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Only in the past few decades has neuroscience solidified as a distinct field. The interdisciplinary nature of neuroscience means that you as a student entering this area face
the daunting prospect of having to learn biology, psychology, chemistry, physics,
computer science, and mathematics just to be able to converse with other members
of your own field. Not only does a student of neuroscience need to learn the language and basic foundations of all these other sciences, but an acquaintance with
the fundamental laboratory techniques of these disparate areas is necessary as well.
It may be difficult to learn all the background information that helps to make
you a neuroscientist, but fortunately it is not so difficult to get started conducting
research in neuroscience. If you choose a simple question and a few laboratory techniques as a first focus, you can begin independent research in neuroscience. You
may conduct research on a wide variety of questions, ranging from robotic models of artificial intelligence to the molecular basis of learning in the fruit fly,
Drosophila. Common to all of these topics are the general underpinnings to any
scientific investigation. Understanding the general structure of a scientific investigation will aid your research no matter what flavor of neuroscience you prefer. If
you continue in research and have a career as an experimental neuroscientist, you
will be learning new techniques throughout your lifetime; you will probably end
your career using techniques not yet dreamed of. Nevertheless, how you design and
analyze your experiments will still follow the principles introduced in this book.
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THE SAVVY RESEARCH STUDENT
To help you understand how this course may influence you, let me tell you about
a recent experience of a student of mine. Stephanie had arranged for a summer
internship after her second year of college. She was going to work in a laboratory
studying Alzheimer’s disease using a molecular approach. We discussed material
that the head of the lab had given her, the honors thesis of a student who had just
completed his research in that lab. As we talked, I realized that Stephanie needed
to sort out what was measured by a Western versus a Southern versus a Northern
blot (protein, DNA, and RNA, respectively). She needed help finding the protocol
books that give step-by-step directions for everything from making a stock solution
to running a gel (I recommended Kathy Barker’s (2004) At the Bench: A
Laboratory Navigator; see the end of this chapter for further information).
Nevertheless, she was doing fine without understanding some of the laboratory
techniques and protocols, because her experimental methods course had given her
a good understanding of the scientific process. She was reading the previous
student’s thesis with a critical eye. She had absorbed the basic working model the
lab was testing and focused her efforts on discovering what aspects of that model
were not yet firmly supported by experimental evidence. She understood the relative strengths of correlative versus experimental designs, and she quickly grasped
the reports from statistical tests. Stephanie was well prepared for this wonderful
internship opportunity. She would learn many new techniques, and the fundamental understanding of experimental design and analysis from her prior course
would help her plan her summer experiments to contribute to scientific knowledge.
This text will prepare you for success if you join a neuroscience research laboratory as an apprentice, an experience essential to scientific training.

THE SKEPTICAL CONSUMER
A research laboratory is not the only context in which you will apply the concepts
discussed in this book. When you read the newspaper or browse the web, you will
often encounter reports about scientific studies with results that are relevant to your
life. You will also find that it is rare that all scientists agree on the bottom line. What
are you to think if the experts disagree? Here is an example: If you are having trouble cramming for your final exam, should you consider taking a drug to help you
stay awake longer and learn more material? One drug that students sometimes suggest is modafinil (Provigil). This drug is approved for the treatment of the sleep disorder narcolepsy, but news reports suggest some people are using it as a “cognitive
enhancer” or “smart drug.” From most of the research on this drug, it appeared
that it was not addictive; the U.S. Food and Drug Administration (FDA) classified
it as “Schedule IV” or a controlled substance with low potential for abuse. A recent
report (see Figure 1.1a) indicates modafinil could have addictive properties, contradicting earlier findings. Does this mean those early studies were wrong?
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Article From Bloomberg.com

NARCOLEPSY PILL USED AS SMART DRUG MAY BE ADDICTIVE
By Marilyn Chase
March 17 (Bloomberg)—Cephalon’s narcolepsy drug Provigil, increasingly used as a so-called “smart
drug” by students and professionals looking to boost their mental skills, may have a risk for addiction, a
study found.
Researchers at the National Institute on Drug Abuse found the drug affects the same brain chemicals as
stimulants like Ritalin and amphetamines. PET or positron emission tomography scans of the brain activity in
10 healthy volunteers who took the drug showed it boosted the level of dopamine circulating in the part of the
brain involved in pleasure, reward and addiction, according to the study published today in the Journal of the
American Medical Association.
The anti-drowsiness drug is being taken to help people stay more alert and sharpen their thinking at school
and work, said Patrick Finley, professor of clinical pharmacy at the University of California, San Francisco.
“Provigil is catching on,” he said, as an augmenting agent added to antidepressants Prozac or Zoloft to offset
grogginess.
The increase of dopamine seen with the medicine is “the signature for drugs that have the potential for
producing addiction,” said Nora Volkow, lead author of the study and director of the National Institute on Drug
Abuse, in a telephone interview yesterday.
Physicians prescribing Provigil should “be alert to the possibility that it could produce addiction,” Volkow
said. Consumers also should be aware the drug “may have more abuse potential than originally believed,”
she said.
Nonmedical Use
The study noted that Provigil, known generically as modafinil, is being used by people who want to boost their
mental ability. “Modafinil is increasingly being diverted for nonmedical use by healthy individuals with the
expectation that it will improve cognitive performance,” the authors wrote.
A decade-old drug approved to treat sleepiness caused by narcolepsy, obstructive sleep apnea, and shiftwork sleep disorder, Provigil is Cephalon’s biggest-selling product with $988 million in 2008 sales.
A longer-acting version called Nuvigil, known as armodafinil, is scheduled to be sold beginning in the third
quarter of 2009, the Frazer, Pennsylvania-based company said. Cephalon said earlier today that a study of
Nuvigil showed it improved depressive symptoms of bipolar disorder when added to drugs that stabilize mood
swings.
The Nuvigil study sent Cephalon to its biggest single-day gain since Oct. 13. Cephalon rose $5.87, or 9.3
percent, to $69.06 at 4 p.m. New York time in Nasdaq Stock Market composite trading.
“Different” From Stimulants
Cephalon management praised the research report on Provigil but insisted the drug’s risk for addiction is
marginal.
“It’s a good study,” said Jeffry Vaught, chief scientific officer of Cephalon, in a phone interview yesterday.
Vaught said Provigil’s effect on dopamine is “weak,” adding it is “very different from amphetamines and its abuse
potential is very low.”

(Continued)
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(Continued)
Provigil is classified as a Schedule 4 drug under the U.S. Controlled Substances Act. That system ranks
drugs’ abuse potential in descending order from the highest (Schedule 1 drugs, such as heroin) to lowest
(Schedule 5 drugs such as certain cough medicines).
Provigil’s label materials, approved by the Food and Drug Administration, contain cautionary statements
addressing the drug’s potential for misuse or abuse.
Data Sought
Volkow said she isn’t seeking stronger product warnings for the Provigil label at this time. She said she
hoped to strengthen the institute’s annual survey of high school drug use by adding questions about the
sleep drug.
Some doctors cautioned against taking the report as the last word.
The new research is “basically a pilot study,” said Clete Kushida, associate professor of psychiatry and
acting director of the Stanford University Sleep Disorder Clinic, where the drug is used to treat narcolepsy
and other approved indications. “Most centers including ours are very judicious in how we prescribe
modafinil.”
A legal expert said growing interest in drugs for cognitive enhancement calls for further study of whether they
can be used safely and ethically.
“It’s illegal. I wouldn’t advise anyone to do anything that’s illegal,” said Henry Greely, Stanford law professor
and Director of the Center for Law and the Biosciences. “Whether it should be illegal, that involves issues of
safety when used by healthy people, for which we could use more data.”
Casual nonmedical use of Provigil to sharpen thinking isn’t limited to students, said Finley, of UCSF.
“I’ve had interesting conversations with physicians who take it at lunchtime to increase their alertness,”
he said.
SOURCE:  Bloomberg L.P. All rights reserved. Used with permission.

With no background in scientific method, it might be tempting to either give
up, disgusted that scientists cannot seem to get the story straight, or turn to a
respected authority and ask that person to make a judgment. With a background
in scientific methods, you will be able to analyze the studies even from the barebones description in the web page report. Did the original reports include
dopamine measures? Did the studies all assess addiction in the same manner? Was
the dose of modafinil similar? You may feel compelled to post a comment or you
may examine the details of the original primary source from which the first article was based (see Figure 1.1b for a copy of the lead page of the original article).
You will be a more competent consumer of scientific information, and given the
dramatic impact scientific information has on our lives, this is an important component of educated citizenship.
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Lead Page From Article in JAMA

SOURCE: Volkow, Fowler, Logan, Alexoff, Zhu, Telang, et al., 2009.

WHAT IS SCIENCE?
Before we begin exploring the process of scientific discovery, we should first define
our subject. What is science? It is often hardest to define the simple terms that we
use in everyday life. Can you give a definition of science? Even science majors in
their senior year of college find this difficult. Is science a collection of facts? How
can you distinguish science from history, which also involves a collection of facts?
Is science a collection of facts arising from laboratory experimentation? What
about astronomy or taxonomic classifications?
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I prefer this definition of science: “An interconnected series of concepts and
conceptual schemes that have developed as a result of experimentation and
observation and are fruitful of further experimentation and observation” (Conant,
1951, p. 5). This definition stresses the important role of conceptual schemes, such as
theories or models, which guide the development of scientific understanding. Both
experimentation and observation are included as techniques for gaining new
understanding. Scientific understanding is never static. The definition highlights
this idea by stressing that scientific models are fruitful and lead to further experimentation and observation.
The process of science has three general phases. First, there is a period of
observation or experimentation. Results from these observations and experiments must be replicable; that is, other observers must be able to be repeat the
observations and experiments and get the same results. Second, scientists compare the new evidence from these observations and experients with current scientific theories. If necessary, scientists revise theories to take into account the new
results. Third, scientists test these refined scientific theories by further experimentation or observations. This is a spiraling process, leading to theories that are
ever more sophisticated.

RECOGNIZING PSEUDOSCIENCE
Sometimes a body of knowledge looks like science and sounds like science, but
it is not science. A trained scientist recognizes it as pseudoscience, unscientific
information masquerading as science. How can you recognize pseudoscience
and distinguish it from real science? Now that you have a clear understanding
of the definition of science, this is not too difficult. Whereas pseudoscience consists of a system of ideas that either do not change or change randomly, science
consists of ideas that change based on observations or experiments. Whereas
pseudoscience lacks organized skepticism and the mechanisms for acquiring
new knowledge are vague, the basis of science is organized skepticism through
replicable experiments and observations, and there is agreement on the techniques for acquisition of new knowledge. In pseudoscience, established findings are often disregarded, whereas a new theory in science must always take
into account previously established facts. Pseudoscientific writings often stress
the personal characteristics of the writer, commonly suggesting that the scientific establishment is conspiring against the writer’s ideas for dubious reasons;
however, this cloak-and-dagger mentality is rarely present in scientific writing
(see Box 1.1 for more hints).
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TOOLS OF THE TRADE
Rules to Help You Recognize Pseudoscience

1. Read the references. Many sources of pseudoscientific information will not provide references, and that
is a dead giveaway of the unsubstantiated nature of the claims. The sources that worry me are the ones
that do give references. Be sure you actually read those references yourself to determine if the authors
of the source referenced actually support the claims.
2. Be alert for illogical leaps. Even if your brain waves show similarities to those from people with slight
memory loss, this does not inevitably lead to the conclusion that you require a nutritional supplement
to correct the “abnormality.”
3. Do not be impressed by an idea’s longevity. Just because an idea has been around for centuries does
not indicate that the idea is valid. Pseudoscientists love to draw on “ancient wisdom,” even if scientists
have long ago discarded the ideas. Scientists look for evidence to support or falsify the idea and therefore make progress beyond ancient ideas. An example here is phrenology—a long-discredited idea that
the pattern of bumps on the skull indicated an individual’s personality. I was surprised to discover that
there are people today who ascribe to the beliefs of phrenology.
4. Do not be swayed by the degrees and awards claimed by the person promoting the pseudoscience. A
person can be trained as a scientist and lapse from that training. Diplomas or awards do not make a
person a scientist—a skeptical, evidence-based approach makes someone a scientist. That “Most
Esteemed Medical Researcher of the Year” award may be from a pseudoscience organization. Similarly,
the “Nobel Prize nominee” may have been nominated by his or her mother.
5. Nearly every pseudoscientist will offer to sell you something. Whether it is a nutritional supplement, a
book that will change your life, tapes that help you breathe correctly, or electrical devices that balance
your hormones, you can be sure there is some merchandise.

NEUROSCIENCE IN THE SERVICE OF PSEUDOSCIENCE
I am appalled by uses of legitimate neuroscientific research in the service of pseudoscientific claims. They can give a patina of legitimacy to quack medical advice.
An example that intrigues me is “cranial electrostimulation.” There are companies quite happy to sell you little devices that will apply an electrical current to
your earlobes to electrically stimulate your brain. They claim that as you dial up
the frequency of stimulation, you can achieve any desired brain wave frequency
and thus an altered mental state. How will this help you? It will improve your life
in countless ways—decrease anxiety, increase intelligence, improve sleep quality,
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lessen headaches, alleviate cancer pain . . . you get the picture. The companies promoting these devices suggest they would be helpful in treating headaches, anxiety,
and stress—predictably, these are vague, widely reported symptoms. They also
point to the ancient history of using electrical currents for therapy, even going back
to when the most reliable source for electrical stimulation was electric eels.
But does it really work? A scientist cannot declare an idea wrong simply based
on what I have told you so far. Look for well-controlled studies on this topic to find
out. These studies should be conducted with the patient, therapist, and researcher
unaware of whether the patient is receiving true cranial electrical stimulation or is
actually in the untreated control group. Levels of stress and anxiety are rather subjective to measure, and it is important that the measurements are collected in an
unbiased manner. Such symptoms do improve spontaneously, so it is important to
test a large enough sample so that you are not fooled by improvement due to
chance. It would be necessary to have a control group that followed the same procedure, applying electrodes to the earlobes, experiencing a tickling sensation indicating current is being delivered, sitting quietly for an hour or two each day while
treatment is delivered, and so on. This is an essential control group. Obviously,
stress and anxiety might be reduced simply by relaxing for several hours each day
or by the assurance that you are receiving treatment for the anxiety. One of my
favorite books—The Monkey Gland Affair by David Hamilton (1986)—describes
the history of testicular implant treatments for the loss of libido in aging men. We
now know that the body immediately rejects and destroys such implants of foreign
tissues. The medical establishment was fooled into accepting these treatments as
legitimate, in part because of the strength of reported positive effects. Several weeks
of rest and abstaining from alcohol, receiving healthy food and solicitous care from
young women, were followed by an expensive operation promised to restore libido.
Can you guess why the elderly male patients reported increased sexual drive?

WHAT IS THE SCIENTIFIC METHOD?
In this book you will learn to apply the scientific method to questions of interest.
But what exactly is the scientific method? Actually, there is not one scientific
method. Rather, scientific methodology is a collection of logical rules, experimental designs, theoretical approaches, and laboratory techniques that have
accumulated throughout history. Each field of science has its own history; thus,
each field has slightly different scientific methods. Scientific methods are not fixed.
In fact, the idea of the experiment, where the investigator gains new information
by observing results after changing one variable with all other variables held constant, is a relatively new idea made popular in the 16th and 17th centuries.
Scientists before that time largely relied on one of the important tools of modern
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scientists, careful observation. With the addition of the experiment, a new logical
analysis was possible. Because the only difference between the groups in an experiment is the one variable of interest, we presume that the variable is the cause of
any difference between the groups in the outcome measures. Given the power of
the logical analysis of results that an experiment makes possible, many scientific
studies are experiments; however, scientists have more methods in their repertoires.
In this book, we initially focus on the experiment, but we will also cover other,
nonexperimental, scientific approaches such as case studies, correlational studies,
and observational studies.

EPISTEMOLOGY FOR SCIENTISTS
How do we know that our scientific methods are valid and our interpretations correct? Why should we even assume that we could understand nature at all? There
is a long history of philosophers considering these questions, and much to gain
from a consideration of their thoughts. This branch of philosophy, epistemology,
is the study of how we know what we know.
Some of the things we accept as known we know based on authority. In the
long period of the Middle Ages (5th–14th centuries), the church was the ultimate
authority in Western culture. Church authorities had to approve new theories of
the brain, which could not conflict with other church teachings. As an example,
consider how the teachings of the church influenced the understanding of the ventricles, the fluid-filled caverns within the brain. Scientists thought that there were
three ventricles; the first ventricle was where sensations were taken in, the second
ventricle was responsible for perception, and the third ventricle was the site of reason. Why were the ventricles so important? The religious authorities taught that
the soul was immaterial, so scientists of the time searched for a place in the brain
where immaterial spirits could reside. The halls of the ventricles seemed ideal for
a spacious home for spirits.
Empiricism, the idea that all knowledge arises from experience through the
senses, grew in popularity in the 15th and 16th centuries. Instead of relying on the
power of authority, such as the authority of the church, one could learn by observation and careful study of nature. Leonardo da Vinci’s study of the ventricles is
an example of the empirical approach. The human body fascinated da Vinci, a
masterful observer. To better understand the ventricles of the brain, da Vinci borrowed a technique used by artists, making a mold from molten wax. He poured
hot wax into the ventricles of an ox brain, let the wax cool and harden, and then
dissected away the brain tissue to discover the true shape of the ventricles. As
Figure 1.2 shows, da Vinci discovered by empirical observation that the ventricles
were not shaped as three caverns, but had a more complex architecture.
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Figure 1.2

Early Depictions of the Brain

(a)

(b)

This early drawing (a) by Leonardo da Vinci represents the ancient understanding of the ventricular system of the brain
as three caverns. Compare it with his drawing (b) after making a wax cast of the ox ventricular system. The drawings from
the wax cast are much more realistic.
SOURCE: Alinari Archives/Corbis.

One problem with empiricism is that we cannot totally trust our senses.
Sensory perception necessarily involves active construction of theories. Thus,
observed “facts” are already constructs, and our theories influence them. Examine
the drawing in Figure 1.3. The schematic shows which areas of the drawing have
equal gray colors, but because we infer a box shape and a shadow, we interpret
those equiluminant grays as very different intensities. Visual illusions such as this
one teach us that it is impossible to observe nature to learn the truths of nature
without imposing our active perceptual processes. The ideal of an unbiased
objective observer faithfully detecting nature is an ideal that is impossible to
achieve. For example, look at Figure 1.4. This is an early drawing of the human
cerebral cortex. Early writers described the cortex as similar to the intestines. It is
obvious that this descriptive metaphor has so influenced the artist that the cortex
actually resembles the intestines more than it does the true cerebral cortex (Gross,
1999; contrast with the photograph in Figure 1.5). What metaphors might we be
using today that blind us to the reality before our eyes?
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A Perceptual Illusion, Where Grays Appear to Be Lighter in the Area That Is
in Shadow

The inset shows the areas of the figure where the grays are actually physically identical.
SOURCE: Purves & Lotto, 2003, Fig. 3.9.

Figure 1.4
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Drawing of the Human Cerebral Cortex by Raymond de Vieussens, a
Leading Neuroanatomist in the Late 17th Century

Note that the convolutions resemble intestines. Contrast this with Figure 1.5.
SOURCE: From History & Special Collections Division, Louise M. Darling Biomedical Library, UCLA.
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Figure 1.5

Photograph of the Human Cerebral Cortex

SOURCE: Dr. Fred Hossler/Visuals Unlimited/Getty Images.

In the 17th century, René Descartes suggested that truth and knowledge
are attainable through reason, not experience. This philosophy, rationalism,
encouraged less observation of nature and less reliance on knowledge gained
through the senses. Instead, careful logical analysis would lead to a truth you
could trust. Descartes was particularly interested in the question of how the
immaterial soul could reside in the material body, a question that continues to
fascinate many. He reasoned that the soul must consist of immaterial spirits
located in the head. There must be a unitary structure associated with the soul,
because the soul is unitary. Most structures in the brain are duplicated in each
hemisphere; there are very few unitary structures. The pineal gland stands out
as a unitary structure, and at that time, the pineal gland had no other function
assigned to it. Although Descartes was probably aware that in other animals
the pineal gland is located on the dorsal or topmost surface of the brain, he
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placed it within the ventricles of the human, so that the pineal gland might
move and alter the spirits residing in the ventricles.
As you work as a scientist, the sources of your knowledge will have roots
in both the empirical and rational approach. The currently accepted form of scientific inquiry is a product of our culture and history. In neuroscience, much of
our research can be conceptualized as describing connections between phenomena described with the techniques of one field—say, chemistry—to the same
phenomena described with the techniques of another field—say, psychology.
Each of these disciplines must consider the others as they build explanations.
E. O. Wilson (1998) describes this in a small book, Consilience: The Unity of
Knowledge. Consilience is the linking together of knowledge from different disciplines to create a common explanation (Wilson, p. 8). An explanation of a psychological phenomenon must be consilient with (or connected and consistent
with) biological findings. Similarly, biological explanations must be consilient
with chemistry. An interdisciplinary field such as neuroscience may be fundamentally different in approach than more classical fields of science, such as
physics. It is helpful to apply Darden and Maull’s (1977) conception of interfield theories, theories that bridge two fields of science. In neuroscience, we
explain phenomena by building a web of links between descriptions at different levels of explanation. Our goal is to answer questions that cannot be
answered using only one level of explanation or to describe a mechanism that
links the various fields we draw on. Some of the phenomena we seek to explain
may be unobservable, and we generally accept that we can study unobservable
concepts as long as we identify observable manifestations of that concept. For
example, we can study learning, using behavioral changes or alterations in
synaptic efficacy as the observable manifestations of the process of learning. A
neuroscientific explanation of a phenomenon in the best cases is one that
incorporates all of the levels of explanation, with theories bridging the many
encompassed fields, such as anatomy, physiology, physics, chemistry, biology,
and psychology.
Thomas Kuhn (1975) described the accepted facts and approaches in a scientific field at any one time in history as a paradigm. For instance, the current
paradigm in neuroscience does not include questions about how the spirits move
within the ventricular system; those questions belong to an earlier paradigm.
Questions of that sort no longer make sense within our current shared understanding. The current paradigm is based upon several key theories; for example,
Ramón y Cajal’s “neuron doctrine” is a key tenet in neuroscience today
(Shepherd, 1991). The neuron doctrine is the belief that the neuron is the fundamental unit of the nervous system. Kuhn described how the paradigm for a
field of science is usually rather stable, with scientists working within the same

14

The Design of Experiments in Neuroscience

set of shared beliefs, conducting experiments to refine their theories. At other
times, the paradigm appears to shift in a sudden “scientific revolution.” When
Copernicus proposed that the Earth revolves around the sun, challenging the
understanding of the cosmos as centered on the Earth, the suggestion of heliocentrism was profoundly revolutionary. A scientific revolution comes about
when findings accumulate that are incompatible with the previously accepted
paradigm. As these antagonistic findings accumulate, the scientists working with
the current paradigm initially passionately resist them. Now, just because current scientists are actively resisting some radical claims, this is not proof that
those claims are heralding a new scientific paradigm. When one paradigm is
overthrown, it is replaced by a new paradigm. Note that it is not wrong to work
within the current paradigm; in fact, that is generally what each scientist should
do. Only when an overwhelming weight of evidence indicates the current paradigm is incorrect or requires expansion should scientists work to change the
paradigm in a scientific revolution.
Your role as a scientist is to be skeptical and question everything. Ask for the
evidence for the scientific “facts” your teachers present. Scrutinize that evidence
with a critical eye. I can guarantee that some of these “facts” are incorrect and
that scientists in your generation will correct them. Beyond the smaller “facts,”
perhaps there is a fundamental flaw in our current paradigm. Kuhn (1975) suggested that students training in science often accept the problems their teachers
hand them, without questioning or even noticing the hidden assumptions underlying the research programs. It is worthwhile to question the ground rules, to ask
for the evidence, so that you start your career in neuroscience aware of both the
strengths and the potential weaknesses in our fundamental tenets, such as the
neuron doctrine.
This book is designed to help you begin your career with the analytic tools
you will require to be such a skeptical scientist. Although laboratory skills will
not be covered explicitly, references are given below for good sources that will
help you gain these essential bench skills. In this text, you will learn to analyze
experimental designs, to determine when an experiment has an elemental flaw,
and to design a well-controlled experiment. You will also learn nonexperimental approaches and will appreciate what these can do for your understanding.
There is advice about analyzing your data using statistical techniques. I have
assumed that you have some background in statistics, but if you are a bit rusty,
Appendix A covers the basics. Appendix B gives you instructions for preparing
a report for publication. To begin, however, we will first consider ethical questions because ethical constraints underlie many issues of experimental design in
neuroscience.
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 CHECK YOUR UNDERSTANDING
True or False?
1. Scientists keep changing their minds about what they believe, whereas
areas of pseudoscience keep true to ancient and eternal wisdom. This
indicates a basic weakness in science.
2. Nonexperimental approaches do not belong in modern science but are
important for historical interest.
3. The study of how we know what we know is called epistemology.
4. The activity of interdisciplinary scientists building a web of connections
between different levels of explanation is called creating “outfield
explanations.”
5. The “neuron doctrine” is a good example of a portion of our paradigm
in current neuroscience.

Select the best answer
1. Empiricism is the idea that all knowledge arises from __________, and
rationalism is the idea that knowledge comes from ___________.
a. Authority, investigation
b. Metaphysical experience, physical experience
c. Experience, logic
2. A scientific revolution is:
a. When the king of science is deposed.
b. A sudden shift in the paradigm.
c. A response to lack of funding for science.
d. An abrupt change in interfield relationships.
e. All of the above.
3. Pseudoscience can be recognized by:
a. Observations of unscientific behavior.
b. Vague mechanisms for acquiring new knowledge.
c. Cranial electrostimulation.
d. Studies of patients unaware of the details of their therapy.
e. All of the above.
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THINK ABOUT IT
1. It is currently common to use a computer metaphor to describe the
brain. In what ways might this metaphor influence our understanding of
the brain?
2. We keep learning more about the important roles of glial cells in the nervous system. One study indicates that some glial cells respond to visual
stimuli like neurons, with details of the responses organized in a map
across the cerebral cortex (Schummers, Yu, & Sur, 2008). Furthermore,
much of the change in blood flood activity detected during noninvasive
brain imaging is eliminated when glial cell activity is blocked. Does this
finding challenge the neuron doctrine? Why or why not?
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