


bell-shaped curve. See also normal
distribution

ANOVA and the, 166–167
Empirical Rule and the, 77
model building and the, 16–17
nonlinear regression and, 147–148
nonparametric statistics and, 29–30,

262, 297
regression and, 79–81, 105

best subsets model selection, 123–126
best-fitting line

cause-and-effect error, 84–85
extrapolation and, 85–86
linear regression and, 74–75
logarithms and, 143–148
logistic regression and, 152–156
making predictions, 101
multiple regression and, 88–89, 97–98
nonlinear data and, 137
outlier effect on, 83
regression line and, 40, 205

bias
about, 41
common ways to create, 41–42
margin of error and, 47
sample size (n), 54, 321
in statistical analysis, 42–45

binomial distribution, 341
Binomial Table, 342
bivariate norm distribution, 308
boxplots, 290, 297–298

• C •
categorical variables. See qualitative

variables
cause-and-effect error, 84–85
Central Limit Theorem, 1, 3, 285, 320
Chi-square distribution

generating, 238–241
goodness-of-fit and, 249, 254–258
Kruskal-Wallis test and, 300

modeling with, 5, 230
right-tail probabilities, 346

Chi-Square Table
about, 58, 346
finding results in, 231, 238–241
goodness-of-fit and, 254–257

Chi-square test
about, 28–29
goodness-of-fit interpretation, 254–258
interpreting the, 241–243
logistic regression and, 153–154
practice problem, 335–336
qualitative variable relationships and,

34–35
steps for conducting, 231–241
for two population proportions,

243–245
Z-test comparison to, 245–247

coefficient of determination (R2).
See R2/R2 adjusted

computer output. See statistical software
packages

concordant pair, 153
conditional probability, 215–220, 226–227
confidence coefficient, 45
confidence interval

about, 20, 34
calculating, 51–52
elements of the, 50–51
interpreting, 56–57
margin of error and, 53–56
using sign test for, 275–277

confidence level
hypothesis testing and, 21
margin of error and, 54–56
t-values for, 52

confounding variable, 85, 225–228
consistency, level of, 44–45
conventions used in the book, 2–3
correlation

about, 14, 38–40
overview and examples of, 25–26
quantitative variables and, 35–36
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correlation coefficients
about, 307–308
logistic regression, 154–155
multiple regression analysis, 93–100
nonlinear regression, 130–131
Pearson’s correlation coefficient, 

72-73, 307, 309
regression model selection, 110–112
simple linear regression and, 70–73
Spearman’s rank correlation, 307–314

correlation matrix, 93–94

• D •
data analysis

appropriate uses and limitations of,
47–48

making errors in, 317–326
number crunching gone wrong, 12–18
simple linear regression errors in, 84–86
software packages for, 10–11

Data Desk, 11
data fishing

model selection and, 128
nonparametric statistics as, 275
statistical analysis and, 15–18

data snooping, 13–15, 128
degrees of freedom (n – 1)

in ANOVA, 171–174, 202–203
Chi-square, 239–240, 254–258
confidence interval and, 51–52
margin of error, 53
regression, 100
in regression, 200–205
two sample t-test, 162
two-way ANOVA, 188, 192–194
variance and, 43, 171

dependent variables, 221–223
designed experiments

ANOVA and, 164
data analysis and, 85
Dunnett’s test, 184

surveys as, 319
uses of, 176

discordant pair, 153
downhill relationship, 40
Dunnett’s test, 184

• E •
Empirical Rule (68-95-99.7 Rule)

regression modeling and, 77–78
standard error and, 45

error. See margin of error; overall error
rate

expected cell counts (E), 29, 231–238,
252–256

expected model, 251
explanatory variables, 36, 132
exponential regression model

about, 142–143
assessing the fit, 145–148
finding the best-fit, 143–145

extrapolation
defined, 85
multiple regression analysis, 101
predicting outcomes by, 41
regression model, 141–142
simple linear regression, 85–86

• F •
factors, 185, 189–191
familywise error rate. See overall error

rate
F-distribution, 172–174
F-Table, 349
first-degree polynomial, 134
Fisher’s LSD. See least significant

difference (LSD)
Fisher’s paired differences. See least

significant difference (LSD)
Fisher’s test. See least significant

difference (LSD)
forward model selection, 113–118
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fourth-degree polynomial, 132, 134–135
frequency, 32–33
F-statistic

ANOVA and the, 22, 168–169
bringing regression to, 204–206
calculating the, 172–173
sums of squares and, 171

F-table, 174
F-test

about, 163
performing the, 168–169
sums of squares and, 170–172
two-way ANOVA, 191–192

• G •
Gallup Organization, 46
Galton, Francis, 309
good guess (estimate), 19–20
goodness-of-fit statistic

about, 249–252
calculating the, 252–254
interpreting with Chi-square, 254–256
practice problem, 336
steps for Chi-square test on, 256–258

• H •
Ha (alternative hypothesis)

about, 232–233
author’s use of, 2
hypothesis testing and, 21, 57–58

histograms
creating, 16
tips for using, 298

Ho (null hypothesis)
about, 232–233
author’s use of, 2
hypothesis testing and, 21, 57–58
two sample t-test and, 18

homoscedasticity condition, 78, 81

hypothesis testing
about, 21–22
Chi-square test and, 232–233
data fishing and, 16–18, 275
goodness-of-fit, 258
for independence, 230–231
model for, 57–58
one-way ANOVA, 168, 173–175
power curve in, 62–66
p-value and, 59–60
for qualitative variables, 33–37
rank sum test, 291–294
statistical significance, 59, 94–95
test statistic and, 58
two-way ANOVA, 191–192
Type I and Type II errors in, 60–62

• I •
icons used in the book, 5–6
independence

about, 229–230
among variables, 221–223
assumptions, 166
Chi-square test and, 233–235
hypothesis testing for, 230–231
practice problem, 335
relating Z-test to Chi-square for, 245–247

interaction effects
about, 23–25, 188
qualitative variables and, 37
two-way ANOVA, 24–25, 189–191

• J •
joint probability, 215

• K •
Kruskal-Wallis test

about, 295–296
meeting the conditions for, 297–298
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steps for conducting, 299–301
using the, 302

• L •
least significant difference (LSD)

about, 177, 180
multiple comparisons with, 23, 180–182

level of consistency, 44–45
linear regression. See also multiple linear

regression; nonlinear regression;
simple linear regression

about, 195
applying ANOVA to, 195–198
connecting ANOVA with, 200–206
getting results with, 198–199
model, checking fit, 199–200
practice problem, 331–332

logarithms, 143–148
logistic regression

about, 27
interpreting coefficients of, 151–152
model, checking fit, 156–158
model, defining the, 149–150
practice problem, 332–333
predicting outcomes with, 36
running the analysis, 152–156
S-curve and, 150

• M •
main effects, 186–188
Mallow’s C-p, 115–116, 123–126
Mann-Whitney test. See rank sum test
margin of error

calculating, 45–46
confidence interval and, 20, 34, 51
elements of, 53–56
interpreting, 47
mean versus median, 265

marginal probability, 213–214
matched-pairs testing, 267, 278–279

mean, 262–265
mean sums of squares. See also sums of

squares
degrees of freedom (n – 1) and, 202–203
for error (MSE), 22, 171–172
F-test and, 169, 171–172
for treatments (MST), 22, 171–172

median
confidence interval, 275–277
in nonparametric statistics, 262–265
practice problem, 336–337
using sign to test, 266–267, 273–275

Microsoft Excel, 10–11
Minitab 14

author’s use of, 3
calculating confidence interval, 

276–277
calculating correlations with, 112, 311
calculating Fisher’s LSD, 181
calculating Tukey’s test, 183
Chi-square test, 231, 237
conducting rank sum test, 288
correlation testing with, 94–95
creating a scatterplot with, 72, 92
creating boxplots, 290, 297–298
creating histograms with, 166–167
creating scatterplot matrix, 111
data analysis using, 10–11, 291
exponential regression model, 143–145
Kruskal-Wallis test, 301
linear regression with, 74, 198
logistic regression, 150
making a two-way table with, 35
making residual plots with, 103–104
multiple regression model, 97–98, 114,

120, 124
normal distribution determination, 262
performing logistic regression, 153–154
polynomial regression modeling,

134–135
rank sum test, 293
running ANOVA, 169
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Minitab 14 (continued)
running two-way ANOVA, 187–188, 194
sign test using, 272
signed rank test, 284

model
about building and using a, 1, 249
best-fitting multiple regression, 96–97
expected, 251
exponential, 142–148
hypothesis testing, 57–65
leaving out data to fit, 325–326
linear regression, 73–76, 199–200
one-way ANOVA, 164–168
polynomial regression, 131–142
predicting random phenomena, 12–13
qualitative variable, 36–37
two-way ANOVA, 186

model selection procedure
backward model selection, 118–122
best subsets model selection, 123–126
comparison of, 126–128
forward model selection, 113–118

MSE. See mean sums of squares, for
error (MSE)

MST. See mean sums of squares, for
treatments (MST)

multicolinearity
multiple linear regression and, 95–96
regression model selection and, 111

multiple comparisons
about, 23, 177
ANOVA and, 177–179
Dunnett’s test, 184
Fisher’s LSD, 180–182
Kruskal-Wallis test, 295–302
rank sum test, 302–306

multiple linear regression
about, 27–28, 86
coefficient testing, 97–100
data collection, 90–91
finding correlations, 93–95

modeling, 87–89, 96–97
multicolinearity and, 95–96
predicting the value of y, 101
residual error, 102–106
scatterplots, 92–93
variables used in, 89–90

multiple regression model selection
about, 107
backward selection procedure, 118–122
best subsets procedure, 123–126
forward selection procedure, 113–118
identifying and assessing variables,

108–109
scatterplots and correlations, 110–112
selection procedure comparison,

126–128

• N •
New England Journal of Medicine, 247
95 percent confidence level

hypothesis testing and the, 21
interpreting the, 56–57

nonlinear regression
about, 28, 129
exponential regression model, 142–148
polynomial regression model, 131–142
practice problem, 333–334
scatterplots and correlations, 130–131

nonparametric statistics
about, 29–30, 261, 271
data fishing and, 17
Kruskal-Wallis test, 295–302
other than normal distributions,

262–264
practice problem, 336–337
rank of a value, 267–268
rank sum test, 270, 285–294, 302–306
risks in using, 265
sign test, 266–267, 271–279
signed rank, 268–270, 279–284
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normal distribution. See also bell-shaped
curve

bell-shaped curve and, 166–167
bivariate, 308
data fishing and, 16–17
hypothesis testing, 285
identifying a, 262–263
making assumptions about, 319–320

normality
histograms demonstrating, 166–167
multiple regression and, 102–105
nonparametric statistics and, 265
simple linear regression and, 79–80

null hypothesis (Ho). See Ho (null
hypothesis)

numerical variables. See quantitative
variables

• O •
observed cell counts (O), 29, 230–238,

252–256
Ohio State University, 176, 285–286
ordinal variables, 307–308
outliers

about, 71
identifying, 79, 82–84
nonparametric statistics, 263–264
simple linear regression, 82–84
throwing out the, 325–326

overall error rate
in data snooping, 14–15
Fisher’s LSD, 180–181
statistical analysis and, 38
Tukey’s test, 183

• P •
pairwise t-test, 23
parameter. See population parameters
Pearson, Karl, 309
Pearson’s correlation coefficient. See

correlation coefficients

Pew Research Foundation, 21, 34–37
pie charts, 219–220
polynomial regression model

about, 131–133
assessing the fit, 137–140
high-order, 134–135
making predictions, 140–142
second-degree, 135–137

population mean, 262–265
population parameters

about, 19, 49–50
confidence intervals to estimate, 50–57
hypothesis testing for, 57–65, 285
Type II errors and, 62

power curve, 62–66
precision

about, 44–45
confidence interval and, 51
margin of error for measuring, 45–47
numbers versus percentages, 252

probablility
calculating, 220
Chi-square distribution, 230
conditional, 215–220, 226–227
joint, 215
marginal, 213–214
practice problem, 332–333

Probability For Dummies (Rumsey), 
213, 303

probablility plot, 262
p-value

ANOVA and the, 173–174
Chi-square test and, 242–243
goodness-of-fit statistic, 257–258
hypothesis testing and the, 59–60
logistic regression, 150, 155–156

• Q •
quadratic polynomial. See second-degree

polynomial
quadratic relationship, 28
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qualitative variables
about, 32–33
Chi-square test for, 231
correlation of, 307–308
creating a two-way table for, 210–213
finding relationships between, 34–35,

209–210
independence among, 221–223
making predictions, 36–37
probabilities for comparing, 213–220
sample proportions and, 33–34
Simpson’s Paradox and, 223–228

quantitative variables
about, 32–33
correlation coefficients, 307–308
finding connections between, 38–40
making comparisons, 37–38
making predictions, 40–41
practice problem, 331–332

• R •
R2/R2 adjusted

ANOVA, 175–176
polynomial model, 138–139
practice problem, 337–338
regression analysis, 115–116, 

123–126, 200
two-way ANOVA, 194

r 2 for measuring fit, 81–82
random samples, 322–323
rank (of a value), 267–268
Rank Sum Table, 348
rank sum test

about, 270, 285–286
conducting the, 286–289
critical values, 348
data fishing and, 17
pairwise comparisons, 303–306
using the, 289–294

regression analysis. See linear regression;
logistic regression; multiple linear
regression; nonlinear regression

regression model
about, 40–41
best-fitting line, 137
bringing ANOVA to, 204–206
building the, 73–76
defining the, 77–78
knowing the limitations of, 86
logarithms and, 143–148

relative frequency, 32–33
residual error

linear regression, 78–81
multiple regression analysis, 102–106
polynomial model, 139–140

robust analysis, 30

• S •
sample mean, 20
sample proportion, 20, 33
sample size (n)

bigger isn’t always better in, 321–322
confidence interval and, 51–52
margin of error and, 46, 53–54
Type II errors and, 61
variance and, 43

sample standard deviation (s), 52–54
sample statistics, 19–20
sample variance, 42–44
sampling, creating bias in, 41–42
SAS, 10–11, 135
scatterplots

about, 38–40
linear regression, 199
model selection procedure with,

110–112
multiple linear regression, 92–93
nonlinear regression, 130–131
polynomial regression, 135–137
simple linear regression, 70–73

second-degree polynomial, 132, 134–137
self-selected samples, 41
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sign test
about, 266–267
estimating the median, 275–277
limitation of, 280
matched-pairs testing, 278–279
median testing, 272–275
steps for conducting, 271–272

signed rank test
about, 268–270
conducting the steps for, 279–281
practice problem, 336–337
using the, 282–284

significance, statistical
correlations and, 94–95
hypothesis testing, 59
selecting results to create, 320–321
two-way ANOVA, 189–191

significance level (α)
about, 14
hypothesis testing and the, 21
p-value and, 59–60
Type I errors and, 60–61

Simmons Research Bureau, 20
simple linear regression

about, 27–28
best-fitting line, 88
building a model, 73–76
cause-and-effect errors, 84–85
correlation coefficient in, 72–73
defining the model, 77–78
establishing relationships with, 69–71
extrapolation errors, 85–86
knowing the limitations of, 86
outliers, 82–84
predicting outcomes, 40–41
r 2 in measuring model fit, 81–82
residual error in, 78–81
using scatterplots, 71–72

Simpson, E. H., 224
Simpson’s Paradox, 223–228
68-95-99.7 Rule (Empirical Rule), 45,

77–78

skewed data, 17, 262–265
slope, regression line, 76
Spearman, Charles Edward, 309
Spearman’s rank correlation

about, 307
calculating, 309–311
using the, 311–314
when Pearson’s doesn’t work, 308

SPSS, 10–11, 135
SSE. See sums of squares for error (SSE)
SST. See sums of squares for treatment

(SST)
SSTO. See sums of squares; sums of

squares total (SSTO)
standard deviation (σ)

confidence interval and, 20, 46, 52
homoscedasticity condition, 78, 81
margin of error and, 53–54

standard error (SE)
coefficient of, 100
hypothesis testing and, 21
margin of error and, 45–46, 53–54

Stat Crunch, 10–11
statistical analysis

bias in, 41–44
dealing with bias in, 41–44
interpreting the results of, 47–48
qualitative variables in, 33–37
quantitative variables in, 37–41
types of variables in, 32–33
understanding precision in, 44–47

statistical software packages. See also
specific software

ANOVA and, 169
correlation testing with, 95
data analysis and, 10–11
data snooping with, 14–15
nonparametric procedures and, 30
on-line Internet, 258
polynomial regression with, 135
understanding the downside in, 11
writing your own code in lieu of, 10–11
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statistics
bigger isn’t always better in, 321–322
generalization in, 324–325
making assumptions with, 319–320
proving your point with, 317–318
random samples in, 322–323
removing data to fit the, 325–326
selecting significance in, 320–321
survey precision in, 323–324
terminology and techniques, 19–30
when x causes y, 318–319

Statistics For Dummies (Rumsey), 3, 19
Sterling, Mary Jane, 132
sums of squares. See also mean sums of

squares
ANOVA and, 170–171
for error (SSE), 22, 170–172
for regression (SSR), 201–202
total (SSTO), 22, 170–172
for treatment (SST), 22, 170–172
two-way ANOVA, 186–188

surveys, 318–319, 323–324
symmetric distribution, 17, 262–265

• T •
tables. See ANOVA table; Chi-square

table; three-way table; two-way
tables

t-distribution, 52, 339
Technical Stuff, when to use, 3, 6
third-degree polynomial, 132, 134–135
three-way table, 223–228
time series analysis, 106
treatment variables, 164, 186
t-statistic (test statistic)

Chi-square, 236–238
coefficient, 100–101
goodness-of-fit, 249–252
hypothesis testing and, 21, 58
regression, 205–206

t-test
data fishing and, 16–18
making comparisons with, 37–38,

162–163
nonparametric statistics and the,

270–271
Tukey’s simultaneous confidence

intervals, 180
Tukey’s test, 23, 177, 180, 183
t-value, 51–52
two sample t-test, 16–18, 162–163
two-way ANOVA. See analysis of variance

(ANOVA)
two-way tables

about, 209–210
Chi-square distribution and, 238–241
determining probabilities with, 213–220
independence between variables,

221–223
organizing data in, 210–213
relating Z-test to Chi-square, 245–247
Simpson’s Paradox and, 223–228

Type I errors
about, 60–61
Fisher’s LSD, 180–181
multiple linear regression, 114
Tukey’s test, 183

Type II errors, 61–62

• U •
University College London, 309
uphill relationship, 40

• V •
variables. See also qualitative variables;

quantitative variables
confounding, 85, 225–228
dependent, 221–223
explanatory, 36, 132
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ordinal, 307–308
treatment, 164, 186

variance, calculating, 42–43

• W •
Whitney, D. R., 285–286
Wilcoxon rank sum test. See rank sum

test
Wilcoxon signed rank test. See signed

rank test
Wiley

Algebra For Dummies (Sterling), 132
Probability For Dummies (Rumsey), 

213, 303
Statistics For Dummies (Rumsey), 

3, 19, 31

• Y •
y-hat, 75, 139

• Z •
Z-distribution, 52, 103, 140, 285
Z-score, 79, 103, 140
Z-test

Chi-square test comparison to, 245–247
making comparisons with, 162
nonparametric statistics and, 275
sample size (n), 288
for two population proportions,

243–245
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