Distribution ..........ccccooooiieiiiicieeeeeeee e 108
Answers to Problems in Sampling Distributions and the Central Limit Theorem ........ 111

Part I1I: Guesstimating with Confidence ................ccccoueeeveeeecee 115

Chapter 8: Making Sense of Margin of Error ... 117
Reviewing Margin Of EXTOT ........cccooviiiiiiiiiiiiiiiictceceeeeeeteste ettt 117
Calculating the Margin of Error for Means and Proportions ...........ccccceeevvvencercenvennnnn. 119
Increasing and Decreasing Margin of EXTOr .........cococieiieiiiniiininineeeeeceeeeeene 122
Interpreting Margin of EXror COrrectly ........ccoceeieiiiiieiieiieiececteeeeeeee e 123
Answers to Problems in Making Sense of Margin of EXror ..........ccccoecevvvevvnieenienceennenne. 126

Chapter 9: Calculating Confidence Intervals ...........ccocoeomeeresneressessesesessssessessssessenns 129
Walking through a Confidence Interval: An Overview with Points to Watch For ......... 129
Deriving a Confidence Interval for a Population Mean ..........cccccoecvevevviercienniennieneeneennen. 132
Figuring a Confidence Interval for a Population Proportion ..........cccccceeceneninincnnnnnnnn. 134
Calculating a Confidence Interval for the Difference of Two Means ...........ccceecveeenenen. 136
Computing a Confidence Interval for the Difference of Two Proportions ..................... 138
Answers to Problems in Calculating Confidence Intervals ..........c.ccoecevieciieiienieccienneenne. 140

Chapter 10: Deciphering Your Confidence Interval ..., 145
Interpreting Confidence Intervals the Right Way: How to Satisfy Your Instructor ....... 145
Evaluating Confidence Interval Results: What the Formulas Don’t Tell You ................. 149

Answers to Problems in Confidence INtervals .........ccocceeoevieiiiiiiiiiinieiecceeec e 151



Table of Contents Xiii

Part 1U: Putting a Claim to the (Hypothesis) Test .............cc....... 153

Chapter 11: Testing HypotheSes ... sssss s ssssssessssnes 155
Walking Through a Hypothesis Test ........cccoeieriiiiiiiiiicicecccesteeee e 155
Testing a Hypothesis about a Population Mean ...........ccccoocveviinieninncnninienieeieeeereeeen 159
Testing a Hypothesis about a Population Proportion ............ccccceeivveviiniinninnieniccneenen. 161
Testing for a Difference between Two Population Means ..........cc.ccceecvveeveeeceeecieeeneennee. 163
Testing for a Mean Difference (Paired T-Test) ......c.ccoceceririerninieinenennencreseceeeseeenen 165
Testing a Hypothesis about Two Population Proportions ..........c.cccceeeeecieeciencieceeneennen. 167
Answers to Problems in Testing Hypotheses .........cccocvvviieieniiniiiniiiceeeeeeeeeeeee e 169

Chapter 12: Taking the Guesswork Out of p-Values and Type | and Il Errors ......... 175
Understanding What p-Values MeasUure ........c..cccoeviiiiiiiiieiniiinitenieeeeeeee et 175
Test (Statistic) Time: Figuring Out p-Values .........ccccocivviiriiiniiinienieecienieeieeeeseesieeeees 177
The Value Breakdown: Interpreting p-Values Properly .........ccccovveiiinviniinneniencennn. 179
Deciphering TYDPE LT EITOTS ....cociiiiiiiiiiiiiieieeteteeeeeeeeete ettt st s 182
Deciphering and Distinguishing Type I EXrors ........ccccooeeviiviiiiniinninereeeeeeeeens 183
Answers to Problems in p-Values and Type [ and II EXrors .........cccccoeveeeieniiecieesieecveennenne. 186

Part U: Getting the Inside Scoop on Statistical Studies ............... 189

Chapter 13: Examining Polls and SUIVeys .........ccooorrcnrencrensenssessesesessssesesssesenens 191
Planning and Designing @ SUIVEY ........ccccoeiiriiriiniiiinieeieetesteseeie ettt st s 191
Selecting a Random Sample .........cccoooiiiiiiiiiiii e 193
Carrying Out @ SUrVey PIrOPETLY ......ccocvieeiiiiiiieiieieete ettt ste et s eesaeesaeeveens 195
Interpreting and Evaluating Survey Results .........ccccocivviieiiniiinienicececieeieeeeee e 196
Answers to Problems in Polls and SUIvVeys .........ccccoviiviiniiiniiiniiiniecceeieeeeieeeeeee e 199

Chapter 14: Evaluating EXpPeriments ............cococoueeercnencesensensssmssssssesssssssessssessesssessesees 201
Distinguishing Experiments from Observational Studies ..........cccccevvevvevcirvienvenieeneennen. 201
Designing a Good EXPEriment .........cccccoceriiriiniiniiiiinienieniese ettt sae e esaeenve s 203
Looking for Cause and Effect: Interpreting Experiment Results .......ccccccceevvrvienicnncnnen. 206
Answers to Problems in Evaluating Experiments .........ccccocceviniiniininnenninneneneeneees 208

Part Ul: Exploring and Describing Relationships between Two
Variables .............uuueeeeeeaaaacnnieeaecacaaannnneeeeeaacasnnnssecessasssnnsneeeas 2 1 |

Chapter 15: Looking for Links in Categorical Data: Two-Way Tables ...................... 213
Understanding Two-Way Tables Inside and Out ........c.cccceevveeviiiienieneecieciecieeeeeeeeeen 213
Working with Intersection, Unions, and the Addition Rule ...........ccccceeiriinniinviinciennnne. 216
Figuring Marginal Probabiliti€s ...........ccccceciiriiimiiniiiiniiiieeestceee e 218
Nailing Down Conditional Probabilities and the Multiplication Rule ............................ 220
Inspecting the Independence of Categorical Variables ..........cccccoocvviriinviiniiniinicnnennen. 224
Answers to Problems in TWo-Way Tables ........cccocoviiiiriiniiniinienieeceeeeee et 228

Chapter 16: Searching for Links in Quantitative Data: Correlation and

REOIESSION ..ot asa e a e e s a s e e e n e 235
Relating X and Y with @ Scatterplot ........cocoviiriiiiiiiiceeeee et 235
Toeing the Line of COrrelation ..........co.coieiiierierinineeeeeeeeee et 237

Picking Out the Best Fitting Regression LiNe .........c.ccccecieiieiiinienienecece e 240



Xi(/ Statistics Workbook For Dummies

Interpreting the Regression Line and Making Predictions .........c..ccoccovevveniinicninncnnen. 242
Checking the Fit of the Regression LIiNe .........cccccoevieoiiiiieiicieciceeeceeee e 244
Answers to Problems in Correlation and Regression ...........c.ccocecevceienenininicnneenienenns 247

Part UlL: The Part of TeHS ........cccceeeceeceeeseessseeseeessseesseessseeseeess 29 1

Chapter 17: Math Review: Ten Steps to a Better Grade ..........cccocvcveecereerercercnercnnes 253
Know Your Math SYMDOLS ......c.ccceeiriiriiiiieieeseceeeeeeeeee ettt 253
Uproot ROOtS and POWETS ......cccccoiviiiiiieeiiicie ettt ettt st e et sete e eae e s e e s 254
Treat Fractions with EXIra Care ........cccccoeciieiieienieiieeececteete ettt ne s sees 254
Obey the Order of OPErations ..........cccccvecievieriinieieieeeeeree et nas 255
AVOid ROUNAING EXTOTS ....ceeiiiiiieiieeeceeee ettt ettt s e saeeaeas 256
Get Comfortable with FOrmulas .........ccccoociviiiriiniiniiiciecctetececee e 256
Stay Calm when Formulas Get TOUgh ........ccocoviiriiiiiiiiieeeee e 257
Feel Fine about FUNCHONS .....c.cciiiiiiiiiieieeee ettt 258
Know When Your ANSWeY IS WIONG .......ccceviiiieiieiiieiicieeeeeeeseesteesteeteeteesaessee e esveenseens 259
SHOW YOUY WOTK ..ottt ettt teeae et st e s se e ae e ae e e e beenseesaassaessean 260

Chapter 18: Top Ten Statistical Formulas ... 263
MEAN (OF AVETAZE) ...vevviieeieeeieeieeiieiieiteetestestesseesseessesseessasssesssesssessessseessasssesssesssassasssasssenns 263
IMEAIAN ..eiiiiiiiieieeieete ettt et e e st s e et e et e st e st e et e s st esse e ba e beenbeenteensesntenseeseenreens 264
Sample Standard Deviation ...........c.ccociiiiiiiiiiicicceece e 264
COTTEIALION ..uviiiiiiieeieeieeetee ettt ettt et e b st e s bt e sbe e sbe e b e st e satesabesstesesaseens 266
Margin of Error for the Sample Mean ..........ccocevoieieiienieneninieeeeesee ettt 266
Sample Size Needed fOr X.......ooiiiiiieieeieeeeeieeeeeeeee ettt sse s sesesssnas 267
Test Statistic fOr the MEAN ........ccceeviiviiiiieiiceeeceeeeeee e s 268
Margin of Error for the Sample Proportion ..........cccecvevivviiniiniiiniiniinececeeieeieseeneens 269
Sample Size Needed for f) ..................................................................................................... 270
Test Statistic for the Proportion ...t 271

Chapter 19: Ten Ways to Spot Common Statistical Mistakes ............ccccocovenerennercnncns 273
Scrutinizing Graphis .......ooiooiiiiiieee et et nre s 273
Searching for and Specifying Bias .......c.cccoccevviriiniiniiniiiiececteeteeee e 274
Marking the Margin Of EXTOY ........ccccoooiviirieriiieiceeeeeee et 275
Scanning for SAMPIE SIZE ......ccveovieiieiieieeeceeee ettt aa e res 275
Studying Sample Selection (Gotta Be Random) .........cc.ccccoverinininiinienenenencececeeene 276
Checking for Confounding Variables ............cccccevieviiriiiiiiiniienierieeeseeeeie e sve e 276
Considering Correlation .........cccccooiereiriiriieniieiieneeeee ettt sae et e e saesaaesaeens 277
Doing the Math ...ccc.ooiiiiiiiiec ettt ettt ae b e saa e b s 277
Detecting Selective REPOTTING .......cccoceeiiiiiiiiiiiieeeeeeee et 278
AvOIding the ANECAOLE ....ocueeuiiiiieieeeee ettt ettt et enaesaens 278

JRACK «.neeenneneeeeeeeeeeeeeeeeeeeeeaaeeeaaeaaeaaeaaaanasnnnsnssssssseseeseessesaseeeas 209



