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Chapter 1 

 Statistics The scientific discipline that provides methods to help us make sense of 
data. 

 Population The entire collection of individuals or measurements about which 
information is desired. 

 Sample A part of the population selected for study. 
 Descriptive statistics The branch of statistics that includes numerical, graphical, and 

tabular methods for organizing and summarizing data. 
 Inferential statistics The branch of statistics that includes methods for generalizing 

from a sample to a population. 
 Variable Any characteristic whose value may change from one individual or object 

to another. 
 Data Observations made either on a single variable or simultaneously on two or more 

variables. 
 Categorical data Individual observations are categorical responses (nonnumerical). 
 Numerical data Individual observations are numerical (quantitative) in nature. 
 Univariate data set A data set consisting of observations on a single characteristic. 
 Bivariate data set A data set consisting of observations on two characteristics. 
 Multivariate data set A data set consisting of observations on more than two 

characteristics. 
 Discrete numerical data Data for which possible values are isolated points along the 

number line. 
 Continuous numerical data Data for which possible values form an entire interval 

along the number line. 
 Frequency distribution for categorical data A table that displays frequencies, and 

sometimes relative frequencies, for each of the possible values of a categorical 
variable. 

 Bar chart A graph of a frequency distribution for a categorical data set. Each 
category is represented by a bar, and the area of the bar is proportional to the 
corresponding frequency or relative frequency. 

 Dotplot A graph of numerical data in which each observation is represented by a dot 
on or above a horizontal measurement scale. 



 
 
Chapter 2 

 Factor An explanatory variable in an experiment. 
 Observational study A study that observes characteristics of an existing population. 
 Census A study that observes characteristics of an entire population. 
 Simple random sample A sample selected in a way that gives every different sample 

of size n an equal chance of being selected. 
 Stratified sampling Dividing a population into subgroups (strata) and then taking a 

separate random sample from each subgroup (stratum). 
 Cluster sampling Dividing a population into subgroups (clusters) and forming a 

sample by randomly selecting clusters and including all individuals or objects in the 
selected clusters in the sample. 

 1 in k systematic sampling A sample selected from an ordered arrangement of a 
population by choosing a starting point at random from the first k individuals on the 
list and then selecting every kth individual thereafter. 

 Confounding variable A variable that is related both to group membership and to the 
response variable. 

 Measurement or response bias The tendency for samples to differ from the 
population because the method of observation tends to produce values that differ from 
the true value. 

 Selection bias The tendency for samples to differ from the population because of 
systematic exclusion of some part of the population. 

 Nonresponse bias The tendency for samples to differ from the population because 
measurements are not obtained from all individuals selected for inclusion in the 
sample. 

 Experiment A study that investigates the effect of experimental conditions 
(treatments) on a response variable. 

 Treatments The experimental conditions imposed by the experimenter. 
 Extraneous variable A variable that is not an explanatory variable in the study but is 

thought to affect the response variable. 
 Direct control Holding extraneous variables constant so that their effects are not 

confounded with those of the experimental conditions. 
 Blocking Using extraneous variables to create groups that are similar with respect to 

those variables and then assigning treatments at random within each block, thereby 
filtering out the effect of the blocking variables. 

 Random assignment Assigning experimental units to treatments or treatments to 
trials at random. 

 Replication A strategy for ensuring that there is an adequate number of observations 
for each experimental condition. 

 Placebo treatment A treatment that resembles the other treatments in an experiment 
in all apparent ways but that has no active ingredients. 

 Control group A group that receives no treatment. 
 Single-blind experiment An experiment in which the subjects do not know which 

treatment they received but the individuals measuring the response do know which 



treatment was received, or an experiment in which the subjects do know which 
treatment they received but the individuals measuring the response do not know 
which treatment was received. 

 Double-blind experiment An experiment in which neither the subjects nor the 
individuals who measure the response know which treatment was received. 

 
 
Chapter 3 

 Frequency distribution A table that displays frequencies, and sometimes relative 
and cumulative relative frequencies, for categories (categorical data), possible values 
(discrete numerical data), or class intervals (continuous data). 

 Comparative bar chart Two or more bar charts that use the same set of horizontal 
and vertical axes. 

 Pie chart A graph of a frequency distribution for a categorical data set. Each category 
is represented by a slice of the pie, and the area of the slice is proportional to the 
corresponding frequency or relative frequency. 

 Segmented bar graph A graph of a frequency distribution for a categorical data set. 
Each category is represented by a segment of the bar, and the area of the segment is 
proportional to the corresponding frequency or relative frequency. 

 Stem-and-leaf display A method of organizing numerical data in which the stem 
values (leading digit(s) of the observations) are listed in a column, and the leaf 
(trailing digit(s)) for each observation is then listed beside the corresponding stem. 
Sometimes stems are repeated to stretch the display. 

 Outlier an unusually small or large data value. 
 Class intervals The intervals used to construct a frequency distribution or histogram 

for numerical data. 
 Density Relative frequency divided by class interval width. 
 Density scale The vertical scale used in a density histogram. 
 Histogram A picture of the information in a frequency distribution for a numerical 

data set. A rectangle is drawn above each possible value (discrete data) or class 
interval. The rectangle’s area is proportional to the corresponding frequency or 
relative frequency. 

 Histogram shapes A (smoothed) histogram may be unimodal (a single peak), 
bimodal (two peaks), or multimodal. A unimodal histogram may be symmetric (the 
two halves of the histogram are mirror images of each other), positively skewed (a 
long right or upper tail), or negatively skewed (a long left or lower tail). A frequently 
occurring shape is one that is approximately normal. 

 Heavy-tailed curve A curve with tails that do not decline as rapidly as the tails of a 
normal curve. 

 Light-tailed curve A curve with tails that decrease more rapidly than the tails of a 
normal curve. 

 Sampling variability Variation from one sample to another. 
 Cumulative relative frequency A sum of relative frequencies. 
 Cumulative relative frequency plot A graph of a cumulative relative frequency 

distribution. 



 Scatterplot A picture of bivariate numerical data in which each observation (x, y) is 
represented as a point with respect to a horizontal x-axis and a vertical y-axis. 

 Time-series plot A graphical display of numerical data collected over time. 
 
 
Chapter 4 

 x1, x2, …, xn Notation for sample data consisting of observations on a variable x, 
where n is the sample size. 

 Sample mean, x  The average x value in a sample. 
 Population mean, µ The average x value in the entire population. 
 Sample median The middle value in the ordered list of sample observations. (For n 

even, the median is the average of the two middle values.)  
 Trimmed mean A measure of center in which the observations are first ordered from 

smallest to largest, one or more observations are deleted from each end, and the 
remaining ones are averaged.  

 Trimming percentage the percentage of values deleted from each end of an ordered 
list when computing a trimmed mean. 

 Sample proportion of successes ( p ) The fraction of successes in a sample. 

 Population proportion of successes (p) The fraction of successes in an entire 
population. 

 Range The largest observation of a data set minus the smallest observation of a data 
set. 

 Deviation from the mean ( )x x The difference between an observed value and the 
mean. 

 The sample variance 
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 and standard deviation 2s s The most 

frequently used measures of variability for sample data. 
 The population variance 2 and standard deviation   Measures of variability for 

the entire population. 
 Quartiles and the interquartile range The lower quartile separates the smallest 25% 

of the data from the remaining 75%, and the upper quartile separates the largest 25% 
from the smallest 75%. The interquartile range (iqr)is the difference between the 
upper and lower quartiles. 

 Outlier An observation that is more than 1.5(iqr) away from the nearest quartile 
 Extreme outlier An observation that is more than 3(iqr) away from the nearest 

quartile. 
 Mild outlier An observation that is between 1.5(iqr) and 3(iqr) away from the nearest 

quartile. 
 Modified boxplot A boxplot where mild outliers are represented by solid circles and 

extreme outliers by open circles, and the whiskers extend on each end to the most 
extreme observations that are not outliers. 

 Comparative boxplots drawn using the same scale. 



 Chebyshev’s Rule A rule that states that for any number k ≥ 1, at least 
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 of the observations in any data set are within k standard deviations of 

the mean. It is typically conservative in that the actual percentages often considerably 
exceed the stated lower bound. 

 Empirical Rule A rule that gives the approximate percentage of observations within 
1 standard deviation (68%), 2 standard deviations (95%), and 3 standard deviations 
(99.7%) of the mean when the histogram is well approximated by a normal curve. 

 z score The distance between an observation and the mean expressed as a number of 
standard deviations. It is positive if the observation lies above the mean and negative 
if the observation lies below the mean. 

 rth percentile The value such that r% of the observations in the data set fall at or 
below that value. 

 Five-number summary A summary of a data set that includes the minimum, lower 
quartile, median, upper quartile, and maximum. 

 Boxplot A picture that conveys information about the most important features of a 
numerical data set: center, spread, extent of skewness, and presence of outliers. 
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 Dependent (response) variable The y variable in s regression analysis. 
 Independent (predictor or explanatory) variable The x variable in a regression 

analysis. 
 Regression analysis The collection of methods involving the fitting of lines, curves, and 

more complicated functions to bivariate and multivariate data. 
 Scatterplot A graph of bivariate numerical data in which each observation (x, y) is 

represented as a point located with respect to a horizontal x axis and a vertical y axis. 

 Pearson’s sample correlation coefficient 
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 A measure of the extent to which 

sample x and y values are linearly related. 
 Principle of least squares A method used to select a line that summarizes an 

approximate linear relationship between x and y. The least-squares line is the line that 
minimizes the sum of the squared errors (vertical deviations) for the points in the 
scatterplot. 

 Population correlation coefficient (  ) A measure of how strongly the x and y values in 
an entire population of (x,y) pairs are linearly related to one another. 

 Sample correlation coefficient (r) A measure of how strongly the x and y values in a 
sample of (x,y) pairs are linearly related. 

 Predicted (fitted) value ˆ( )y  A value obtained by substituting an x value into the least-
squares line. 

 Residual ˆ( )y y  A value obtained by subtracting a predicted value from the 
corresponding observed y value. It is a vertical deviation from the least-squares line. 

 Residual plot Scatterplot of the (x, residual) pairs. Isolated points or a pattern of points in 
a residual plot are indicative of potential problems. 

 Residual (error) sum of squares SSResid =  2

y y   A measure of y variation that 

cannot be attributed to an approximate linear relationship (unexplained variation). 

 Total sum of squares SSTo =  2

y y  The sum of squared deviations from the 

sample mean. It is a measure of total variation in the observed y values. 

 Coefficient of determination 2 SSResid
1

SSTo
r    The proportion of variation in observed 

y’s that can be explained by an approximate linear relationship. 

 Standard deviation about the least-squares line 
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 The size of a “typical” 

deviation from the least-squares line. 
 Transformation A simple function of the x and/or y variable, which is then used in a 

regression. 
 Power transformation An exponent, or power, p, is first specified, and then new 

(transformed) data values are calculated as transformed value = (original value)p. A 
logarithmic transformation is identified with p = 0.  



 Logistic regression function 
1

a bx

a bx

e
p

e






 The graph of this function is an S-shaped 

curve. The logistic regression function is used to describe the relationship between 
probability of success and a numerical predictor variable. 

 
 
Chapter 6  

 Chance experiment Any experiment for which there is uncertainty concerning the 
resulting outcome. 

 Sample space The collection of all possible outcomes from a chance experiment. 
 Event Any collection of possible outcomes from a chance experiment. 
 Simple event An event that consists of a single outcome. 
 not A, AC The event consisting of all outcomes not in A. 
 A or B, AB The event consisting of all outcomes in at least one of the two events. 
 A and B, AB The event consisting of outcomes common to both events. 
 Disjoint (mutually exclusive) events Events that have no outcomes in common. 
 Probability of an event A number between 0 and 1 that describes how likely it is that the 

event will occur. 
 Conditional Probability A number between 0 and 1 that describes how likely it is that 

an event will occur given that some other event has occurred. 
 Independent events Events E and F are independent if the probability that E has 

occurred given F is the same as the probability that E will occur with no knowledge of F. 
 Sampling with replacement Sampling in which an individual or object, once selected, is 

put back into the population before the next selection. 
 Sampling without replacement Sampling in which an individual or object, once 

selected,  is not returned to the population prior to subsequent selections. 
 Simulation A technique for estimating probabilities that generates observations by 

making an observation in a situation that is similar in structure to the real situation of 
interest. 

 



 
 
Chapter 7 

 Random variable A numerical variable with a value determined by the outcome of a 
chance experiment. 

 Discrete random variable A random variable whose possible values are isolated points 
along the number line. 

 Continuous random variable A random variable whose possible values form an entire 
interval on the number line. 

 Probability distribution of a discrete random variable x A formula, table, or graph 
that gives the probability associated with each possible x value.  

 Probability distribution of a continuous random variable x A smooth (density) curve 
for which the total area under the curve is 1. Areas under the curve represent 
probabilities. 

 Mean of a random variable x (µx) A value that describes the center of the variable’s 
probability distribution. 

 Standard deviation of a random variable x (x) A value that describes spread in the 
variable’s probability distribution. 

 The mean value of a discrete random variable µx = xp(x) A measure of the center of 
the variable’s probability distribution. 

 The variance of a discrete random variable 2 2( ) ( )x xx p x     A measure of 

spread in the variable’s probability distribution.  
 The standard deviation of a discrete random variable  x   A measure of spread in a 

probability distribution. It is the square root of the variance. 2
x x   

 Binomial probability distribution 
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  The probability 

distribution of a binomial random variable x. 
 Binomial random variable The number of successes in n trials, where each trial results 

in one of only two possible outcomes (success and failure), the trials are independent, and 
the probability of success is constant from trial to trial. 

 Geometric random variable The number of trials until the first success is observed 
(including the success trial) where each trial results in one of only two possible outcomes 
(success and failure), the trials are independent, and the probability of success is constant 
from trial to trial. 

 Geometric probability distribution The probability distribution of a geometric random 
variable. 

 Normal distribution A continuous probability distribution that has a bell-shaped density 
curve. A particular normal distribution is determined by specifying values of µ and . 

 Standard normal distribution The normal distribution with µ = 0 and  = 1. The 
density curve is called the z curve, and z is the letter commonly used to denote a variable 
having this distribution. 

 Normal probability plot A graph used to judge the plausibility of the assumption that a 
sample has been selected from a normal population distribution. If the plot is reasonably 
straight, this assumption is reasonable. 



 Normal approximation to the binomial distribution When both np ≥ 10 and n(1  p) ≥ 
10, binomial probabilities are well approximated by areas under a normal curve with µ = 

np and (1 )np p   . 
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 Statistic Any quantity whose value is computed from sample data. 
 Sampling distribution The probability distribution of a statistic. It describes the long-run 

behavior of the statistic. 

 Sampling distribution of x  The probability distribution of the sample mean x  based on 

a random sample of size n. For the x  sampling distribution, 
x

  and 
x n

  (where 

µ and  are the population mean and standard deviation, respectively). In addition, when 
the population distribution is normal or the sample size is large, the sampling distribution 

of x  is (approximately) normal. 

 Central Limit Theorem A theorem that states that when n is sufficiently large, the x  
distribution will be approximately normal. The theorem can safely be applied when n is 
greater than 30. 

 Sampling distribution of p The probability distribution of the sample proportion p , 
based on a random sample of size n. When the sample size is sufficiently large, the 

sampling distribution of p  is approximately normal, with p
p   and 
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where p is the value of the population proportion. 
 



 
Chapter 9 

 Point estimate A single number, based on sample data, that represents a plausible value 
of a population characteristic. 

 Unbiased statistic A statistic that has a sampling distribution with a mean equal to the 
value of the population characteristic to be estimated. 

 Confidence interval An interval that is computed from sample data and provides a range 
of plausible values for a population characteristic. 

 Confidence level A number that provides information on how much “confidence” we can 
have in the method used to construct a confidence interval estimate. The confidence level 
specifies the percentage of all possible random samples that will produce an interval 
containing the value of the population characteristic. 

 Standard error The estimated standard deviation of a statistic.  
 



 
Chapter 10 

 Hypothesis A claim about the value of a population characteristic. 
 Test of hypotheses (test procedure) A method that uses sample data to decide between 

two competing claims (hypotheses) about a population characteristic. 
 Null hypothesis (H0) The hypothesis initially assumed to be true. It has the form H0: 

population characteristic = hypothesized value. 
 Alternative hypothesis, (Ha) A hypothesis that specifies a claim that is contradictory to 

H0 and is judged the more plausible claim when H0 is rejected. 
 Type I error Rejecting H0 when H0 is true; the probability of a Type I error is denoted by 

 and is referred to as the significance level for the test. 
 Type II error Not rejecting H0 when H0 is false; the probability of a Type II error is 

denoted by . 
 Test statistic A value computed from sample data that is then used as the basis for 

making a decision between H0 and Ha. 
 P-value The probability, computed assuming H0 to be true, of obtaining a value of the 

test statistic at least as contradictory to H0 as what actually resulted. H0 is rejected if P-
value ≤  and not rejected if P-value > , where α is the chosen significance level. 

 Power The probability of rejecting the null hypothesis. Power is affected by the size of 
the difference between the hypothesized value and the actual value, the sample size, and 
the significance level. 
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 Independent samples Two samples where the individuals or objects in the first sample 
are selected independently from those in the second sample. 

 Paired samples Two samples for which each observation in one sample is paired in a 
meaningful way with a particular observation in a second sample. 

 Randomized controlled experiment An experiment in which investigators assign 
subjects at random to the treatments or conditions being compared. 

 
 
Chapter 12 

 One-way frequency table A summary of data on a categorical variable. It gives the 
number of times each of the possible categories in the data set occurs (the frequencies). 

 X2 goodness-of-fit test A hypothesis test performed to determine whether the population 
category proportions are different from those specified by a given null hypothesis. 

 Two-way frequency table (contingency table) A rectangular table used to summarize a 
categorical data set; two-way tables are used to compare several populations on the basis 
of a categorical variable or to determine if an association exists between two categorical 
variables. 

 X2 test for homogeneity The hypothesis test performed to determine whether category 
proportions are the same for two or more populations or treatments. 

 X2 test for independence The hypothesis test performed to determine whether an 
association exists between two categorical variables. 
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 Simple linear regression model (y =  + x + e) A model that assumes that there is a 
line with slope  and y intercept , called the population regression line, such that an 
observation deviates from the line by a random amount e.  

 Estimated regression line, y = a + bx The least-squares line computed from sample 
data. 

 Model utility test A test of H0:  = 0, which asserts that there is no useful linear 
relationship between x and y, versus Ha:   0, the claim that there is a useful linear 
relationship. 

 Residual analysis Methods for checking the assumptions of a regression model that are 
based on the residuals or standardized residuals. 

 Standardized residual A residual divided by its standard deviation. 
 Standardized residual plot A plot of the (x, standardized residual) pairs. A pattern in 

this plot suggests that the simple linear regression model may not be appropriate. 
 Population correlation coefficient  A measure of the extent to which the x and y values 

in an entire population are linearly related. 
 Confidence interval for a mean y value An interval estimate of the average y value for a 

given x. 
 Prediction interval for an individual y value An interval estimate of an individual y 

value for a given x. 
 



 
Chapter 14 
Text 

 Additive multiple regression model, 1 1 2 2 k ky x x x e           A model that 

specifies a general probabilistic relationship between y and k predictor variables x1, x2, … 
, xk, where , 1, … , k are population regression coefficients and  + 1x1 + 2x2 +  + 
kxk is the population regression function (the mean value of y for fixed values of x1, x2, 
… , xk). 

 Interaction An interaction between two independent variables exists when the change in 
the mean y value associated with a 1-unit increase in one independent variable depends 
on the value of a second independent variable. 

 Coefficient of multiple determination, 2 SSResid
1

SSTo
R     The proportion of observed y 

variation that can be explained by the model relationship. 
 Adjusted R2 A downward adjustment of R2 that depends on the number of predictors k 

and the sample size n. 
 F distribution A probability distribution used in the multiple regression model utility 

test. An F distribution is specified by a numerator df and a denominator df. 
 
Online 

 Model selection A procedure for selecting which independent variables to include in a 
multiple regression analysis. 

 All subsets selection procedure A model selection procedure that identifies the best 
models of each different size (one-predictor models, two-predictor models, etc.) and then 
compares these according to criteria such as R2 and adjusted R2. 

 Automatic selection procedure  A model selection procedure which either successively 
eliminates predictors until a stopping point is reached (backward elimination) or starts 
with no predictors and adds them successively until the inclusion of additional predictors 
cannot be justified. 

 



 
Chapter 15 
Text 

 Single-factor analysis of variance (ANOVA) A test procedure for determining whether 
there are significant differences among k population or treatment means. The hypotheses 
tested are H0: µ1  µ2    µk versus Ha: at least two µ’s differ. 

 Treatment sum of squares    2 2

11SSTr kkn x x n x x      A measure of how 

different the k sample means 1 2, ,..., kx x x are from one another. 

 Error sum of squares 2 2
1 1SSE ( 1) ( 1)k kn s n s       A measure of the amount of 

variability within the individual samples. 
 Mean square A sum of squares divided by its df.  
 Tukey-Kramer multiple comparison procedure A procedure for identifying significant 

differences among the µ’s once the hypothesis H0: µ1 = µ2 =  = µk has been rejected by 
the ANOVA F test. 

 
Online 

 Randomized block design An experimental design that controls for extraneous variation 
when comparing treatments.  

 Randomized block F test A procedure for testing the null hypothesis is that the mean 
response does not depend on which treatment is applied.  

 Interaction between factors Two factors are said to interact if the mean change in 
response associated with changing the level of one factor depends on the level of the 
other factor. 

 Two-factor ANOVA A procedure for testing for main effects and interaction is a two-
factor experiment.  

 
Chapter 16 

 Rank sum = sum of sample 1 ranks The distribution-free test statistic for testing H0: µ1 
 µ2 = hypothesized value using independent samples when it is reasonable to assume 
that the two populations have the same shape and spread. 

 Signed-rank sum = sum of signed ranks The distribution-free test statistic for testing 
H0: µd = 0 using paired samples when it is reasonable to assume that the difference 
distribution is symmetric. 

 Kruskal-Wallis test A procedure for testing H0: µ1 = µ2  = µk using data from a 
completely randomized design when it is reasonable to assume that the k population 
distributions all have the same shape and spread. 

 Freidman test A procedure for testing the null hypothesis of no treatment effect using 
data from a randomized block design when it is reasonable to assume that the treatment 
distributions all have the same shape and spread. 

 


