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Relatable stories engage  
      students in learning biology.

Each chapter of Biology: Science for Life with Physiology  
weaves a compelling story based on a current issue or hot topic  
that presents, explains, and demystifies biological concepts,  
examples, and applications. 

For example, Chapter 5 teaches the fundamentals of  
photosynthesis and the carbon cycle through the lens  
of climate change and global warming.

Personalize learning with 
Mastering Biology

Mastering™ Biology is an online homework, tutorial, and  
assessment platform that improves results by helping students quickly  
master concepts and skills. Features in the textbook and Mastering Biology 
work together, creating a seamless learning suite to support student learning.

Mastering Biology for the sixth edition of Biology: Science for Life with 
Physiology includes assignable versions of many features from the text:

•	 Working With Data activities 
give students guided data 
interpretation practice.

•	 Figure Walkthrough videos 
show students how to read 
and understand figures  
from the text. 

•	 Roots to Remember activities 
help students learn the language  
of biology using root words.

•	 Make the Connection activities 
remind students of the connections 
between the chapter storylines  
and the scientific concepts.

Learn more at www.pearson.com/mastering/biology  

www.pearson.com

Please visit us at www.pearson.com for more information. To order 
any of our products, contact our customer service department at 
(800) 824-7799, or (201) 767-5021 outside of the U.S., or visit your 
campus bookstore.
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Colleen Belk and Virginia Borden Maier collaborated on teaching biology to 
nonmajors for more than a decade at the University of Minnesota Duluth. This 
collaboration has continued for an additional decade 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 teaches general biology for majors, genetics, cell biol-
ogy, and molecular biology courses. Virginia 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 
nonmajors in a single semester, the two authors came to the conclusion that they 
needed to find a better way. They realized that their students were more engaged 
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 engagement and willingness to work harder at learning biol-
ogy. 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.

About the Authors
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iv

Preface

To the Student
Is it acceptable to clone humans? When does human life 
begin? What should be done about our warming planet? 
Who owns living organisms? What are our responsibilities 
toward endangered species? Having taught this course for 
nearly 45 combined years, we understand that no amount 
of knowledge alone will provide satisfactory answers to 
these questions. Addressing them requires the develop-
ment of a scientific literacy that surpasses the rote mem-
orization of facts. To make decisions that are individually, 
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. This is 
the aim of this textbook.

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 
relevant 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 
also be strengthening your critical thinking skills.

Even though you may not be planning to be a prac-
ticing biologist, well-developed critical thinking skills will 
enable you to make better decisions about issues that affect 
your own life and form well-reasoned, fact-based opinions 
about personal, social, and ecological issues.

To the Instructor
You are probably all too aware that teaching nonmajors stu-
dents is very different from teaching biology majors. You 
know that most of these students will never take another 
formal science course; therefore, your course may be the 
last chance for these students to appreciate how biology is 
woven throughout the fabric of their lives and to develop 
a deep understanding of the process of science. You rec-
ognize the importance of engaging nonmajors because 
you know that these students will one day be voting on 
issues of scientific importance, holding positions of power 
in the community, serving on juries, and making health 
care decisions for themselves and their families. This text is 
designed to help you reach your goals.

By now, most nonmajors biology instructors are 
aware that this book differs from other books in that we 
use a compelling storyline woven throughout the entire 
text of each chapter to garner student interest. Once we 

draw students in, we keep them engaged by returning to 
the storyline again and again until the end of the chap-
ter, when students should be able to form their own data-
driven opinions about each topic. Storylines are carefully 
crafted to allow the same depth and breadth of coverage as 
any other nonmajors biology text.

Our experience has taught us that students will not 
remember as many facts as we hope they will, but they 
can and do remember how to apply the scientific method 
to novel questions involving biology, and they can retain 
a strong appreciation for how science differs from other 
methods of understanding the world. To ensure our stu-
dents leave our course with the ability to critically eval-
uate information they may come across, this text focuses 
heavily on the process of science, providing opportunities 
for students to practice applying the scientific method and 
analyze data at every opportunity.

New to the Sixth Edition
The positive feedback obtained in previous editions 
assured us that presenting science alongside a story works 
for students and instructors alike. In the sixth edition, we 
have added several new features, a new chapter, and sev-
eral reorganized chapters. We also updated storylines and 
continued to improve popular features from previous edi-
tions as well as our supplements.

New Features: Got It?, Show You Know, 
Go Find Out, Make the Connection, and 
The Big Question
In this edition, we have added many active learning fea-
tures to help engage student readers. Each text section 
includes a series of fill-in-the-blank Got It? questions to 
help students actively assess their content comprehen-
sion. The Chapter Review Summary now contains Show 
You Know questions to make reviewing the summary a 
more active process for students. Go Find Out includes 
activities students can perform on their own or in class in 
groups that challenge them to find information to answer 
contemporary questions. The Chapter Review ends with a 
Make the Connection exercise where students draw lines 
between statements about the storyline and the science in 
the chapter to help enhance their understanding. Lastly, 
each chapter ends with The Big Question, a feature that 
presents a topic, followed by some smaller questions—
some answerable by science and some not. Once students 
determine which of the smaller questions science can 

A01_BELK5430_06_FM.indd   4 10/11/17   11:58 AM



	 PREFACE	 v

answer, data is presented related to one of these questions. 
Students analyze the data in light of both the smaller 
question addressed and the big question that headlines the 
feature.

Revised Unit One Coverage and 
New Chapters
Because we have found that our students are interested 
in their own fertility, we have reorganized the mitosis and 
meiosis chapter into two separate chapters. Chapter 6 still 
deals with mitosis and cancer, but a new Chapter 7 now 
addresses human fertility and reproduction along with 
meiosis. Chapter 8 discusses Mendelian genetics in a new 
storyline, addressing the development and use of newborn 
screening tests. A newly reorganized Chapter 9 uses the 
storyline of wrongful convictions to help students learn 
about the inheritance of complex traits such as those used 
in identification of suspects by witnesses. In addition, the 
heritability section helps counter the notion that criminals 
are born not made, and the DNA profiling section explains 
how positive identification has been used to exonerate 
many wrongfully convicted individuals.

Updated Storylines
In addition to the new storylines listed above associated 
with content revisions, we’ve revised the storylines of some 
chapters without strongly modifying content. Chapter 5 
continues to address photosynthesis within a storyline 
about global climate change, but is updated to reflect 
humanity’s response via the Paris Agreement. Our chap-
ter on speciation (Chapter 13) still addresses the issue 
of supposed human races, but now through the lens 
of swimmer Simone Manuel’s historic gold medal in the 
2016 Olympics. The chapter covering climate and biomes 
(Chapter 17) now addresses the concept of the human 
“footprint.” Our summary of the respiratory and cardio-
vascular systems (Chapter 20) addresses the known and 
unknown health issues of electronic cigarettes and the 

practice of “vaping.” And the spread of Zika virus is now 
the storyline for Chapter 23, which describes the virus’s 
effects on reproduction and embryonic development.

Supplements and Media
The supplements package continues to be updated and 
expanded by Judi Roux, Ed.D., a talented college instruc-
tor with years of classroom experience in nonmajors biol-
ogy and colleague of Colleen Belk at the University of 
Minnesota Duluth. We think you will find that the supple-
ments she has developed are brimming with ideas for how 
to reach this particular population of students. In addition 
to the Instructor’s Manual (for use in traditional lectures as 
well as flipped classrooms) and a test bank, we also provide 
slides, animation, and videos to enrich instruction efforts. 
Available online, the Biology: Science for Life with Physiology 
resources are easy to navigate and support a variety of 
learning and teaching styles. Judi authored not only the 
Instructor Guide, but also many Mastering Biology Quiz 
and Test Items and the PowerPoint lectures as well.

New features in Mastering Biology include figure 
walk-throughs on tough topics, which provide students 
with the dynamic guidance of the authors to help them 
solidify their understanding of the concepts within chal-
lenging illustrations. Ready-to-Go Teaching Modules 
for select chapters provide instructors with assignments to 
use before and after class, as well as in-class activities that 
use Clickers or Learning Catalytics for assessment. Each 
Ready-to-Go Teaching Module also includes an Instructor 
How-To video, in which Colleen and Virginia provide 
additional background and helpful hints for presenting the 
content in the context of particular storylines.

We believe you will find 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.

We look forward to learning about your experience 
with Biology: Science for Life with Physiology, Sixth Edition.
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Capture Student Attention with

   49

Or is it more  
healthful to eat 

whole foods?

Do nutritional  
supplements 
enhance academic 
performance or 
health?

3
Is It Possible to 
Supplement Your Way 
to Better Performance 
and Health?

Do sports drinks 
enhance athletic 

performance?

Nutrients and Membrane 
Transport
Gingko to improve your memory, kava to reduce stress, gin-
seng to boost energy, and melatonin to help you sleep. Sounds 
like a recipe for success for a busy student. For good measure, 
chase those supplements down with some coconut water to 
slow aging and prevent cancer. You may have heard claims 
about the health benefits of nutritional supplements like vita-
mins, minerals, herbs, yeast, and even enzymes. If these are 
truly good for you, why not replace some of the food you eat 
with products that have a longer shelf life than most foods? 
Instead of going to the grocery store every weekend, you could 
stock your pantry with energy drinks, vitamin-enriched waters, 
protein powders, nutrition bars, vitamins, and minerals. These 
can be bought in bulk and don’t rot like fruits and vegetables. 
But are they as good for you as food?

Is it possible to supplement your way to enhanced academ-
ic performance or better health? It seems that most Americans 
think so—we spend around $6 billion a year on these items 
and more than two-thirds of us are taking at least one such 
supplement. Let’s investigate whether these products are doing 
what we hope they are.
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Each chapter weaves in a story 
based on a current issue or 
hot topic through which biological 
concepts, examples, and applications 
are presented and explained.

NEW! Storylines in the 6th edition:
•	 Chapter 7: Fertility
•	 Chapter 8: Does Testing Save Lives?
•	 Chapter 9: Biology of Wrongful Convictions
•	 Chapter 17: The Human Footprint
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 The Big Question 161

Sounds 
right, but 

is it?

In the Harry Potter books and movies, many of the characters who knew 
Harry’s parents tell him that he resembles his mother or note his similarity 
to his father in his willingness to bend the rules. To many fans, these com-
ments make sense, because a child receives half of his genetic information 
from his mother and half from his father. Thus, it seems fair to say that:

Harry Potter has his mother’s eyes.

Sounds right, but it isn’t.
Answer the following questions to understand why.

1. Do you think it is more likely that the color and shape 
of a person’s eyes are determined by one gene or many 
genes?

2. Did Harry receive copies of genes that determine eye 
color and shape from his mother?

3. Did he receive copies of genes that determine eye color 
and shape from his father?

4. Think back to the Punnett squares you’ve viewed and 
drawn. Do genes for only one or both parents likely 
influence eye color and shape?

5. Reflect on your answers to questions 1–4. Explain why 
the statement bolded above sounds right, but isn’t.

THE BIG 
QUESTION

Should there be universal screening for killer diseases?

The American Cancer Society recommends that adults undergo regular screening tests for 
various forms of cancer, including colon cancer in both sexes, prostate cancer in men, 
and cervical and breast cancer in women. The benefits of cancer screening, as with new-

born screening, is that affected but symptom-free individuals may receive timely life-saving 
treatment; the risks include the anxiety created by false positive results and “overtreatment” of 
a cancer that would not have been deadly if undetected.

What should I know?
What follows are some smaller questions that need to be resolved to answer the Big Ques-
tion. Place a checkmark next to the questions that science can answer.

Small Questions Can Science Answer?

Are there health risks associated with screening for cancer?

Does screening for cancer improve the health and survival of 
screened individuals?

Does identifying affected individuals improve outcomes for other 
individuals in the same family?

Is the cost of screening for cancer less than the cost of a later 
diagnosis?

Do all people deserve to know whether they are possibly affected 
by a killer disease, regardless of cost?
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Relevant, Engaging Storylines

48 CHAPTER 2 Science Fiction, Bad Science, and Pseudoscience

MAKE THE CONNECTION
The science that you learned in this chapter has helped you better understand the real-world example used 
throughout this discussion. Draw a line from the statement on the left to the science that supports it on the right.

Answers to Got It?, Visualize This, Working with Data, Sounds Right, But Is It?, Show You Know, and Chapter Review questions can be found 
in the Answers section at the back of the book.

Zombies are not alive. The amino acid tryptophan is present in 
many protein rich foods.

The question of whether exam scores are higher 
when students bring water to exams is not 

resolved.

Living organisms undergo metabolism, 
maintain homeostasis, and reproduce.

The question of whether drinking sugary beverages 
make kids hyperactive is not resolved.

Alternative hypotheses need to be 
explored before drawing any firm 
conclusions.

The question of whether eating turkey makes one 
tired is not resolved.

Bacteria are the most common organisms 
on Earth.

The assumption that humans are at the top of the 
evolutionary tree is false.

Expectations can effect perceptions.
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NEW! Make 
the Connection 
Activities tie the 
storyline of the 
chapter to the key 
scientific concepts 
behind it to ensure 
that students truly 
understand the 
relationship between 
the story and the 
science. These are 
also assignable in 
Mastering Biology.

Sounds Right, But Is It? activities at the 
end of each chapter address common student 
misconceptions about biology concepts. 
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 The Big Question 65

THE BIG 
QUESTION

Should I routinely use detox products?

Detoxification teas, sometimes called teatoxes, are endorsed by celebrities on social media. 
How—or if—these products work to detox your body are open questions. Most detox sup-
plements are thought to act on the liver, which is the major site of detoxification in your 

body. Let’s look at the science behind these products to determine if they are useful and safe.

What should I know?
What follows are some smaller questions that need to be resolved to answer the Big Question. 
Place a checkmark next to the questions that science can answer.

Smaller Questions Can Science Answer?

Do toxins accumulate in the liver?

Do most manufacturers of supplements care more about profit than 
helping people detoxify?

Is toxin accumulation harmful to health?

Can using detox teas or supplements be harmful?

Are detox products helpful under normal conditions?

If celebrities are paid for their endorsements, should we trust the 
products they are endorsing?

What does the science say?
Let’s examine what the data say about this smaller question:

Are detox products helpful under normal conditions?
Milk thistle is an herbal supplement that is thought to act on the liver. The data shown in the illus-
tration that follows show levels of an enzyme whose concentration in the blood increases with 
liver damage.
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1. Describe the results. Does it appear that milk thistle helps prevent liver damage under 
normal conditions?

2. Given these data, do you think the smaller question is answered? If not, propose another 
study that would help answer this question. 

3. Does this information help you answer the Big Question? What else do you need to 
consider?

Data source: N. Bektur, E. Sahin, C. Baycu, and G. Unver, “Protective Effects of Silymarin against Acetaminophen-Induced 
Hepatotoxicity and Nephrotoxicity in Mice,” Toxicology and Industrial Health 32, no. 4 (2016): 589–600.

SUMMARY

Section 3.1
Describe the role of nutrients in the body.

• Nutrients provide structural units and energy for cells  
(p. 50).

Describe the function of water in the body.

• Water is an important dietary constituent that helps 
dissolve and eliminate wastes and maintain blood 
pressure and body temperature (p. 50).

Describe the major dietary macronutrients and discuss the 
functions of each.

• Macronutrients are required in large amounts for proper 
growth and development. Macronutrients include 
carbohydrates, proteins, and fats. All of these molecules 
are composed of subunits that can be broken down for 
use by the cell (pp. 50–53).

List the major dietary micronutrients and describe their 
functions.

• Micronutrients are dietary substances required in minute 
amounts for proper growth and development; they 
include vitamins and minerals (pp. 53–54).

• Vitamins are organic substances, most of which the body 
cannot synthesize. Many vitamins serve as coenzymes to 
help enzymes function properly (pp. 54–55).

• Minerals are inorganic substances essential for many cell 
functions (pp. 54–55).

SHOW YOU KNOW 3.1 Does water fit our definition of a 
nutrient? Why or why not?

Section 3.2
Describe the structure and function of the plasma membrane.

• To gain access to cells, nutrients move across the plasma 
membrane, which functions as a semipermeable barrier 
that allows some substances to pass and prevents others 
(pp. 57–58).

• The plasma membrane is composed of two layers of phos-
pholipids, in which are embedded proteins (pp. 57–58).

• Some organisms, such as plants, fungi, and bacterial 
cells, have a cell wall outside the plasma membrane that 
helps protect these cells and maintain their shape (p. 58).

Describe the structure and function of the subcellular 
organelles.

• Subcellular organelles and structures perform many 
different functions within the cell. The nucleus houses 
the DNA. Mitochondria and chloroplasts are involved 
in energy conversions. Lysosomes are involved in the 
breakdown of macromolecules. Ribosomes serve as sites 
for protein synthesis. Proteins can be synthesized on 
ribosomes attached to rough endoplasmic reticulum. 
Smooth endoplasmic reticulum synthesizes lipids. 
The Golgi apparatus sorts proteins and sends them to 
their cellular destination. Centrioles help cells divide. 
The plant cell central vacuole stores water and other 
substances (pp. 58–60).

SHOW YOU KNOW 3.2 How does the structure of the nucleus 
help protect the DNA from exposure to substances that might 
damage it?

Chapter Review Go to Mastering Biology to access eText 2.0, Dynamic Study 
Modules, and the Study Area, where you’ll find practice quizzes, 
BioFlix™ animations, MP3 tutor sessions, current events, and more.

Mastering Biology
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Help Students Interpret and Apply Data

NEW! Big Question features 
present a topic, followed by a 
series of smaller questions—
some answerable by science 
and some not. Once students 
determine which of the smaller 
questions science can answer, 
students explore data related to 
one of these questions. Students 
analyze the data in light of both 
the smaller question addressed 
and the big question that 
headlines the feature.
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Working with Data 
questions challenge 
students to analyze 
and apply their 
knowledge of biology 
to a graph or set of 
data.

Select Working with 
Data questions 
are also assignable 
as activities  in 
Mastering Biology.

NEW! 10 GraphIt! 
Coaching activities 
help students read, 
interpret, and create 
graphs that explore 
real environmental 
issues using real data. 
They are presented  in 
an entirely new mobile 
experience with 
accessible design.

A01_BELK5430_06_FM.indd   23 10/11/17   11:59 AM



Bring the Story to Life with

 9.2 Genes, Criminality, and Implicit Bias 173

their genetic predispositions, the well-fed mice become fat, and the poorly fed 
mice become thin. Consider the outcome if we were to keep the mice in these 
same conditions and allowed the two groups to reproduce. Not surprisingly, the 
second generation of well-fed mice is likely to be much heavier than the sec-
ond generation of poorly fed mice. Now imagine that another researcher came 
along and examined these two populations of mice without knowing their diets. 
Knowing that body weight is highly heritable, the researcher might logically 
conclude that the groups are genetically different. However, we know this is not 
the case—both are grandchildren of the same original source population. It is 
the environment of the two populations that differs (FIGURE 9.9).

Now extend the same thought experiment to human groups. Imagine that 
we have two groups of humans, and we have determined that criminality had 
high heritability. In this case, people in one group were aff luent, and their 
average criminality was lower. The other group was impoverished, and their 
average criminality was higher. What conclusions could you draw about the 
genetic differences between these two populations? None. As with the labora-
tory mice, these differences could be entirely due to environment. The high 
heritability of criminality cannot tell us if two human groups in differing social 
environments vary in criminality because of variations in genes or because of 
differences in environment.

In fact, a developing understanding of the science of epigenetics has made 
it apparent that the environment plays a larger role in gene expression than sci-
entists ever predicted. This role was convincingly described in 2003, when Dr. 
Randy Jirtle of Duke University demonstrated that females of genetically uni-
form agouti mice—a strain that was selected to be “innately” obese, and which 
had yellow fur—could be induced to produce offspring that were not obese and 
had brown fur by simply ingesting certain foods (FIGURE 9.10). These foods had 
the property of causing methyl side-groups to attach to portions of the DNA, epi- means above or in addition to.

Start with a population of mice 
that are variable in size.

Randomly divide mice into 
two groups. Feed half a 
poor diet and the other half 
a rich diet.

Allow the mice in both 
groups to breed. Measure 
the weight of adult 
offspring.

Average weight of the mice in the rich- 
diet environment is twice the average 
weight of the population in the poor- 
diet environment. However, there is no 
genetic difference between the two 
groups.

1

2

3

FIGURE 9.9 The environment can 
have powerful effects on highly 
heritable traits. If genetically similar 
populations of mice are raised in radically 
diverse environments, then differences 
between the populations are entirely due 
to environment.

VISUALIZE THIS
What would happen to the appearance 
of the mice in the next generation on 
both sides of this figure if all mice were 
switched back to the normal diet?

FIGURE 9.10 The powerful 
effects of environment on gene 
expression. These two agouti mice 
are genetically identical. This strain of 
mice was selected for innate obesity—
the one on the (left) demonstrates the 
appearance of these mice when raised 
on a standard lab diet. The mouse on 
the (right) is the offspring an agouti 
mouse who was fed a diet supplemented 
with certain chemicals that changed 
the condition of its DNA molecules. The 
result is a radically different phenotype 
without any change in DNA sequence.
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Visualize This 
questions within select 
figure legends encourage 
students to look more 
closely at figures to more 
fully understand their 
content.

 1.2 Hypothesis Testing 13

virus infections (FIGURE 1.10). This correlation was generated by researchers 
who collected data on research participants’ 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 although the cold virus was applied to each participant in the study, the 
researchers had no influence on the stress level of the study participants—in 
other words, this was not a controlled experiment because people were not ran-
domly assigned to different “treatments” of low or high stress.

Let’s examine the results presented in Figure 1.10. The horizontal axis of the 
graph, or x axis, illustrates the independent variable. In this case, the variable 
is stress, and the graph ranks research participants along a scale of stress level—
from low stress on the left edge of the scale to high stress on the right. The ver-
tical 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 five 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 when exposed to the virus. 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 individuals measured for the correlation are similar in every way except 
for their stress levels. Is this a good assumption? Not necessarily. Most cor-
relations 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 differ-
ences among people who differ in stress level may also influence their cold 

FIGURE 1.10 Correlation between stress level and illness. The graph indicates 
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.
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WORKING WITH DATA
This graph groups people with similar 
but not identical, stress index meas-
ures. Why might this have been nec-
essary? If people with stress indices 3 
and 4 have the same susceptibility to 
colds, does this call into question the 
correlation? Why?

Watch Correlation in  

Mastering Biology

M01_BELK5430_06_C01.indd   13 12/10/17   5:08 PM

NEW! Figure Walkthrough 
videos guide students through 
key figures with author-narrated 
explanations and figure markups.
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 10.1 Protein Synthesis and Gene Expression 187

addition, the ribosome can bind to structures called transfer RNA (tRNA) that 
carry amino acids.

Transfer RNA (tRNA). Transfer RNA (FIGURE 10.5) is yet another type of RNA 
found in cells. An individual transfer RNA molecule carries one specific amino 
acid and interacts with mRNA to place the amino acid in the correct location of 
the growing polypeptide.

As mRNA moves through the ribosome, small sequences of nucleotides 
are sequentially exposed. These sequences of mRNA, called codons, are three 
nucleotides long and encode a particular amino acid. Transfer RNAs also have 
a set of three nucleotides, which will bind to the codon if the right sequence 
is present. These three nucleotides at the base of the tRNA are called the 
anticodon because they complement a codon on mRNA. The anticodon on 
a particular tRNA binds to the complementary mRNA codon. In this way, the 
codon calls for the incorporation of a specific amino acid. The ribosome moves 
along the mRNA sequentially, exposing codons for tRNA binding.

When a tRNA anticodon binds to the mRNA codon, a peptide bond is 
formed. The ribosome adds the amino acid that the tRNA is carrying to the 
growing chain of amino acids that will eventually constitute the finished pro-
tein. The transfer RNA functions as a sort of cellular translator, fluent in both 
the language of nucleotides (its own language) and the language of amino acids 
(the target language).

To help you understand protein synthesis, let us consider its similarity to 
an everyday activity such as baking a cake (FIGURE 10.6). To bake a cake, you 
would consult a cookbook (genome) for the specific recipe (gene) to make your 
cake (protein). You may copy the recipe (mRNA) out of the book so that the 
original recipe (gene) does not become stained or damaged. The original rec-
ipe (gene) is left in the book (genome) on a shelf (nucleus) so that you can 
make another copy when you need it. The original recipe (gene) can be cop-
ied again and again. The copy of the recipe (mRNA) is placed on the kitch-
en counter (ribosome) while you assemble the ingredients (amino acids). The 
ingredients (amino acids) for your cake (protein) include flour, sugar, butter, 
milk, and eggs. The ingredients are measured in measuring spoons and cups 
(tRNAs). (Although in baking you might use the same cups and spoons for 
several ingredients, in protein synthesis we use tRNAs that are dedicated to one 
specific ingredient.) The measuring spoons and cups bring the ingredients to 
the kitchen counter. Like the ingredients in a cake that can be used in many 

Anticodon

mRNA

AAA

U U U

tRNA

Amino
acid

Binding site for
amino acid

Region of internal 
complementarity

phe

Codon

FIGURE 10.5 Transfer RNA 
(tRNA). Transfer RNAs translate the 
language of nucleotides into the 
language of amino acids. The tRNA that 
binds to UUU carries only one amino acid 
(phe, the three-letter abbreviation for 
phenylalanine).

VISUALIZE THIS
The structure of a tRNA molecule 
involves regions where the RNA strand 
forms complementary bonds with 
itself, causing the RNA to fold up. What 
nitrogenous bases might be involved 
in bonding in such regions of internal 
complementarity?

One
gene

One
recipe

Genome
in nucleus

Copy of gene
as mRNA

mRNA on
ribosome

Amino acids tRNAs Protein

Cookbook
on shelf

Copy of recipe book
on index card

Recipe card
on counter

Flour, sugar,
and eggs

Measuring
spoon and cup

Cake

One gene 
determines 
one recipe.

FIGURE 10.6 Protein synthesis and 
cake baking. Making a protein in a cell 
is analogous to making a cake in your 
kitchen.
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4.1  Enzymes and Metabolism
The amount of fat that a given individual will store depends partly on how 
quickly or slowly he or she breaks down food molecules into their component 
parts. Metabolism is a general term used to describe all of the chemical reac-
tions occurring in the body.

Enzymes
All metabolic reactions are regulated by proteins called enzymes that speed up, or 
catalyze, chemical reactions in cells. Enzymes can help break down or build up 
substances, or build more complex substances from simpler ones. The enzymes 
that help your body break down the foods you ingest liberate the energy stored in 
the food’s chemical bonds. Enzymes are usually named for the reaction they cata-
lyze and their names end in the suffix -ase. For example, sucrase is the enzyme 
that breaks down the table sugar sucrose.

To break chemical bonds, molecules must absorb energy from their surround-
ings, often by absorbing heat. This is why heating chemical reactants will speed 
up a reaction. However, heating cells to an excessively high temperature can dam-

age or kill them, in part because proteins 
begin to break down at high tempera-
tures. Enzymes do not require heat to 
catalyze the body’s chemical reactions; 
they break chemical bonds without 
damaging or killing cells.

Activation Energy.  The energy 
required to start the metabolic reaction 
serves as a barrier to catalysis and is called 
the activation energy (FIGURE 4.1). If 
not for the activation energy barrier, all 
of the chemical reactions in your cells 
would occur all the time, whether the 
products of the reactions were needed 
or not. Because most metabolic reactions 
need to surpass the activation ener-
gy barrier before proceeding, they can  
be regulated by enzymes. In other 
words, a given chemical reaction will 
occur when the correct enzyme is pres-
ent. How do enzymes decrease the acti-
vation energy barrier?

Induced Fit. The chemicals that are 
metabolized by an enzyme-catalyzed 

-ase is a common suffix in names 
of enzymes.

(a) No enzyme present

(b) Enzyme present

Reactants Products

Reactants Products

FIGURE 4.1 Activation energy. (a) The activation energy barrier present in cells 
can be likened to an uphill bike ride. Once you are at the top of the hill, it takes much 
less energy to continue moving forward. (b) If you smooth out the grade of the hill, 
more people will make it. In cells, there is an energy barrier that prevents chemical 
reactions from occurring. Adding an enzyme helps lower this barrier.
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Visual Analogies 
simplify complex topics so 
students conceptualize and 
recall important concepts 
when they need them.
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Mastering™ Biology is an online homework, tutorial, and assessment 
platform that improves results by helping students quickly master concepts 
and skills.  Features in the textbook and Mastering Biology work together, 
creating a seamless learning suite to support student learning.

Personalize Learning with

Dynamic Study Modules help students 
study effectively on their own by continuously 
assessing their activity and performance 
in real time. These are available as graded 
assignments prior to class, and accessible on 
smartphones, tablets, and computers.

BioFlix™ 3D movie-quality animations 
help your students visualize complex 
biology topics and include automatically 
graded coaching activities with 
personalized feedback and hints.

Everyday Biology Videos briefly 
explore interesting and relevant 
biology topics that relate to concepts 
that students are learning in class.
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Mastering Biology

Roots to Remember references 
appear in context within chapter 
discussions to help students learn 
the language of biology using 
word roots and include assignable 
activities in Mastering Biology.

 Chapter Review 67

 3. Macronutrients ___________.

A. include carbohydrates and vitamins; B. should  
make up a small percentage of a healthful diet;  
C. are essential in minute amounts to help enzymes 
function; D. include carbohydrates, fats, and 
proteins; E. are synthesized by cells and not necessary  
to obtain from the diet

 4. Which of the following is not a function of water?

A. dispersing nutrients throughout the body; B. helping 
prevent cancer; C. helping to regulate body temperature;  
D. helping to regulate blood pressure

 5. Micronutrients ___________.

A. include vitamins and carbohydrates; B. are not 
metabolized to produce energy; C. contain more  
energy than fatty acids; D. can be synthesized by  
most cells

 6. The main constituents of the plasma membrane are 
___________.

A. carbohydrates and lipids; B. proteins and 
phospholipids; C. fats and carbohydrates; D. fatty acids 
and nucleic acids

 7. A substance moving across a membrane against a 
concentration gradient is moving by ___________.

A. passive transport; B. osmosis; C. facilitated 
diffusion; D. active transport; E. diffusion

 8. A cell that is placed in salty seawater will ___________.

A. take sodium and chloride ions in by diffusion;  
B. move water out of the cell by active transport;  
C. use facilitated diffusion to break apart the sodium 
and chloride ions; D. lose water to the outside of the 
cell via osmosis

 9. Which of the following forms of membrane transport 
require specific membrane proteins?

A. diffusion; B. exocytosis; C. facilitated diffusion; 
D. active transport; E. facilitated diffusion and active 
transport

 10. Which of the following cannot pass through the 
membrane without the help of a membrane protein?

A. carbon dioxide; B. water; C. oxygen; D. charged 
molecules

Section 3.3
Distinguish between passive transport and active transport.

• Passive transport mechanisms include unaided 
simple diffusion and diffusion facilitated by proteins. 
Passive transport always moves substances with their 
concentration gradient and does not require energy  
(pp. 61–63).

• Osmosis, the diffusion of water across a membrane, can 
involve the movement of water through protein pores in 
the membrane (pp. 62–63).

• Active transport is an energy-requiring process that uses 
proteins in cell membranes to move substances against 
their concentration gradients (pp. 62–63).

Describe the processes of endocytosis and exocytosis.

• Larger molecules move into (endocytosis) and out 
(exocytosis) of cells enclosed in membrane-bound 
vesicles (p. 63).

SHOW YOU KNOW 3.3 If a molecule is too big to diffuse 
across a cell membrane, will it always be prevented from 
entering the cell?

ROOTS TO REMEMBER
The following roots of words come mainly from Latin and 
Greek and will help you to decipher terms:

 cyto-   means cell or a kind of cell. Chapter terms: 
cytoplasm, cytoskeleton

 endo-  means inside. Chapter terms: endocytosis, 
endoplasmic reticulum

 exo- means outside. Chapter term: exocytosis

 osmo- means water. Chapter term: osmosis

 plasm  means fluid. Chapter term: cytoplasm, plasma 
membrane

LEARNING THE BASICS
 1. What are the two main functions of nutrients?

 2. Add labels to the figure that follows, which illustrates 
some molecules that can and cannot pass through cell 
membranes unaided.

2

1

ANALYZING AND APPLYING THE BASICS
 1. A friend of yours does not want to eat meat, so instead 

she consumes protein shakes that she buys at a nutrition 
store. Can you think of a dietary strategy that would 
allow her to be a vegetarian while not consuming 
protein shakes?
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Evaluating Science in 
the Media activities 
ask students to examine 
selected media (web sites, 
articles, videos) with a 
critical look at the sources 
and methods used to 
convey information.
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NEW! Ready-to-Go Teaching Modules make use of teaching tools for before, 
during, and after class, including new ideas for in-class activities. The modules 
incorporate the best that the text, Mastering Biology, and Learning Catalytics have to 
offer and can be accessed through the Instructor Resources area of Mastering Biology.

Bring Science to Life with

Ready-To-Go Teaching Modules 
provide instructors with easy-
to-use teaching tools for the 
toughest topics in Biology. 

Assign ready-made activities 
and assignments for before, 
during, and after class.

Incorporate active 
learning with class-
tested resources 
from biology 
instructors.

Take full advantage of 
MasteringTM Biology and Learning 
CatalyticsTM, the powerful “bring 
your own device” student 
assessment system.

Belk/Maier  
Biology, Science for Life With Physiology, 6e 

Ready-To-Go  
Teaching Modules

Colleen Belk 
Virginia Borden Maier

BIOLOGY
S C I E N C E  F O R  L I F E S I X T H  E D I T I O N

www.pearsonhighered.com

Please visit us at www.pearsonhighered.com for more 
information. To order any of our products, contact our 
customer service department at (800) 824-7799, or 
(201) 767-5021 outside of the U.S., or visit your campus 
bookstore.

• Working With Data activities 
give students guided data 
interpretation practice.

• Figure Walkthrough videos 
show students how to read 
and understand fgures  
from the text. 

• Roots to Remember activities 
help students learn the language  
of biology using root words.

• Make the Connection activities 
remind students of the connections 
between the chapter storylines  
and the scientifc concepts.

Learn more at www.pearson.com/mastering/biology  

Relatable stories engage  
      students in learning biology.

Each chapter of Biology: Science for Life weaves a compelling story  
based on a current issue or hot topic that presents, explains, and  
demystifes biological concepts, examples, and applications. 

For example, Chapter 5 teaches the fundamentals of  
photosynthesis and the carbon cycle through the lens  
of climate change and global warming.

Personalize learning with 
Mastering Biology

Mastering™ Biology is an online homework, tutorial, and  
assessment platform that improves results by helping students quickly  
master concepts and skills. Features in the textbook and Mastering Biology 
work together, creating a seamless learning suite to support student learning.

Mastering Biology for the sixth edition of Biology: Science for Life includes 
assignable versions of many features from the text:

B
IO

LO
G

Y
S

C
IE

N
C

E
 F

O
R

 L
IF

E
 

S
IX

T
H

 E
D

IT
IO

N

Belk &
Maier

With Physiology

W
ith P

hysio
lo

g
y

 

Introduction to the 
Scientific Method 

Mendelian Genetics 

Community and 
Ecosystem Biology 

 
Water,  

Biochemistry,  
and Cells 

Complex Genetic 
Traits, Heritability, 
and DNA Profiling 

The Digestive and 
Urinary Systems 

Enzymes, 
Metabolism, and 

Cellular Respiration 

The Evidence  
for Evolution 

Immune System, 
Bacteria, Viruses, and 

Other Pathogens

 

Photosynthesis and 
Climate Change 

Speciation and 
Macroevolution 

Each module also includes a 
NEW! Teaching Tips  video, 
in which Colleen and Ginny 
provide additional background 
and helpful hints for presenting 
the content in the context of 
particular storylines, in the 
classroom or online.
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Learning Catalytics™ helps generate class 
discussion, customize lectures, and promote peer-
to-peer learning with real-time analytics. Learning 
Catalytics acts as a student response tool that uses 
students’ smartphones, tablets, or laptops to engage 
them in more interactive tasks and thinking.
•	 Help your students develop critical thinking skills.
•	 Monitor responses to find out where your students 

are struggling.
•	 Rely on real-time data to adjust your teaching 

strategy.

68 CHAPTER 3 Is It Possible to Supplement Your Way to Better Performance and Health?

MAKE THE CONNECTION
The science that you learned in this chapter has helped you better understand the real-world example used 
throughout this discussion. Draw a line from the statement on the left to the science that supports it on the right.

Answers to Got It?, Visualize This, Working with Data, Sounds Right, But Is It?, Show You Know, and Chapter Review questions can be found 
in the Answers section at the back of the book.

Drinking tap water is a better way to stay hydrated, 
and to protect the environment, than drinking 

sports drinks.

Processed foods are high in trans fats.

The best way to meet your body’s need for dietary 
fiber is to eat whole foods.

Processed products are often high in calories, can 
be expensive, and contain unnecessary sugars and 
other additives.

The best way to meet your body’s need for protein 
is to eat whole foods.

Excesses of this macromolecule in your diet can 
cause kidney damage.

The best way to meet your body’s need for lipids is 
to eat whole foods.

Large doses of this micronutrient can cause many 
health problems.

The best way to meet your body’s need for vitamins 
is to eat whole foods.

Processed fluids are high in sugar and calories 
and most of the bottles they come in are never 
recycled.

Antioxidants are best supplied by eating whole 
foods.

Taking supplements may shift the balance against 
the formation of free radicals that are required for 
some beneficial functions.

GO FIND OUT
 1. Select one supplement you have wondered about and 

spend a few minutes doing some web-based research on 
whether the claims made on its label are backed up by 
scientific evidence.

 2. Some cities have banned restaurants from using trans 
fats when cooking. Has such a ban been enacted in your 
city? Do you think the government should be involved in 
regulating the use of trans fats? Why or why not?

 2. Studies have shown that as trans fat consumption 
increases, so does heart disease. If you were to use a line 
graph to show this relationship, which variable would 
be on the x axis and what would the line showing this 
positive correlation look like?

 3. A vitamin-enriched water manufacturer claims that 
its product has all the vitamin C of an orange. What 
substances would you be missing from the vitamin water 
that you would get by eating an orange?
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Bring ideas for active 
learning into your class 
with NEW! Go Find 
Out activities, located 
at the conclusion of 
each chapter.

Additional Resources:
•	 “Flipped Classroom” Instructor’s Manual includes many activities that have been tested in 

the authors’ own classes.  Each text chapter is supplemented with a selection of in-class activities, 
suggestions for student “pre-work” outside of class, media references, and more. The new edition also 
includes implementation suggestions for the in-text “Go Find Out” activities.

•	 PowerPoint presentations centered around the storylines accompany each chapter to help instructors 
highlight the relevance of biology to everyday life.  

Active Learning Resources
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Access the Text Anytime, 
Anywhere with Pearson eText

NEW! Pearson eText 
integrates rich media assets, 
including new author-created 
Figure Walkthroughs into 
an electronic version of the 
text.

Pearson eText Mobile App offers offline access and can 
be downloaded for most iOS and Android phones/tablets 
from the Apple App Store or Google Play, providing: 
•	 Seamlessly integrated videos and other rich media assets 
•	 ADA accessibility (screen-reader ready)
•	 Configurable reading settings, including resizable type 

and night reading mode
•	 Instructor and student note-taking, highlighting, 

bookmarking, and search capabilities.

A01_BELK5430_06_FM.indd   30 10/11/17   11:59 AM



BIOLOGY
S C I E N C E  F O R  L I F E S I X T H  E D I T I O N

Colleen Belk 
Virginia Borden Maier

With Physiology

A01_BELK5430_06_FM.indd   31 10/11/17   11:59 AM



2

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. Spend more time with others. Get more rest. Exercise 
vigorously. Put that hat on when you go outside! You are left with 
an overwhelming list of options, often contradictory and some 
contrary 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, whereas a local TV 
news story details the risks of using this remedy and highlights its 
ineffectiveness. 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 find they still 
feel terrible, they try another remedy. Testing ideas and discarding 
ones that don’t work is a kind of “everyday science.” We use this 
trial-and-error technique extensively, but it 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.

Professional scientists conduct a more refined version of this 
process—using strategies that help eliminate other possible expla-
nations for a result. And although some fields of science may use 
unfamiliar words or complicated and expensive equipment, the 
basic process for testing ideas is simple and universal to all areas 
of science. An understanding of this process can help you evalu-
ate 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 confidence. In this chapter, we intro-
duce you to the powerful process scientists use by asking the ques-
tion we’ve considered here: Is there a cure for the common cold?

Introduction to the Scientific Method

1 
Can Science Cure the 
Common Cold?

Take massive doses 
of vitamin C?

How would a scien-
tist determine which 

advice is best?

Another cold!  
What can I do?
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Science in the News

Understanding Science from 
Secondary Sources

Is There a Cure for the Common 
Cold?

Sounds Right, But Is It?  24

THE BIG QUESTION  How do I 
know what to believe?  24

1.3	 Understanding 
Statistics  16
What Statistical Tests Can Tell Us

Factors That Influence Statistical 
Significance

What Statistical Tests Cannot 
Tell Us

1.4	 Evaluating Scientific 
Information  20
Primary Sources

Information from Anecdotes

1.1	 The Process of Science  3
The Nature of Hypotheses

Scientific Theories

The Logic of Hypothesis Tests

1.2	 Hypothesis Testing  7
The Experimental Method

Controlled Experiments

Minimizing Bias in Experimental 
Design

Using Correlation to Test 
Hypotheses

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 specific 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 previously 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 scientific method. 
The scientific method allows all of us to solve problems and answer questions 
efficiently and effectively. Can we use the scientific method to solve the compli-
cated problem of preventing and treating colds?

The Nature of Hypotheses
When your mom says “wear a hat,” that generates a question: Does wearing a 
hat in the winter actually prevent colds? That your mom believes the answer 
to this question is “yes” means that she has developed an understanding of 
how a body resists colds. This understanding is known as a hypothesis—that 
is, an idea about how things work (FIGURE 1.1). Science is the process of put-
ting these ideas to the test.

OBSERVATION

Imagination

Intuition
Chance Logic

Experience

Previous scientific
results 

Scientific theory

HYPOTHESIS

QUESTION

FIGURE 1.1  Hypothesis generation.   
All of us generate hypotheses. Many 
different factors, both logical and 
creative, influence the development of a 
hypothesis. Scientific hypotheses are both 
testable and falsifiable.

bio-  means life.
-ology  means the study of or 
branch of knowledge about.

hypo-  means under, below, or 
basis.

VISUALIZE THIS
Most colleges require students who are 
science majors to take courses in the 
humanities and social sciences, just as 
they require students in these majors 
to take science courses. What aspects 
of hypothesis generation listed in this 
figure are improved by study in the 
humanities and social sciences?
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4	 CHAPTER 1  Can Science Cure the Common Cold?

Hypotheses in biology come from knowledge about how the body and other 
biological systems work, experiences in similar situations, our understanding 
of other scientific research, and logical reasoning; they are also shaped by our 
creative mind. 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 eval-
uate a hypothesis through observations of the measurable universe. Not all 
hypotheses are testable. For instance, the statement that “colds are generated by 
disturbances in psychic energy” is not a scientific hypothesis because psychic 
energy has not been demonstrated to exist and thus cannot be measured by any 
known instrument.

A scientific hypothesis must also be falsifiable; that is, an observation or set 
of observations could potentially prove the hypothesis is false. The hypothesis 
that exposure to cold temperatures increases your susceptibility to colds is falsi-
fiable; we can imagine an observation that would cause us to reject this hypoth-
esis (for instance, the observation that people exposed to cold temperatures 
do not catch more colds than people protected from chills). Of course, not all 
hypotheses are proved false, but it is essential in science that incorrect ideas be 
discarded, which can occur only if it is possible to prove those ideas false. Lack 
of falsifiability is why hypotheses that require the intervention of a supernatural 
force cannot be tested scientifically. If something is supernatural, it is not con-
strained by any laws of nature, and therefore its behavior cannot be predicted 
using our current understanding of the natural world. Because a supernatural 
force can cause any possible result, hypotheses that rely on supernatural forces 
can never be falsified.

Finally, statements that are value judgments, such as, “It is wrong to cheat on 
an exam,” are not scientific because different people have different ideas about 
right and wrong. It is impossible to falsify these types of statements. To find 
answers to questions of morality, ethics, or justice, we turn to other methods of 
gaining understanding—such as philosophy and religion.

Scientific Theories
Most hypotheses fit into a larger picture of scientific understanding. We can 
see this relationship when examining how research upended a commonly held 
belief about diet and health—that chronic stomach and intestinal inflammation 
was caused by eating too much spicy food. This belief directed the standard 
medical practice for stomach ulcer treatment for decades. Patients with ulcers 
were prescribed drugs that reduced stomach acid levels and advised to avoid 
eating acidic or highly spiced foods. These treatments were rarely successful, 
and ulcers were considered chronic problems.

In 1982, Australian scientists Robin Warren and Barry Marshall discovered 
that 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. If Warren and Marshall’s hypothesis 
was correct, then stomach ulcers are best treated by drugs that kill bacteria, not 
by dietary changes. Marshall first tested this hypothesis on himself by consum-
ing live H. pylori. He subsequently suffered from acute stomach inflammation, 
which was cured by a course of antibiotics.

Warren and Marshall’s colleagues were at first unconvinced that ulcers 
could have such a simple cause. But today, the hypothesis that H. pylori infec-
tion is responsible for most ulcers is accepted as fact. Why? First, no reasonable 

FIGURE 1.2  A scientific 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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	 1.1  The Process of Science	 5

alternative hypotheses about the causes of ulcers (for instance, consumption of 
spicy foods) has been consistently supported by hypothesis tests; and second, 
Warren and Marshall’s hypothesis has not been rejected—that is, there have 
been no carefully designed experiments that show that antibiotic treatment of 
H. pylori fails to cure most ulcers.

Third, the relationship between H. pylori and ulcers is considered fact 
because this understanding conforms to a well-accepted scientific principle—
namely, the germ theory of disease. A scientific theory is an explanation for a 
set of related observations that is based on well-supported hypotheses from sev-
eral different, independent lines of research. The basic premise of germ theory 
is that microorganisms (that is, organisms too small to be seen with the naked 
eye) are the cause of some or all human diseases.

The biologist Louis Pasteur first 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 evi-
dence for the theory. 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 ideas that form the basis of their understanding of the world. The supporting 
foundation of all scientific theories is multiple hypothesis tests.

The Logic of Hypothesis Tests
One common hypothesis about cold prevention is that taking vitamin C supple-
ments keeps you healthy. This hypothesis is very appealing, especially given the 
following generally accepted 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-inflammatory agent, reducing throat and 

nose irritation.

With these facts in mind, we can state the following testable and falsifiable 
hypothesis: Consuming vitamin C decreases the risk of catching a cold. This hypoth-
esis makes sense given the statements just listed and the experiences of the 
many people who insist that vitamin C keeps them healthy.

The process we used to construct the hypothesis above is called inductive 
reasoning—combining a series of specific observations (here, statements 1–3) 
to discern a general principle. Inductive reasoning is an essential tool for under-
standing 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.

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 “fact” 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 confirm the more modern hypothesis, 
proposed by Nicolaus Copernicus, that Earth revolves around the sun, and 
rotates as it does so.

induc-  means to rely on reason to 
derive principles (also, to cause to 
happen).
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6	 CHAPTER 1  Can Science Cure the Common Cold?

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 deductive 
reasoning or deduction. Deduction involves using a general principle to 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/then” statements. That is, if our 
idea is correct, then we predict a specific outcome from a hypothesis test. A 
prediction 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.

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. This 
shortcoming can be illustrated using the if/then statement concerning vitamin C 
and colds (FIGURE 1.3).

Consider the possible outcomes of a comparison between people who sup-
plement 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 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 from this experimental result that the hypoth-
esis 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.

Consider the alternative hypothesis that frequent exercise reduces sus-
ceptibility to catching a cold. And suppose that people who take vitamin C 
supplements are more likely to engage in regular exercise. If both of these 
hypotheses are true, then the prediction that vitamin C supplementers expe-
rience 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 

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

FIGURE 1.3  The scientific 
method.  Tests of hypotheses follow a 
logical path. This flowchart illustrates 
the process of deduction as practiced by 
scientists.

VISUALIZE THIS
According to this flowchart, scientists 
should consider alternative hypotheses 
even if their hypothesis is supported by 
their research. Explain why this is the case.

deduc-  means to reason out, 
working from facts.
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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 vita-
min C supplementers and nonsupplementers. Today, most health scientists 
agree that the hypothesis that vitamin C prevents colds has been convinc-
ingly falsified.

The example of the vitamin C hypothesis also highlights a challenge 
of communicating scientific information. You can see why the belief that 
vitamin C prevents colds is so widespread. If you don’t know that scien-
tific knowledge relies on rejecting incorrect ideas, a book by a Nobel Prize– 
winning scientist may seem like the last word on the benefits of vitamin C. 
It took many years of careful research to show that this “last word” was, in 
fact, wrong.

Got It?
1.	 A(n)  is a proposed explanation for how things work.

2.	 A statement that is “falsifiable” must be able to be  .

3.	 A statement that is “testable” must be able to be evaluated through 
 of the known universe.

4.	 Deductive reasoning relies on testing the  of a hypothesis test.

5.	 If a hypothesis test returns the predicted results, the hypothesis is supported 
but not definitively .

1.2   Hypothesis Testing
The previous discussion may seem discouraging: How can scientists deter-
mine the truth of any hypothesis when there is a chance that the hypothesis 
could be falsified by a later test? Even if one of the hypotheses about cold pre-
vention is supported, does the difficulty 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 rea-
sonable 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 practical sense, 
true. The hypothesis that H. pylori infection—and not spicy food—causes the 
majority of stomach ulcers is accepted as true. Truth in science can therefore be 
defined as what we know and understand based on all currently available informa-
tion. But scientists remain open to the possibility that what seems true now may 
someday be proven false.

An effective way to test many hypotheses is through rigorous scientific 
experiments. Experimentation has enabled scientists to prove beyond a rea-
sonable doubt that the common cold is caused by a virus. A virus is a micro-
scopic entity with a simple structure—it typically consists of a short strand 
of genetic material and a few proteins encased in a relatively tough protein 
shell, sometimes surrounded by a membrane. A virus must infect a host 
cell to reproduce. Of the more than 200 types of viruses that are known to 
cause the common cold, most infect the cells in our noses and throats. The 
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sneezing, coughing, congestion, and sore throat of a cold appear to result from 
the body’s protective response to a viral invasion, established by our immune 
system (FIGURE 1.4).

As you may know, if we survive certain viral infections, we are unlikely 
to experience a recurrence of the disease the virus causes. For example, it is 
extremely rare to suffer from chicken pox twice because one exposure to the 
chicken pox virus (through either infection or vaccination) usually provides 
lifelong immunity to future infection. However, for common viruses, like the 
one that causes flu, the large number of infections that occur each year means 
that there are many varieties of the virus. We require yearly flu vaccinations 
because the virus type that is most common changes slightly over time. The 
huge variety of cold viruses makes immunity to the common cold—and the 
development of a vaccine to prevent it—improbable. Scientists thus focus 
their experimental research about common colds on methods of prevention 
and treatment.

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.

Virus

Host cell

Virus
copies

Released
virus
copies

Immune 
system cells

Nasal
passages

Throat

Mucus

1

2

3

VISUALIZE THIS
Find two points in this process where intervention by drugs or other 
treatment could disrupt either the virus or the immune response and 
therefore lead to fewer cold symptoms.

FIGURE 1.4   A cold-causing virus.   
A rhinovirus causes illness by invading 
nose and throat cells and using them as 
“factories” to make virus copies. Cold 
symptoms result from immune system 
attempts to eliminate the virus.
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The Experimental Method
Experiments are sets of actions or observations designed 
to test specific hypotheses. Generally, an experiment allows 
a scientist to control the conditions 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 possible fixes before restarting the car, she 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 manner until identifying the problem. 
Likewise, a scientist systematically attempts to eliminate 
hypotheses that do not explain a particular phenomenon.

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 examina-
tion 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 its effect on a dependent variable. The dependent varia-
ble may or may not be influenced by changes in the independent variable, but 
it cannot be systematically changed by the researchers. For example, to meas-
ure the effect of vitamin C on cold prevention, scientists can vary individuals’ 
vitamin C intake (the independent variable) and measure their susceptibility to 
illness upon exposure to a cold virus (the dependent variable).

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 sub-
ject 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.

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 to be 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 likeli-
hood as well as the severity and duration of colds (FIGURE 1.6). A scientific 

FIGURE 1.5  Testing hypotheses through observation.  Not 
all hypotheses can be tested experimentally. Questions about 
the evolutionary history of life are tested by examining the data 
provided by the fossil record.

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