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About the Authors

Colleen Belk and Virginia Borden Maier  collaborated on teaching biology to 
nonmajors for over a decade together at the University of Minnesota…Duluth. 
This collaboration has continued through Virginia•s move to St. John Fisher 
College in Rochester, New York, and has been enhanced by their differing 
but complementary areas of expertise. In addition to the non-majors course, 
Colleen Belk teaches general biology for majors, genetics, cell biology, and 
molecular biology courses. Virginia Borden Maier teaches general biology for 
majors, evolutionary biology, zoology, plant biology, ecology, and conservation 
biology courses.

After several somewhat painful attempts at teaching the breadth of biology 
to non-majors in a single semester, the two authors came to the conclusion that 
they needed to �nd a better way. They realized that their students were more en-
gaged when they understood how biology directly affected their lives. Colleen and 
Virginia began to structure their lectures around stories they knew would interest 
students. When they began letting the story drive the science, they immediately 
noticed a difference in student interest, energy, and willingness to work harder at 
learning biology. Not only has this approach increased student understanding, but 
it has also increased the authors• enjoyment in teaching the course„presenting 
students with fascinating stories infused with biological concepts is simply a lot 
more fun. This approach served to invigorate their teaching. Knowing that their 
students are learning the biology that they will need now and in the future gives 
the authors a deep and abiding satisfaction.
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Preface

To the Student
As you attended your classes in high school or otherwise 
worked to prepare yourself for college, you were probably 
unaware that an information explosion was taking place in 
the �eld of biology. This explosion, brought on by advances 
in biotechnology and communicated by faster, more power-
ful computers, has allowed scientists to gather data more 
quickly and disseminate it to colleagues in the global scien-
ti�c community with the click of a mouse. Every discipline 
of biology has bene�ted from these advances, and today•s 
scientists collectively know more than any individual could 
ever hope to understand.

Paradoxically, as it becomes more and more challenging 
to synthesize huge amounts of information from disparate 
disciplines within the broad �eld of biology, it becomes 
more vital that we do so. The very same technologies that 
led to the information boom, coupled with expanding hu-
man populations, present us with complex ethical ques-
tions. These questions include whether it is acceptable to 
clone humans, when human life begins and ends, who 
owns living organisms, what our responsibilities toward 
endangered species are, and many more. No amount of 
knowledge alone will provide satisfactory answers to these 
questions. Addressing these kinds of questions requires the 
development of a scienti�c literacy that surpasses the rote 
memorization of facts. To make decisions that are individ-
ually, socially, and ecologically responsible, you must not 
only understand some fundamental principles of biology 
but also be able to use this knowledge as a tool to help you 
analyze ethical and moral issues involving biology.

To help you understand biology and apply your knowl-
edge to an ever-expanding suite of issues, we have struc-
tured each chapter of Biology: Science for Life with Physiology 
around a compelling story in which biology plays an inte-
gral role. Through the story you not only will learn the rele-
vant biological principles but also will see how science can 
be used to help answer complex questions. As you learn 
to apply the strategies modeled by the text, you will begin 
developing your critical thinking skills.

By the time you �nish this book, you should have a 
clear understanding of many important biological princi-
ples. You will also be able to critically evaluate which infor-
mation is most reliable instead of simply accepting all the 
information you hear or read about. Even though you may 
not be planning to be a practicing biologist, well-developed 
critical thinking skills will enable you to make decisions 
that affect your own life, such as whether to take nutrition-
al supplements, and decisions that affect the lives of others, 

such as whether to believe the DNA evidence presented to 
you as a juror in a criminal case.

It is our sincere hope that understanding how biology 
applies to important personal, social, and ecological issues 
will convince you to stay informed about such issues. On 
the job, in your community, at the doctor•s of�ce, in the 
voting booth, and at home watching the news or sur�ng 
the web, your knowledge of the basic biology underlying 
so many of the challenges that we as individuals and as a 
society face will enable you to make well-informed deci-
sions for your home, your nation, and your world.

To the Instructor
By now you are probably all too aware that teaching non-
majors students is very different from teaching biology ma-
jors. You know that most of these students will never take 
another formal biology course; therefore, your course may 
be the last chance for these students to see the relevance of 
science in their everyday lives and the last chance to appre-
ciate how biology is woven throughout the fabric of their 
lives. You recognize the importance of engaging these stu-
dents because you know that these students will one day be 
voting on issues of scienti�c importance, holding positions 
of power in the community, serving on juries, and mak-
ing health care decisions for themselves and their families. 
You know that your students• lives will be enhanced if they 
have a thorough grounding in basic biological principles 
and scienti�c literacy. To help your efforts toward this end, 
this text is structured around several themes.

Themes Throughout Biology: Science for Life 
with Physiology
The Story Drives the Science. We have found that students 
are much more likely to be engaged in the learning process 
when the textbook and lectures capitalize on their natural 
curiosity. This text accomplishes this by using a story to 
drive the science in every chapter. Students get caught up 
in the story and become interested in learning the biology 
so they can see how the story is resolved. This approach 
allows us to cover the key areas of biology, including basic 
chemistry, the unity and diversity of life, cell structure and 
function, classical and molecular genetics, evolution, and 
ecology, in a manner that makes students want to learn. 
Not only do students want to learn, but also this approach 
allows students both to connect the science to their every-
day lives and to integrate the principles and concepts for 
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later application to other situations. The story approach 
will give you �exibility in teaching and will support you in 
developing students• critical thinking skills.

The Process of Science. This book also uses another novel 
approach in the way that the process of science is modeled. 
The �rst chapter is dedicated to the scienti�c method and 
hypothesis testing, and each subsequent chapter weaves the 
scienti�c method and hypothesis testing throughout the 
story. The development of students• critical thinking skills 
is thus reinforced for the duration of the course. Students 
will see that the application of the scienti�c method is often 
the best way to answer questions raised in the story. This 
practice not only allows students to develop their critical 
thinking skills but also, as they begin to think like scien-
tists, helps them understand why and how scientists do 
what they do.

Integration of Evolution. Another aspect of Biology: 
Science for Life with Physiology that sets it apart from many 
other texts is the manner in which evolutionary principles 
are integrated throughout the text. The role of evolution-
ary processes is highlighted in every chapter, even when 
the chapter is not speci�cally focused on an evolution-
ary question. For example, when discussing infectious 
diseases, the evolution of antibiotic-resistant strains of 
bacteria is addressed. The physiology unit includes an es-
say on evolution in each chapter. These essays illustrate 
the importance of natural selection in the development 
of various organs and organ systems across a wide range 
of organisms. With evolution serving as an overarching 
theme, students are better able to see that all of life is con-
nected through this process.

Pedagogical Elements
Open the book and �ip through a few pages and you will 
see some of the most inviting, lively, and informative illus-
trations you have ever seen in a biology text. The illustra-
tions are inviting because they have a warm, hand-drawn 
quality that is clean and uncluttered. Most important, the 
illustrations are informative not only because they were 
carefully crafted to enhance concepts in the text but also 
because they employ techniques like the •pointerŽ that 
help draw the students• attention to the important part of 
the �gure (see p. 14). Likewise, tables are more than just 
tools for organizing information; they are illustrated to pro-
vide attractive, easy references for the student. We hope 
that the welcoming nature of the art and tables in this text 
will encourage nonmajors to explore ideas and concepts 
instead of being overwhelmed before they even get started.

In addition to lively illustrations of conventional biol-
ogy concepts, this text also uses analogies to help students 
understand dif�cult topics. For example, the process of 

translation is likened to baking a cake (see p. 199). These 
analogies and illustrations are peppered throughout the text.

Students can reinforce and assess what they are learning 
in the classroom by reading the chapter, studying the �gures, 
and answering the end-of-chapter questions. We have writ-
ten these questions in every format likely to be used by an 
instructor during an exam so that students have practice in 
answering many different types of questions. We have also 
included •Connecting the ScienceŽ questions that would be 
appropriate for essay exams, class discussions, or use as 
topics for term papers.

In an effort to accommodate the wide range of teaching 
and learning styles of those using our book, each chapter 
includes a section entitled A Closer Look. Preceding each 
A Closer Look section is a general overview of the topic 
suf�cient to provide nonmajors students with a basic un-
derstanding. A Closer Look then provides details that add 
depth to this understanding. This feature provides instruc-
tors with teaching �exibility; for example, some instructors 
are satis�ed with a general overview of cellular respiration, 
including the reactants and products, and similar basics of 
metabolism. Others want to teach electron transport and 
oxidative phosphorylation. Our format facilitates both ap-
proaches; one can use the overview only or the overview 
and the Closer Look section. The Closer Look section is 
differentiated from the rest of the text, making it easy to 
include or omit from students• assigned reading.

Each chapter contains several Stop and Stretch ques-
tions designed to provide rest stops where students can as-
sess whether they have understood the material they just 
completed reading. These questions require students to 
synthesize material they have read and apply their knowl-
edge in a new situation. Many of these questions are de-
signed to familiarize students with data analysis and help 
them develop skill at interpreting and understanding sci-
enti�c data. Answers to these questions are provided in the 
appendix.

Another feature that aids in student learning is Visualize 
This, which consists of questions in �gure captions that 
test a student•s understanding of the concepts contained in 
the art. These questions are designed to encourage students 
to spend extra time with complex �gures and develop a 
more sophisticated understanding of the concepts they 
present. Visualize This questions are included with three 
or more �gures in each chapter and answers to these ques-
tions can be found in the appendix.

Each chapter ends with a feature called Savvy Reader. 
We developed this feature in response to the desire of so 
many of the professors teaching this course to help stu-
dents learn to critically evaluate science presented in the 
media. We all want our students to become better, more 
informed consumers of science. Each Savvy Reader offers 
an excerpt or a summary of an article or advertisement 
taken from any of a variety of media sources. After reading 
the excerpt, the student then answers a series of questions 
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written with the goal of helping them critically evaluate 
the scienti�c information presented in the article. Students 
learn to evaluate claims made in the popular press about 
issues ranging from the bene�ts of particular health care 
products to whether our  friendships are based on similari-
ties in genetic makeup.

Improvements in the Fourth Edition
The positive feedback garnered by previous editions as-
sured us that presenting science alongside a story works 
for students and instructors alike. In the fourth edition, 
we have rearranged some of the content and added a new 
chapter and story line.  Chapter 3 addresses the question of 
dietary supplementation while covering the essential con-
tent of nutrients and membrane transport. Chapter 4 revis-
its the question of body fat and health and now includes the 
content of cellular respiration. Chapter 5 reviews the latest 
information regarding the science of global warming and 
continues to cover the basics of photosynthesis. Story lines 
have been updated or replaced in other chapters compared 
to previous editions. Chapter 12 on Species and Races now 
examines the use of DNA to determine genealogy.

With the previous editions, we focused on improving 
�exibility for instructors via A Closer Look chapter sub-
sections, helping students assess their understanding via 
Stop and Stretch and Visualize This questions , and pro-
viding students with opportunities to be better consumers 
of popular media with the Savvy Reader. In this edition, 
we have provided instructors and students with guidance 
in the form of Learning Outcomes. These outcomes de-
scribe the knowledge or skills that students should have 
upon completing the reading and associated activities in 
the text and ancillary materials. The chapter summary is 
organized around the Learning Outcomes, and all ques-
tions and exercises are tagged to a Learning Outcome. 
Exercises in the Mastering Biology platform are also tagged 
to these Learning Outcomes, providing students ample op-
portunity to master these important concepts.

Finally, users of earlier editions will notice a new style 
for phylogenetic trees in the text„horizontal rather than 
vertical, to match the standard presentation in the �eld of 
evolutionary biology.
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Supplements

A group of talented and dedicated biology educators 
teamed up with us to build a set of resources that equip 
nonmajors with the tools to achieve scienti�c literacy 
that will allow them to make informed decisions about 
the biological issues that affect them daily. The student 
resources offer several ways of reviewing and reinforcing 
the concepts and facts covered in this textbook. We pro-
vide instructors with a test bank, Instructor Guide, and 
the Instructor Resource DVD which includes an updated 
and expanded suite of lecture presentation materials, and 
a valuable source of ideas for educators to enrich their in-
struction efforts. Available in print and media formats, the 
Biology: Science for Life with Physiology resources are easy 
to navigate and support a variety of learning and teaching 
styles.

We believe you will �nd that the design and format of 
this text and its supplements will help you meet the chal-
lenge of helping students both succeed in your course and 
develop science skills„for life.

Supplement Authors

Instructor Guide
Jill Feinstein Richland Community College

Mastering Biology Quiz and Test Items
Catherine Podeszwa University of Minnesota…Duluth

PowerPoint Lectures
Jill Feinstein Richland Community College

As with previous editions, the overall goal of the text 
remains to provide a thorough overview of the essentials 
of biological science while trying to avoid overloading 
students with information. We worked closely with in-
structors using prior editions as well as other reviewers to 
pinpoint essential content to include in this edition while 
staying true to the book•s philosophy of learning science 
in a story format. The development of the fourth edition 
has truly been a collaborative process among ourselves, 
the students and instructors who used prior editions, and 
our many thoughtful reviewers. We look forward to learn-
ing about your experience with Biology: Science for Life with 
Physiology, 4th edition.
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•Because science, told as a story, can intrigue and  

inform the non-scienti�c minds among us, it has  

the potential to bridge the two cultures into which 

civilization is split „ the sciences and the humanities.  

For educators, stories are an exciting way to draw  

young minds into the scienti�c culture.Ž

„E.O. W ILSON
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A Captivating
Narrative

Every chapter introduces biology topics through a story, 
explaining important biological processes with concrete 
examples and applications.

What Reviewers Have to Say

A great text„right level for non-majors students with clear examples and explanation.  
I really like the link with the Learning Objectives, which I have not yet seen in other texts.

„Cara Shillington, Instructor,  Eastern Michigan University  

This is a well-written text that makes learning about biology a truly fun experience. The authors do 
a remarkable job of keeping the topics clear and understandable while at the same time making 
the concepts interesting by incorporating some very interesting stories that are both relevant 
and fascinating. It•s not easy to write a text for students who are often resistant to concepts like 
evolution and natural selection; this text makes our job as instructor that much simpler. Well done.

„Andrew Goliszek, Instructor, North Carolina A&T University

Real-life Examples

Each chapter story draws from real-life 
experiences, engaging the reader and making 
the biology more approachable. For example, 
Chapter 3 frames the discussion of nutrients 
and membrane transport around a story line on 
the current craze in nutritional supplements.

Ž

Ž

•

•
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Updated
Table of Contents

Chapter 1. Can Science Cure the Common Cold?  
 Introduction to the Scienti�c Method

Unit I. Chemistry and Cells

Chapter 2. Are We Alone in the Universe? Water, Biochemistry,  
 and Cells

Chapter 3. Is it Possible to Supplement Your Way to Better  
 Health? Nutrients and Membrane Transport

NEW! Chapter focuses on nutrients and membrane 
transport with a story line on nutritional supplements.

Chapter 4. Fat: How Much is Right for You? Enzymes,    
 Metabolism, and Cellular Respiration

Revised chapter now covers enzymes and metabolism, 
cellular respiration, and body fat  
and health.

Chapter 5. Life in the Greenhouse„Photosynthesis and  
 Global Warming

Chapter now covers the greenhouse effect,  
the carbon cycle, photosynthesis, and  
global warming.

Unit II. Genetics

Chapter 6. Cancer„DNA Synthesis, Mitosis, and Meiosis

Chapter 7. Are You Only as Smart as Your Genes? Mendelian  
 and Quantitative Genetics

Chapter now includes coverage of  
dihybrid crosses.

Chapter 8. DNA Detective„Complex Patterns of Inheritance  
 and DNA Fingerprinting

Chapter 9. Genetically Modi�ed Organisms„Gene Expression, 
 Mutation, and Cloning  
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Unit III. Evolution

Chapter 10. Where Did We Come From?  
 The Evidence for Evolution

NEW! Story line on public opinion surveys that ask 
whether humans evolved from earlier species.

Chapter 11. An Evolving Enemy„Natural Selection

Chapter 12. Who am I? Species and Races

NEW! Story line on poet Elizabeth Alexander and her 
surprising ancestry as discovered through genetic 
analysis.

Chapter 13. Prospecting for Biological Gold„Biodiversity  
 and Classi�cation

Unit IV. Ecology

Chapter 14. Is the Human Population Too Large?  
 Population Ecology

Chapter 15. Conserving Biodiversity„Community and  
 Ecosystem Ecology

Chapter 16. Where Do You Live? Climate and Biomes

Unit V. Animal Structure and Function*

Chapter 17. Organ Donation„Tissues, Organs, and Organ    
 Systems

Chapter 18. Clearing the Air„Respiratory, Cardiovascular,  
 and Urinary Systems

Chapter 19. Vaccinations: Protection and Prevention or Peril?   
 Immune System, Bacteria, Viruses, and Other   
 Pathogens

NEW! Story line on the risks and bene�ts of 
vaccinations.

Chapter 20. Sex Differences and Athleticism„Endocrine,   
 Skeletal, and Muscular Systems

Chapter 21. Is There Something in the Water? Reproductive  
 and Developmental Biology

Chapter 22. Attention De�cit Disorder„Brain Structure and   
 Function

Unit VI. Plant Biology

Chapter 23. Feeding the World„Plant Structure and Growth

Chapter 24. Growing a Green Thumb„Plant Physiology

*Biology: Science for Life,  Fourth Edition contains Chapters 1-16 
Biology: Science for Life with Physiology,  Fourth Edition contains 
Chapters 1-24
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Flexible  
Engaging Content

Two unique features break down complex materials and 
give instructors �exibility in course coverage.

A Closer Look

Heavily revised in this edition for ease of use, 
An Overview explains the basics of a dif�cult 
biological concept and occurs just before the 
related A Closer Look section, which provides 
the details.

 

Focus on Evolution

Within the physiology chapters, Focus on 
Evolution features illustrate the importance of 
natural selection in a wide range of organisms 
and allow students to see that all of life is 
connected through this process.
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Unique Savvy Reader boxes highlight the applicability of biology in everyday life. 
Taken from a variety of media sources, each box contains a short excerpt, relating to 
chapter content, followed by critical thinking questions to help students interpret and 
evaluate the information.

Revised and New Savvy Reader Boxes

Savvy Reader boxes in selected chapters have 
been replaced with more relevant and timely 
media excerpts. The following are new Savvy 
Readers:

€ Ionized Water (Chapter 2)

€ Refugees from Global Warming (Chapter 5)

€  What Happens When a Species Recovers 

(Gray Wolf•s endangered species status) 

(Chapter 15)
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Innovative
Art Program

Designed to help students visually navigate biology, this 
edition•s photo and art program has been revised for 
currency and increased clarity.

Illustrated Tables

Unique, comprehensive tables organize 
information in one place and provide 
easy, visual references for students.

Visual Analogies

Art throughout the book offers 
visual analogies to teach students 
by comparing familiar, everyday 
objects and occurrences to 
complicated, biological concepts 
and processes.
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NEW! Phylogenetic Trees

Redesigned phylogenetic trees 
throughout the book offer a  
horizontal instead of vertical  
orientation, in keeping with the  
latest in scienti�c data presentation.

Visualize This

Visualize This questions, accompanying select �gures, 
encourage students to critically evaluate illustrations to 
further their understanding of biology.
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Integrated
Learning Outcomes

New to this edition and integrated within the text and  
MasteringBiology,® Learning Outcomes help professors 
guide students• reading and allow students to assess 
their understanding of the text.

In Text Pedagogical Support

Each Chapter Opens with Learning Outcomes

Learning Outcomes specify the knowledge, skills, or  
abilities a student can expect to demonstrate after  
reading the chapter.

Learning Outcomes in Self-Assessment Sections

Questions in Learning the Basics and Analyzing and 
Applying the Basics include corresponding Learning 
Outcomes to encourage students to recall and formulate 
the most reasonable and precise answers. 

Learning Outcomes Revisited at the End of the Chapter

Summaries for Learning Outcomes are provided at the end of 
every chapter to reinforce students• understanding of the main  
concepts covered.
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Online Pedagogical Support in

Integrated and Accessible Learning Outcomes

All MasteringBiology content, including activities and 
test items, are now tagged to the book speci�c Learning 
Outcomes. This unique integration of text and media 
enables instructors to reinforce key content in a variety  
of formats.

One-click Learning Outcomes Report

In MasteringBiology it•s quick and easy for instructors to generate reports showing 
students• performance on selected Learning Outcomes. With just one click from 
the gradebook, instructors can see all of the Learning Outcomes associated with 
problems assigned in their MasteringBiology course, as well as the average score 
on those problems. One further click allows instructors to export this information to 
a Microsoft ® Excel spreadsheet, which can be formatted as the instructor sees �t.
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Author-created
MasteringBiology ®  Activities

New MasteringBiology content written by authors Colleen Belk and 
Virginia Borden Maier reinforce and connect the text and media.

www.masteringbiology.com

NEW! Roots to Remember

Based on the popular end of chapter 
section, these activities test students• 
understanding of key Latin and Greek 
roots and ask students to apply the  
roots in new situations.

NEW! Video-based Activities

New Video Activities support story line 
content and help reinforce the narrative 
and engaging nature of the text.
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BioFlix ® Animations

These animations invigorate classroom lectures 
and cover the most dif�cult biology topics, 
including cellular respiration, photosynthesis, 
and how neurons work. BioFlix include 3-D, 
movie-quality animations, labeled slide shows, 
carefully constructed student tutorials, study 
sheets, and quizzes.

Additional Book-speci�c Activities

Over 25 total book-speci�c activities have 
been added to the MasteringBiology  
item library.

Topics include:
€ Glucose Metabolism (Chapter 4)
€ The Process of Speciation (Chapter 12)
€ Population Growth (Chapter 14)
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Dynamic
Teaching Resources

Pearson eText

The eText gives students access to the text 
whenever and wherever they can access the 
Internet. The eText pages look exactly like the 
printed text and include powerful interactive 
and customization functions.

MasteringBiology ® Study Area

The Study Area of MasteringBiology provides 
students with access to useful materials for 
studying independently. Study materials include 
�ashcards, word study tools, animations, and 
practice quizzes.

NEW! Pre-built Assignments

Pre-built assignments make it easier for instructors  
to assign MasteringBiology.

Pre-built Assignment Types: 
€ Engaging Homework 
€ Activities on Tough Topics 
€ Build Graphing Skills 
€ Current Events 
€ Reading Quizzes

NEW! BioFlix ® Player

The New Instructor•s Edition DVD contains 
the complete BioFlix 3-D Animation Suite 
with a new, enhanced player. The DVD 
includes an •all-in-oneŽ BioFlix lecture 
tool, with labels for key elements, closed 
captioning, drawing tool, quiz questions, 
and more.
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Can Science Cure the 
Common Cold?
Introduction to the Scienti�c Method

C H A P T E R 

Another cold! What  
can I do?



 3

We have all been there„you just 

recover from one bad head 

cold and on a morning soon 

after you notice that scratchy feeling in your 

throat that signals a new one is about to 

 begin. It is always at the worst time, too, 

when you have an important exam coming 

up, a term paper due, and a packed social 

calendar. Why are you sick yet again? What 

can you do about it?

If you ask your friends and relatives, you will 

hear the usual advice on how to prevent and treat 

colds: Take massive doses of vitamin C. Suck 

on zinc lozenges. Drink plenty of echinacea 

tea. Meditate. Get more rest. Exercise vigor-

ously every day. Put that hat on when you go 

outside! You are left with an overwhelming 

list of options, often contradictory and some 

counter to common sense. If you keep up 

with health news, you may be even more 

confused. One website reports that a popular 

over-the- counter cold treatment is effective, 

while a local TV news story details the risks 

of using this remedy and highlights its ineffective-

ness. How do you decide what to do?

Faced with this bewildering situation, most 

 people follow the advice that makes the most 

sense to them, and if they �nd they still feel 

terrible, they try another remedy. Testing 

ideas and discarding ones that don•t work is 

a kind of •everyday science.Ž However, this 

technique has its limitations„for example, 

even if you feel better after trying a new cold 

treatment, you can•t know if your recovery 

occurred because the treatment was effective 

or because the cold was ending anyway.

What professional scientists do is a 

more re�ned version of this everyday science, 

 using strategies that help eliminate other possible 

 explanations for a result. And while some �elds of 

science may use unintelligible words or compli-

cated and expensive equipment, the basic process 

LE A RNING OUTCOME S

LO1 Describe the characteristics 
of a scienti�c hypothesis.

LO2 Compare and contrast the 
terms scienti�c hypothesis and 
 scienti�c theory.

LO3 Distinguish between inductive 
and deductive reasoning.

LO4 Explain why the truth of a 
hypothesis cannot be proven conclu-
sively via deductive reasoning.

LO5 Describe the features of a 
controlled experiment, and explain 
how these experiments eliminate  
alternative hypotheses for the results.

LO6 List strategies for minimizing 
bias when designing experiments.

LO7 De�ne correlation, and explain 
the bene�ts and limitations of using 
this technique to test hypotheses.

LO8 Describe the information that 
statistical tests provide.

LO9 Compare and contrast primary 
and secondary sources.

LO10 Summarize the techniques 
you can use to evaluate scienti�c 
 information from secondary sources.

Take massive doses  
of Vitamin C?

Drink echinacea tea?

How would a scientist 
determine which advice 
is best?
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for testing ideas is simple and universal to all areas of science. An under-

standing of this process can help you evaluate information about many 

issues that may concern and intrigue you„from health issues, to global 

warming, to the origin of life and the universe„with more con�dence. In this 

chapter, we introduce you to the powerful process scientists use by asking 

the question we•ve considered here: Is there a cure for the common cold?

1.1 The Process of Science
The term science can refer to a body of knowledge„for example, the science of 
biology is the study of living organisms. You may believe that science requires 
near-perfect recall of speci�c sets of facts about the world. In reality, this goal 
is impossible and unnecessary„we do have reference books, after all. The real 
action in science is not memorizing what is already known but using the pro-
cess of science to discover something new and unknown.

This process„making observations of the world, proposing ideas about 
how something works, testing those ideas, and discarding (or modifying) our 
ideas in response to the test results„is the essence of the scienti�c method.  
The scientific method allows us to solve problems and answer questions 
 ef�ciently and effectively. Can we use the scienti�c method to solve the compli-
cated problem of preventing and treating colds?

The Nature of Hypotheses
The statements our friends and family make about which actions will help us 
remain healthy (for example, the advice to wear a hat) are in some part based 
on the advice giver•s understanding of how our bodies resist colds. Ideas about 
•how things workŽ are called hypotheses. Or, more formally, a hypothesis is a 
proposed explanation for one or more observations.

Hypotheses in biology come from knowledge about how the body and other 
biological systems work, experiences in similar situations, our understanding 
of other scienti�c research, and logical reasoning; they are also shaped by our 
creative mind (Figure 1.1 ). When your mom tells you to dress warmly to avoid 
colds, she is basing her advice on the following hypothesis: Becoming chilled 
makes you more susceptible to illness.

The hallmark of science is that hypotheses are subject to rigorous  testing. 
Therefore, scientific hypotheses must be testable„it must be possible to 
 evaluate a hypothesis through observations of the measurable universe. Not 
all hypotheses are testable. For instance, the statement that •colds are gener-
ated by disturbances in psychic energyŽ is not a scienti�c hypothesis because 
psychic energy does not have a material nature and thus cannot be seen or 
measured in a test.

In addition, hypotheses that require the intervention of a supernatu-
ral force cannot be tested scienti�cally. If something is supernatural,  it is 
not constrained by any laws of nature, and its behavior cannot be predicted 
 using our current understanding of the natural world. A scienti�c hypothesis 
must also be falsi�able;  that is, an observation or set of observations could 
potentially prove it false. The hypothesis that exposure to cold temperatures 
increases your susceptibility to colds is falsi�able; we can imagine an observa-
tion that would cause us to reject this hypothesis (for instance, the observation 
that people exposed to cold temperatures do not catch more colds than people 
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protected from chills). Of course, not all hypotheses are proved false, but it is 
essential in science that incorrect ideas be discarded, which occur only if it is 
possible to prove those ideas false. Lack of falsi�ability is another reason super-
natural hypotheses cannot be scienti�c. Because a supernatural force can cause  
any possible result of a test, hypotheses that rely on supernatural forces cannot 
be falsi�ed.

Finally, statements that are value judgments, such as, •It is wrong to cheat 
on an exam,Ž are not scienti�c because different people have different ideas 
about right and wrong. It is impossible to falsify these types of statements. To 
�nd answers to questions of morality, ethics, or justice, we turn to other meth-
ods of gaining understanding„such as philosophy and religion.

Scienti�c Theories
Most hypotheses �t into a larger picture of scienti�c understanding. We can 
see this relationship when examining how research upended a commonly held 
belief about diet and health„that chronic stomach and intestinal in�amma-
tion is caused by eating too much spicy food. This belief directed the stand-
ard medical practice for ulcer treatment for decades. Patients with ulcers were 
prescribed drugs that reduced stomach acid levels and advised to avoid eat-
ing acidic or highly spiced foods. These treatments were rarely successful, and 
 ulcers were considered chronic, possibly lifelong, problems.

In 1982 Australian scientists Robin Warren and Barry Marshall discovered 
that a particular microscopic organism, speci�cally the bacterium Helicobacter 
pylori, was present in nearly all samples of ulcer tissue that they examined 
(Figure 1.2 ). From this observation, Warren and Marshall reasoned that 
H.  pylori infection„invasion of the stomach wall by the bacteria„was the 
cause of most ulcers. Barry Marshall even tested this hypothesis on himself by  
consuming live H. pylori. He subsequently suffered from acute stomach pain.

Warren and Marshall•s colleagues were at first unconvinced that ulcers 
could have such a simple cause. Today the hypothesis that H. pylori infection 
is responsible for most ulcers is accepted as fact. The primary reasons why this 
is the case? First, no reasonable alternative hypotheses about the causes of ul-
cers (for instance, consumption of spicy foods) has been consistently supported 
by hypothesis tests; and second, the hypothesis has not been rejected„that is, 

OBSERVATION

Imagination

Intuition
Chance Logic

Experience

Previous scientific
results 

Scientific theory

HYPOTHESIS

QUESTION

Figure 1.1  Hypothesis generation.   
All of us generate hypotheses. Many dif-
ferent factors, both logical and creative, 
in�uence the development of a hypothesis. 
Scienti�c hypotheses are both testable and 
falsi�able.

Figure 1.2  A scienti�c breakthrough. 
(a) Helicobacter pylori on stomach lining 
(image from electron microscope). (b) Robin 
Warren and Barry Marshall won the 2005 
Nobel Prize in Medicine for their discovery of 
the link between H. pylori and ulcers.

(a)

(b)
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there have been no carefully designed experiments that show that H. pylori 
removal fails to cure most ulcers.

The third reason that the relationship between H. pylori and ulcers is 
 considered fact is that it conforms to a well-accepted scientific principle, 
namely, the germ theory of disease. A scienti�c theory  is an explanation for 
a set of related observations that is based on well-supported hypotheses from 
several different, independent lines of research. The basic premise of germ the-
ory is that microorganisms (that is, organisms too small to be seen with the 
naked eye) are the cause, through infection, of some or all human diseases.

The biologist Louis Pasteur �rst observed that bacteria cause milk to  become 
sour. From this observation, he reasoned that these same types of  organisms 
could injure humans. Later, Robert Koch demonstrated a link  between anthrax 
bacteria and a specific set of fatal symptoms in mice, providing additional 
 evidence. Germ theory is further supported by the observation that antibiotic 
treatment that targets particular microorganisms can cure certain illnesses„as 
is the case with bacteria-caused ulcers.

In everyday speech, the word theory is synonymous with untested ideas 
based on little information. In contrast, scientists use the term when referring 
to well-supported ideas of how the natural world works. The supporting foun-
dation of all scienti�c theories is multiple hypothesis tests.

The Logic of Hypothesis Tests
One common hypothesis about cold prevention is that taking vitamin C 
 supplements keeps you healthy. This hypothesis is very appealing, especially 
given the following generally known facts:

1.  Fruits and vegetables contain a lot of vitamin C.
2.  People with diets rich in fruits and vegetables are generally healthier than 

people who skimp on these food items.
3.  Vitamin C is known to be an anti-in�ammatory agent, reducing throat and 

nose irritation.

With these facts in mind, we can state the following falsi�able hypothesis: 
Consuming vitamin C decreases the risk of catching a cold.

This hypothesis makes sense given the statements just listed and the 
 experiences of the many people who insist that vitamin C keeps them healthy. 
The process used to construct this hypothesis is called inductive reasoning„
combining a ser ies of specif ic observations (here, statements 1…3)  
to discern a general principle. Inductive reasoning is an essential tool for 
 understanding the world. However, a word of caution is in order: Just 
 because the inductive reasoning that led to a hypothesis seems to make sense 
does not mean that the hypothesis is necessarily true. The example that  
follows demonstrates this point.

Consider the ancient hypothesis that the sun revolves around Earth. This 
hypothesis was induced based on the observations that the sun rose in the east 
every morning, traveled across the sky, and set in the west every night. For 
almost all of history, this hypothesis was considered to be a •factŽ by nearly 
all of Western society. It wasn•t until the early seventeenth century that this 
hypothesis was overturned„as the result of Galileo Galilei•s observations 
of Venus. His observations proved false the hypothesis that the sun revolved 
around Earth. Galileo•s work helped to con�rm the more modern hypothesis, 
proposed by Nicolaus Copernicus, that Earth revolves around the sun.

So, even though the hypothesis about vitamin C is sensible, it needs to be 
tested to see if it can be proved false. Hypothesis testing is based on deduc-
tive reasoning or deduction. Deduction involves using a general principle to 



 SECTION 1.1  The Process of Science 7

predict an expected observation. This prediction  concerns the outcome of an 
action, test, or investigation. In other words, the prediction is the result we 
 expect from a hypothesis test.

Deductive reasoning takes the form of •if/thenŽ statements. That is, if our gen-
eral principle is correct, then we expect to observe a speci�c outcome. A predic-
tion based on the vitamin C hypothesis could be: If vitamin C decreases the risk 
of catching a cold, then people who take vitamin C supplements with their regular 
diets will experience fewer colds than will people who do not take supplements.

Consider the following scenario: Your coworker, Homer, 
is a notorious doughnut lover who has a nose for free food. You walk into 
the break room one morning to discover a box from the doughnut shop that 
is already completely empty. According to this information, what most likely 
happened to the doughnuts? Is this an inductive or deductive hypothesis?

Stop & Stretch

Consider this if/then statement: If your coworker Homer 
ate all the doughnuts, then there won•t be any doughnuts left in the box that 
was placed in the break room 30 minutes ago. Imagine you �nd that the 
doughnuts are all gone„did you just prove that Homer ate them? Why or 
why not?

Stop & Stretch

Deductive reasoning, with its resulting predictions, is a powerful method 
for testing hypotheses. However, the structure of such a statement means 
that hypotheses can be clearly rejected if untrue but impossible to prove if 
true (Figure 1.3 ). This shortcoming is illustrated using the if/then statement 
 concerning vitamin C and colds.

Consider the possible outcomes of a comparison between people who 
 supplement with vitamin C and those who do not. People who take vitamin C 
supplements may suffer through more colds than people who do not; they may 
have the same number of colds as the people who do not supplement; or sup-
plementers may in fact experience fewer colds. What does each of these results 
tell us about the hypothesis?

If, in a well-designed test, people who take vitamin C have more colds or 
the same number of colds as those who do not supplement, then the hypoth-
esis that vitamin C provides protection against colds can be clearly rejected. 
But what if people who supplement with vitamin C do experience fewer colds? 
If this is the case, then we can only say that the hypothesis has been supported 
and not disproven.

Why is it impossible to say that the hypothesis that vitamin C prevents 
colds is true? Because there are alternative hypotheses that explain why 
people with different vitamin-taking habits vary in their cold susceptibility. 
In other words, demonstrating the truth of the then portion of a deductive 
 statement does not prove that the if portion is true.

Figure 1.3  The scienti�c method.   Tests of hypotheses follow a logical path. This �owchart 
illustrates the process of deduction as practiced by scientists.
Visualize This:  According to this �owchart, scientists should consider alternative hypotheses 
even if their hypothesis is supported by their research. Explain why this is the case.

Hypothesis
(that is testable and falsifiable)

Make prediction

Consuming vitamin C reduces 
the risk of catching a cold.

If vitamin C decreases the risk
of catching a cold, then people
who take vitamin C 
supplements will experience 
fewer colds than people 
who do not.

Test prediction

Conduct experiment or survey 
to compare number of colds in 
people who do and do not take 
vitamin C supplements.

If people who 
take vitamin C 
suffer fewer  
colds than those 
who do not. . .

If people who 
take vitamin C 
suffer the 
same number 
of colds or 
more  than 
those who do 
not. . .

Conclude that 
prediction is 

true

Conclude that 
prediction is 

false

Do not reject the 
hypothesis

Reject the 
hypothesis

Conduct 
additional 

tests

Consider 
alternative 
hypotheses

Consider the alternative hypothesis that frequent exercise reduces suscepti-
bility to catching a cold. And suppose that people who take vitamin C supple-
ments are more likely to engage in regular exercise. If both of these hypotheses 
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are true, then the prediction that vitamin C supplementers experience fewer 
colds than people who do not supplement would be true but not because the 
original hypothesis (vitamin C reduces the risk of colds) is true. Instead, people 
who take vitamin C supplements experience fewer colds because they are also 
more likely to exercise, and it is exercise that reduces cold susceptibility.

A hypothesis that seems to be true because it has not been rejected by an 
initial test may be rejected later because of a different test. This is what hap-
pened to the hypothesis that vitamin C consumption reduces susceptibility to 
colds. The argument for the power of vitamin C was popularized in 1970 by 
Nobel Prize…winning chemist Linus Pauling. Pauling based his assertion„that 
large doses of vitamin C reduce the incidence of colds by as much as 45%„
on the results of a few studies that had been published between the 1930s 
and 1970s. However, repeated, careful tests of this hypothesis have since failed 
to support it. In many of the studies Pauling cited, it appears that alternative 
hypotheses explain the difference in cold incidence between vitamin C sup-
plementers and nonsupplementers. Today, most health scientists agree that the 
hypothesis that vitamin C prevents colds has been convincingly falsi�ed.

The example of the vitamin C hypothesis also highlights a challenge of 
communicating scienti�c information. You can see why the belief that vitamin C 
prevents colds is so widespread. If you don•t know that scienti�c knowledge 
relies on rejecting incorrect ideas, a book by a Noble Prize…winning scientist 
may seem like the last word on the bene�ts of vitamin C. It took many years of 
careful research to show that this •last wordŽ was, in fact, wrong.

1.2 Hypothesis Testing
The previous discussion may seem discouraging: How can scientists determine 
the truth of any hypothesis when there is always a chance that the hypothesis 
could be falsi�ed? Even if one of the hypotheses about cold prevention is sup-
ported, does the dif�culty of eliminating alternative hypotheses mean that we 
will never know which approach is truly best? The answer is yes„and no.

Hypotheses cannot be proven absolutely true; it is always possible that the 
true cause of a phenomenon may be found in a hypothesis that has not yet 
been tested. However, in a practical sense, a hypothesis can be proven  beyond 
a reasonable doubt. That is, when one hypothesis has not been disproven 
through repeated testing and all reasonable alternative hypotheses have been 
eliminated, scientists accept that the well-supported hypothesis is, in a practi-
cal sense, true. •TruthŽ in science can therefore be de�ned as what we know and 
understand based on all currently available information. But scientists always leave 
open the possibility that what seems true now may someday be proven false.

An effective way to test many hypotheses is through rigorous scienti�c 
experiments. Experimentation has enabled scientists to prove beyond a  
reasonable doubt that the common cold is caused by a virus. A virus is  
a microscopic entity with a simple structure„it typically contains a short 
strand of genetic material and a few proteins encased in a relatively tough 
protein shell and sometimes surrounded by a membrane. A virus must infect 
a cell to reproduce. Of the over 200 types of viruses that are known to cause 
the common cold, most infect the cells in our noses and throats. The sneezing, 
coughing, congestion, and sore throat of a cold appear to result from the 
body•s protective response„established by our immune system„to a viral 
invasion (Figure 1.4 ).

As you may know, if we survive a virus infection, we are unlikely to ex-
perience a recurrence of the disease the virus causes. For example, it is ex-
tremely rare to suffer from chicken pox twice because one exposure to the 
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chicken pox virus (through either infection or vaccination) usually provides 
lifelong  immunity to future infection. The sheer number of cold viruses makes 
 immunity to the common cold„and the development of a vaccine to prevent 
it„very improbable. Scientists thus focus their experimental research about 
common colds on methods of prevention and treatment.

The Experimental Method
Experiments are sets of actions or observations designed to test specific 
 hypotheses. Generally, an experiment allows a scientist to control the condi-
tions that may affect the subject of study. Manipulating the environment allows 
a scientist to eliminate some alternative hypotheses that may explain the result.

Experimentation in science is analogous to what a mechanic does when 
 diagnosing a car problem. There are many reasons why a car engine might not 
start. If a mechanic begins by tinkering with numerous parts to apply all pos-
sible �xes before restarting the car, the mechanic will not know what exactly 
caused the problem (and will have an unhappy customer who is charged for 
unnecessary parts and labor). Instead, a mechanic begins by testing the battery 
for power; if the battery is charged, then she checks the starter motor; if the car 
still doesn•t start, she looks over the fuel pump; and she continues in this man-
ner until identifying the problem. Likewise, a scientist systematically attempts 
to eliminate hypotheses that do not explain a particular phenomenon.

(b) How the virus causes a cold

Virus introduces its genetic 
material into a host cell.

New copies of the virus are 
released, killing host cells. These 
copies can infect other cells in the 
same person or cells in another 
person (for example, if transmitted 
by a sneeze).

The viral genetic material instructs the 
host cell to make new copies of the virus. 
Immune system cells target infected host 
cells. Side effects are increased mucus 
production and throat irritation.

(a) Cold-causing virus

Protein 
shell

Genetic 
material and 
proteins

Virus

Host cell

Virus
copies

Released
virus
copies

Immune 
system cells

Nasal
passages

Throat

Mucus

1

2

3

Figure 1.4  A cold-causing virus.   
(a) An electron microscopic image of a  
typical rhinovirus, one of the many types  
of viruses that cause the common cold.  
(b) A rhinovirus causes illness by invad-
ing nose and throat cells and using them 
as •factoriesŽ to make virus copies. Cold 
symptoms result from immune system 
 attempts to eliminate the virus.
Visualize This:  Find two points in this 
process where intervention by drugs or 
other treatment could disrupt it and lead 
to reduced cold symptoms.
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Not all scientific hypotheses can be tested through experimentation. 
For  instance, hypotheses about how life on Earth originated or the cause of 
 dinosaur extinction are usually not testable in this way. These hypotheses are 
instead tested using careful observation of the natural world. For instance, the 
examination of fossils and other geological evidence allows scientists to test 
hypotheses regarding the extinction of the dinosaurs (Figure 1.5 ).

The information collected by scientists during hypothesis testing is known 
as data. The data are collected on the variables of the test, that is, any factor 
that can change in value under different conditions. In an experimental test, 
scientists manipulate an independent variable (one whose value can be freely 
changed) to measure the effect on a dependent variable. The dependent vari-
able may or may not be in�uenced by changes in the independent variable, but 
it cannot be systematically changed by the researchers. For example, to mea-
sure the effect of vitamin C on cold prevention, scientists can vary individuals• 
vitamin C intake (the independent variable) and measure their susceptibility to 
illness on exposure to a cold virus (the dependent variable).

Figure 1.5  Testing hypotheses 
through observation.  The fossil record 
provides a source of data to test hypoth-
eses about evolutionary history.

Some of the experiments that established the link  between 
H. pylori and stomach ulcer consisted of feeding gerbils H. pylori and measur-
ing the rate of ulcer development compared to untreated animals. What are 
the independent and dependent variables in these experiments?

Stop & Stretch

Data obtained from well-designed experiments should allow researchers to 
convincingly reject or support a hypothesis. This is more likely to occur if the 
experiment is controlled.

Controlled Experiments
Control has a specific meaning in science. A control  for an experiment is 
a  subject similar to an experimental subject except that the control is not 
 exposed to experimental treatment. Controlled experiments are thus designed 
to eliminate as many alternative hypotheses as possible.



 SECTION 1.2  Hypothesis Testing 11

Once subjects are enlisted in an experiment, they are assigned to a control 
or an experimental group. If members of the control and experimental groups 
differ at the end of a well-designed test, then the difference is likely due to the 
experimental treatment.

Our question about effective cold treatments lends itself to a variety of 
controlled experiments on possible drug therapies. For example, an extract 
of Echinacea purpurea (a common North American prairie plant) in the form 
of echinacea tea has been promoted as a treatment to reduce the likelihood 
as well as the severity and duration of colds (Figure 1.6 ). A recent scienti�c 
experiment on the ef�cacy of Echinacea involved asking individuals suffering 
from colds to rate the effectiveness of a tea in relieving their symptoms. In this 
study, people who used echinacea tea felt that it was 33% more  effective. The 
•33% more effectiveŽ is in comparison to the rated effectiveness of a tea that did 
not contain Echinacea extract„that is, the results from the control group.

Control groups and experimental groups must be as similar as possible to 
each other to eliminate alternative hypotheses that could explain the results. In 
the case of cold treatments, the groups should not systematically differ in age, 
diet, stress level, or other factors that might affect cold susceptibility. One effec-
tive way to minimize differences between groups is the random assignment 
of individuals. For example, a researcher might put all of the volunteers• names 
in a hat, draw out half, and designate the people drawn as the experimental 
group and the remaining people as the control group. As a result, each group 
should be a rough cross-section of the population in the study. In the echinacea 
tea experiment just described, members of both the experimental and control 
groups were female employees of a nursing home who sought relief from their 
colds at their employer•s clinic. The volunteers were randomly assigned into 
either the experimental or control group as they came into the clinic.

Figure 1.6  Echinacea purpurea,  an 
American cone�ower.  Extracts from the 
leaves and roots of this plant are among 
the most popular herbal remedies sold in 
the United States.

In the echinacea tea experiment, a nonrandom assign-
ment scheme might have put the �rst 25 visitors to the clinic in the control 
group and the next 25 in the experimental group. Imagine that in this ver-
sion of the experiment, the experimental group did recover in fewer days 
than the control group. Describe an alternative hypothesis related to the 
nonrandom assignment of subjects that was not eliminated by this experi-
mental design and that could explain these results.

Stop & Stretch

The second step in designing a good controlled experiment is to treat all 
subjects identically during the course of the experiment. In this study, all 
 participants, whether in the control or experimental group, received the same 
information about the supposed benefits of echinacea tea, and during the 
course of the experiment, all participants were given tea to drink �ve to six 
times daily until their symptoms subsided. However, individuals in the control 
group received •sham teaŽ that did not contain Echinacea extract. Treating all 
participants the same ensures that no factor related to the interaction between 
subject and researcher in�uences the results.

The sham tea in this experiment would be equivalent to the sugar pills that 
are given to control subjects during drug trials. Like other intentionally ineffec-
tive medical treatments, sham tea is a placebo. Employing a placebo generates 
only one consistent difference between individuals in the two groups„in this 
case, the type of tea they consumed.

In the echinacea tea study, the data indicated that cold severity was lower 
in the experimental group compared to those who received placebo.  Because 
their study utilized controls, the researchers can be con�dent that the groups 
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differed because of the effect of Echinacea. By reducing the likelihood that 
 alternative hypotheses could explain their results, the researchers could 
strongly infer that they were measuring a real, positive effect of echinacea tea 
on colds (Figure 1.7 ).

The study described here supports the hypothesis that echinacea tea  reduces 
the severity of colds. However, it is extremely rare that a single  experiment 
will cause the scienti�c community to accept a hypothesis beyond a reason-
able doubt. Dozens of studies, each using different experimental  designs and 
many using extracts from different parts of the plant, have investigated the 
effect of Echinacea on common colds and other illnesses. Some of these stud-
ies have shown a positive effect, but many others have shown none. In the 
medical community as a whole, there is signi�cant skepticism and disagree-
ment regarding the effectiveness of this popular herb as a cold treatment. Only 
through continued controlled tests of the hypothesis will we discern an accu-
rate answer to the question, Is Echinacea an effective cold treatment?

Minimizing Bias in Experimental Design
Scientists and human research subjects may have strong opinions about the 
truth of a particular hypothesis even before it is tested. These opinions may 
cause participants to unfairly in�uence, or bias, the results of an experiment.

One potential source of bias is subject expectation. Individual experimental 
subjects may consciously or unconsciously model the behavior they feel the 
researcher expects from them. For example, an individual who knew she was 
receiving echinacea tea may have felt con�dent that she would recover more 
quickly. This might cause her to underreport her cold symptoms. This poten-
tial problem is avoided by designing a blind experiment,  in which individ-
ual subjects are not aware of exactly what they are predicted to experience. In 
 experiments on drug treatments, this means not telling participants whether 
they are receiving the drug or a placebo.

Another source of bias arises when a researcher makes consistent errors in 
the measurement and evaluation of results. This phenomenon is called observer 
bias. In the echinacea tea experiment, observer bias could take various forms. 
Expecting a particular outcome might lead a scientist to give slightly different 
instructions about which symptoms constituted a cold to subjects who received 
echinacea tea. Or, if the researcher expected people who drank echinacea tea 
to experience fewer colds, she might make small errors in the measurement of 
cold severity that in�uenced the �nal result.

To avoid the problem of experimenter bias, the data collectors themselves should 
be •blind.Ž Ideally, the scientist, doctor, or technician applying the treatment does 
not know which group (experimental or control) any given subject is part of  until 
 after all data have been collected and analyzed (Figure 1.8 ). Blinding the data 
 collector ensures that the data are objective or, in other words, without bias.

We call experiments double-blind  when both the research subjects and the 
technicians performing the measurements are unaware of either the hypoth-
esis or whether a subject is in the control or experimental group. Double-blind 
experiments nearly eliminate the effects of human bias on results. When both 
researcher and subject have few expectations about the outcome, the results ob-
tained from an experiment are more credible.

Using Correlation to Test Hypotheses
Double-blind, placebo-controlled, randomized experiments represent the gold 
standard for medical research. However, well-controlled experiments can be 
dif�cult to perform when humans are the subjects. The requirement that both 
experimental and control groups be treated nearly identically means that some 
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Figure 1.7  A controlled experiment.  
(a) In a controlled experiment testing echi-
nacea tea as a treatment for colds, all 95 
subjects were treated identically except 
for the type of tea they were given. (b) The 
results of the experiment indicated that 
echinacea tea was 33% more effective than 
the placebo.
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people unknowingly receive no treatment. In the case of healthy volunteers with 
head colds, the placebo treatment of sham tea did not hurt those who received it.

However, placebo treatments are impractical or unethical in many cases. For 
instance, imagine testing the effectiveness of a birth control drug using a controlled 
experiment. This would require asking women to take a pill that may or may 
not prevent pregnancy while not using any other form of birth control!

Experiments on Model Systems. Scientists can use model systems when 
testing hypotheses that would raise ethical or practical problems when tested 
on people. For basic research that helps us understand how cells and genes 
function, the model systems are easily grown and manipulated organisms, 
such as certain species of bacteria, nematodes, and fruit �ies, or even isolated 
cells from larger organisms that reproduce in dishes in the laboratory. In the 
case of research on human health and disease, model systems are typically 
other mammals, including human cells. Mammals are especially useful as 
model  organisms in medical research because they are closely related to us. 
Like us, they have hair and give birth to live young, and thus they also share 
with us similarities in anatomy and physiology (Figure 1.9 ).

The vast majority of animals used in biomedical research are rodents such 
as rats, mice, and guinea pigs, although some areas of research require animals 
that are more similar to humans in size, such as dogs or pigs, or share a closer 
evolutionary relationship, such as chimpanzees.

The use of model systems, especially animals, allows experimental testing 
on potential drugs and other therapies before these methods are employed on 
 people. Research on model organisms such as lab rats has contributed to a better 
 understanding of nearly every serious human health threat, including cancer, heart 
disease, Alzheimer•s disease, and AIDS (acquired immunode�ciency syndrome). 
However, ethical concerns about the use of animals in research persist and can 
complicate such studies. In addition, the results of animal studies are not always 
directly applicable to humans„despite a shared evolutionary history, animals still 
can have important differences from humans. Testing hypotheses about human 
health in human beings still provides the clearest answer to these questions.

Figure 1.8  Double-blind experiments.  Double-blind experiments result in data that 
are more objective.
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Figure 1.9  Model systems in 
 science.  (a) Research on the nematode 
Caenorhabditis elegans (also known as 
C. elegans) has led to major advances in our 
understanding of animal development and 
genetics. (b) The classic •lab ratŽ is easy to 
raise and care for and as a mammal is an 
important model system for testing drugs 
and treatments designed for humans.  
(c) HeLa cells are derived from a cancerous 
growth biopsied from Henrietta Lacks in 
1951. These cells have the unique property 
of being able to divide inde�nitely, making 
them valuable for research on a wide  
variety of subjects from HIV to human 
growth hormone.
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Looking for Relationships Between Factors. Scientists can also test hypoth-
eses using correlations when controlled experiments on humans are dif�cult or 
impossible to perform. A correlation  is a relationship between two variables.

Suggestions about using meditation to reduce susceptibility to colds are 
based on a correlation between psychological stress and susceptibility to cold 
virus infections (Figure 1.10 ). This correlation was generated by researchers 
who collected data on subjects• psychological stress levels before giving them 
nasal drops that contained a cold virus. Doctors later reported on the incidence 
and severity of colds among participants in the study. Note that while the cold 
virus was applied to each participant in the study, the researchers had no in�u-
ence on the stress level of the study participants„in other words, this was not 
a controlled experiment because people were not randomly assigned to differ-
ent •treatmentsŽ of low or high stress.

Figure 1.10  Correlation between 
stress level and illness.  The graph indi-
cates that people reporting higher levels of 
stress became infected after exposure to a 
cold virus more often than did people who 
reported low levels of stress.
Visualize This: This graph groups 
people with similar, but not identical, 
stress index measures. Why might this 
have been necessary? If people with 
stress indices 3 and 4 have the same 
susceptibility to colds, does this call 
into question the correlation?
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Even though the researchers did not manipulate the inde-
pendent variable in this study, there are still an independent variable and a 
dependent variable. What are they?

Stop & Stretch

Let•s examine the results presented in Figure 1.10. The horizontal axis 
of the graph, or x-axis, illustrates the independent variable. This variable is 
stress, and the graph ranks subjects along a scale of stress level„from low 
stress on the left edge of the scale to high stress on the right. The vertical axis 
of the graph, the y-axis, is the dependent variable„the percentage of study 
participants who developed colds as reported by their doctors. Each point on 
the graph represents a group of individuals and tells us what percentage of 
people in each stress category had clinical colds.

The line connecting the 5 points on the graph illustrates a correlation„
the relationship between stress level and susceptibility to cold virus infections. 
 Because the line rises to the right, it illustrates a positive correlation. These data 
tell us that people who had higher stress levels were more likely to come down 
with colds. But does this relationship mean that high stress causes  increased 
cold susceptibility?

To conclude that stress causes illness, we need the same assurances that 
are given by a controlled experiment. In other words, we must assume that the 
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individuals measured for the correlation are similar in every way except for 
their stress levels. Is this a good assumption? Not necessarily. Most correlations 
cannot control for all alternative hypotheses. People who feel more stressed 
may have poorer diets because they feel time-limited and rely on fast food more 
often. In addition, people who feel highly stressed may be in situations where 
they are exposed to more cold viruses. These differences among people who 
differ in stress level may also in�uence their cold susceptibility (Figure 1.11 ). 
Therefore, even with a strong correlational relationship  between the two fac-
tors, we cannot strongly infer that stress causes decreased resistance to colds.

Researchers who use correlational studies can eliminate a number of 
 alternative hypotheses by closely examining their subjects. For example, this 
study on stress and cold susceptibility collected data from subjects on age, 
weight, sex, education, and their exposure to infected individuals. None of 
these factors differed consistently among low-stress and high-stress groups. 
While this analysis increases our con�dence in the hypothesis that high stress 
levels increase susceptibility to colds, people with high-stress lifestyles still may 
have important differences from those with low-stress lifestyles. It is possible 
that one of those differences is the real cause of disparities in cold frequency.

As you can see, it is dif�cult to demonstrate a cause-and-effect relationship 
between two factors simply by showing a correlation between them. In other 

(a) Does high stress cause high cold frequency?

Little sleepLittle exercisePoor dietOther illness

High stress
High cold
frequency

High stress
High cold
frequency

(b) Or does one of the causes of high stress also cause high cold frequency?

Figure 1.11  Correlation does not signify causation.  A correlation typically cannot 
eliminate all alternative hypotheses.
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words, correlation does not equal causation. For example, a commonly under-
stood correlation exists between exposure to cold air and epidemics of the com-
mon cold. It is true that as outdoor temperatures drop, the incidence of colds 
increases. But numerous controlled experiments have indicated that chilling an 
individual does not increase his susceptibility to colds. Instead, cold outdoor 
temperatures mean increased close contact with other people (and their viruses), 
and this contact increases the number of colds we get  during cold weather. 
 Despite the correlation, cold air does not cause colds„exposure to viruses does.

Correlational studies are the main tool of epidemiology, the study of the 
distribution and causes of diseases. One commonly used epidemiological 
 technique is a cross-sectional survey. In this type of survey, many individuals 
are both tested for the presence of a particular condition and asked about their 
exposure to various factors. The limitations of cross-sectional surveys include 
the effect of subject bias and poor recall by survey participants, in addition to 
all of the problems associated with interpreting correlations. Table 1.1  pro-
vides an overview of the variety of correlational strategies employed to study 
the links between our environment and our health.

TABLE 1.1
 Types of correlational studies.

Name Description Pros Cons

Ecological 
studies

Examine speci�c human 
populations for unusually high 
levels of various diseases (e.g., 
documenting a •cancer clusterŽ 
around an industrial plant)

Inexpensive and relatively easy 
to do

Unsure whether exposure to 
 environmental factor is actually 
related to onset of the disease

Cross-sectional 
surveys

Question individuals in a popu-
lation to determine amount of 
exposure to an environmental 
factor and whether disease is 
present

More speci�c than ecological 
study

€ Expensive
€  Subjects may not know 

 exposure levels
€  Cannot control for other factors 

that may be different among 
individuals in survey

€  Cannot be used for rare 
diseases

Case-control 
studies

Compare exposures to speci�c 
environmental factors between 
individuals who have a disease 
and individuals matched in age 
and other factors who do not 
have the disease

€ Relatively fast and inexpensive
€ Best method for rare diseases

€  Does not measure absolute 
risk of disease as a result of 
exposure

€  Dif�cult to select appropriate 
controls to eliminate alternative 
hypotheses

€  Examines just one disease 
 possibly associated with an 
 environmental factor

Cohort studies Follow a group of individuals, 
measuring exposure to envi-
ronmental factors and disease 
prevalence

€  Can determine risk of various 
diseases associated with  
exposure to particular envi-
ronmental factor

€ Expensive and time-consuming
€  Dif�cult to control for alternative 

hypotheses
€ Not feasible for rare diseases

Correlational 
experiment

Expose individuals who ex-
perience varying levels of an 
independent variable to an ex-
perimental treatment

€  Can control the amount of 
exposure to at least one 
 environmental factor of 
interest

€  Cannot eliminate alternative 
hypotheses

€  Only feasible for hypotheses for 
which an experimental treat-
ment can be applied
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1.3 Understanding Statistics
During a review of scienti�c literature on cold prevention and treatment, you 
may come across statements about the •signi�canceŽ of the effects of differ-
ent cold-reducing measures. For instance, one report may state that factor 
A reduced cold severity, but that the results of the study were •not signi�cant.Ž 
Another study may state that factor B caused a •signi�cant reductionŽ in  illness. 
We might then assume that this statement means factor B will help us feel 
 better, whereas factor A will have little effect. This is an incorrect assumption 
because in scienti�c studies, signi�cance is de�ned a bit differently from its 
usual sense. To evaluate the scienti�c use of this term, we need a basic under-
standing of statistics.

An Overview: What Statistical Tests Can Tell Us
We often use the term statistics to refer to a summary of accumulated informa-
tion. For instance, a baseball player•s success at hitting is summarized by a 
statistic: his batting average, the total number of hits he made divided by •at 
bats,Ž the number of opportunities he had to hit. The science of statistics  is 
a bit different; it is a specialized branch of mathematics used to evaluate and 
compare data.

An experimental test utilizes a small subgroup, or sample, of a population. 
Statistical methods can summarize data from the sample„for instance, we can 
describe the average, also known as the mean, length of colds experienced by 
experimental and control groups. Statistical tests  can then be used to extend 
the results from a sample to the entire population.

When scientists conduct an experiment, they hypothesize that there is a 
true, underlying effect of their experimental treatment on the entire population. 
An experiment on a sample of a population can only estimate this true  effect 
because a sample is always an imperfect •snapshotŽ of an entire population.

Consider a hypothesis that the average hair length of women in a  college 
class in 1963 was shorter than the average hair length at the same college 
today. To test this hypothesis, we could compare a sample of snapshots from 
college yearbooks. If hairstyles were very similar among the women in a 
snapshot, you could reasonably assume that the average hair length in the 
college class is close to the average length in the snapshot. However, what 
if you see that women in a snapshot have a variety of hairstyles, from short 
bobs to long braids? In this case, it is dif�cult to determine whether the 
 average hair length in the snapshot is at all close to the average for the class. 
With so much variation, the snapshot could, by chance, contain a surpris-
ingly high number of women with very long hair, causing the average length 
in the sample to be much longer than the average length for the entire class 
(Figure 1.12 ).

A statistical test calculates the likelihood, given the number of individu-
als sampled and the variation within samples, that the difference between two 
samples re�ects a real, underlying difference between the populations from 
which these samples were drawn. A statistically signi�cant  result is one that 
is very unlikely to be due to chance differences between the experimental and 
control samples, so thus likely represents a true difference between the groups.

In the experiment with the echinacea tea, statistical tests indicated that the 
33% reduction in cold severity observed by the researchers was statistically 
signi�cant. In other words, there is a low probability that the difference in cold 
susceptibility between the two samples in the experiment is due to chance. 
If the experiment is properly designed, a statistically significant result  allows 
 researchers to infer that the treatment had an effect. See the next section 
for A Closer Look  at statistics.

(a) Average hair length in this snapshot 
is shorter...

Class of 1963

€ Little variability
€ High probability of reflecting average 

of all women in the class

Class of 2013

(b) ...than average hair length in this
      snapshot...

€ High variability
€ Low probability of reflecting average 

of all women in the class

...so, is hair today longer than in 1963?

Figure 1.12  The role of statistics.  
Statistical tests calculate the variability 
within groups to determine the probability 
that two groups differ only by chance.
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We can explore the role that statistical tests play more 
closely by evaluating another study on cold treatments. This 
study examined the ef�cacy of lozenges containing zinc on 
reducing cold severity.

Some forms of zinc can block common cold viruses from 
invading cells in the nasal cavity. This observation led to the 
hypothesis that consuming zinc at the start of a cold could de-
crease the severity of cold symptoms by reducing the number 
of cells that become infected. Researchers at the Cleveland 
Clinic tested this hypothesis using a sample of 100 of their 
employees who volunteered for a study within 24 hours of de-
veloping cold symptoms. The researchers randomly assigned 
subjects to control or experimental groups. Members of the 
experimental group received lozenges containing zinc, while 
members of the control group received placebo lozenges. 
Members of both groups received the same instructions for 
using the lozenges and were asked to rate their symptoms  
until they had recovered. The experiment was double-blind.

When the data from the zinc lozenge experiment were 
summarized, the statistics indicated that the mean recov-
ery time was more than 3 days shorter in the zinc group 
than in the placebo group (Figure 1.13 ). On the surface, 
this  result appears to support the hypothesis. However, 
 recall the example of the snapshot of women•s hair length. 
A statistical test is necessary because of the effect of chance.

A Closer Look:
Statistics

Figure 1.13  Zinc lozenges reduce the duration of 
colds.  Fifty individuals taking zinc lozenges had colds lasting 
about 4½ days as opposed to approximately 7½ days for 50 
individuals taking placebo.
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The Problem of Sampling Error

The effect of chance on experimental  results is known 
as sampling error „more speci�cally, sampling error is 
the difference between a sample and the population from 
which it was drawn. Similarly, in any experiment, individ-
uals in the experimental group will differ from individu-
als in the control group in random ways. Even if there is 
no true effect of an experimental treatment, the data from 
the experimental group will never be identical to the data 
from the control group.

For example, we know that people differ in their abil-
ity to recover from a cold infection. If we give zinc loz-
enges to 1 volunteer and placebo lozenges to another, 
it is likely that the 2 volunteers will have colds of dif-
ferent lengths. But even if the zinc-taker had a shorter 
cold than the placebo-taker, you would probably say that 
the test did not tell us much about our hypothesis„the 
 zinc-taker might just have had a less severe cold for other 
reasons.

Now imagine that we had 5 volunteers in each group 
and saw a difference, or that the difference was only 1 day 
instead of 3 days. How would we determine if the loz-
enges had an effect? Statistical tests allow researchers to 
look at their data and determine how likely it is„that is, 
the probability „that the result is due to sampling error. 
In this case, the statistical test distinguished between two 
possibilities for why the experimental group had shorter 
colds: Either the difference was due to the effectiveness 
of zinc as a cold treatment or it was due to a chance dif-
ference from the control group. The results indicated that 
there was a low probability, less than 1 in 10,000 (0.01%), 
that the  experimental and control groups were so different 
simply by chance. In other words, the result is statistically 
signi�cant.

A statistical measure of the amount of variability 
in a sample is often  expressed as the standard error.  
The standard error is used to generate the confidence 
 interval „the range of values that has a high probability 
(usually 95%) of containing the true population mean (Fig-
ure 1.14 ). Put simply, although the average of a sample is 
unlikely to be exactly the average of the population, the av-
erage plus the standard error represents the highest likely 
value for the population  average, and the average minus the 
standard error represents the lowest likely average value. 
The confidence interval provides a way to express how 
much sampling error is in�uencing the results. A smaller 
con�dence interval indicates that sampling error is likely 
to be small, and results with small con�dence intervals are 
more likely to be statistically signi�cant if the hypothesis 
is true.
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Factors That Influence Statistical Significance

One characteristic of  experiments that in�uences sampling 
error is sample size„the number of  individuals in the ex-
perimental and control groups. If a treatment has no  effect, 
a small sample size could return results that appear sig-
ni�cantly different because of an unusually large and con-
sistent sampling error. This was the case with the vitamin 
C hypothesis described at the beginning of the chapter. 
Subsequent tests with larger sample sizes, encompassing 
a wider variety of  individuals with different underlying 
susceptibilities to colds, allowed scientists to reject the hy-
pothesis that vitamin C prevents colds.

Conversely, if the effect of a treatment is real 
but the sample size of the  experiment is small, a single 
experiment may not allow researchers to determine con-
vincingly that their hypothesis has support. Several of the 
experiments that tested the efficacy of Echinacea extract 
demonstrate this phenomenon. For example, one experi-
ment performed at a Wisconsin clinic with 48 participants 
indicated that echinacea tea drinkers were 30% less likely to 
experience any cold symptoms after virus exposure as com-
pared to individuals who received a placebo tea. However, 

the small sample size of the study meant that this result 
was not statistically signi�cant.

The more participants there are in a study, the more 
likely it is that  researchers will see a true effect of an ex-
perimental treatment even if it is very small. For example, 
a study of over 21,000 men over 6 years in Finland demon-
strated that men who took vitamin E supplements had 5% 
fewer colds than the men who did not take these supple-
ments. In this case, the large sample size allowed research-
ers to see that vitamin E has a real, but relatively tiny, 
effect on cold incidence. In other words, this statistically 
signi�cant result has little real-world practical signi�cance; 
a 5% effect probably won•t convince people to begin sup-
plementing with vitamin E to prevent colds. The relation-
ship among hypotheses, experimental tests, sample size, 
and statistical and practical signi�cance is summarized in 
Figure 1.15  (on the next page).

There is one �nal caveat to this discussion. A statisti-
cally signi�cant result is typically de�ned as one that has 
a probability of 5% or less of being due to chance alone. But 
probability is not certainty. If all scienti�c research uses this 
same standard, as many as 1 in every 20 statistically sig-
ni�cant results (that is, 5% of the total) is actually reporting 
an effect that is not real. In other words, some statistically 
signi�cant results are •false positives,Ž representing a sur-
prisingly large difference between experimental and control 
groups that occurred only as a result of sampling error. This 
potential error explains why one supportive experiment is 
not enough to convince all scientists that a particular hy-
pothesis is accurate.

Figure 1.14  Con�dence interval.  
The red lines on these bar graphs 
represent the con�dence interval for 
each sample mean. A more variable 
sample has a larger con�dence interval 
than a less variable sample. Even 
though the means are the same for 
both experimental and control groups 
in these two sets of bars, only the data 
summarized at left illustrate a signi�cant 
difference because of the greater 
variability in the samples illustrated on 
the right side.
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Opinion polling before a recent elec-
tion indicated that candidate A was favored by 47% of a 
sample of likely voters, and candidate B was favored by 
51% of the sample. The standard error was 3%. Why did 
reporters refer to this poll as a •statistical tieŽ?

Stop & Stretch

(continued on the next page)
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What Statistical Tests Cannot Tell Us
All statistical tests operate with the assumption that the experiment was 
 designed and carried out correctly. In other words, a statistical test evaluates 
the chance of sampling error, not observer error, and a statistically signi�cant 
result is not the last word on an experimentally tested hypothesis. An exami-
nation of the experiment itself is required.

In the test of the effectiveness of zinc lozenges, the experimental design„
double-blind, randomized, and controlled„minimized the likelihood that 
alternative hypotheses could explain the results. Given such a well-designed 
experiment, this statistically significant result allows researchers to infer 
strongly that consuming zinc lozenges reduces the duration of colds.

As we saw with the experiment on vitamin E intake and cold prevention, 
statistical signi�cance is also not equivalent to signi�cance as we usually de�ne 
the term, that is, as •meaningful or important.Ž Unfortunately, experimental 
results reported in the news often use the term signi�cant without clarifying 

Figure 1.15  Factors that in�uence statistical signi�cance.  This �owchart summarizes the 
relationship between the true  effect of a treatment and the sample size of an experiment on the likeli-
hood of obtaining statistical signi�cance. 
Visualize This:  The Nurse•s Health Survey, which has followed nearly 80,000 women for over 
20 years, has found that a diet low in re�ned carbohydrates such as white �our and sugar but 
relatively high in vegetable fat and protein cuts heart disease risk by 30% relative to women 
with a high re�ned carbohydrate diet. How does this result map out on the �owchart here?

False True

The experimental
result is very
unlikely  to be
statistically
significant.

The experimental
result is unlikely
to be statistically
significant.

The experimental
result is somewhat
unlikely  to be
statistically
significant and
unlikely to be
practically significant.

The experimental
result is likely  to
be statistically
significant but
unlikely to be
practically
significant.

The experimental
result is likely  to
be statistically 
and practically
significant.

The experimental
result is very
likely to be
statistically and
practically
significant.
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Example 2: 
Vitamin E

prevents colds.

large small small large small large

and sample size is ƒ

and the difference between the control
and experimental groups is ƒ

and sample size is ƒ

small large

and sample size is ƒ

(A Closer Look continued)

Even with a statistical test indicating that the re-
sult had a probability of less than 0.01% of occurring 
by chance, we should begin to feel assured that taking 
zinc lozenges will reduce the duration of colds only af-

ter  additional hypothesis tests give similar results. In fact, 
scientists continue to test this hypothesis, and there is 
still no consensus about the effectiveness of zinc as a cold 
treatment.
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this important distinction. Understanding that problem, as well as other mis-
leading aspects of how science can be presented, will enable you to better use 
scienti�c information.

1.4 Evaluating Scienti�c Information
The previous sections should help you see why de�nitive scienti�c answers to 
our questions are slow in coming. However, a well-designed experiment can 
certainly allow us to approach the truth.

Primary Sources
Looking critically at reports of experiments can help us make well-informed 
decisions about actions to take. Most of the research on cold prevention and 
treatment is �rst published as primary sources, written by the researchers 
themselves and reviewed within the scienti�c community (Figure 1.16  on the 
next page). The process of peer review, in which other scientists critique 
the results and conclusions of an experiment before it is published, helps  
increase con�dence in scienti�c information. Peer-reviewed research articles in 
journals such as Science, Nature, the Journal of the American Medical Association, 
and hundreds of others represent the �rst and most reliable sources of current 
scienti�c knowledge.

However, evaluating the hundreds of scienti�c papers that are published 
weekly is a task no one of us can perform. Even if we focused only on a 
 particular �eld of interest, the technical jargon used in many scienti�c papers 
may be a signi�cant barrier to our understanding.

Instead of reading the primary literature, most of us receive our scien-
ti�c information from secondary sources such as books, news reports, 
and  advertisements. How can we evaluate information in this context?  
The following sections provide strategies for doing so, and a recurring 
Savvy Reader  feature in this textbook will help you practice these evalua-
tion skills.

Information from Anecdotes
Information about dietary supplements such as echinacea tea and zinc  lozenges 
is often in the form of anecdotal evidence„meaning that the advice is 
based on one individual•s personal experience. A friend•s enthusiastic plug for 
 vitamin C, because she felt it helped her, is an example of a testimonial„a 
common form of anecdote. Advertisements that use a celebrity to pitch a prod-
uct •because it worked for themŽ are classic forms of testimonials.

You should be cautious about basing decisions on anecdotal evidence, 
which is not at all equivalent to well-designed scientific research. For 
 example, many of us have heard anecdotes along the lines of the grandpa 
who was a pack-a-day smoker and lived to the age of 94. However, hundreds 
of studies have demonstrated the clear link between cigarette smoking and 
premature death. Although anecdotes may indicate that a product or treat-
ment has merit, only well-designed tests of the hypothesis can determine its 
safety and ef�cacy.

One of the challenges of presenting science is that anec-
dotes make a much bigger impression on people than statistical summaries 
of data. Why do you think this is the case?

Stop & Stretch
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A. See Adenine
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Acetylcholine, 556
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Acids, 35
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denial of, 486
immune system and, 484…486, 485
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Activation energy, 74, 74
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Active site, 74
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Adaptations, 256, 294
Adaptive radiation, 327
ADD. See Attention de�cit disorder
Adderall, 542, 543, 556, 557
Adenine (A), 41, 186
Adenosine triphosphate (ATP)

breakdown of, 505
cellular work and, 77
regenerating, 78
structure and function of, 76, 76…78
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Adrenal glands, 493, 494, 496
Advertisements, 23
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Aerobic respiration, 78
African Americans, 274, 275, 301
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AIDS. See Acquired immunode�ciency 
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Air pollution, 413, 413…414
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dependence of, 509
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Algae, 49, 318
ALH84001 (meteorite), 31
Alleles, 133, 150

dominant, 155, 155
formation of, 151
frequency of, 287, 289
multiple, 176
recessive, 154

Allergy, 480
Alligators, 330, 513
Allopatric, 281
Aloe (Aloe barbadensis), 326
Aloe barbadensis (Aloe), 326
Aloe vera, 326
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Alzheimer•s disease, 13, 556…558
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Amenorrhea, 507
American Albino horse, 155, 155
American alligator, 330
American Association for the Advancement 
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Amino acids, 39, 39

essential, 58, 58
Amnion, 537
Amoeba, 49, 118, 319
Amphetamines, 557, 558
Amphibians, 457
Anabolic steroids, 509
Anaerobic respiration, 83
Anaphase, 122
Anatomical homology, 242
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Anchorage dependence, 128
Anderson, Anna, 189
Androgens, 519
Anecdotal evidence, 21
Anenome, 321
Angiogenesis, 128
Angiosperms, 566

reproduction of, 573

Animals, 320
in biomedical research, 13
cell division in animal cells, 122…123
cells, 48
comparison of cytokineses in animal and 

plant cells, 124
diversity of body form, 50
evolutionary theory of, 49
osmosis in cells, 66
reproduction of, 514…516
sexual cell division, 136…137

Annelida, 321
Annual plants, 566, 607
Anorexia, 73, 88, 88
Ant (Pseudomyrmex triplarinus), 320, 323
Antagonistic muscle pairs, 506, 506
Anthers, 571, 571
Anthophyta, 326
Anthrax, 470
Antibiotics, 316

from fungi, 324
resistance to, 471
for treatment of bacterial infections, 

470
for treatment of tuberculosis, 253…254

Antibodies, agglutination of, 483
Anticodon, 199
Antigen receptors, 479
Antigens, 479

diversity of, 481
Antioxidants, 62…63, 64, 116…117
Ants, sex determination of, 180
Apes

ape-to-human transition, 240
shared characteristics with humans, 231
vestigial traits, 233

Apical dominance, 613
Apical meristem, 570
Appendicular skeleton, 499
Aquatic biomes, 405…406, 405…410

coral reef, 406
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freshwater, 405, 406…408
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ocean, 406
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Page references that refer to �gures are in bold. Page references that refer to tables are in italic.
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