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PREFACE 

Regrettably, Professor Jayavel Sounderpandian passed away before the revision of 

the text commenced. He had been a consistent champion of the book, first as a loyal 

user and later as a productive co-author. His many contributions and contagious 

enthusiasm will be sorely missed. In the seventh edition of Complete Business 

Statistics, we focus on many improvements in the text, driven largely by recommen- 

dations from dedicated users and others who teach business statistics. In their 

reviews, these professors suggested ways to improve the book by maintaining the 

Excel feature while incorporating MIN ITAB, as well as by adding new content 

and pedagogy, and by updating the source material. Additionally, there is increased 

emphasis on good applications of statistics, and a wealth of excellent real-world 

problems has been incorporated in this edition. The book continues to attempt to 

instill a deep understanding of statistical methods and concepts with its readers. 

The seventh edition, like its predecessors, retains its global emphasis, maintaining 

its position of being at the vanguard of international issues in business, The economies 

of countries around the world are becoming increasingly intertwined. Events in Asia 

and the Middle East have direct impact on Wall Street, and the Russian economy’s 

move toward capitalism has immediate effects on Europe as well as on the United 

States. The publishing industry, in which large international conglomerates have 

acquired entire companies; the financial industry, in which stocks are now traded 

around the clock at markets all over the world; and the retail industry, which now 

offers consumer products that have been manufactured at a multitude of different 

locations throughout the world—all testify to the ubiquitous globalization of the world 

economy. A large proportion of the problems and examples in this new edition are 

concerned with international issues. We hope that instructors welcome this approach 

as it increasingly reflects that context of almost all business issues. 
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negative binomial distribution, 135-137 
normal approximation of, 193-194 
population proportions, 311 
template for, 131-139 

Binomial distribution formulas, 130-131 
Binomial distribution template, 131 
Binomial probability formula, 130 
Binomial random variable, 103, 129-139 
conditions for, 129-130 

Binomial successes, 209 
Biscourp, Pierre, 568n 
Block, 448 

Blocking, 350 
Blocking designs, 431, 447-45] 
randomized complete block design, 447- repeated-measures design, 450 

BLUE ( 

Bonferroni method, 427 
Box-and-whisker plot, 35 
Box plots, 35-38, 42 
elements of, 35-36 

uses of, 38 

Brav, James C., 554n 
Briley, Donnel A., 420n 
Brooks, Rick, 323n 
Bruno, Mark, 765n 
Bukey, David, 362n 
Burros, Marian, 763n 
Bush, Jason, 257n 
Business cycle, 72] 

Cc 

¢ chart, 712-713 
Caesar, William K,, 658n 
Callbacks, 215 
Capital Asset Pricing Model (CAPM), 527 Carey, John, 359n 
Carlson, Jay P, 429n 
Carter, Erin, 749n 
Cases 
Acceptable Pins, 201-202 
Acceptance Sampling of Pins, 246 
Checking Out Checkout, 462 
Concepts Testing, 165 
Firm Leverage and Shareholder Rights, 536 Job Applications, 98-99 
Multicurrency Decision, 202-2093 
New Drug Development, 869-870 

best linear unbiased estimators), 473 

450 

¢ 

Nine Nations of North America, 800-802 

Pizzas “R” Us, 868-869 

Presidential Polling, 289 

i 0 Privacy Problem, 29 

Onality Control and Improvement at Nashua 

Corporation, 718-719 

Rating Wines, 461 

Return on Capital for Four Different 

Sectors, 639-641 

Risk and Return, 536 

Tiresome Tires I, 342 

Tiresome Tires II, 394 

Casey, Susan, 393n 

Cassidy, Michael, 772n 

Categorical variable, 3 

Causality, 494 

Center of mass, 118 

Central limit theorem, 220-225, 249 

effects of, 222 

history of, 225 _ 

population standard deviation and, 225 

le size and, 222 

Se ee, see Measures of central tendency 
€. ? 

Centrality of observations, 10, 116 

Chance node, 824 . 

Chance occurrences, 823 

Chance outcome, 836 

Chart Wizard, 41 

Charts; see Methods of displaying data 

Chatzky, Jean, 195, 289, 338n 

# Chebyshev’s theorem, 26, 123-124 
Checking Out Checkout (case), 462 

Chi-square distribution, 270, 283 

mean of, 270 

values and probabilities of, pls 

iable, 37: Chi-square random variable, ' 7 

Chi-square test for equality of proportions, 790 

CHIINV function, 283 

Christen, Markus, 429n, 555n, 637n 

Classes, 22 

‘Classical approach, 804-805 

Classical probability, 57 

Cluster, 214 

Cluster sampling, 214 
Coefficient of determination (r”), 505-511 re 

Collinearity, 610-611; see also Multicollinearity 

Combinations, 79, 91 
Combinatorial concepts, 78-80 oe 
Compatison of two populations, 344- 

computer templates for, 385-387 
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: i dent random difference (population-means/indepen: 

-366 samples), 353 ae 

equality of two population variances, 379-38 

istributi —378 Fdistribution, 376 : 

large-sample test (two population proportions) 

368-374 

paired-observation comparisons, 345-350 

Complement, 58-59 

rule of complements, 64 06.431 

Completely randomized design, 4 6, i 

Computational formula for the variance of a 

variable, 119 

Computers; see also Excel; Templates 

bar charts, 42 . - 

Bayesian statistics/decision analysis, 864-86. 

box plots, 42 a ; 

confidence interval estimation, 282-284 

decision analysis, 864-865 fs 

for descriptive statistics and plots, ‘ 

in forecasting and time series, 681-68 

histograms, 40-41 oii 

i ing, 339- hypothesis testing, ; 

= aiiple regression using Solver, 630-634 

normal distribution, 195-196 

one-way ANOVA, 453 = 

i 385- aired-difference test, ; 

Bale? percentile rank computation, 4 

pie charts, 41 

probability, 90-91 

for quality control, 715-716 

sampling distributions, 238-241 

scatter plots, 44 

for standard distributions, 153 

time plots, 44 

two-way ANOVA, 45 3-454 

Concepts Testing (case), 165 

Concomitant variables, 586 " 

Conditional probability, 67-70, 

Confidence, 248 

Confidence coefficient, 252 

CONFIDENCE function, 282 = 

Confidence intervals, 190, 248-2 

i 249n Bayesian approach, 

classical/ frequentist interpretation, 249n 

defined, 248 

80% confidence interval, 254 

Excel functions for, 282-284 lie 

expected value of Yfor given ‘ - 

half-width, determining optimal, 2 

important property of, 253 
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individual population means, 473 

MININTAB for, 283-285 

95% confidence interval, 250-252 

paired-observation comparisons, 349-350 

population mean (known standard deviation), 249-256 

population means, difference between, 354 

population proportion (large sample), 266-268 

population proportions, difference between, 372 

population variance, 270-273 

regression parameters, 486-488 

sample-size determination, 275-278 

t distribution, 258-263 

templates, 255-256 

Confidence level, 253, 299 

Conlin, Michelle, 328n 

Consistency, 231 

Contingency table, 69, 783-784 

Contingency table analysis, 783-786 

chi-square test for independence, 783-785 

chi-square test statistic for independence, 784 

degrees of freedom, chi-square statistic, 784 

expected count in cell, 785 

hypothesis test for independence, 784 

template, 787-788 

Yates correction, 787 

Continuity correction, 198-194: 

Continuous probability distributions, Bayes’ theorem 

and, 814-819 

Continuous random variable, 106-107, 144-146 

Control chart, 695-697 

centerline, 706-707, 712 

lower control limit (LCL), 704, 706-707, 712 

for process mean, 703 

for process proportion, 711 

upper control limit (UCL), 704, 706-707, 712 

Control treatment (placebo), 397 

Cook, R. Dennis, 592n 

Cordoba, Jose de, 374 

Correlation, 490-494 

Correlation analysis, 490 

Correlation coefficient, 490 

Correlation matrix, 613-614 

Counts of data points, 22 

Covariance, 491 

CPI (Consumer price index), 674, 678-679 

Creamer, Matthew, 413n 

Credible sets, 806, 816-819 

Creswell, Julie, 114n 

Crockett, Roger om 94n 

Cross-product terms, 595-596 

Cumulative distribution function, 107-109 

Cumulative frequency plots (ogives), 28, 30 

Cumulative probability function, 108 

Curved trends, 650 

Curvilinear relationship, 471, 514-515 

Cveykus, Renee, 749n 

Cycle, 654 

Cyclical behavior, 654-658 

Cyclical variation, 655 

D 

Darwin, Charles, 466 

Dash, Eric, 286n 

Data, 3, 5 

grouped data, 22-24 

Data collection, 4 

Data set, 4, 116 

de Fermat, Pierre, 57 

de Finetti, Bruno, 57n 

de Mére, Chevalier, 57 

de Moivre, Abraham, 57, 168, 225 

Decision, 824, 826 

Decision analysis, 805, 822-825 

actions, 823 

additional information, 823-824 

chance occurrences, 823 

decision, 824 

decision tree, 825-833 

elements of, 822 

final outcomes, 823 

overview of, 822-825 

payoff table, 826-829 

probabilities, 823 

utility, 856-859 

value of information, 860-863 

Decision node, 824 

Decision tree, 825-833 

Deflators, 676 

DeGraw, Irv, 554n 

Degree of linear association, 490-492 

Degrees of freedom (af), 225, 233-237 

ANOVA and, 410-411, 436-437 

sum-of-squares for error (SSE), 411 

sum-of-squares total (SST) and, 411 

sum-of-squares for treatment (SSTR), 411 

Degrees of freedom of the denominator, 376 

Degrees of freedom of the numerator, 376 

Demers, Elizabeth, 534n 

Deming’s 14 Points, 694-695 

a 

Dependent indicator variable, regression with, 

607-608 

Dependent variable, 466 

Descriptive graphs, 28 

Descriptive statistics, 3-46, 205n 

computer use for, 40-44 

exploratory data analysis, 33-38 

grouped data and histogram, 22-24 

mean-standard deviation relations, 26-27 

measures of central tendency, 10-14 

measures of variability, 10-14 

methods of displaying data, 27-33 

MINITAB for, 44-46 

percentiles and quartiles, 8-9, 40 

random variable, 101-105 

skewness and kurtosis, 24-26, 37 

templates for random variables, 124-125 
Deseasonalizing a time series, 661-663 

df; see Degrees of freedom (df) 

Diffuse priors, 816 

Discrete probability models, 805-806 

Discrete random variable, 106-107 

Bayes’ theorem for, 806 
cumulative distribution function of, 108 

expected values of, 117-121 
probability distribution of, 107 

variance of, 119 

Disjoint sets, 59 

Dispersion, 15-16, 120; see also Measures of variability 

Displaying data; see Methods of displaying data 

Djstribution of the data, 9 

Nistribution-free methods, 798; see also Nonparametric 

tests 

y, Distributions; see also Normal distribution; Probability 

distribution 

Bernoulli distribution, 128 

cumulative distribution function, 107-111 

exponential distribution, 148-152 

geometric distribution, 187-138 

hypergeometric distribution, 138-141 

kurtosis of, 24-26 

Poisson distribution, 141-143 
sampling distributions, 216-227 

skewness of, 24-25 
as distribution, 146-148 

Sw Jones Industrial Average, 674-675 

4) LNY variable, 580, 583, 657 
aa regression technique, 657 

ton test, 513, 619-622 
4lson test statistic, 620 
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E s 

Eccles, Robert G., 668n 

EDA (Exploratory data analysis), 33-38 

Efficiency, 229, 230, 865 

80% confidence interval, 254 

Elementary event, 60 

Elements of a set, 58 

Elliot, Stuart, 368n 

Empirical rule, 27, 186n 

Empty set, 58 

Epstein, Edward, 75n 

Error deviation, 405, 407 

Error probability, 252 
Estimated regression relationship, 472 
Estimators, 208-209, 229 

consistency of, 224, 231 

efficiency of, 209, 231 

of population parameter, 209-210 

properties of, 229-232, 472 

sufficiency of, 229, 231 

as unbiased, 229-231 

Event, 60, 895 

EVP] (expected value of perfect information), 860 

Excel; see also Solver Macro 

ANOVA and, 453-454 

Bayesian revision of probabilities, 91 
descriptive statistics and plots, 27-46 

F-test, 387 

in forecasting and time series, 681-682 

graphs, 31 

histograms, 40-41 

LINEST function, 530-532 

normal distribution, 195-197 

one-sample hypothesis testing, 338-340 

paired-difference test, 385-387 

percentile/percentile rank computation, 40 

probabilities, 90-91 

Random Number Generation analysis, 240 

regression, 526-529, 533 

Sampling analysis tool, 239 

sampling distributions and, 238-241 

standard distributions and, 152-153 

t-test, 387 

Excel Analysis Toolpack, 40 

Expected net gain from sampling, 862 

Expected payoff, 827, 831-832 

Expected value of a discrete random variable, 115-116 

Expected value of a function of arandom variable, 

115-116 

Expected value of a linear composite, 122 
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Expected value of a linear function of a random 
variable, 118 

Expected value of perfect information (EVPI), 860 
Expected value of sample mean, 218 * 
Expected value of the sum of random variables, 122 
Experiment, 60 

Experimental design, 431, 699 
Experimental units, 350 
Explained deviation, 506-507 
Explained variation, 410, 507 
Exploratory data analysis (EDA), 33-38 
box plots, 35-38 
stem-and-leaf displays, 34-35 

EXPONDIST function, 153 
Exponential distribution, 148-152 
common examples of, 148-149 
remarkable property of, 149 
template for, 149-151, 152 

Exponential model, 603 
Extended Bayes’ Theorem, 86 
Extra sum of squares, 624 

Extrapolation, 574 

FE 

Fedistribution, 375-378, 398, 512 
degrees of freedom of the denominator, 375, 398 
degrees of freedom of the numerator, 

375, 398 

equality of two population variances, 379-380 
templates for, 384 

Fratio, two-way ANOVA, 437 

F statistic, 412-414 

Fest, 357, 387 

multiple regression model, 546-549 
partial F'tests, 623-626 
of regression model, 511-512, 517 

Factor, 429 

Factorial, 78, 91 

Fair games, 117 

Fairley, W., 292n 

Farley, Amy, 112n 

Farzad, R., 49n 

Fass, Allison, 264n, 398n 
Feller, W., 78, 225, 741 
Ferry, John, 33n, 77n 

Fialka, John J., 286n 

50th percentile, 9 

Final outcomes, 823 

Firm Leverage and Sharehalder Rights (case), 536-537 
5, 

First quartile, 9 

Fisher, Anne, 287n 

Fisher, Sir Ronald A., 375, 396 
Fixed-effects vs. random-effects models, 430 
Flight simulators, 34 

Fong, Eric A., 434n 

Forbes, Malcolm, 3 

Forbes, Steve, 820n 

Forecasting 

Excel/MINITAB in, 681-684 
exponential smoothing methods, 661-674 
index numbers, 674-680 
multiplicative series, 666-668 

Forward selection, 626-627 

Frame, 8, 211 

Frequency, 22 

Frequency distribution, 208 

Frequency polygon, 28-30 
Frequentist approach, 804 
Friedman test, 451 

data layout for, 774 

null and alternative hypotheses of, 714 
template, 776-777 
test statistic, 775 

Fulcrum, 11 

Full model (F test), 623-624 

G 

Galilei, Galileo, 57 

Galton, Sir Francis, 466 

Gambling models, 57 

Ganguly, Ananda, 447n 

Gauss, Carl Friedrich, 168 
Gauss-Markov theorem, 473 

Gaussian distribution, 168 

Generalized least squares (GLS), 622 
Geometric distribution, 137-138 

formulas for, 137 

template for, 138 

Geometric progression, 137 

Gleason, Kimberly C., 536n, 566n 

GLS (Generalized least squares), 622 

Goal seek command, 132, 140, 189 

Goldstein, Matthew, 757n 

Gomez, Paulo, 535n 

Good, I. J., 56 

Goodness-of-fit test, 785 

for multinomial distribution, 786-787 

Goodstein, Laurie, 5n 

Gossett, W. D., 258 
Grand mean, 403, 407, 430 
Graphs; see Methods of displaying data 

Gray, Patricia B., 287n 

Green, Heather, 270n 

Grouped data, 22-24 

Grover, Ronald, 254n 

Gruley, Bryan, 164n 

H 

Hall, Kenji, 269n 

Hammand, S., 28 

Hansell, Saul, 327n 

Hardesty, David M., 429n 

Harris, Elizabeth, 228n, 318n 

Harris, Marlys, 318n, 324n 

HDP (highest-posterior-density), 816 

Hellmich, Nancy, 76n 

Helm, Burt, 96n, 215n 

Herbold, Joshua, 447n 

Heteroscedasticity, 513, 570, 578 

Highest-posterior-density (HPD), 816 

Hinges (of box plot), 35-36 

Histogram, 22-24, 28, 40-41 

Holson, Laura M., 351n 

Homogeneity, tests of, 791 

Hovanesian, Marader, 50n 

HSD (honestly significant differences) test, 425 

Huddleston, Patricia, 534n 

Hui Jerome Kueh Swee, 458n- 

Hypergeometric distribution, 138-141 

formulas for, 139-140 

. problem solving with template, 140-141, 153 

schematic for, 139 

HYPGEOMDIST function, 153 

Hypothesis, 292 

Hypothesis testing, 292-341, 344 

alternative hypothesis, 294-295, 401, 402 

ANOVA, 397-402 

association between two variables, 779 

Band power of test, 308 

common types of, 309 

computing B, 306 

concepts of, 295-301 

confidence level, 299-300 

evidence gathering, 295, 296 
Excel/MINITAB for, 338-340 

for independence, 784 

individual regression slope parameters, 558 
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Kruskal-Wallis test, 766 

left-tailed test, 304-306 

linear relationship between X and Y, 500 

median test, 793 

null hypothesis, 292-293, 400-402 

one-tailed and two-tailed tests, 304-306 

operating characteristic (OC) curve, 332-333 

optimal significance level, 299-300 

p-value, 297-298, 300 

p-value computation, 302-303 

paired-observations two-sample test, 757 

population means, 309-310 
population proportions, 314-315, 334-335 

population variance, 316-317 

power curve, 331-332, 335 

power of the test, 300 

pretest decisions, 328-329 

regression relationship, 495-505 

required sample size (manual calculation), 330-331, 
335 

right-tailed test, 304, 308 

sample size, 300-301, 335 

significance level, 298-299 

t tables, 316 

templates, 312-313 

test statistic, 310 

two-tailed test, 304, 305, 308 

two-way ANOVA, 435, 439 

type I/II errors, 296-297, 299-300 

Thlwan, Moon, 269n 

Independence of events, 73-76; 

see also Contingency table analysis 

conditions for, 73 

product rules for, 73~75 

Independent events, 76 

Independent variable, 466 

Indicator variable, 580-589 

Indifference, 859 

Inferential statistics, 57, 205 

Influential observation, 574 

Information, 3 

expected net gain from sampling, 862 

expected value of perfect information (EVPI), 860 

qualitative vs. quantitative, 3 

value o1, 860-863 

Initial run, 702 

Inner fence, 36 
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Interaction effects, 433-434, 787 
Interarrival time, 149 
Intercept, 478, 480 

Interquartile range (IQR), 9, 15-16, 36 
Intersection, 59 

Intersection tule, 75 

Interval estimate, 209 

Interval scale, 3 

Intrinsically linear models, 599 
Lntroduction to Probability Theory and Its Applications 

(Feller), 742 
Inverse transformation, 179, 185-188 
Irregular components models, 684 

J 
Jiraporn, Pornsit, 536n, 566n 
Jo, Hoje, 567n 
Job Applications (case), 98-99 
Johar, Gita Venkataramani, 445n 
Johnson, George, 804, 804n 
Johnston, J., 615n 

Joint confidence intervals, 487 
Joint density, 815 
Joint hypothesis, 397 
Joint probability, 65 
Joint probability table, 89 
joint test, 397 

Joos, Philip, 534n 

Josephy, N. H., 97n 

Juran, J. M., 698 

K 

‘variable multiple-regression model, 540-546 
Kacperezyk, Marcin, 421n . 
Kang, Jun-Koo, 789n 

Kendall’s tau, 781 

Keynes, John Maynard, 3 
Kirn, Yongtae, 567n 
Kimball’s inequality, 441 
King, Tao-Hsien Dolly, 589n 
Kirkland, R., 33n 
Knapp, Volker, 266n, 322n 
Knox, Noelle, 391n 
Kondratieff definition, 721 
Kramarz, Francis, 568n 
Kranhold, Kathryn, 286n 
Krishnamurthy, Arvind, 555n 
Kroll, Lovisa, 265n, 328n 
Kruskal-Wallis test, 398, 430, 765-771 

further analysis, 770-771 
template for, 767-770 
test Statistic, 766 

Kurtosis, 24-25 

Kwon, Young Sun, 421n 

L 

Lack of fit, 574-575 

Lamey, Lien, 472n 
Large sample confidence intervals for population 

proportion, 368 
Large-sample properties, 744 
Lav, Kong Cheen, 637n 
Law of total probability, 81-84 
LCL (lower control limit), 704, 706-707, 713 
Least-squares estimates, 543-544 

Lee, Alan J., 592n 

Lee, HyunJoo, 534n 
Lee, Louise, 795n 

Left-skewed distribution, 24 
Left-tailed test, 304-306 
Lehman, Paula, 795n 
Leptokurtic distribution, 26 
Lerner, Josh, 696n 

Lettay, Martin, 535n 
Level of significance, 298-300 
Li, Peter Ping, 833n 

Likelihood function, 805-806 
Linear composite, 121-195 
expected value of, 122 

LINEST function, 530-532, 632 
Literary Digest presidential poll, 205-208 
Lo, May Chiun, 459n 

Location of observations, 10, 117 
Logarithmic model, 603 
Logarithmic transformation, 599-602, 607 
Logistic function, 608 
Logistic regression model, 607 
Loss, 823 

Loss function, 700 

Lower control limit (LCL), 704, 706-707, 711 
Lower quartile, 9 

M 

Malkiel, Burton G., 228n 

Mann-Whitney U test, 357, 750-756 

computational procedure, 751 

MINITAB for, 755-756 

null and alternative hypothesis for, 750 

U statistic, 751 

Manual recalculation, 578-579 

Marcial, Gene G., 245n 

Margin of error, 250 

Marginal probabilities, 89 

Marketing research, 5 

Martin, Mitchell, 184n 

Mauer, David, 589n 

Mean, 10-13, 116 
defined, 10 

extreme observations and, 12 

grand mean, 403 

population mean, 11, 16, 208 

_ sample mean, 10, 218, 220, 403 

standard deviation and, 26-27 

Mean square error (MSE), 411-412 

multiple regression, 550-551 

simple linear regression, 484 

Mean square treatment (MSTR), 411-412 

Mean time between failures (MTBF), 149 

Measurements, 3 

scales of, 3 

Measures of central tendency, 10-14 

mean, 10-13 

median, 9-13 

mode, 10-13 

Measures of variability, 15-21, 115 

interquartile range, 9, 15-16 

range, 16 

standard deviation, 16 

variance, 16 

Médian, 9-12 

Median test, 793 

Mehring, James, 367n 

te: Method of least squares, 473 

Methods of displaying data, 27-32 
bar charts, 28 

cautionary note to, 31 

exploratory data analysis (EDA), 33-38 

frequency polygons, 28-30 

histogram, 22-24, 28, 40-41 

ogives, 28-30 

pié charts, 27-28, 41 

time plots, 31 
Middle quartile, 9 
MINITAB 

ANOVA and, 455-458 

Comparison of two samples, 387-388 

Confidence interval estimation, 283-284 

for descriptive statistics/plots, 44-46 

for factorial, combination, and permutation, 91 

Index 951 
3 

in forecasting and time series, 682-684 

Mann-Whitney test, 755 
multicollinearity, 613 

multiple regression, 634-636 
nonparametric tests, 796-798 

normal distribution, 196-197 

one-sample hypothesis testing, 340-341 

for quality control, 715-716 
regression analysis, 574 

sampling distributions, 240-241 

simple linear regression analysis, 533 

standard distributions, 153 

stepwise regression, 628 

Missing variables test, 513 

Mode, 11-13, 24 

Montgomery, D., 578n 

Moskin, Julia, 48n 

Mosteller, F., 292n 

Mound-shaped distribution, 26 

MSE; see Mean square error (MSE) 

MSTR (mean square treatment), 411-412 

MTBF (mean time between failures), 149 

Mukhopadhyay, Anirban, 445n 

Multicollinearity, 557-558, 610-617 

causes of, 592, 611-612 

detecting existence of, 613-616 

effects of, 616 

solutions to problem, 617 

Multicollinearity set, 611 

Multicurrency Decision (case), 202-203 

Multifactor ANOVA models, 430 

Multiple coefficient of determination (R”), 551 

Multiple correlation coefficient, 551 

Multiple regression, 466, 544-636 

adjusted multiple coefficient of determination, 552 

ANOVA table for, 549, 553 

assumptions for model, 541 

cross-product terms, 595-596 

decomposition of total deviation, 547 

dependent indicator variable and, 607-608 

Durbin-Watson test, 619-622 

estimated regression relationship, 545-546 

Fest, 546-549 

how good is the regression, 550-554 

influential observation, 574 

k-variable model, 540-546 

lack of fit and other problems, 574 

least-squares regression surface, 545 

LINEST function for, 632-634 

mean square error (MSE), 550 
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measures of performance of, 553 

MINITAB and, 634 

multicollinearity, 557-558, 610-617 

multiple coefficient of determination R2, 550-551 

multiple correlation coefficient, 551 

nonlinear models and transformations, 599-608 

normal equations, two independent variables, 542 

normal probability plot, 571 

other variables, 595-596 

outliers and influential observations, 571-574 

partial F test, 623-626 

polynomial regression, 590-596 

prediction and, 575-579 

qualitative independent variables, 579-589 
qualitative/quantitative variables interactions, 587-589 

residual autocorrelation, 619~621 

residual plots, 569-570 

significance of individual regression parameters, 

556-566 

Solver, 630-634 

standard error of estimate, 551 

standardized residuals, 570-573 

template for, 544, 561, 565, 578, 594 

validity of model, 569-574 

variable selection methods, 626-628 

Multiplicative model, 599 

Multistage cluster sampling, 214 

Murphy, Dean E., 56n 

Mutually exclusive events, 65, 76-77 

Mutually independent, 122 

N 

N factorial (n!), 78 

Negative binomial distribution, 135-137 

problem solving with template, 136-137, 153 

Negative correlation, 491 

Negative skewness, 25 

NEGBINOMDIST function, 152 

Nelson, Lloyd S., 703n, 718n 

Nelson, Melissa, 772n 

Net regression coefficients, 544 

New Drug Development (case), 869-870 

Newquiest, Scott C., 668n 

Newton, Sir Isaac, 690 

Nine Nations of North America (case), 800-802 

95% confidence interval, 251-253 

Nominal scale, 3 

Noninformative, 804 

Nonlinear models, 596.599-608 

Nonparametric tests, 357, 721-799 

defined, 721 

Friedman test, 773-777 

Kruskal-Wallis test, 765-771 

Mann-Whitney Utest, 750-756 

median test, 793 

MINITAB for, 796-798 

paired-observations two-sample test, 757-759 

runs test, 742-746 

sign test, 721-728 

Spearman rank correlation coefficient, 778-782 

summary of, 798 

Wald-Wolfowitz test, 747-748 

Wilcoxon signed-rank test, 757-762 

Nonresponse, 214-215 

Nonresponse bias, 5, 205 

Normal approximation of binomial distributions, 

193-194 

template, 196 

Normal distribution, 167-197; see also Standard normal 

distribution 

absolute kurtosis of, 25 

Excel functions for, 195-197 

inverse transformation, 185-188 

MINITAB for, 196 

normal approximation of binomial distributions, 

193-194 

probability density function, 167 

properties of, 168-171 

sampling and, 218, 225 

standard normal distribution, 172-176 

template for, 190-192 

testing population proportions, 314 

transformation of normal random variables, 177-183 

Normal equations, 476 

Normal prior distribution, 820-821 

Normal probability model, 814-821 

Normal probability plot, 516-518 

Normal randorn variables 

inverse transformation, 185-188 

inverse transformation uf Z to X, 179 

obtaining values, given a probability, 188 

transformation of Xto Z, 177, 183 

transformation of, 177-183 

using the normal transformation, 179 

Normal sampling distribution, 219-220 

NORMDIST function, 195 

NORMSINV function, 283 

Null hypothesis, 292, 400-402 

Chi-square test for equality of proportions, 790 

of Friedman test, 773 

Mann-Whitney U test, 750 

oO 

Objective probability, 57 

OC (Operating churacteristic curve), 332 
Odds, 64 

Ogives, 28-30 

1 standard deviation, 26 

One-factor ANOVA model, 429 

Excel/MINITAB for, 453, 456 

multifactor models vs., 430 

One-tailed test, 304-305 

One-variable polynomial regression model, 590 
Operating characteristic curve (OC curve), 332-333 
Optimal decision, 866 

Optimal sample size, 342 

Ordinal scale, 3 

Ordinary least squares (OLS) estimation method, 570 
Outcomes, 60 

Outer fence, 36 

Outliers, 13, 37, 571-574 

P 

pchart, 710-711 

template for, 711-712 

p-value, 297-298, 310 

¢ con putation of, 302-303 

definition of, 298 

test statistic, 302 

Pgired-observation comparisons, 345-350 
” advantage of, 345 

confidence intervals, 349-350 

Excel for, 385-387 

template for, 347-350 

test statistic for, 347 
Paired-observation ttest, 345-347 
Paired-observations two-sample test, 757 
Palmeri: Christopher, 392n 
Parameters, 208, 798 
Pareto diagrams, 698 
template for, 700 

Park, Myung Seok, 567n 
atsimonious model, 468 

Partial F statistic, 624 
Partial Fests, 623-626 

tition, 82-83 

Cal, Blaise, 57 
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Passy, Charles, 287n 

Payoff, 823, 837 

Payoff table/matrix, 826-829 

Pearson product-moment correlation coefficient, 

491, 779 

Peck, F., 578n 

Peecher, Mark E., 447n 

People v. Collins, 292 

Percentile, 8~9, 40 

Percentile rank computation, 40 

Pereira, Pedro, 673n 

Permutations, 79, 91 

Personal probability, 58 

Peters, Ruth, 163n 

Phav, Ian, 637n 

Pie chart, 27, 41 

Pissaeides, Christopher A., 549n 

Pizzas “R” Us (case), 868-869 

Platykurtic distribution, 26 

Point estimate, 208 

Point predictions, 523 

Poisson distribution, 141-143 

formulas for, 142 

problem solving with template, 143-153 

Poisson formula, 142 

POISSON function, 153 

Polynomial regression, 590-596 

Pooling, 791 

Population, 4, 205, 218, 396 

defined, 4, 208 

sampling from the, 4, 74, 206 

Population correlation coefficient, 490-491 

Population intercept, 469 

Population mean, 11, 16, 208 

cases not covered by Zor ¢, 357 

confidence interval, 423 

confidence interval (known standard deviation), 

249-253 

difference using independent random samples, 359 

hypothesis tests of, 309, 330 

population mean differences, 359 

templates, 280, 313 

test statistic is 4 309, 355-357 

test statistic is Z, 309, 353-354 

Population parameter, 208-209 

comparison of; see Comparison of two populations 

point estimate of, 208 

sample statistics as estimators of, 207-211 

Population proportion, 208 

binomial distribution/normal distribution, 315 
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Ryan, Patricia A., 554n 

Ryan, T. P., 712n 

S 

s chart, 707-708 

Sample, 4 

small vs. large samples, 222, 263 

Sample correlation coefficient, 493 
Sample mean, 11, 216, 220 

expected value of, 218 

standard deviation of, 218 

standardized sampling distribution of, 225 

Sample proportion, 209, 225 

Sample-size determination, 275-278, 282 

hypothesis test, 300-301, 334 

manual calculation of, 330-331, 335 

template for, 329 

Sample space, 60, 102 

Sample standard deviation, 17 

Sample statistic, 208 

as estimator of population parameters, 208-211 

Sample variance, 16, 18, 233 

Sampling analysis tool (Excel), 240 

Sampling distribution, 208, 216-227 

defined, 216 

MINITAB for generating, 240-241 

normal sampling distribution, 219-220 

sample proportion and, 225 

template for, 238~239 

Sampling error, 250 

Sampling from the population, 4, 205 

Sampling methods, 211-215 

cluster sampling, 214 

multistage cluster sampling, 214 

other methods, 213-214 

single-stage cluster sampling, 214 

stratified sampling, 213 

systematic sampling, 214 

two-stage cluster sampling, 214 

Sampling with replacement, 130 

Sampling and sampling distributions, 205-241 

central limit theorem, 220-225 

degrees of freedom, 233-236 

estimators and their properties, 229-232 

expected net gain from, 862 

Literary Digest sampling error, 205-208 

nonresponse, 214—215 

obtaining a random sample, 210-211 

as population parameters estimators, 208-211 

small vs. large samples, 222 

standardized sampling distribution of sample mean, 
225 

template, 238-241 

uses of, 206 

with/without replacement, 130 

Sarvary, Miklos, 429n, 555n, 637n 

Scales of measurement, 3 

interval scale, 3 

nominal scale, 3 

ordinal scale, 3 

ratio scale, 4 

Scatter plots, 44, 466 

Schank, Thorsten, 505n 

Schatz, Ronald, 668n 

Scheffé method, 427 

Schnabel, Claus, 505n 

Schoar, Antoinette, 597n, 637n 

Schoenfeld, Bruce, 265n 

Schwartz, Nelson D., 321n 

Sciolino, Elaine, 78n 

Seasonal variation, 655 

Seasonality, 654-658 

multiplicative model, 658 

regression model with dummy variables for, 657 

Seber, George A. F., 592n 

Seitz, Thomas, 658n 

Semi-infinite intervals, 172 

Set, 58 

75th percentile, 9 

Shah, Jagar, 269n 

Shakespeare, Catherine, 511n 

Shrum, J. L., 420n 

Sialm, Clemens, 420n 

Sigma squared, 16 

Sign test, 721-742 

possible hypotheses for, 722 

template for, 723 

test statistic, 724 

Significance level, 298-299 

Sikora, Martin, 771n 

Silverman, Rachel Emma, 269n 

Simple exponential smoothing, 668 

Simple index number, 674 

Simple linear regression, 466, 471-472 

analysis-of-variance table, 511-512 

coefficient of determination, 505 

conditional mean of Y, 470 

confidence intervals for regression parameters, » 

486-488 

correlation, 490-494 

curvilinear relationship between Yand_X, 471, 514-515 

distributional assumptions of errors, 471 

error variance, 483-488 

estimation: method of least squares, 473-481 

Excel Solver for, 526-529, 532 

Fest of, 511-512 

goodness of fit, 505-507 

heteroscedasticity, 513 

how good is the regression, 505-510 

hypothesis tests about, 495-504 
linear relationship between X and Y, 500 

mean square error (MSE), 483-484 

MINITAB for, 533 

missing variables test, 514 

model assumptions, 470 

model building, 467-468 

model inadequacies, 513-517 

model parameters, 469 

normal equations, 475 

normal probability plot, 516-518 

population regression line, 470 

population simple linear regression model, 469 

residual analysis, 513-518 
slope and intercept, 477, 487 

Solver method for, 536-539 

standard error of estimate, 485-488 

steps in, 468 

sum of squares for error (SSE), 473-475, 485 

ttest, 500, 512 

tgiuplate for, 480-481 

ase for prediction, 522-526 

Single mode, 821 

“Single random sample, 4 

; Single-stage cluster sampling, 214 

Single variable, 674 

Skedevold, Gretchen, 653n 

Skewness, 24-25, 37 

Slope, 477, 479, 500 

Smith, Craig S., 367n 

Soliman, Mark T., 511n 
Solver Macro, 281 

tmhultiple regression and, 630-636 

Tegression, 526-529 

Sorkin, Andrew Ross, 161n 
Spearman rank correlation coefficient, 778-782 

hypothesis test for association, 781 

large-sample test statistic for association, 780 
template for, 781-789 

Spread, 116 
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3 

Standard deviation, 16, 116 

defined, 17 

mean and, 26-27 

population standard deviation, 17, 225 

of random variable, 121 

of sample mean, 218 

sample standard deviation, 17 

Standard error, 219, 225 

Standard error of estimate, 485-486 

Standard normal distribution, 172-176 

finding probabilities of, 172-174 

finding values of Z given a probability, 175-176 

importance of, 177 
table area, 172 

Standard normal probabilities (table), 173 

Standard normal random variable Z, 171 

Standard normal test statistic, 744 

State of nature, 826 

Statista, 3 

Statistic, 208 

Statistical analysis, information from, 3 

Statistical control, 696 

Statistical inference, 4-5, 31, 207-208 

business applications of, 5-6 

Statistical model, 424 

checking for inadequacies in, 513 

for control of a variable, 468 

as parsimonious, 468 

for prediction of a variable, 468 

steps in building, 468 

to explain variable relationships, 468 

Statistical process control (SPC), 696 

Statistical test for randomness, 743 

Statistics 

derivation of word, 3 

quality and, 693-701 

as science of inference, 4—5, 31 

use of, 5-6, 167, 205, 248, 292, 344 

Stellin, Susan, 257n 

Stem-and-leaf displays, 34-35 

Stepwise regression, 627-628 

Stigler, S., 690n 

Stokes, Martha, 721n 

Stone, Brad, 66n, 326n 

Story, Louise, 390n 

Straight-line relationship, 466 

Strata, 213 

Stratified sampling, 213 

Studentized range distribution, 424 

Student’s distribution/Student’s ¢ distribution, 258, 283 
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Uncorrelated variables, 500 
Unexplained deviation (error), 506-508 
Unexplained variation, 410, 507 
Uniform distribution, 146-147 

formulas, 147 

problem solving with template, 147-148 
Union, 58-59 

rule of unions, 75 

Union rule, 75 

Universal set, 58 

Universe, 4 

Updegrave, Walter, 367n, 756n 
Upper control limit (UCL), 695, 704, 706-707, 711 
Upper quartile, 8 

Useen, Jerry, 51n 

Utility, 856-859 
method of assessing, 858 

Utility function, 856-858, 863 
Utility scale, 856 

Vv 

Value at risk, 151-152 
Value of information, 860-863 
Variability; see Measures of variability 
Variable selection methods, 626-628 

all possible regressions, 626 
backward elimination, 627-628 
forward selection, 621-622 
stepwise regression, 627 

Variance, 16, 116; see also Analysis of variance (AN OVA) 
defined, 16 

of discrete random variable, 119-120 
of linear composite, 123 

population variance, 16 
quality control, 696 

sample variance, 16, 18, 233 
Variance inflation factor (VIF), 615 
Variance-stabilizing transformations, 606-607 
Vella, Matt, 867n 

Venn diagram, 58-59 
Vigneron, Olivier, 555n 
Vining, G. G., 578n 
Virtual reality, 34 

Volatility, 19, 780n 

WwW 
Wachter, Jessica A., 535n 
Wagner, Joachim, 505n 
Wain, Daniel, 701n 

Wald-Wolfowitz test, 747-748 
Wallendorf, Melanie, 504n, 510n 
Wang, Jeff, 504n, 510n 
Weak test, 748 

Weighted average, 116 
Weighted least squares (WLS), 570 
Weighting factor, 668 
Weintraub, Arlene, 320n 
Weisberg, Sanford, 590n 

Whiskers, 36 

Wilcoxon rank sum test, 750 
Wilcoxon signed-rank test, 757-762 
decision rule, 759 

large-sample version, 759 
paired-observations two-sample test, 757~758 
template for, 762 

test for mean/median of single population, 760-76] 
Within-treatment deviation, 408 y 
Wolff, Edward N., 482n 
Wongsunwai, Wan, 637n 
Wyer, Robrt S., Jr, 420n 

X 

*bar chart, 702-705 
template for, 704-705 

x chart, 714 

Xia, Yihong, 510n 

Y 

Yates correction, 787 

Z 

zdistribution, 262 

zstandard deviations, 185 
Z test statistic, 309, 353-354 

Zvalue, 185 

Zero skewness, 24 


