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INFERENCE ABOUT MEANS AND PROPORTIONS
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ORGANIZING A STATISTICAL PROBLEM: THE FOUR-STEP PROCESS

STATE: What is the practical question, in the context of the real-world
setting’

PLAN: What specific statistical operations does this problem call for?
SOLVE: Make the graphs and carry out the calculations needed for this
problem.

CONCLUDE: Give your practical conclusion in the setting of the real-world
problem.

CONFIDENCE INTERVALS: THE FOUR-STEP PROCESS
STATE: What is the practical question that requires estimating a parameter!
PLAN: Identify the parameter and choose a level of confidence.
SOLVE: Carry out the work in two phases:
1. Check the conditions for the interval you plan to use.

2. Calculate the confidence interval or use technology to obtain it.

CONCLUDE: Return to the practical question to describe your results in this
setting.

TESTS OF SIGNIFICANCE: THE FOUR-STEP PROCESS
STATE: What is the practical question that requires a statistical test?

PLAN: Identify the parameter, state null and alternative hypotheses, and
choose the type of test that fits your situation.

SOLVE: Carry out the test in three phases:
1. Check the conditions for the test you plan to use.
2. Calculate the test statistic.

3. Find the P-value using a table of Normal probabilities or technology.

CONCLUDE: Return to the practical question to describe your results in this
setting.
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TO THE INSTRUCTOR: About this Book

viii

The Practice of Statistics in the Life Sciences, third edition (PSLS 3¢), is an intro-
duction to statistics for college and university students interested in the quanti-
tative analysis of life science problems. Statistics has penetrated the life sciences
pervasively with a specific set of application challenges, such as observational stud-
ies with confounding variables or experiments with limited sample sizes. Conse-
quently, students can clearly benefit from a teaching of statistics that is explicitly
applied to their major. All examples and exercises in PSLS are drawn from diverse
areas of biology, such as physiology, brain and behavior, epidemiology, health and
medicine, nutrition, ecology, and microbiology. Instructors can choose to either
cover a wide range of topics or select examples and exercises related to a particular
feld.

PSLS focuses on the applications of statistics rather than the mathematical
foundation. The book is adapted from David Moore's best-selling introductory
statistics textbook The Basic Practice of Statistics (BPS). BPS was the pioneer in
presenting a modern approach to statistics in a genuinely elementary text. Like
BPS, PSLS emphasizes a balanced content, working with real data, and statistical
ideas. It does not require any specific mathematical skills beyond being able to read
and use simple equations and can be used in conjunction with almost any level of
technology for calculating and graphing.

In the following we describe in further detail for instructors the guiding prin-
ciples and features of PSLS 3e.

GAISE guiding principles

Student audiences and access to technology have changed substantially over the
years, and educational guidelines in statistics have evolved accordingly. The
American Statistical Association offers a set of recommendations for introduc-
tory statistics courses at the college level described in the Guidelines for Assess-
ment and Instruction in Statistics Education (GAISE).! The guiding principles of
PSLS 3e closely follow the six GAISE recommendations for the teaching of intro-
ductory statistics.

1. Emphasize statistical literacy and develop statistical thinking. Students
should understand the basic ideas of statistics, including the need for data,
the importance of data production, the omnipresence of variability, and the
quantification and explanation of variability. To this end, PSLS begins with
data analysis (Chapters | to 6), then moves to data production (Chapters 7
and 8), and then to probability (Chapters 9 to 13) and inference (Chapters 14
to 28). In studying data analysis, students learn useful skills immediately and
get over some of their fear of statistics. Data analysis is a necessary preliminary
step to inference in practice, because inference requires suitable data. Designed
data production is the surest foundation for inference, and the deliberate use
of chance in random sampling and randomized comparative experiments mo-
tivates the study of probability in a course that emphasizes data-oriented statis-
tics. PSLS gives a full presentation of basic probability and inference (20 of the
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28 chapters) but places it in the context of statistics as a whole. Furthering
this approach, each chapter contains a summary section titled “This Chap-
ter in Context” that highlights how the concepts from the chapter relate to
concepts introduced in earlier chapters and how they will iigure in following
chapters.

Students should also understand the general statistical approach used to
solve scientific problems. A discussion box in Chapter 15 describes this ap-
proach in the context of the Nobel Prize-winning discovery of the bacterial
origin of most peptic ulcers. The detailed historical and scientific account
helps students see how the concepts they learn throughout the book come
together to form a coherent science of data. In addition, many of the exam-
ples and exercises in PSLS are presented in the context of a “four-step pro-
cess” (State, Plan, Solve, Conclude) intended to teach students how to work
on realistic statistical problems. Figure 1 provides an overview. The process
emphasizes a major theme in PSLS: Statistical problems originate in a real-
world setting (“State”) and require conclusions in the language of that setting
(“Conclude”). Translating the problem into the formal language of statistics
(“Plan”) is a key to success. The graphs and computations needed (“Solve")
are essential but are not the whole story. An icon in the margin helps students
see the four-step process as a thread throughout the text. The four-step process
appears whenever it fits the statistical content. Its repetitive use should foster
the ability to address statistical problems independently.

Use real data. The study of statistics is supposed to help students work with
data in their varied academic disciplines and later employment. This is par-
ticularly important for students in the life sciences, because they are asked to
collect and analyze data in their laboratory courses and elective undergradu-
ate research. PSLS prepares students by providing real (not merely realistic)
data from many areas of the life sciences, with sources cited at the back of the
book. Data are more than mere numbers—they are numbers with a context
that should play a role in making sense of the numbers and in stating con-
clusions. Examples and exercises in PSLS give enough background to allow
students to consider the meaning of their calculations.

PSLS 3e provides about 50 examples and exercises per chapter, with both
small data sets for in-class use and large data sets (with several variables and
a fairly large number of subjects) more suitable for lab work or assignments.
Some data sets recur throughout the book, providing an opportunity for
comprehensive analysis spanning a range of statistical topics. The wealth of
exercises allows instructors to emphasize some statistical topics or biological
themes to tailor the content to their specific learning objectives. In addition,
two discussion boxes address in greater depth some important issues when deal-
ing with real data: The discussion box in Chapter 1 exposes students to some of
the challenges of data entry and validation, while the discussion box in Chap-
ter 2 explains how to recognize different types of outliers and how to deal with
them legitimately.
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ORGANIZING A STATISTICAL PROBLEM: THE FOUR-STEP PROCESS

/.
w STATE: What is the practical question, in the context of the real-world
setting!
PLAN: What specific statistical operations does this problem call for?
SOLVE: Make the graphs and carry out the calculations needed for this
problem.
CONCLUDE: Give your practical conclusion in the setting of the real-world
problem.

J o CONFIDENCE INTERVALS: THE FOUR-STEP PROCESS
w STATE: What is the practical question that requires estimating a parameter?
PLAN: Identify the parameter and choose a level of confidence.
SOLVE: Carry out the work in two phases:
1. Check the conditions for the interval you plan to use.
2. Calculate the confidence interval or use technology to obtain it.

CONCLUDE: Return to the practical question to describe your results in this
setting.

/9 TESTS OF SIGNIFICANCE: THE FOUR-STEP PROCESS
@ STATE: What is the practical question that requires a statistical test?
PLAN: Identify the parameter, state null and alternative hypotheses, and
choose the type of test that fits your situation.

SOLVE: Carry out the test in three phases:

1. Check the conditions for the test you plan to use.

2. Calculate the test statistic.

3. Find the P-value using a table of Normal probabilities or technology.

CONCLUDE: Return to the practical question to describe your results in this
setting.

FIGURE 1 Overview of the “four-step process” used in PSLS 3e.

3. Stress conceptual understanding rather than mere knowledge of proce-
dures. A first course in statistics introduces many skills, from making a his-
togram to calculating a correlation to choosing and carrying out a significance
test. In practice (even if not always in the course), calculations and graphs
are automated. Moreover, anyone who makes serious use of statistics will need
some specific procedures not taught in his or her college statistics course. PSLS
therefore aims to make clear the larger patterns and big ideas of statistics in the
context of learning specific skills and working with specific data. Many of the
big ideas are summarized in graphical outlines in Statistics in Summary figures
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within the review chapters. Review chapters also offer a comprehensive sum-
mary of the important concepts and skills that students should have mastered,
along with an opportunity to select the appropriate statistical analysis without
the obvious prompting from a chapter ritle.

Throughout the text, numerous cautionary statements are included to
warn students about common confusions and misinterpretations. A handy
“Caution” icon in the margin calls attention to these warnings. In addition,
two discussion boxes address how a meaningful interpretation must rely on
a comprehensive analysis of the data available: The discussion box in Chap-
ter 10 discusses the interpretation of conditional probabilities in the context
of diagnostic and screening tests, while the discussion box in Chapter 20 helps
students assess and interpret health risks beyond the P -value of a significance
test.

Foster active learning in the classroom. Learning in the classroom is the
domain of the instructor. PSLS offers a number of opportunities to help in-
structors foster active learning. After a summary of the chapter’s key concepts,
a set of Check Your Skills multiple-choice items with answers in the back of
the book lets students assess their grasp of basic ideas and skills. These prob-
lems can also be used in a “clicker” classroom response system to enable class
participation.

PSLS also provides many examples and exercises, based on small data sets
or summary statistics, that can be solved during class with a simple calculator
and a table or with a graphing calculator. For courses that include a computer
lab component, the large data set exercises at the end of most chapters offer an
opportunity for hands-on analysis with statistical software. There is no short
answer given to students for these specific exercises, so that instructors can
elect to assign them for a grade.

Graphical representations of new concepts can also help students learn
through experience. PSLS and BPS offer on their companion websites a set of
interactive applets created to our specifications. These applets are designed pri-
marily to help in learning statistics rather than in doing statistics. We suggest
using selected applets for classroom demonstrations even if you do not ask stu-
dents to work with them. The Correlation and Regression, Confidence Interval,
and P-value applets, for example, convey core ideas more clearly than any
amount of chalk and talk.

Use technology for developing conceptual understanding and analyzing
data. Automating calculations increases students’ ability to complete prob-
lems, reduces their frustration, and helps them concentrate on ideas and
problem recognition rather than mechanics. All students should have at least
a “two-variable statistics” calculator with functions for correlation and the least-
squares regression line as well as for the mean and standard deviation. Because
students have calculators, the text doesn't discuss out-of-date “computing for-
mulas” for the sample standard deviation or the least-squares regression line.
Many instructors will take advantage of more elaborate technology. And
many students will find themselves using statistical software on the job. PSLS
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does not assume or require use of software, except in the last few chapters
where the work is otherwise too tedious. PSLS does accommodate technology
use, however, and shows students that they are gaining knowledge that will
enable them to read and use output from almost any source. There are regu-
lar “Using Technology” sections throughour the text. These sections display
and comment on output from different technologies, representing graphing
calculators (the Texas Instruments T1-83 or T1-84), spreadsheets (Microsoft
Excel), and statistical software (Crunchlt!, JMP, Minitab, R, SPSS). The out-
put always concerns one of the main teaching examples, so that students can
compare text and output.

A quite different use of technology appears in the interactive applets avail-
able on the companion website. Some examples and exercises in the text use
applets, and they are marked with a dedicated icon in the margin.

Use assessments to improve and evaluate student learning. PSLS is struc-
tured to help students learn through practice and self-assessment. Within
chaprers, exercises progress from straightforward applications to comprehen-
sive review problems, with short answers to odd-numbered exercises revealed
at the back of the book. To facilitate the learning process, content is broken
into digestible bites of material followed by a few Apply Your Knowledge ex-
ercises for a quick check of basic mastery. After a summary of the chapter’s
key concepts, a set of Check Your Skills multiple-choice items with answers
in the back of the book lets students assess their grasp of basic ideas and skills
(or they can be used in class in a “clicker” response system). End-of-chapter
exercises integrate all aspects of the chapter. For chapters dealing with quan-
titative data, a set of exercises using large data sets is provided to serve as the
basis for comprehensive assignments or for use within a computer lab teach-
ing environment. Exercises in the three review chapters enlarge the statistical
context beyond that of the immediate lesson. (Many instructors will ind that
the review chapters appear at the right points for pre-exam review.)

PSLS 3e also comes with a new instructor test bank designed to offer more
comprehensive testing options that span multiple chapters. The objective is
to reinforce the idea that statistics is the science of data and that data analysis
is a comprehensive approach.

What's new in the third edition?

This third edition of PSLS brings many new examples and exercises throughout
the book, as well as opportunities to polish the exposition in ways intended to
help students learn. Here are, specifically, some of the major changes:

New exercises and examples. PSLS 3¢ has over 300 new or updated
exercises and examples, representing nearly one-quarter of the exercises and
examples in the second edition. Why such a large turnover?! One reason is
practical: Instructors can get bored teaching the same old material, and
homework assignments need to be varied over time to avoid “recycled paper”
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issues. The other reason is pedagogical: Statistics is an exciting and relevant
scientific field, and students should see this for themselves through
interesting and current problems. All surveys cited in PSLS 3e provide the
most recent data available at the time of publication, and all new problems
based on research are derived from articles published in the last few years.

PSLS also strives to provide examples of statistical applications in various
areas of the life sciences to accommodate different student audiences and a
wide range of interests. New problems with a human focus include test
performances of individuals with Highly Superior Autobiographical Memory,
the relationship between body mass index and testosterone levels among
adolescent males, the comparative efficiency of aerobic and resistance
training for reducing body fat, and the recently approved over-the-counter
OraQuick HIV test. Interesting new animal studies include the righting
hehavior of aphids in free fall, the paw preference of tree shrews in grasping
tasks, and the effect of access to junk food on the body weights of lab rats.
New plant and ecological studies include the monitoring of worldwide cases
of herbicide-resistant weeds, an ecological approach to control algae bloom,
and the genetics of heat resistance in rice.

This Chapter in Context. Students often struggle to understand how
concepts covered in different chapters are related and complementary. We
created a new section in each chapter to help integrate learning across
chapters. Following the Chapter Summary, a new This Chapter in Context
section reminds students of the elements of previous chapters that are
directly relevant to the current chaprer. It also highlights how the new
material will come into play in following chapters, providing a road map to
euide students’ learning.

For example, this section in Chapter 24, on ANOVA, draws attention to
the similarities with the one-sample and two-sample t tests from Chapters 17
and 18, as they all address inference on the parameter u for a quantitative
variable. Because of that, they share a commonality of approaches for
assessing the conditions for inference, drawing on descriptive techniques
from Chapter 1. Which procedure to use and what conclusions can be made
depend on the study design, something discussed in Chapters 7 and 8. A
reference is also made to follow-up analyses and inference for more complex
designs, described in Chapter 26.

New discussion box. The first two editions of PSLS contain a number of
discussion boxes that address more leisurely and in greater depth some
important conceptual issues in statistics. The third edition adds a new
discussion on the challenges of data entry. Statistical consultants often
lament that many problems they encounter when helping scientists stem
from poor data entry choices (as well as really poor choices of design ... ).
This new discussion box addresses the need for keeping detailed records of
the data collection process and of all the computations performed, explains
ways to organize data for easier software analysis, and describes simple
methods that should be used to check for errors and missing values.
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®  Tables versus technology. We asked the PSLS 3e reviewers about their use
of technology versus printed tables for probability and statistical
computations—and found essentially an even split. Some instructors use
printed tables in class because technology is not an option for exams, but
others use printed tables as a pedagogical preference. Some instructors—in
increasing numbers—completely forgo printed tables. Furthering changes
initiated in the second edition, PSLS 3e uses a modular organization within
the relevant chapters that offers instructors the flexibility to teach using
either approach.

Why did you do that?

There is no single best way to organize the presentation of statistics to beginners.

That said, our choices reflect thinking about both content and pedagogy. Here are
g pedagogy

comments on several “frequently asked questions” about the order and selection

of material in PSLS 3e.

Why does the distinction between population and sample not appearin Part I?
The concepts of populations and samples are briefly introduced in Chapter 1, but
the distinction between them is not emphasized until much later in the book. This
is a sign that there is more to statistics than inference. In fact, statistical inference
is appropriate only in rather special circumstances. The chapters in Part | present
tools and tactics for describing data—any data. Many data sets in these chapters
do not lend themselves to inference, because they represent an entire population.
John Tukey of Bell Labs and Princeton, the philosopher of modern data analysis,
insisted that the population-sample distinction be avoided when it is not relevant,
and we agree with him.

Why not begin with data production? It is certainly reasonable to do so—the
natural flow of a planned study is from design to data analysis to inference. But in
their future employment most students will use statistics mainly in settings other
than planned research studies. We place the design of data production (Chapters 7
and 8) after data analysis to emphasize that data-analytic techniques apply to any
data. One of the primary purposes of statistical designs for producing data is to
make inference possible, so the discussion in Chapters 7 and 8 opens Part 1l and
motivates the study of probability.

Why not delay correlation and regression until late in the course, as is tradi-
tional? PSLS 3e begins by offering experience working with data and gives a con-
ceptual structure for this nonmathematical but essential part of statistics. Students
profit from more experience with data and from seeing the conceptual structure
worked out in relations among variables as well as in describing single-variable
data. Correlation and least-squares regression are very important descriptive tools,
and they are often used in settings where there is no population-sample distinction,
such as studies based on state records or average species data. Perhaps most impor-
tant, the PSLS approach asks students to think about what kind of relationship lies
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behind the data (confounding, lurking variables, association doesn't imply causa-
tion, and so on), without overwhelming them with the demands of formal infer-
ence methods. Inference in the correlation and regression setting is a bit complex,
demands software and a close examination of residuals, and often comes right at
the end of the course. Delaying all mention of correlation and regression to that
point often impedes the mastering of basic uses and properties of these methods.
We consider Chapters 3 and 4 (correlation and regression) essential and Chap-
ter 23 (regression inference and residual plots) optional when time constraints
limit the amount of material that can be taught. For similar reasons, two-way ta-
bles are introduced first in the context of exploratory data analysis before moving
on to inference with the chi-square test in Part I11.

What about probability? Chapters 9, 11, and 13 present in a simple format the
ideas of probability and sampling distributions that are needed to understand in-
ference. These chapters go from the idea of probability as long-term regularity
through concrete ways of assigning probabilities to the idea of the sampling dis-
tribution of a statistic. The central limit theorem appears in the context of dis-
cussing the sampling distribution of a sample mean. What is left with the optional
Chapters 10 and 12 is mostly “general probability rules” (including conditional
probability) and the binomial and Poisson distributions.

We suggest that you omit these optional chapters unless they represent impor-
tant concepts for your particular audience. Experienced teachers recognize that
students find probability difhcult, and research has shown that this is true even
for professionals. If a course is intended for med or premed students, for instance,
the concept of conditional probability is very relevant because it is a key part of
diagnosis that both doctors and patients have difficulty interpreting.” However,
attempting to present a substantial introduction to probability in a data-oriented
statistics course for students who are not mathematically trained is a very difh-
cult challenge. Instructors should keep in mind that formal probability does not
help students master the ideas of inference as much as we teachers often imagine,
and it depletes reserves of mental energy that might better be applied to essential
statistical ideas.

Why use the z procedures for a population mean to introduce the reasoning
of inference? This is a pedagogical issue, not a question of statistics in practice.
Some time in the golden future, we will start with resampling methods, as permu-
tation tests make the reasoning of tests clearer than any traditional approach. For
now, the main choices are 7 for a mean and z for a proportion.

The 7 procedures for means are pedagogically more accessible to students. We
can say up front that we are going to explore the reasoning of inference in an overly
simple setting. Remember, exactly Normal populations and true simple random
samples are as unrealistic as known o, especially in the life sciences. All the issues
of practice—robustness against lack of Normality and application when the dara
aren’t an SRS, as well as the need to estimate o—are put off until, with the rea-
soning in hand, we discuss the practically useful t procedures. This separation of
initial reasoning from messier practice works well.

Xv
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On the contrary, starting with inference for p introduces many side issues: no
exact Normal sampling distribution, but a Normal approximation to a discrete dis-
tribution: use ofﬁ in both the numerator and the denominator of the test statistic
to estimate both the parameter p and §’s own standard deviation; loss of the direct
link between test and confidence interval. In addition, we now know that the tra-
ditional 7 confidence interval for p is often grossly inaccurate, as explained in the
following section. Lastly, major polling organizations like Gallup and Pew now re-
port substantially different margins of error (likely accounting for data weighing),
making it increasingly challenging to show students real-life applications of the 2
method for a proportion.

Why does the presentation of inference for proportions go beyond the tradi-
tional methods? Recent computational and theoretical work has demonstrated
convincingly that the standard confidence intervals for proportions can be trusted
only for very large sample sizes. It is hard to abandon old friends, but the graphs
in section 2 of the paper by Brown, Cai, and DasGupta in the May 2001 issue of
Statistical Science are both distressing and persuasive.’ The standard intervals of-
ten have a true confidence level much less than what was requested, and requiring
larger samples encounters a maze of “lucky” and “unlucky” sample sizes until very
large samples are reached. Fortunately, there is a simple cure: Just add two successes
and two failures to your data. (Therefore, no additional software tool is required
for this procedure.) We present these “plus four intervals” in Chapters 19 and 20,
along with guidelines for use.

Why didn't you cover Topic X? Introductory texts ought not to be encyclopedic.
Including each reader’s favorite special topic results in a text that is formidable in
size and intimidating to students. The topics covered in PSLS were chosen because
they are the most commonly used in the life sciences and they are suitable vehicles
for learning broader statistical ideas. Three chapters available on the companion
website cover more advanced inference procedures. Students who have completed
the core of PSLS will have little difficulty moving on to more elaborate methods.
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W. H. Freeman’s new online homework system, LaunchPad, offers our quality con-
tent curated and organized for easy assignability in a simple but powerful interface.

We've taken what we've learned from thousands of instructors and hundreds
of thousands of students to create a new generation of W. H. Freeman/Macmillan
technology.

Curated Units. Combining a curated collection of videos, homework sets, tutori-
als, applets, and e-Book content, LaunchPad’s interactive units give you a building
block to use as is or as a starting point for your own learning units. Thousands of
exercises from the text can be assigned as online homework, including many al-
gorithmic exercises. An entire unit's worth of work can be assigned in seconds,
drastically reducing the amount of time it takes for you to have your course up and
running.

Easily customizable. You can customize the LaunchPad Units by adding quizzes
and other activities from our vast wealth of resources. You can also add a discus-
sion board, a dropbox, and RSS feed, with a few clicks. LaunchPad allows you to
customize your students’ experience as much or as little as you like.

Useful analytics. The gradebook quickly and easily allows you to look up perfor-
mance metrics for classes, individual students, and individual assignments.

Intuitive interface and design. The student experience is simplified. Students’
navigation options and expectations are clearly laid out at all times, ensuring they
can never get lost in the system.

Assets integrated into LaunchPad include:

Interactive e-Book. Every LaunchPad e-Book comes with powerful study tools
for students, video and multimedia content, and easy customization for instructors.
Students can search, highlight, and bookmark, making it easier to study and access
key content. And teachers can ensure that their classes get just the book they want
to deliver: customize and rearrange chapters, add and share notes and discussions,
and link to quizzes, activities, and other resources.

LearningCurve provides students and instructors with powerful adaptive quizzing,
a game-like format, direct links to the e-Book, and instant feedback. The quizzing
system features questions tailored specifically to the rext and adapts to students re-
sponses, providing material at different difficulty levels and topics based on student
performance.

SolutionMaster offers an easy-to-use web-based version of the instructor’s solu-
tions, allowing instructors to generate a solution file for any set of homework ex-
ercises.



