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Preface

To the Student

As you worked your way through high school, or otherwise worked to pre-
pare yourself for college, you were probably unaware that an information
explosion was taking place in the field of biology. This explosion, brought on
by advances in biotechnology and communicated by faster, more powerful
computers, has allowed scientists to gather data more quickly and dissemi-
nate data to colleagues in the global scientific community with the click of a
mouse. Every discipline of biology has benefited 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 difficult to synthesize huge
amounts of information from disparate disciplines within the broad field of
biology, it becomes more vital that we do so. The very same technologies that
led to the information boom, coupled with expanding human populations,
present us with complex ethical questions. These questions include whether
or not 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 conceptual understanding alone
will provide satisfactory answers to these questions. Addressing these kinds
of questions requires the development of a scientific literacy that surpasses
the rote memorization of facts. To make decisions that are individually, social-
ly, and ecologically responsible, you must not only understand some funda-
mental 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 knowledge to an ever-
expanding suite of issues, we have structured each chapter of Biology: Science
for Life around a compelling story in which biology plays an integral role.
Through the story you will not only learn the relevant biological principles
but you will also see how science can be used to help answer complex ques-
tions. As you learn to apply the strategies modeled by the text, you will begin
developing your critical thinking skills.

By the time you have read the last chapter, you should have a clear under-
standing of many important biological principles. You will also be able to
think like a scientist and critically evaluate which information is most reliable
instead of simply accepting all the information you read in the paper or hear
on the radio or television. Even though you may not be planning to be a prac-
ticing biologist, well-developed critical thinking skills will enable you to
make decisions that affect your own life, such as whether or not to take nutri-
tional supplements, and decisions that affect the lives of others, such as
whether or not 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 office, in the
voting booth, and at home reading the paper, 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 decisions for your home,
your nation, and your world.

vii
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Preface

To the Instructor

Colleen Belk and Virginia Borden have collaborated on teaching the nonmajors
biology course at the University of Minnesota—Duluth for over a decade. This col-
laboration has been enhanced by their differing but complementary areas of
expertise. In addition to the nonmajors course, Colleen Belk teaches General
Biology for majors, Genetics, Cell Biology, and Molecular Biology courses.
Virginia Borden teaches General Biology for majors, Evolutionary Biology, Plant
Biology, Ecology, and Conservation Biology courses.

After several somewhat painful attempts at teaching all of biology in a sin-
gle semester, the two authors came to the conclusion that this strategy was not
effective. 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 stu-
dents. When they began letting the story drive the science, they immediately
noticed a difference in student interest, energy, and willingness to work hard-
er at learning biology. Not only has this approach increased student under-
standing, it has increased the authors’ enjoyment in teaching the course—pre-
senting 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.

is very different from teaching biology majors. 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 relavance of
science in their everyday lives and the last chance to appreciate how biology
is woven throughout the fabric of their lives. You recognize the importance of
engaging these students 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 healthcare decisions for them-
selves and their families. You know that your students’ lives will be enhanced
if they have a thorough grounding in basic biological principles and scientif-
ic literacy.

By now you are probably all too aware that teaching nonmajor students



Themes in Science for Life

Helping nonmajors to appreciate the importance of learning biology is a diffi-
cult job. We have experienced the struggle to actively engage students in lec-
tures and to raise their scientific literacy and critical thinking skills, and it
seems that we were not alone. When we asked instructors from around the
country what challenges they faced while teaching the nonmajors introducto-
ry biology course, they echoed our concerns. This book was written to help
you meet these challenges.

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 cap-
italize 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 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, this approach allows students to both con-
nect the science to their everyday lives and integrate the principles and concepts
for later application to other situations. This approach will give you flexibility 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 first chapter is dedicated to
the scientific method and hypothesis testing, and each subsequent chapter
weaves the scientific 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 scientific
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,
as they begin to think like scientists, helps them understand why and how sci-
entists do what they do.

Integration of Evolution. Another aspect of Biology: Science for Life that sets
it apart from many other texts is the manner in which evolutionary principles
are integrated throughout the text. The role of evolutionary processes is high-
lighted in every chapter, even when the chapter is not specifically focussed on
an evolutionary question. For example, when discussing infectious diseases,
the evolution of antibiotic-resistant strains of bacteria is addressed. With evo-
lution serving as an overarching theme, students are better able to see that all
of life is connected through this process.

Pedagogical Elements

Open the book and flip through a few pages and you will see some of the most
inviting, lively, and informative illustrations you have ever seen in a biology
text. The illustrations are inviting because they have a warm, hand-drawn
quality that is clean and uncluttered. The liveliness of the illustrations is
accomplished with vivid colors, three-dimensionality, and playful composi-
tions. Most importantly, 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 “pointer” that help draw the students” attention to
the important part of the figure (see page 3). Likewise, tables are more than just
tools for organizing information; they are illustrated to provide 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 instead of being over-
whelmed before they even get started.

Preface
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Preface

In addition to lively illustrations, this text also strives to engage the non-
major student through the use of analogies. For example, the process of trans-
lation is likened to baking a cake, and the heterozygote advantage is likened
to the advantage conferred by having more than one pair of shoes (see pages
166 and 381). These clever illustrations are peppered throughout the text.

Students can reinforce and assess what they are learning in the classroom
by reading the chapter, studying the figures, reviewing the key terms, and
answering the end-of-chapter questions. We have written these questions in
every format likely to be used by an instructor during an exam so that stu-
dents have practice answering many different types of questions. We have
also included “Connecting the Science” questions that would be appropriate
for essay exams, class discussions, or use as topics for term papers.

Supplements

Development of the supplements package that accompanies Biology: Science
for Life began several years ago. 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 scientific literacy that will allow them to make
informed decisions about the biological issues that affect them daily. In each
chapter, a variety of resources are tightly integrated with the text through spe-
cific chapter learning objectives. The student resources offer opportunities to
exercise scientific reasoning skills and to apply biological knowledge to real
problems and issues within the framework of these learning objectives. The
instructor resources provide a valuable source of ideas for educators to enrich
their instruction and assessment efforts. Available in print and media formats,
the Biology: Science for Life resources are easy to navigate and support a vari-
ety of learning and teaching styles.

We believe you will find that the design and format of this text and its sup-
plements will help you meet the challenge of helping students both succeed
in your course and develop science skills—for life.
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Jake has another cold!
What should he do?



1.1 The Process of Science
1.2 Evaluating Scientific Information

1.3 Is There a Cure for the Common Cold?

ake is in bad shape. He has a big exam coming up in his
Abnormal Psychology class, a paper due in his
Nineteenth-century American Writers course, and he
needs to put in extra hours at his job at the pizzeria to
make this month’s rent payment. On top of everything, Jake has a nasty head
cold—his third one this semester. “I'm not going to make it to my junior year

if I keep getting sick like this!” he moans to all who will sympathize.

Jake’s complaints have brought him endless advice. “Take massive doses
of vitamin C—it works for me. I haven’t been sick all year,” gloats his
Biology lab partner. “My sister goes to a chiropractor, and he does some
body adjustments that improve her immune system,” says one of his bas-
ketball teammates. “Take zinc lozenges.” “Stop eating so much fried food.”
“Meditate for a half-hour every day and visualize your strong immune-
system warriors.” “Drink echinacea tea,” says his sister. “Exercise more.”
“Drop a class.” “Have your Ayurvedic balance evaluated.” And from his
mom, “Wear a hat and gloves when you go outside in the cold—and call me
more often!”

What is Jake to do? All the advice he has been getting is from well-
meaning, intelligent people; but it is impossible to follow all of these pre-

scriptions—some are even contradictory. If Jake is like most of us, he will

"Jake, take massive doses of
Vitamin C.”

"Jake, drink echinacea tea!”

*

How would a scientist determine
which advice is best?



2

Chapter 1

Can Science Cure the Common Cold?

follow the advice that makes the most sense to him, and if that doesn’t work,
he’ll try another remedy. Jake might increase his intake of vitamin C and
decrease the amount of fried food in his diet. If he gets another cold anyway,
he could toss the vitamin C tablets and return to his favorite fast-food place,
and then try drinking echinacea tea to minimize its effects.

Jake’s testing of different cold preventatives and treatments is the kind of
science we all do daily. We see a problem, think of a number of possible
causes, and try to solve the problem by addressing what we feel is the most
likely cause. If our solution fails to work, we move to another possible solu-
tion that addresses other possible causes.

Jake’s brand of science may eventually give him an answer to his question
about how to prevent colds. But he won’t know if it is the best answer unless
he tries out all the potential treatments. We already know that Jake does not
have time for that. Luckily for him, and for all of us, legions of professional
scientists spend their time trying to answer questions like Jake’s. Scientists use
the same basic process of testing ideas about how the world works and dis-
carding (or modifying) ideas that are inadequate.

There are, however, some key differences between the ways scientists
approach questions and the daily scientific investigations illustrated by
Jake’s quest for relief. This chapter will introduce you to the process of sci-
ence as it is practiced in the research setting, and will help you understand
how to evaluate scientific claims by following Jake’s quest for relief from the
common cold.

The Process of Science

The statements made by Jake’s friends and family about what actions will help
him remain healthy (for example, his mother’s 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 work” are called hypotheses. Or, more formally, a hy-
pothesis is a proposed explanation for one or more observations. All of us gen-
erate hypotheses about the causes of some phenomenon based on our
understanding of the world (Figure 1.1). When Jake’s mom tells him to dress
warmly in order to avoid colds, she is basing her advice on her belief in the fol-
lowing hypothesis: Becoming chilled makes an individual more susceptible to
becoming ill.

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 the 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, since psychic
energy cannot be seen or measured—it does not have a material nature. In ad-
dition, hypotheses that require the intervention of a supernatural force cannot
be tested scientifically. If something is supernatural, it is not constrained by the
laws of nature, and its behavior cannot be predicted using our current under-
standing of the natural world.

Scientific hypotheses must also be falsifiable, that is, able to be proved
false. The hypothesis that exposure to cold temperatures increases your sus-
ceptibility to colds is falsifiable, because we can imagine an observation would
cause us to reject this hypothesis (for instance, the observation that people ex-
posed to cold temperatures do 1ot catch more colds than people protected from
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chills). However, hypotheses that are judgments, such as “It is wrong to cheat
on an exam,” are not scientific, since different people have different ideas about
right and wrong. It is impossible to falsify these types of statements.

The Logic of Hypothesis Testing

Of all the advice Jake has heard, he is inclined toward that given by his lab
partner. She insisted that taking vitamin C supplements was keeping her
healthy. Jake also recalls learning about vitamin C in his Human Nutrition class
last year. In particular, he remembers that:

1. Fruits and vegetables contain lots 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.

Given his lab partner’s experience and what he learned in class, Jake makes
the following hypothesis:

Consuming vitamin C decreases the risk of catching a cold.

This hypothesis makes sense. After all, Jake’s lab partner is healthy and Jake
has made a logical case for why vitamin C is good cold prevention. This cer-
tainly seems like enough information on which to base his decision about how
to proceed—he should start taking vitamin C supplements if he wants to avoid
future colds. However, a word of caution: Just because a hypothesis seems log-
ical does not mean that it is true.

The Process of Science 3

Figure 1.1 Hypothesis generation.
Many different factors, both logical and
creative, influence the development of a
hypothesis.

Media Activity 1.1A Hypothesis Formation
and Testing
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Figure 1.2 Hypothesis testing. Tests
of hypotheses follow a logical path.
This flow chart illustrates the process.

Media Activity 1.1B Spontaneous
Generation and Pasteur’s Experiments

Can Science Cure the Common Cold?

Consider the ancient hypothesis that the sun revolves around Earth, as-
serted by Aristotle in approximately 350 B.C. This hypothesis was logical, based
on the observation that the sun appeared on the eastern horizon every day at
sunrise and disappeared behind the western horizon at sunset. For two thou-
sand years, this hypothesis was considered to be “a fact” by nearly all of West-
ern society. To most people, the hypothesis made perfect sense, especially since
the common religious belief in Western Europe was that Earth had been creat-
ed and then surrounded by the vault of heaven. It was not until the early sev-
enteenth century that this hypothesis was falsified as the result of observations
made by Galileo Galilei of the movements of Venus. Galileo’s work helped to
confirm Nicolai Copernicus’ more modern hypothesis that Earth revolves
around the sun.

So even though Jake’s hypothesis about vitamin C is perfectly logical, it
needs to be tested. Hypothesis testing is based on a process called deductive rea-
soning or deduction. Deduction involves making a specific prediction about the
outcome of an action or test based on observable facts. The prediction is the re-
sult we would expect from a particular test of the hypothesis.

Deductive reasoning takes the form of “if/then” statements. A prediction
based on the vitamin C hypothesis could be:

If vitamin C decreases the risk of catching a cold, then people who take vi-
tamin C supplements with their regular diets will experience fewer colds
than 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 they
are true (Figure 1.2). This shortcoming is illustrated using the “if /then” state-
ment above.

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 sup-
plements may suffer through more colds than people who do not, they may
have the same number of colds as people who do not supplement, or supple-
menters may in fact experience fewer colds. What do these results tell Jake
about his hypothesis?

If people who take vitamin C have more colds, or the same number of colds
as those who do not supplement, the hypothesis that vitamin C alone 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, should Jake be out
proclaiming the news, “Vitamin C—A Wonder Drug that Prevents the Com-
mon Cold”? No, he should not. Jake needs to be much more cautious than that;
he can only say that he has supported and not disproven the hypothesis.

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

Consider the alternative hypothesis that frequent exercise reduces sus-
ceptibility to catching a cold. Perhaps people who take vitamin C supple-
ments are more likely to engage in regular exercise than those who do not
supplement. What if the alternative hypothesis were true? If so, the predic-
tion that people who take vitamin C supplements experience fewer colds than
people who do not supplement would be true, but not because the original
hypothesis (vitamin C reduces the risk of cold) is true. Instead, people who
take vitamin C supplements experience fewer colds than people who do not
supplement because they are 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 ini-
tial test may be rejected later based on the results of a different test. As a mat-
ter of fact, this is the case for the hypothesis that vitamin C consumption reduces
susceptibility to colds. The argument for the power of vitamin C was popular-
ized in 1970 by the Nobel Prize-winning chemist Linus Pauling in his book
Vitamin C and the Common Cold. 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 since the 1930s. However, repeated care-
ful tests of this hypothesis have since failed to support it. In many of the stud-
ies Pauling cited, it appears that one or more alternative hypotheses may explain
the difference in cold frequency between vitamin C supplementers and non-
supplementers. Today, most researchers studying the common cold agree that
the hypothesis that vitamin C prevents colds has been convincingly falsified.

The Experimental Method

Is Jake out of luck even before he starts his evaluation of research on the pre-
vention of the common cold? Even if one of the hypotheses about cold pre-
vention is supported, does the difficulty of eliminating alternative hypotheses
mean that he 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 particular phenomenon may be found in a hypothesis
that has not yet been evaluated. However, in a practical sense, a hypothesis can
be proven beyond a reasonable doubt. One of the most effective ways to test
many hypotheses is through rigorous scientific experiments.

Experiments are contrived situations designed to test specific hypotheses.
Generally, an experiment allows a scientist to control the conditions under
which a given phenomenon occurs. Having the ability to manipulate the envi-
ronment enables a scientist to minimize the number of alternative hypotheses
that may explain the result. The information collected by scientists during hy-
pothesis testing is known as data. Data collected from experiments should allow
researchers to either reject or support a hypothesis.

Not all scientific hypotheses can be tested through experimentation. For in-
stance, hypotheses about the origin of life or the extinction of the dinosaurs are
usually not testable in this way. These hypotheses must instead be tested via
careful observation of the natural world. Not all testable hypotheses are sub-
jected to experimentation either—the science that is performed is a reflection of
the priorities of the decision-makers in our society (Essay 1.1). Hypotheses about
the origin and prevention of colds can and are tested experimentally, however.

Experimentation has enabled scientists to prove beyond a reasonable doubt
that the common cold is caused by a virus. A virus has a very simple struc-
ture—it typically contains a short strand of genetic material and a few chemi-
cals called proteins encased in a relatively tough outer shell composed of more
proteins and sometimes a fatty membrane. Biologists disagree over whether
viruses should be considered living organisms. Since a virus must enter, or in-
fect, a cell in order to reproduce, some biologists refer to them as “subcellular
infectious particles.” Of the over 200 types of viruses that are known to cause
varieties of the common cold, most infect the cells in our noses and throats.
The sneezing, coughing, congestion, and sore throat characteristic of infection
by most cold viruses appear to be the result of the body’s immune response to
a viral invasion (Figure 1.3).

The role of viruses in colds is generally accepted as a fact for two reasons.
First, all reasonable alternative hypotheses about the causes of colds (for in-
stance, exposure to cold air) have been rejected in numerous experimental tests,
and second, the hypothesis has not been rejected after carefully designed ex-
periments measuring cold incidence in people exposed to purified virus sam-
ples. “Truth” in science can therefore be defined as what we know and understand
based on all available information. If a hypothesis appears to explain all instances

The Process of Science
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Figure 1.3 A cold-causing virus. (a) An image from an electron microscope of a typical rhinovirus, one of
the many viruses that cause the common cold. (b) A rhinovirus causes illness by invading cells in the lining
of the nose and throat, and using those cells as “factories” to make virus copies. Cold symptoms result
when our immune systems attempt to control and eliminate this invader.

Figure 1.4 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.

of a particular phenomenon, and has been repeatedly tested and supported, it
may eventually be accepted as accurate. However, even the strongest scientif-
ic hypotheses may potentially be replaced by better explanations.

Controlled Experiments Control has a very specific meaning in science. A
control subject for an experiment is an individual who is similar to an experi-
mental subject, except that the control is not exposed to the experimental treat-
ment. Measurements of the control group are used as baseline values for
comparison to measurements of the experimental group.

One of the suggestions Jake received to reduce his suffering was to drink
echinacea tea. Echinacea purpurea, a common North American prairie plant, has
been touted as a treatment to reduce the likelihood as well as the severity and
duration of colds (Figure 1.4). Jake’s sister’s suggestion of echinacea tea was
based on the results of a scientific study showing that people who drank echi-
nacea tea felt that it was 33% more effective at reducing symptoms. The “33%
more effective” is in comparison to the opinions of people about the effective-
ness of a tea that did not contain Echinacea extract; that is, the results from the
control group (Figure 1.5). Jake is intrigued by this result—perhaps if he can-
not avoid catching a cold, he can reduce its effects once it has started.
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A good controlled experiment eliminates as many alternative hypotheses
that could explain the observed result as possible. The first step is to select a
pool of subjects in such a way as to eliminate differences in participants” ages,
diets, stress levels, and likelihood of visiting a health care provider. The most ef-
fective way of doing this is the random assignment of individuals to these cat-
egories. For example, a researcher might put all the volunteers’ names in a hat,
draw out half, and designate these people as the experimental group and the re-
mainder as the control group. Random assignment helps reduce the likelihood
that there is a systematic difference between the experimental and control
groups. In the echinacea tea study that Jake’s sister had told him about, mem-
bers of both the experimental and control group were female employees of a
nursing home who sought relief from their colds at their employer’s clinic. Imag-
ine what would happen if the colds experienced in the nursing home changed
over the course of the experiment—that is, one cold virus affected a number of
individuals for a few weeks, and then a different cold virus affected other indi-
viduals in the next few weeks. If the researchers had simply assigned the first
25 visitors to the clinic to the control group and the next 25 to the experimental
group, they would run the risk of the two groups actually experiencing differ-
ent colds as well as drinking different teas. To avoid this kind of problem, the vol-
unteers were randomly assigned into either the experimental or control group.

The second step in designing a good control is to attempt to treat control sub-
jects and experimental subjects identically during the course of the experiment.
In this study, all participants received the same information about the purport-
ed benefits of echinacea tea, and during the course of the experiment, all partic-
ipants were given tea with instructions to consume five to six cups daily until their
symptoms subsided. However, individuals in the control group received “sham
tea” that did not contain Echinacea extract. This sham tea would be equivalent to
“sugar pills,” or placebos, that are given to control subjects when testing a partic-
ular drug. Employing a placebo generates only one consistent difference between
individuals in the two groups—in this case the type of tea they consumed.

Good controls are the basis of strong inference. In the echinacea tea study, the
data indicated that cold severity was lower in the experimental group compared
to those who received the sham tea. Because their study utilized controls, the re-
searchers can have high confidence that the reason the two groups would differ
is if Echinacea extract relieved cold symptoms. Because their control had greatly
reduced the likelihood that alternative hypotheses could explain their results,

The Process of Science

Figure 1.5 A controlled experiment.
(a) A graph of the results of an experi-
ment on the effectiveness of drinking
echinacea tea. (b) Experimental and
control groups were similar and were
treated identically except for the type
of tea they consumed.



The Social Context
of Science

How might society influence the general direction of sci-
entific research? The opinions and worldviews of re-
searchers interact with the views of the directors of
government funding agencies, legislators, and business
organizations that make grants for research. Through
these channels, both the questions scientists may test and
the ways in which they may be tested are heavily influ-
enced by the society that surrounds them.

Consider the following example. Depression is a dis-
order that affects nearly 19 million Americans, and bil-
lions of dollars have been spent on research. Much of
this funding has helped researchers understand changes
in brain chemistry and to design effective drug thera-
pies to treat depression. However, we know that major
risk factors for depression in the United States include
gender (depression is twice as common among women
as among men), societal status (risk of depression is
greater among ethnic minorities), and geographic loca-
tion (city dwellers are more likely to become depressed
than rural residents). These risk factors suggest that, in
addition to biology, environmental conditions probably
play some role in the origin of depression. Despite these
observations, until recently there has been relatively lit-
tle research on techniques of preventing depression, even
among these high-risk groups. A review of the medical
literature reveals six times as many research papers on
using drug therapy to treat depression as on the pre-
vention of depression.

Because depression has long been thought of as a dis-
ease of the individual, research has focused on what
makes depressed individuals “different” and how we can
treat these differences. If depression had been seen as a
disease stemming from a reaction to poor local condi-
tions, the research focus might then have been on what
makes an environment likely to lead to depression, and
how the environment could be modified to reduce the
risk of depression.

At least part of the reason for approaching depression
as a “brain disease” is that much of the funding for re-
search comes from pharmaceutical companies. These
companies will only realize a profit if they can develop
drug treatments. They will naturally be less interested in
research on prevention if it involves nonpharmaceutical
interventions. The result is many different drug therapies
to treat depression, but very little specific advice on how
to reduce the risk of experiencing depressive disorders.

However, the influence of economics and politics also
means that citizens of the United States can have a pro-
found effect on the direction of science by working with
their elected officials to increase the federal funding for
certain areas of research. Activists in the 1980s and 1990s,
for instance, were successful in obtaining major increases
in funds for breast cancer and AIDS research. These suc-
cesses remind us that all citizens—scientist and nonscien-
tist alike—have the power to affect the progress of science.
It is our responsibility to use that power wisely and well.

the researchers could strongly infer that they were measuring a real, positive ef-
fect of echinacea tea on colds.

The study described above supports the hypothesis that echinacea tea re-
duces the severity of colds. However, it is extremely rare that a single experi-
ment will cause the scientific community to accept a hypothesis beyond a
reasonable doubt. Dozens of studies, each using different experimental designs,
have investigated the effect of Echinacea extract on common colds and other in-
fections. Some of these studies have shown a positive effect, but others have
shown none. In the medical community as a whole, the jury is still out regard-
ing the effectiveness and appropriate use of this popular herb.

Minimizing Bias in Experimental Design Scientists and human research sub-
jects may have strong opinions about the veracity of a particular hypothesis
even before it is tested. These opinions may cause participants to influence, or
bias, the results of an experiment—often unwittingly.

One potential source of bias is subject expectation, which is sometimes called
the “onstage effect.” Individual experimental subjects may consciously or un-
consciously model the behavior they feel the researcher expects from them. For
example, an individual who knew she was receiving echinacea tea may have
felt confident that she would recover more quickly. This might cause her to un-
derreport her cold symptoms. This potential problem is avoided by designing
a blind experiment, where individual 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 what 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 influenced the final result. To avoid the problem of experi-
menter bias, the data collectors themselves should be “blind.” Ideally, the sci-
entist, 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 (Figure 1.6). Blinding the data collector ensures that the data are
objective, 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 hypothe-
sis 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 hypothesized outcome
of a particular experimental treatment, the results obtained from the experi-
ment should be considered more credible.

Using Correlation to Test Hypotheses

Well-controlled experiments can be difficult to perform when humans are the ex-
perimental subjects. As you can see from the echinacea tea study, the requirement
that both experimental and control groups be treated nearly identically means
that some people receive no treatment. In the case of cold sufferers, who have
limited means of reducing cold duration and severity, the placebo treatment
does not substantially hurt those who receive it. However, placebo treatments
are impossible or unethical in many cases. For instance, imagine testing the ef-
fectiveness of a birth control drug by giving one group of women the drug and
comparing their rate of pregnancies to another group of women who thought
they were getting the drug but who were actually getting a placebo!

Technician "blind"

What ¢ Limited knowledge of * Limited knowledge of

they experimental hypothesis experimental hypothesis
know * No knowledge of which * No knowledge of which
group participants belong to group he or she belongs to
¢ No difference in instructions | ¢ Unbiased reporting of
How to participants symptoms or effects of
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behave | ° No difference in treatment
of participants

* No difference in data collection
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Figure 1.6 Double-blind experiments.
Double-blind experiments result in more
objective data.
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Figure 1.7 Correlation between stress
level and illness. This graph summarizes
the results of an experiment that com-
pared rates of virus infection in groups of
individuals with different self-reported
stress levels. The graph indicates that
people experiencing higher levels of
stress become infected by a virus more
often than people experiencing low
levels of stress.
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When controlled experiments are difficult or impossible to perform, scien-
tists will test hypotheses using correlations. A correlation is a relationship be-
tween two variables. Suggestions that Jake reduce his workload, exercise more,
or spend more time with his mom to reduce his susceptibility to colds are based
on a correlation between high levels of psychological stress and increased sus-
ceptibility to cold-virus infection (Figure 1.7). This correlation was generated by
researchers who collected data on a number of individuals’ psychological stress
levels before giving them nasal drops containing a cold virus. Doctors later re-
ported on the incidence and severity of colds among participants in the study.

Let’s examine the data presented in Figure 1.7. The horizontal axis of the
graph, or x axis, contains a scale of stress level—from a low stress level on the
left edge of the scale to a high stress level on the right. The vertical axis of the
graph, the y axis, indicates the percentage of study participants who developed
“clinical colds”; that is, colds 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 sus-
ceptibility to cold virus infection. Because the line rises to the right, these data
tell us that people who have higher stress levels typically experience more
colds. In fact, it appears from the data in the graph that individuals experienc-
ing high levels of stress are more than twice as likely to become ill. But does this
relationship mean that high stress causes increased cold susceptibility?

In order 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 correlations
cannot control for alternative hypotheses. People who feel more stressed may
have poorer diets because they feel time-limited and rely on fast food more
often. Alternatively, people who feel highly stressed may be in situations where
they are exposed to more cold viruses. These differences among people who dif-
fer in stress level may also influence their cold susceptibility (Figure 1.8). There-
fore, even with a strong correlational relationship between the two factors, we
cannot strongly infer that stress causes decreased resistance to colds.

Researchers who use correlational studies do their best to ensure that their
subjects are similar in many characteristics. For example, this study on stress
and cold susceptibility evaluated whether individuals in the different stress
categories were different in age, weight, sex, education, and their exposure to
infected individuals. None of these other factors differed among low-stress and
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high-stress groups. Eliminating some of the alternative hypotheses that could
explain this correlation increases the strength of the inference that high stress
levels truly do increase susceptibility to colds. However, people with high-
stress lifestyles still may be fundamentally different from those with low-stress
lifestyles, and it is possible that one of those important differences is the real
cause of disparities in cold frequency.

You may see from the above discussion that it is difficult to demonstrate a
cause-and-effect relationship between two factors simply by showing a corre-
lation between them. In other words, correlation does not equal causation. For ex-
ample, a commonly understood correlation exists between exposure to cold air
and epidemics of the common cold. It is true that as outdoor temperatures drop,
the incidence of colds increases. But numerous controlled experiments indicate
that chilling does not increase susceptibility to colds. Instead, cold outdoor tem-
peratures mean increased close contact with other people (and their viruses).
Despite the correlation, cold air does not cause colds—exposure to viruses does.

Understanding Statistics

As Jake reviews scientific literature on cold prevention and treatment, he might
come across statements about the “significance” of the effects of different cold-
reducing measures. For instance, one report may state that factor A reduced
cold severity, but that the results of the study were “not significant.” Another
study may state that factor B caused a “significant reduction” in illness. Jake
might then assume that this means factor B will help him feel better, while fac-
tor A will have little effect. He finally has an answer! Well, no—unfortunately
for Jake, in scientific studies “significance” is defined a bit differently from: its

The Process of Science 1

Figure 1.8 Correlation does not signify
causation. Does high stress cause high
cold frequency? Or does one of the
causes of high stress cause high cold fre-
quency? A correlation typically cannot
eliminate all alternative hypotheses.
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Media Activity 1.2 The Placebo Effect:
Is it Real?
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Figure 1.9 Zinc lozenges reduce the
duration of colds. This graph illustrates
the results of an experiment on the
effectiveness of zinc lozenges on
decreasing cold duration. Individuals in
the experimental group had colds lasting
about 4% days as opposed to approxi-
mately 7' days for the placebo group.

daily usage. To evaluate the scientific use of the term significance, Jake needs a
basic understanding of statistics.

Statistics is a specialized branch of mathematics used in the evaluation of
experimental data. An experimental test utilizes a small subgroup, or sample,
of a population. Descriptive statistics helps researchers summarize data from
the sample—for instance, we can describe the average, or mean, length of colds
experienced by experimental and control groups. Inferential statistics allows sci-
entists to extend the results they summarize from their sample to the entire
population. Inferential statistics takes the form of statistical tests. When scien-
tists 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, but statistical
tests help scientists evaluate whether the results of a single experiment demon-
strate the true effect of a treatment. In the experiment with the echinacea tea,
statistical tests tell us if the experimental result of a 33% reduction in cold sever-
ity is an indication of how well echinacea tea works or if it might be due to
chance differences between the experimental and control group.

We can explore the role statistical tests played in a study on another pro-
posed treatment to reduce the severity of colds—lozenges containing zinc. Some
forms of zinc can block certain common cold viruses from entering the cells
that line the nose. This observation led scientists to hypothesize that consum-
ing zinc at the beginning of a cold decreases the number of cells that become
infected, which in turn decreases the length and severity of cold symptoms. To
test this hypothesis, a group of researchers at the Cleveland Clinic performed
a study using a sample of 100 of their employees who enrolled in the study
within 24 hours of developing cold symptoms. The researchers randomly as-
signed subjects to control or experimental groups. Members of the experimen-
tal group received lozenges containing zinc, while members of the control group
received placebo lozenges. Members of both groups received the same in-
structions about use of the lozenges and were asked to rate their symptoms
until they had recovered. The experiment was double-blind.

When the data from the experiment were summarized, the researchers ob-
served that the mean length of time to recovery was more than three days short-
er in the zinc group than in the placebo group (Figure 1.9). Superficially, this
result appears to support the hypothesis. However, a statistical test is necessary
because, even with well-designed experiments, chance will always result in
some difference between the control and experimental groups. The effect of
chance on experimental results is known as sampling error. Even if there is 1o
true effect of an experimental treatment, the results observed in the experi-
mental and control groups will never be exactly the same.

We know that people differ in their ability to recover from a cold infection.
If we give zinc lozenges to one volunteer and placebo lozenges to another, it is
likely that they will have colds of different 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 five volunteers
in each group and saw a difference. Or that the difference was only one day in-
stead of three days. Statistical tests allow researchers to look at their data and
determine how likely it is that the result is due to sampling error.

Statistical tests actually evaluate the null hypothesis. “Null” means zero,
and the null hypothesis is that there is zero difference between the experi-
mental and control populations. In other words, the experimental treatment
has no effect. In this case, the null hypothesis is that there is no difference in
the length of colds experienced by people who take zinc lozenges and those
who take placebo lozenges. A statistical test allows the researchers to evaluate
whether the observed data are consistent with this null hypothesis. The logic
behind this approach is as follows: As the data from the control and experi-
mental groups diverge from each other, the null hypothesis becomes less and



less credible. If the difference between results in the experimental group and
results in the control group becomes large enough, the investigator must re-
ject the null hypothesis. In the case of the experiment with zinc lozenges, the
statistical test indicated that there was a low probability, less than one in 10,000
(0.01%), that the experimental and control groups were so different simply by
chance. In other words, the null hypothesis above is very unlikely to be true,
and the result is statistically significant.

One characteristic of experiments influencing the power of statistical tests
is sample size—the number of individuals in the experimental and control
groups. A larger sample size minimizes the chance of sampling error. In addi-
tion, the more participants there are in a study, the more likely it is that re-
searchers will see a true effect of an experimental treatment, if one exists. If the
sample size is large, any difference between an experimental and control group
is more likely to be statistically significant.

Since both sample size and the strength of an experimental treatment affect
statistical significance, it is not equivalent to practical significance. If the effect of
a treatment is real but minor, an experiment with a very large sample size may
return a statistically significant result, but that result means little in practice.
Conversely, if the effect of a treatment is real, but the sample size of the exper-
iment is small, a single experiment may not allow researchers to reject the null
hypothesis. The relationship between hypotheses, experimental tests, sample
size, and statistical significance is summarized in Figure 1.10.

Statistical significance by itself is not a sufficient measure of the accuracy of an
experiment, and all statistical tests operate with the assumption that the experi-
ment was designed and carried out correctly. In other words, a statistical test evalu-
ates the chance of sampling error, not observer error, and a statistically significant
result should never be taken as the last word on an experimentally tested hy-
pothesis. An examination of the experiment itself is required. In the test of the ef-
fectiveness of zinc lozenges, the experimental design minimized the likelihood

If a HYPOTHESIS is...

The Process of Science

and the difference between the
control and experimental groups is...

and sample size is...

:

I 1
small LARGE
5
and sample size is... and sample size is...
LARGE small small LARGE small

The experimental | The experimental | The experimental | The experimental

result is result is result is result is

VERY UNLIKELY UNLIKELY to be SOMEWHAT LIKELY to be

to be statistically statistically LIKELY to be statistically

significant. significant. statistically significant.
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The experimental
result is

LIKELY to be
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Figure 1.10 Factors that influence statistical significance. This flowchart summarizes the relationship
between the true effect of a treatment and the sample size of an experiment on the likelihood of

obtaining statistical significance. A large sample size can detect a statistically significant effect, even if the

LARGE

difference is small and of little practical significance. A small sample size might fail to detect a true effect of

a treatment.

13



14 Chapter 1 Can Science Cure the Common Cold?

Media Activity 1.3 Evaluating Health
Information from the Internet

that alternative hypotheses could explain the results by randomly assigning sub-
jects to treatment groups, using an effective placebo, and blinding both the data
collectors and the subjects. Given such a well-designed experiment, this statisti-
cally significant result allows researchers to strongly infer that consuming zinc
lozenges reduces the duration of colds.

There is one final caveat however. A statistically significant result is defined
as one that has a 5% probability or less of being due to chance alone. If all sci-
entific research uses this same standard, as many as one in every 20 statistical-
ly significant results (that is, 5% of the total) is actually reporting an effect that
is not real. An experiment with a statistically significant result will still be con-
sidered to support the hypothesis. However, the small but important proba-
bility that the results are due to chance explains why one supportive experiment
is usually not enough to convince all scientists that a hypothesis is accurate.
Even with a statistical test indicating that the result had a likelihood of less
than 0.01% of occurring by chance, Jake should begin to feel assured that tak-
ing zinc lozenges will reduce the duration of his colds only after locating ad-
ditional tests of this hypothesis that give similar results. In fact, scientists
continue to test this hypothesis, and there is still no consensus among them
about the effectiveness of zinc as a cold treatment.

Evaluating Scientific Information

Given the challenges inherent in establishing scientific “truth”—the rigorous re-
quirements for using controls to eliminate alternative hypotheses, and the prob-
lem of sampling error—we can see why definitive scientific answers to our
questions are slow in coming. A well-designed experiment can certainly allow
us to approach the truth. Looking at reports of experiments critically can help
us make well-informed decisions about actions to take. However, Jake’s busy
schedule hampers a thorough evaluation of all of the current scientific research
on cold prevention from primary sources written by the researchers themselves
and reviewed within the scientific community (Figure 1.11). The process of peer
review helps increase confidence in scientific information because other scien-
tists critique the results and conclusions of an experiment before it is published
in a professional journal. These journals, such as Science, Nature, the Journal of
the American Medical Association, and hundreds of others, represent the first and
most reliable source of current scientific knowledge.

If he’s like most of us, Jake will get his scientific information from secondary
sources, such as books, news reports, and advertisements. How can he evalu-
ate information in this context?

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. Jake’s biology lab partner’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 them” are a classic form of testimonial. You should be
very cautious about basing decisions on anecdotal evidence, which is not in any
way equivalent to well-designed scientific research. For example, countless hours
of research have established that there is a clear link between cigarette smoking
and lung cancer. Although everyone has heard anecdotes of someone’s grandpa
who was a pack-a-day smoker and lived to the age of 94, the risk of premature
death due to smoking is very well established. While anecdotes may indicate
that a product or treatment has merit, only well-designed tests of the hypothesis
can help determine if it is likely to be safe and effective for most people.



Evaluating Scientific Information

Primary sources
| —
— —
1. Scientists write a 2. The journal sends the 3. The journal publishes
paper and submit it paper to other scientists the revised paper.
to a journal. for peer review.

Paper is returned to l
authors for revision

(sometimes more
than once).

Secondary sources

5. Comments from other
scientists are published in
subsequent volumes of
journal.

4. Media reports appear in radio, newspaper, magazines, and/or TV.

Figure 1.11 Publishing scientific results. After an experiment is complete, the researchers write a scientific
paper for publication in a journal. Both before and after publication, the paper is reviewed by other scien-
tists who evaluate the research presented in the paper and the researchers’ conclusions. Peer review pro-

vides checks and balances that help maintain the integrity of the science presented.

Science in the News

Popular news sources provide a steady stream of health information. Howev-
er, stories about research results in the general media rarely contain informa-
tion about the adequacy of controls, the number of subjects, or the experimental
design. How can anyone evaluate the quality of research that supports state-
ments like these? “Supplement Helps Melt Fat and Build Muscle,” or “Curry
Spice Might Prevent Bowel Cancer”.

First, you must consider the source of media reports. Certainly news or-
ganizations will be more reliable reporters of fact than entertainment tabloids,
and news organizations with science writers should be considered better re-
porters of the substance of a study than those without. Television talk shows,
which need to fill airtime, regularly have guests who promote a particular
health claim. Too often, these guests may be presenting information that is
based on anecdotes or an incomplete survey of the primary literature, as well
as work that has not been subjected to peer review.

Paid advertisements are a legitimate means of disseminating information.
However, claims in advertising should be very carefully evaluated. Our pursuit
of health fuels a multibillion-dollar industry—companies that succeed need to
be very effective at getting the attention of consumers. While advertisements
of over-the-counter and prescription drugs must conform to rigorous govern-
ment standards regarding the truth of their claims, advertisements for herbal
supplements, many health food products, and diet plans have lower standards.
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Be sure to examine the fine print—advertisers often are required to clarify the
statements made in bold type in their ads.

Another commonly used source for health information is the Internet. As
you know, anyone can post information on the Internet. Typing in “common
cold prevention” on a standard Web search engine will return thousands of
Web pages—from highly respected academic and government sources to small
companies trying to sell their products, or individuals who have strong, some-
times completely unsupported, ideas about cures. Often it can be difficult to de-
termine the reliability of a well-designed Web site. Here are some things to
consider when using the Web as a resource for health information:

1. Choose sites maintained by prestigious medical establishments, such as
the National Institutes of Health (NIH), or the Mayo Clinic.

2. It costs money to maintain a Web site. Consider whether the Web site
seems to be promoting a product or agenda. Advertisements for a spe-
cific product should alert you to a Web site’s bias.

3. Check the date when the Web site was last updated, and whether the
page has been updated since its original posting. Science and medicine
are disciplines that must frequently incorporate new data into hy-
potheses. A reliable Web site will be updated often.

4. Determine whether unsubstantiated claims are being made. Look for
references, and be suspicious of any studies that are not from peer-
reviewed journals.

Understanding Science from Secondary Sources

Once you are satisfied that a media source is relatively reliable, examine the sci-
entific claim that it is presenting. Begin by using your understanding of exper-
imental design to evaluate what is being presented. Does the story about the
claim present the results of a scientific study, or is it built around an untested hy-
pothesis? Is the story confusing correlation with causation? Does it seem that the
information is applicable to non-laboratory situations, or is it based on results
from test-tube or animal studies? Look for clues about how well the reporters
did their homework. Scientists usually discuss the limitations of their research
in their papers; are these cautions noted in an article or television piece? If not,
the reporter may be overemphasizing the applicability of the results.

Then, note if the scientific discovery itself is controversial. That is, does it re-
ject a hypothesis that has long been supported? Does it concern a subject that
is controversial in human society (like racial differences or homosexuality)?
Might it lead to a change in social policy? In these cases, be extremely cautious.
New and unexpected research results must be evaluated in light of other sci-
entific evidence and understanding. Reports that lack comments from other
experts in related fields may omit important problems with a study, or fail to
place the study in context with other research.

Finally, realize that even among the most credible organizations, the news
media generally highlights only stories about experiments that editors and pro-
ducers find newsworthy (see Essay 1.1). As we have seen, scientific under-
standing accumulates relatively slowly, with many tests of the same hypothesis
finally leading to the “truth.” News organizations are also more likely to re-
port a study that supports a hypothesis rather than one that gives less sup-
portive results, even if both types of studies exist. And even the most respected
media sources may not be as thorough as readers would like. For example, a re-
cent review published in the New England Journal of Medicine evaluated the
news media’s coverage of new medications. Of 207 randomly selected news
stories, only 40% that cited experts who had financial ties to a drug disclosed
this relationship. This potential conflict of interest may influence how credible
the expert is. Another 40% of the news stories did not give a numerical analy-
sis of the drugs’ benefits. The majority of news reports also failed to distinguish
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between the absolute benefits (how many people were helped by the drug),
and relative benefits (how many people were helped by the drug relative to
other therapies for the condition). The Journal’s review reminds us that we need
to be cautious when reading or viewing news reports on scientific topics.

Even after you have followed all of these guidelines, you still may find sit-
uations where reports on several scientific studies seem to give conflicting and
confusing results. This could mean one of two things: Either the reporter is not
giving you enough information, in which case you may want to read the re-
searchers’ papers yourself, or the researchers themselves are just as confused
as you are. This is part of the nature of the scientific process—early in our search
for understanding of a phenomenon, many hypotheses are proposed and dis-
cussed, some are tested and rejected immediately, and some are supported by
one experiment but later rejected by more thorough experiments. It is only by
clearly understanding the process and pitfalls of scientific research that you
can distinguish “what we know” from “what we don’t know.”

Is There a Cure
for the Common Cold?

So where does our discussion leave Jake? Will he ever find the best way to pre-
vent a cold or reduce its effects? In the United States over one billion cases of
the common cold are reported per year, costing billions of dollars in medical vis-
its, treatment, and lost work days. Consequently, there is an enormous effort to
find effective protection from the different viruses that cause colds. Despite all
of the research and the emergence of some promising possibilities, the best pre-
vention method is still the old standby—keep your hands clean. Numerous
studies have indicated that rates of common-cold infection are 20-30% lower
in populations who employ effective hand-washing procedures. Cold viruses
can survive on surfaces for many hours; if you pick them up from a surface on
your hands and transfer them to your mouth, eyes, or nose, you may inoculate
yourself with a seven-day sniffle.

Of course, not everyone gets sick when exposed to a cold virus. The reason
Jake has more colds than his lab partner might not be because of a difference
in personal hygiene. The correlation that showed a relationship between stress
and cold susceptibility appears to have some merit. Research indicates that
among people exposed to viruses, the likelihood of ending up with an infection
increases with high levels of psychological stress—something that Jake is clear-
ly experiencing. Research also indicates that vitamin C intake, diet quality, ex-
posure to cold temperatures, and exercise frequency appear to have no effect
on cold susceptibility, although, along with echinacea tea and zinc lozenges,
there is some evidence that vitamin C may reduce cold symptoms after infec-
tion. Table 1.1 summarizes our current understanding of the factors that may
prevent and minimize the effects of infection with a common cold virus. Sur-
prisingly, scientists are still a long way from “curing” the common cold.

Factors that do not
affect cold
susceptibility

* Exposure to cold virus * Vitamin C * Zinc lozenges (?)
* Psychological stress *Diet quality * Vitamin C (?)
* Hand washing « Exercise ¢ Echinacea tea (?)
» Exposure to cold
temperatures
— —————— —

Table 1.1 Has science cured the common
cold? A summary of the current state of
knowledge about factors that may
increase cold susceptibility and decrease
cold duration. Question marks denote
that not all scientists agree. As you can
see, the scientific effort to cure, or at
least minimize the effects of, the common
cold is far from over.
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So, as Jake reviews scientists’ careful research on the prevention of colds, he
will find that he can forgo the vitamin C supplements, remain fashionably mit-
tenless, and continue eating fries with his chicken sandwiches without affect-
ing his chances of getting another cold. But Jake will also learn that he should
keep his hands clean and maybe drop an activity from his schedule if he wants
to stay healthy. He feels better already.

HAPTER REVIEW

Summary

Science is a process of testing statements about how the
natural world works—called hypotheses. Scientific hy-
potheses must be testable and falsifiable. Hypotheses
are tested via the process of deductive reasoning, which
allows researchers to make specific predictions about
expected observations. Absolutely proving hypotheses
is impossible. However, well-designed scientific exper-
iments allow researchers to strongly infer that their hy-
pothesis is correct.

Controlled experiments test hypotheses about the effect
of experimental treatments by comparing a randomly
assigned experimental group with a control group. Con-
trols are individuals who are treated identically to the
experimental group except for application of the treat-
ment. Bias in scientific results can be minimized with
double-blind experiments that keep subjects and data
collectors unaware of which individuals belong in the
control or experimental group.

Some hypotheses about human health are difficult to
test with experiments. These hypotheses may be tested
using a correlational approach, which looks for associ-
ations between two factors. A correlation can show a re-
lationship between two factors, but it does not eliminate
all alternative hypotheses.

Statistics help scientists evaluate the results of their ex-
periments, by determining if results appear to reflect

Key Terms

anecdotal evidence p. 14 double blind p. 9
control p. 6 experiment p. 5
correlation p. 10 falsifiable p. 2
data p.5 hypotheses p.2

deductive reasoning p. 4 primary sources p. 14

the true effect of an experimental treatment on a sample
of a population. A statistically significant result is one
that is very unlikely to be due to chance differences be-
tween the experimental and control group. A statistical
test indicates the role chance plays in the experimental
results; this is called sampling error. Even when an ex-
perimental result is highly significant, hypotheses are
tested multiple times before scientists come to consen-
sus on the true effect of a treatment.

¢ Primary sources of information are experimental results
published in professional journals and reviewed by
other scientists before publication. Most people get their
scientific information from secondary sources, such as
the news media. Being able to evaluate science from
these sources is an important skill. Anecdotal evidence
is an unreliable means of evaluating information, and
media sources are of variable quality—distinguishing
between news stories and advertisements is important
when evaluating the reliability of information. The In-
ternet is a rich source of information, but users should
look for clues to a particular Web site’s credibility.

e Stories about science should be carefully evaluated for
information on the actual study performed, the univer-
sality of the claims made by the researchers, and other
studies on the same subject. Sometimes confusing sto-
ries about scientific information are a reflection of con-
troversy within the scientific field itself.

random assignment p. 7 statistical test p. 12
sample p. 12 statistics p. 12
sampling error p. 12 testable p.2

secondary sources p. 14

statistically significant p. 13



Learning the Basics

1. What characteristics distinguish a hypothesis that is testable
by science?

2. What is a controlled experiment?

3. How does double-blinding decrease the amount of bias in-
troduced into experimental results?

4. What does statistical significance mean?

5. What are the advantages and disadvantages of using corre-
lations to test hypotheses?

6. A scientific hypothesisis .
a. an opinion
b. a proposed explanation for an observation
c. afact
d. easily proved true

e. an idea proposed by a scientist

7. Which of the following is a prediction of the hypothesis: Eat-
ing chicken noodle soup is an effective treatment for colds?

a. People who eat chicken noodle soup have shorter colds
than people who do not eat chicken noodle soup.

b. People who do not eat chicken noodle soup experience
unusually long and severe colds.

c. Cold viruses cannot live in chicken noodle soup.

d. People who eat chicken noodle soup feel healthier than
people who do not eat chicken noodle soup.

e. Consuming chicken noodle soup causes people to sneeze.

8. When both the subjects in an experiment and the technicians
who are measuring and recording data know which indi-
viduals are in the experimental group and which are in the
control group, we call the experiment

a. controlled
b. a placebo

c. biased

d. double-blind
e. falsifiable

9. Control subjects in an experiment

a. should be similar in most ways to the experimental
subjects

b. should not know whether they are in the control or ex-
perimental group

c. should have essentially the same interactions with the
researchers as the experimental subjects

d. help eliminate alternative hypotheses that could explain
experimental results.

e. all of the above

10.

11.

12,

13.

14.

Learning the Basics 19

A relationship between two factors, for instance between out-
side temperature and number of people with active colds in
a population, is known as a(n)

. significant result

a
b. correlation

0

hypothesis

o

. alternative hypothesis

®

experimental test

If the results of an experiment are exactly what was predict-
ed by the hypothesis .

. the hypothesis is proved

a
b. the alternative hypotheses are falsified

g

the hypothesis is supported

[«

. the hypothesis was scientific

none of the above

o

Statistical tests tell us

a. if an experimental treatment showed more of an effect
than would be predicted by chance

b. if a hypothesis is true
c. whether an experiment was well designed
d. if the experiment suffered from any bias

e. how similar the sample was to the population it was
drawn from

A primary source of scientific resultsis
a. the news media

b. anecdotes from others

c. articles in peer-reviewed journals

d. the Internet

e. all of the above

A celebrity promoting a product, saying “It worked for me,”
is an example of a(n)

a. anecdote

b. primary source

¢. unbiased source of information
d. peer-reviewed claim

e. scientific test
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Analyzing and Applying the Basics

1. Which of the following statements are written as scientific
hypotheses? (If they are not, can you revise them to be
testable and falsifiable statements?)

People from Minnesota are better than people from North
Dakota.

People from Minnesota are more favored by God than
people from Iowa.

People from Minnesota have larger diameter heads than
people from Michigan.

People from Minnesota like snow more than do people from
Wisconsin. 5.

2. There is a strong correlation between obesity and the oc-
currence of a disease known as Type II diabetes—that is,
obese individuals have a higher instance of diabetes than
non-obese individuals. Does this mean that obesity causes
diabetes? Explain.

3. To test the hypothesis that changes occurring in boys’ brains
before birth make them better at math than girls, researchers
gave a large sample of eighth-grade boys and girls a math test.
Boys did significantly better than girls on the test. Can the re-
searchers strongly infer the truth of their hypothesis? Explain.

4. In an experiment on the effect of vitamin C on reducing the
severity of cold symptoms, college students visiting their

Connecting the Science

1. Do you think that reporters should be required to give more
complete information in stories about research in health and
science, or do you think it is up to the public to be able to
critically analyze media reports on these subjects? 3.

2. Much of the research on common cold prevention and treat-
ment is performed by scientists employed or funded by
drug companies. Often these companies do not allow sci-
entists to publish the results of their research for fear that
competitors at other drug companies will use this research
to develop a new drug before they do. Should our society

campus health service with early cold symptoms either re-
ceived vitamin C or treatment with over-the-counter drugs.
Students then reported upon the length and severity of their
colds. The timing of dosages and the type of pill were very
different, thus both the students and the clinic health
providers knew which treatment they were receiving. This
study reported that vitamin C significantly reduced the
length and severity of colds experienced in this population.
Why might this result be questionable, given the experi-
mental design?

Samuel George Morton published data in the 1840s reporting
differences in brain size among human races. His research
indicated the Europeans had larger brains than Native Amer-
icans and Africans. His measures of brain size were based on
skull volume calculated by packing individual skulls with
mustard seed and then measuring the volume of the seeds
they contained. When the biologist Stephen Jay Gould reex-
amined Morton’s data in the 1970s, he found that Morton
systematically erred in his measurement—consistently un-
derestimating the size of the African and Native American
skulls. According to Gould, Morton appeared not to realize
that he was affecting his own results to support his hypoth-
esis that Europeans had larger brains than the other groups.
How could Morton have designed his experiment to mini-
mize the effect of this bias on his results?

allow scientific research to be owned and controlled by pri-
vate companies?

Should society put restrictions on what kinds of research are
performed by government-funded scientists? For example,
many people believe that there should be restrictions on re-
search performed on tissues from human fetuses, because
they believe that this research would justify abortion. If a ma-
jority of Americans feel this way, should government avoid
funding this research? Are there any risks associated with not
funding research with public money?



Media Activities

Activity 1.1 Hypothesis Testing

Estimated Time: 5 minutes

The animation illustrates the process of hypothesis testing and
experimental design using historical experiments as examples.

Activity 1.2 The Placebo Effect: Is It Real?

Estimated Time: 10 minutes

Explore the issue of the Placebo Effect and the controversy
behind it.
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Activity 1.3 Evaluating Health Information

from the World Wide Web

Estimated Time: 10 minutes

Explore the science of vitamin C, the evidence of its effective-
ness in fighting colds, and the validity of information found
on the Internet.
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There is a high premium placed
on thinness in our culture.




2.1 Nourishing Your Body
2.2 Converting Food into Energy

2.3 Body Fat and Health

he average college student spends a lot of time
thinking about his or her body and ways to make
it more attractive. While most people realize that
there are a wide range of body types and sizes,
attractiveness tends to be more narrowly defined by the images of men and
women we see in the popular media; and nearly all media images equate

attractiveness and desirability with this limited range of body types.

For men, the image of a tall, broad-shouldered, muscular man with so little
body fat that every muscle is visible is portrayed as most desirable.

The standards for female beauty are unforgiving also. Images of female
beauty are almost exclusively women with small hips; long, thin limbs;
large breasts; and no body fat. This is virtually the only image of female
beauty seen in fashion magazines, on billboards, on television, and in the
movies.

Into this milieu steps the average college student—worried about appear-
ance, trying to find time to study, exercise, and socialize and now making all
his or her own decisions about food, often on a limited budget.

Making choices that are good for long-term health is not easy. The typical
dining-center meal-plan choices, often greasy and fat-laden, are available in

Most college students are, for the first

time, making all their own choices
about food.

Making unhealthy choices now can
lead to future struggles with obesity...

IR AT I:.II

...or anorexia.
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Media Activity 2.2 Personal Diet Analysis

unlimited portions. The difficulty of making healthful choices is compounded
by the presence of campus snack shops, vending machines, and conveniently
located fast-food restaurants that offer time-pressed students easily accessible,
inexpensive foods containing little nutrition.

Coupling tremendous pressure to be thin with a glut of readily available
unhealthful foods can lead to the establishment of unhealthful eating habits
that persist far beyond college life. In many cases, these conflicting pressures
can lead students to develop eating habits that result in a lifelong battle with
obesity or starvation, along with their associated health risks.

Learning about the kinds and amounts of foods you should be eating,
and understanding how much body fat is right for you, will help you make
good decisions about eating that will set you up for a lifetime of good
health.

Nourishing Your Body

To achieve a healthful diet you must eat the proper balance of different kinds of
foods so that your body has the raw materials it requires to build, maintain,
and repair its basic units, the cells. You also need to eat the right amount of food
so that you have enough energy to power your daily activities without having
too much or too little stored as fat.

Energy is measured in units called calories. A calorie is the amount of ener-
gy required to raise the temperature of one gram of water 1° Celsius. In scien-
tific literature, energy is usually reported in kilocalories, and one kilocalorie
equals 1000 calories of energy. However in physiology, the prefix kilo is dropped,
and a kilocalorie is referred to as a Calorie (with a capital C).

Balancing Nutrients

Nutrients are substances found in food that provide the energy or structural ma-
terials required for normal growth, maintenance, and repair. These include car-
bohydrates, proteins, fats, vitamins, minerals, and fiber.

Nutritionists have devised a set of general guidelines to help determine
whether you are achieving the right balance of nutrients. These guidelines are
based on six different food groups: (1) milk and dairy products; (2) meats; (3)
vegetables; (4) fruits; (5) breads, cereals, and grains; and (6) fats, oils, and sweets.
As Figure 2.1 shows, these food groups are arranged as a pyramid. The amount
of space allocated for each group represents the relative amount of your diet
they should comprise. The largest is taken up by breads, cereals, and grains,
which are rich in carbohydrates.

Carbohydrates Foods such as bread, cereal, rice, and pasta, as well as fruits
and vegetables, are rich in sugars called carbohydrates. Carbohydrates are the
major source of energy for cells. A healthful diet obtains up to 60% of its Calo-
ries from carbohydrate sources.

Carbohydrates are composed of carbon, hydrogen, and oxygen in the ratio
CH,O0. Glucose is 6(CH,0) or C4H;,O¢. Glucose is a simple sugar, or mono-
saccharide, which consists of a single ring-shaped structure. Disaccharides are
two rings joined together—lactose, found in milk, is a disaccharide composed
of glucose and galactose. The sugar you bake with or sprinkle on cereal is su-
crose, a disaccharide composed of glucose and fructose (Figure 2.2).
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Joining many individual subunits, or monomers, together produces polymers
(poly means “many”). Polymers of sugar monomers are called polysaccharides—
these multi-subunit sugars can be composed of many different branching chains
of sugar monomers and are also called complex carbohydrates.

Complex carbohydrates are often involved in storing energy for later use.
Plants, such as potatoes, store their excess carbohydrates as polymers of starch.
Animals store their excess carbohydrates as glycogen in muscles and the liver.
Both starch and glycogen are polymers of glucose (Figure 2.3).

Nutritionists recommend that carbohydrates in a healthful diet be mostly in
the form of complex carbohydrates, and consumption of refined and processed
sugars should be minimized. The complex carbohydrates you find in fruits,
vegetables, and grains also contain many vitamins and minerals, as well as
fiber—the refined sugars that you find in processed foods and sweets are a
source of Calories, but do not supply vitamins, minerals, or fiber.

Dietary fiber, also called roughage, is composed mainly of complex carbo-
hydrates that humans cannot digest into component monosaccharides. For this

Glucose
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Figure 2.1 Food-guide pyramid. This
pyramid represents the most recent recom-
mendations by U.S. government nutrition-
ists for healthful eating.

| CH,OH

H
Fructose

Sucrose

Figure 2.2 Sucrose. Sucrose is a disaccharide formed when two monosaccharides, glucose and fructose, are joined.
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Figure 2.3 Starch and glycogen. Plants
store their excess carbohydrates as starch,
and animals store excess carbohydrates as
glycogen. The glucose molecules are
abbreviated as hexagons here.

Glucose
molecules

Potatoes contain starch Animal muscle contains glycogen

reason, dietary fiber is passed into the large intestine; some fiber is digested by
bacteria living there, and the remainder gives bulk to the feces.

Although fiber is not digested, it is still an important part of a healthful diet.
It lowers total cholesterol without changing the level of HDL, or “good” cho-
lesterol while lowering LDL, the “bad” form of cholesterol-carrying molecules.
(Cholesterol is discussed more fully in Section 2.3.) Fiber may also decrease your
risk of various cancers. Fruits and vegetables tend to be rich in dietary fiber.

Proteins While carbohydrates are located at the base of the food pyramid,
proteins occupy the smaller space in the middle of the pyramid. Protein-rich
foods include beef, poultry, fish, beans, eggs, nuts, and dairy products such as
milk, yogurt, and cheese. Your body requires proteins for a wide variety of
processes. Proteins are important structural components of cells. In fact, they
make up half the dry weight of a cell—muscles are largely composed of pro-
teins. Proteins called enzymes help regulate all the chemical reactions that build
up and break down molecules inside your cells. Proteins also function as hor-
mones that send chemical messages throughout your body. A healthful diet
will obtain about 15% of its Calories from protein.

Proteins are large molecules made of monomer subunits called amino acids.
There are 20 commonly occurring amino acids. Like carbohydrates, amino acids
are made of carbons, hydrogens, and oxygens, but they have an additional
amino (NH;3") group and various side groups. Side groups are chemical groups
that give amino acids different chemical properties (Figure 2.4a).

Polymers of amino acids are sometimes called polypeptides because the name
for the chemical bond joining adjacent amino acids is a peptide bond (Figure
2.4b). Different amino acids are joined together to produce different proteins in
much the same manner that children can use differently shaped beads to pro-
duce different structures (Figure 2.4c). Each amino acid has unique chemical
properties. Since different proteins are composed of different amino acids, each
protein has unique chemical properties. Your body synthesizes most of the
amino acids it needs. Those your body cannot synthesize are called essential



(a) General formula for amino acid

(b) Peptide bond formation
Peptide bond Peptide bond

Valine Alanine Phenylalanine

(c) Protein

Figure 2.4 Amino acids. (a) All amino acids have the same general formula, but different side groups.
(b) Amino acids are joined together by chemical bonds called peptide bonds. Long chains of these are
called polypeptides. (c) Polypeptide chains fold upon themselves to produce proteins, and different
combinations of amino acids produce distinct proteins.
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(a) Fat within muscle

(b) Fat on surface of muscle

Figure 2.5 Fat storage. Fat can be inter-
twined with muscle tissue, as seen in this
marbled piece of beef (a), or on the sur-
face, as seen on this chicken breast (b).

amino acids and must be supplied by the foods you eat. Complete proteins con-
tain all the essential amino acids your body needs—proteins obtained by eat-
ing meat are more likely to be complete than those obtained by eating plants;
plant proteins can often be missing one or more essential amino acids.

In the past, some nutritionists believed that vegetarians might be at risk for
deficiencies in certain amino acids. However, scientific studies have shown that
there is little cause for concern. If a vegetarian’s diet is rich in a wide variety of
plant-based foods, the body will have little trouble obtaining all the amino acids
it needs to build proteins.

A more contemporary issue is whether vegetarians are deficient in vitamin
By;. This vitamin is required for the production of red blood cells and helps
maintain proper nerve function. Vegetarians can increase their By, intake by
drinking soy milk or taking vitamin supplements.

Even though it is possible to obtain all the proteins you need by eating a va-
riety of plants, Americans tend to eat a lot of meat as well. In addition to being
rich in proteins, meat tends to be rich in fat. A quick glance at Figure 2.1 shows
that the dietary requirements for fat are minimal.

Fats Thebody uses fat as a source of energy. Gram for gram, fat contains a lit-
tle more than twice as much energy as carbohydrate and protein. Foods that are
rich in fat include meat, milk, cheese, vegetable oils, and nuts. Muscle is often
surrounded by stored fat—some animals store fat throughout muscle, leading
to the marbled appearance of some red meat. Others, chickens for example, store
it on the surface of the muscle where it can be more easily removed for cooking
(Figure 2.5). Humans store fat just below the skin to help insulate the body from
cold weather, and to store energy in case of famine. Some scientists believe that
prehistoric humans often faced times of famine and may have evolved to crave
fat. Another benefit of fat is its ability to help cushion and protect vital organs.

Fat, like carbohydrate and protein, contains carbon, hydrogen, and oxygen,
but in different proportions. The structure of a fat is that of a three-carbon glyc-
erol molecule with up to three long chains of hydrogens and carbons, called
hydrocarbons, attached to it. The long hydrocarbon chains are called fatty acid tails
of the fat molecule (Figure 2.6a). The fatty acid tails are unable to dissolve in
water because the hydrogens and carbons are too busy interacting with each
other to form bonds with water molecules. This leads to one of the character-
istic properties of fat, its inability to dissolve in water.

The carbon atoms in fats—and in all molecules—are able to make chemical
bonds with up to four other atoms. Each carbon in the fatty acid tail is bound to
two other carbons, one in front of it and one behind it in the hydrocarbon chain.
When a particular carbon is double-bonded to one of these carbons, it can only
make one other bond to a hydrogen. When the carbon is single-bonded to the
carbon on either side of it, it can make bonds with two hydrogen atoms.

When carbons are bound to as many hydrogens as possible, it is said to be
a saturated fat (saturated in hydrogens). When there are carbon—carbon dou-
ble bonds, the fat is not saturated in hydrogens, and it is therefore an
unsaturated fat (Figure 2.6b). When there are many unsaturated carbons, the
fat is a polyunsaturated fat.

The double bonds in unsaturated fats make the structures kink instead of
lying flat. This prevents the adjacent fat molecules from packing tightly to-
gether, so unsaturated fat tends to be liquid at room temperature. Cooking oil
is an example of an unsaturated fat. Unsaturated fats are more likely to come
from plant sources. Saturated fats, with their absence of carbon-carbon double
bonds, do pack tightly together to make a solid structure. This is why saturat-
ed fats, such as butter, are solid at room temperature (Figure 2.6c).

Commercial food manufacturers sometimes add hydrogen bonds to unsat-
urated fats by adding hydrogen gas to vegetable oils under pressure. This
process retards spoilage and solidifies liquid oils, thereby making food seem less
greasy. Margarine is vegetable oil that has undergone this hydrogenation process.
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Hydrocarbons (fatty acid tails)
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When carbon atoms
are single-bonded
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Fats with many unsaturated
hydrocarbons are kinked and do
not pack tightly. They are liquid
at room temperature.

Fats with mostly saturated
hydrocarbons pack tightly together
and are solid at room temperature.

Figure 2.6 Fat structure. (a) Fats are long chains of hydrocarbons (fatty acids) attached to a 3-carbon
skeleton called glycerol. (b) Carbon can make chemical bonds with up to four other atoms. The carbon
atoms in a saturated fat are bonded to four other atoms. The carbon atoms in an unsaturated fat are
double-bonded to other carbon atoms. (c) Saturated fats are solid at room temperature. Vegetable oil, an
unsaturated fat, is liquid at room temperature.

When hydrogen atoms are added to the same side of the carbon—carbon dou-
ble bond, they are said to be in the cis configuration—naturally occurring unsat-
urated fats have their hydrogen atoms in cis configuration. When hydrogen atoms
are added on opposite sides of the double bond, they are said to be in the trans con-
figuration. During hydrogenation, there is no way to control whether hydrogen



30 Chapter 2 The Only Diet You Will Ever Need

Vitamin

Thiamin

(By)

Riboflavin
(B,)

Folic Acid

B12

Bs

Pantothenic

acid

Biotin

Niacin (B;)

Water-soluble vitamins

¢ Small organic molecules (containing carbon)

* Will dissolve in water

e Cannot be synthesized by body

g

Pork, whole grains, leafy green vegetables

Sources

Milk, whole grains, leafy green vegetables

Dark green vegetables, nuts, legumes (dried
beans, peas, and lentils), whole grains

Chicken, fish, red meat, dairy
Red meat, poultry, fish, spinach,
potatoes, and tomatoes

Meat, vegetables, grains
Legumes, egg yolk
Citrus fruits, strawberries, tomatoes,

broccoli, cabbage, green pepper

Nuts, leafy green vegetables, potatoes

* Supplements packaged as pressed tablets
® Excesses usually not a problem since water-soluble vitamins are excreted in urine, not stored.

Functions

Required component
of many enzymes

Required component
of many enzymes

Required component
of many enzymes

Required component
of many enzymes

Required component
of many enzymes

Required component
of many enzymes

Required component
of many enzymes

Collagen synthesis,

improves iron absorption

Required component
of many enzymes

Effects of Deficiency

Water retention and heart failure

Skin lesions

Neural-tube defects, anemia, and
gastrointestinal problems

Anemia and impaired nerve
function

Anemia, nerve disorders, and
muscular disorders

Fatigue, numbness, headaches,
and nausea

Dermatitis, sore tongue, and
anemia

Scurvy and poor wound healing

Skin and nervous system damage

Table 2.1 Vitamins. A variety of water- and fat-soluble vitamins perform many functions.

atoms are added in the cis or trans configuration. The long-term health risks of
consuming foods rich in trans-fatty acids, common in fast foods, are unknown.

Since fat contains more Calories per gram than carbohydrate and protein,
and because excess fat intake is associated with several diseases, nutritionists
recommend that you limit the number of Calories obtained from fat to less than
25% of your daily intake.

Along with fat, sweets (highly processed, sugar-rich foods) occupy a very
small portion of the food pyramid since both foods provide no real nutrition,
just Calories. Sweets are often referred to as “empty” Calories because con-
suming them provides Calories but no vitamins and minerals.

Vitamins and Minerals Vitamins are organic substances (organic means “car-
bon containing”) that are only required in small amounts. Vitamins are not de-
stroyed during use, nor are they burned for energy. Most function as coenzymes,
molecules that help enzymes, thus speeding up the body’s chemical reactions.
When a vitamin is not present in sufficient quantities, deficiencies can result.
These deficiencies can affect every cell in your body because many different en-
zymes, all requiring the same vitamin, are involved in many different bodily
functions. Vitamins also help with the absorption of other nutrients; for example,



Fat-soluble vitamins

® Small organic molecules (containing carbon)

e Will not dissolve in water

e Cannot be synthesized by body (except Vitamin D)
® Supplements packaged as oily gel caps

absorbed, and increases
bone growth

D Milk, egg yolk Helps calcium be Bone deformities

Nourishing Your Body

® Excesses can cause problems since fat-soluble vitamins are not excreted readily

Vitamin Sources Functions Effects of Deficiency Effects of Excess
A Leafy green and yellow Component of eye Night-blindness, scaly Drowsiness, headache,
vegetables, liver, egg pigment skin, skin sores, and hair loss, abdominal
yolk blindness pain, and bone pain

Kidney damage,
diarrhea, and vomiting

E Dark green vegetables, Required component of Neural-tube defects, Fatigue, weakness,
nuts, legumes, whole many enzymes anemia, and nausea, headache,
grains gastrointestinal problems blurred vision, and

diarrhea

K Leafy green vegetables, Helps blood clot Bruising, abnormal Liver damage, and
cabbage, cauliflower clotting, and severe anemia

bleeding

Table 2.1 (continued)

vitamin C increases the absorption of iron from the intestine. Some vitamins may
even help protect the body against cancer and heart disease, and may slow the
aging process.

Vitamin D is the only vitamin your cells can synthesize. (Sunlight is re-
quired for synthesis, therefore people living in cold climates can develop de-
ficiencies in vitamin D.) All other vitamins must be supplied by the foods you
eat. Many vitamins are water-soluble, so boiling causes them to leach out into
the water—this is why it is a good idea to use fresh vegetables or include the
vitamin-rich broth of canned vegetables when making soup. Steaming veg-
etables is a better way of cooking them because it preserves their vitamin con-
tent. The water-soluble vitamins are more likely than fat-soluble vitamins to
be the source of dietary deficiencies since the body does not store them. Vita-
mins A, D, E, and K are fat soluble and build up in stored fat—allowing an ex-
cess of these vitamins to accumulate in the body can be toxic. Table 2.1 lists
some vitamins and their roles in the body.

Minerals are substances that do not contain carbon, but are essential for
many cell functions—because they lack carbon, they are said to be inorganic.
Minerals are important for proper fluid balance, muscle contraction, conduc-
tion of nerve impulses, and building bones and teeth. Calcium, chloride, mag-
nesium, phosphorus, potassium, sodium, and sulfur are all minerals. Like some
vitamins, minerals are water soluble and are lost during boiling. Also like vi-
tamins, minerals aren’t synthesized in the body and must be supplied through
your diet. Table 2.2 lists the various functions of minerals your body requires
and what happens when there is a deficiency or an excess in various minerals.

Processed vs. Whole Foods It is best to limit your consumption of processed
foods in general. Food that has undergone extensive processing has been
stripped of much of its nutritive value. For example, refined flour has had
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Minerals

Mineral

Calcium

Chloride

Magnesium

Phosphorus

Potassium

Sodium

Sulfur

¢ Will dissolve in water

¢ Inorganic elements (do not contain carbon)
e Cannot be synthesized by body
e Supplements packaged as pressed tablets

Sources

Milk, cheese, dark
green vegetables,
legumes

Table salt, processed
foods

Whole grains, leafy
green vegetables,
legumes, dairy, nuts

Dairy, red meat,
poultry, grains

Meats, fruits,
vegetables, whole
grains

Table salt, processed
foods

Meat, legumes, milk,
eggs

Functions

Bone strength,
blood clotting

Formation of HCI
in stomach

Required component
of many enzymes

Bone and tooth
formation

Water balance,
muscle function

Water balance,
nerve function

Components of
many proteins

Effects of Deficiency

Stunted growth,
osteoporosis

Muscle cramps,
reduced appetite,
poor growth

Muscle cramps

Weakness, bone
damage

Muscle weakness

Muscle cramps,
reduced appetite

None known

Effects of Excess

Kidney stones

High blood
pressure

Neurologic
disturbances

Impaired ability to
absorb nutrients

Muscle weakness,
paralysis, and heart
failure

High blood
pressure

None known

Table 2.2 Minerals. The minerals we require and their roles in the body.

the bran and germ removed during processing, resulting in the loss of many
vitamins and minerals, and much of the fiber.

Foods that have not been stripped of their nutrition by processing are called
whole foods. Eating a wide variety of whole foods such as fruits, vegetables, and
grains will provide you with a much better chance of achieving a healthful diet
than eating highly refined, fatty foods, low in complex carbohydrates and vi-
tamins—also called “junk food.”

In addition to eating a well-balanced diet rich in unprocessed foods, it is also
important to eat the right amount of food. All food, whether carbohydrate, pro-
tein, or fat, can be turned into fat when too much is consumed. On the other hand,
not consuming enough Calories is the source of many serious health problems.

Balancing Energy

Balancing energy means eating the correct amount of food to maintain health.
When foods are eaten, they are broken down into their component subunits
and can be used to make a form of energy the cell can use (Figure 2.7). Cells
power their activities by using a chemical called ATP as their energy currency.
(ATP is discussed in detail in Section 2.2.) When the supply of Calories is greater
than the demand, the excess Calories are stored by the body as fat.



1. Eat food. 2.Digest food. 3. Food molecules are 4. Energy
transported to cells where currency
cellular respiration takes produced.

place.

Figure 2.7 Digestion. The food you eat is broken down by the digestive system and
transported into cells, where nutrients are used to make energy (ATP).

The amount of fat a given individual will store is partly dependent upon the
rate of their metabolism. Metabolism is a general term used to describe all of
the chemical reactions occurring in the body, but here we are more concerned
with metabolic rate and its effect on a healthy diet.

Metabolic Rate The metabolic rate of an individual is a measure of a per-
son’s energy use. This rate changes according to the activity level of the indi-
vidual. For example, a person requires less energy when asleep than he or she
does when exercising. The basal metabolic rate represents the resting energy
use of an awake, alert person. The average basal metabolic rate is 70 Calories
per hour or 1680 Calories per day. However, this is only an estimate, because
many factors influence a given individual’s basal metabolic rate. These include
exercise habits, body weight, gender, age, and genetics.

Exercise requires energy, which allows you to consume more Calories with-
out having to store them. As for body weight, a heavy person utilizes more
Calories during exercise than a thin person does. Figure 2.8 shows the number
of Calories used per hour for various activities based on body weight.

Males require more Calories per day than females because testosterone, a
hormone produced in larger quantities by males, increases the rate at which fat
breaks down. Men also have more muscle than women, and muscle is costly to
maintain in terms of energy.

Age and genetics also play a role in metabolic rate. Two people of the same
size and sex, who consume the same number of Calories and exercise the same
amount, will not necessarily store the same amount of fat. The rate at which the
foods you eat are metabolized slows as you age, and some people are simply
born with lower basal metabolic rates. This happens if the enzymes involved in
regulating all of the body’s chemical reactions are slower.

Enzymes All metabolic reactions are regulated by proteins called enzymes
that speed up, or catalyze, the rate of reactions. Different enzymes catalyze dif-
ferent reactions, a property called specificity. Enzymes are usually named for
the reaction they catalyze, and end in the suffix -ase. For example, sucrase is
the enzyme that breaks down table sugar (sucrose).

The specificity of an enzyme is the result of its shape—different enzymes
have different shapes because they are composed of different amino acids. The
20 amino acids, with their side groups, are arranged in distinct orders for each
enzyme, producing enzymes of all shapes and sizes.

The chemicals that are metabolized—either built up or broken down—by an
enzyme-catalyzed reaction are called the enzyme’s substrate. The specificity
of an enzyme for its substrate occurs because the enzyme can only bind to a sub-
strate whose shape conforms to the enzyme’s shape. The region on the enzyme
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Media Activity 2.1A Overview of Energy
Acquisition

To calculate the number of
calories you are burning per
hour, multiply your weight by
these numbers

Walking
Hiking
Bicycling
Tennis
Mowing lawn
Swimming
Basketball
Jogging

Running

Calories/hour/
pound of body weight

Figure 2.8 Energy expenditures for
various activities. This bar graph can
assist you in determining how many

calories you burn.
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Substrate sucrose

®. e

Active
site

Enzyme
sucrose

where the substrate binds is called the enzyme’s active site. The enzyme binds
its substrate, helps convert it to a reaction product, and then resumes its orig-
inal shape so it can perform the reaction again (Figure 2.9).

Lactose intolerance is a common dietary problem caused by an enzyme defi-
ciency. People with lactose intolerance are unable to digest large amounts of
lactose (the most common sugar in milk) which is the result of a shortage of the
enzyme lactase, typically produced by the cells of the small intestine. This en-
zyme breaks down lactose into simpler forms that can then be absorbed into the
bloodstream. When there is not enough lactase available to digest lactose, nau-
sea, cramps, bloating, gas, and diarrhea can occur. For reasons scientists do not
yet understand, the lactase enzyme becomes less efficient as we age.

The speed and efficiency of the many different enzymes will lead to an over-
all increase or decrease in metabolic rate. Thus, when you say that your me-
tabolism is slow or fast, you are actually referring to the speed at which enzymes
catalyze chemical reactions in your body.

The properties of metabolic enzymes, like those of all proteins, are deter-
mined by the genes that encode them. Genes are passed from parents to children;
they are large molecules located inside your cells that contain protein-building
instructions. This is why the genes you inherit influence your rate of fat storage
and utilization. In addition, if an enzyme requires a vitamin to act as a coen-
zyme and that vitamin is not available, metabolism may be slowed.

All of these variables help explain why some people seem to eat and eat
and never gain an ounce, while others struggle with their weight for their en-
tire lives. To obtain a rough measure of how many Calories you should consume
per day, multiply the weight you wish to maintain by 15, and add the number
of Calories you burn during exercise. If you are trying to lose weight, decrease
your caloric intake or increase your exercise level. Losing one pound of fat re-
quires you to burn 3500 Calories.

Regardless of your metabolic rate, all food must be converted into a form
of energy your body can use.

Glucose Fructose

& o

1. The shape of the substrate
matches the shape of the
enzyme's active site.

2. When the substrate binds to 3. The shape change splits the
the active site, the enzyme substrate and releases the two
changes shape and the bond subunits. The enzyme is able to
between the sugars is stressed. perform the reaction again.

Figure 2.9 Enzymes. The enzyme sucrase is cleaving (splitting) the disaccharide sucrose into its monosac-
charide subunits, fructose and glucose. The enzyme can then be recycled to perform the same reaction over

and over again.
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Converting Food into Energy

Your body cannot use the foods you eat directly. First, the energy in food is con-
verted into energy present in the chemical bonds of adenosine triphosphate
(ATP). This process requires that food first be digested by the digestive system.

The Digestive System

The digestive system is a group of organs that work together to break down food

(Figure 2.10). Any group of organs that works together to perform

tion is called an organ system. (Table 2.3 lists the functions of various organ systems.)

(a) Digestive system

Accesory
organs to
small

intestine:

(S,

Liver

® Produces bile
which aids
absorption of fats.

[e)]

Gall bladder

e Stores bile and
empties into small
intestine.

Pancreas
® Produces digestive
enzymes.
® Produces a buffer
that neutralizes
acidity of stomach
acid.

Figure 2.10 The digestive system. The digestive system
facilitates the breakdown of food (a) and its absorption into
the bloodstream (b).

(b)

Nutrients absorbed through the
intestinal lining into the bloodstream for
transport to cells throughout the body.

a body func- Media Activity 2.1B Structure and
Function of the Digestive System

.Mouth

Teeth reduce the size of food, increasing surface area
available for digestion by enzymes.
Enzymes in saliva then start breaking down carbohydrates.

. Pharynx (throat)
A flap called the epiglottis blocks the opening to the
windpipe when we swallow so that our food goes into our
esophagus rather than our lungs.

.Esophagus
Transports food to stomach by rhythmic waves of muscle
contraction called peristalsis.

4.Stomach

Acidic gastric juices start breaking down foods.

The enzyme pepsin breaks down proteins.

Mucous prevents gastric juices from digesting stomach.
Pyloric sphincter regulates movement of food from
stomach to small intestine.

.Small intestine

Where most digestion of carbohydrates, proteins, fats,
and nucleic acids occurs.

Nutrients are absorbed into the bloodstream.

.Large intestine (colon)
Water is reabsorbed.
Undigested materials (such as fiber) produce feces.

Absorption of nutrients into bloodstream
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Nutrients in



Organ system

Digestive

Excretory

Respiratory

Integumentary

Mouth
Esophagus
Stomach
Liver,
pancreas,
gall bladder
Small and
large
intestine

Kidney
Ureter
Bladder
Urethra

Trachea
Bronchi
Lung

Cartilage
Bone

Skeletal
muscles

Hair
Nails
Skin

Function

Ingests and breaks
down food so that
it can be absorbed
by the body.

Elimination of liquid
wastes; regulation
of water balance.

Enables gas
exchange, supplying
blood with oxygen
and removing
carbon dioxide.

Provides mechanical
support for the
body; mineral
storage; red blood
cell production.

Contraction and
extension of
muscles enables
movement, posture,
and balance.

Protects body from
environment, injury,
and infection; fat
storage.

Organ system

Cardiovascular
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